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Introduction

As of 15 May 2023, the COVID-19 pandemic has resulted in a total of 765,903,278 cases and 6,927,378 cumulative deaths worldwide (1). The novel coronavirus-19 (COVID-19) is caused by an infection of the SARS-CoV-2 virus and was first identified in Wuhan, China in December 2019 (2). Despite the pandemic no longer being the main concern, it is important to review the handling approaches and responses to the viral attack as it may offer insights to readers in facing unprepared future situations.



Emerging of SARS-CoV-2 virus from unknown to known

At the beginning of December 2019, the severity and seriousness of COVID-19 were overlooked due to a lack of experience by the authorities. The local CDC was unable to provide adequate advice to deal with such a lethal virus, and Wuhan authorities even encouraged residents to participate in functions organized by the local authority to celebrate the Chinese Spring Festival, which resulted in a large outbreak of COVID-19 (3). Following the outbreak, it was recognized by the Chinese CDC experts that the SARS-CoV-2 virus was transmissible between humans by 25 January 2020.

To control and minimize viral transmission, Wuhan authorities declared a state of emergency and implemented a complete lockdown starting on January 23, 2020. However, it was too late as half of the regular residents had already moved to other parts of China, and the COVID-19 virus was transmitted to each province and region of China (4).



Zero-tolerance policy

To minimize the spread of the SARS-CoV-2 virus, a zero-tolerance policy was implemented, including mandatory mask-wearing, social distancing, and restricted isolation of infected individuals in Fangcang hospitals. The restrictive lockdown of Wuhan city lasted for almost 3 months, during which period nobody was allowed to leave their residences. While this measure proved effective in controlling the outbreak, unintended consequences such as difficulty in obtaining groceries and routine medications during the restricted lockdown, as well as increased psychological and psychiatric problems from pre-existing and/or new patients, were raised.

The lesson learnt is that restrictive quarantine is mandatory in response to SARS-CoV-2 viral transmission, despite the consequential cost at certain levels. However, it is also debatable how long the time period and how restricted the quarantine should be. The original hypothesis of zero-tolerance was based on the belief that if people were away from the viral attack, the virus would be eliminated by itself. Although the lockdown has proven to be effective and necessary in controlling the pandemic, viral mutations are still ongoing without effective vaccination. Nevertheless, the zero-tolerance policy helps protect public health, especially for those who cannot get vaccinated or are immunocompromised.



Reverse viral transmission to China

Prior to the complete lockdown in China, there were instances of viral transmission to other areas and countries, resulting in outbreaks of COVID-19 in countries such as Italy, the USA, Iran, and Russia (4). Local authorities in China then faced the challenge of handling the reversal of SARS-CoV-2 transmission from other countries (5).

To address this challenge, quarantine measures were immediately implemented at all ports of entry in China for travelers coming from high-risk regions/countries. These measures included up to 3 weeks of isolation in designated quarantine hotels, followed by 1 week of home quarantine. While this measure appeared effective in limiting the transmission of the virus, ongoing debates exist regarding the length and scope of quarantine measures. It is also debatable whether unilateral isolation/quarantine of anyone from abroad is effective in controlling the spread of SARS-CoV-2, as isolation/quarantine without effective vaccination is not the best defense against viral transmission.

Nevertheless, the importance of a quarantine system in controlling viral transmission cannot be overstated. However, concerns have been raised about the resources required to maintain such measures, including food and manpower.



Co-incidence with flood

It has been reported that SARS-CoV-2 viral mutations have played a critical role in the new waves of COVID-19 pandemic (6). Since its initial emergence, the SARS-CoV-2 virus has mutated from the alpha and beta variants to the highly contagious delta variant, which was first identified in South Africa and has since spread worldwide. The delta variant has caused new waves of infections in many countries (6). In China, the delta strain of the SARS-CoV-2 virus was accidentally leaked by airport cleaners in Jiangsu Province and quickly spread to the surrounding regions, causing chaos. Additionally, a devastating flood occurred in Zhengzhou, the capital of Henan Province, during the outbreak of the delta strain, catching people by surprise and resulting in unacceptably high casualties.

The lesson learned from this incident is that immediate attention must be focused on addressing the immediate disaster at hand, such as moving everyone to a safe location during a flood, regardless of COVID-19 status. Of course, necessary precautions should be taken during the transportation of flood victims (7). Once the immediate situation is resolved, attention should then be paid to SARS-CoV-2 viral transmission (7). Although the wave of delta viral outbreak was eventually brought under control, the lesson learned is that it is necessary to prepare for unexpected disasters with effective alternative plans that should be put in place at the emergence stage.



Omicron viral infection—Is it the ending of COVID-19?

In early 2022, the omicron strain of SARS-CoV-2 was reported, which caused relatively high morbidity, although mortality remained low (8). The omicron strain was highly transmissible, reaching every country within 4 weeks (8). Individuals with chronic conditions who were unable to receive vaccinations were the most vulnerable to omicron. In response to this strain, different countries adopted different approaches. Western societies offered updated vaccinations to the general population to develop herd immunity, while Chinese authorities implemented one of the strictest lockdowns, particularly in Shanghai. It should be noted that the regular population in Shanghai is around 25 million, with four million individuals transiting daily.

Several proposals were suggested, such as isolating people with natural barriers like the Huangpu river, which separates Shanghai into two halves, or segmenting the city into several pieces. However, a complete and highly restricted lockdown was implemented, where a mandatory negative PCR test for COVID-19 was required within 24 h prior to admission to any hospital or clinic, even in emergency cases such as asthmatic attacks or dialysis patients. This posed significant challenges for medical practitioners in properly handling patients. The lesson learned from this situation is that achieving herd immunity can be more heavily based on effective vaccinations, in addition to allowing a moderate level of viral transmission with controlled levels, such as a relatively low viral load and less virulent strains.

Subsequently, it was realized that strict quarantine measures may not be effective without the availability of effective vaccinations to develop immunity. As a result, the authorities in China completely abolished the 72-h viral negative policy and encouraged people to engage in a fast transitional period in early December 2022, and downgrade the COVID-19 into second dangerous pathogen (9), regardless of their viral status. Admittedly, the COVID-19 pandemic came under control within 2 months of this approach in China (9), despite a rather large mortality and morbidity during the transitional period (10). There has been ongoing debate about which approach is better in defending against the most ferocious virus over recent decades, i.e., herd immunity vs. zero-tolerance.



Discussion

We have faced the most dangerous virus, SARS-CoV-2, which is both lethal and highly transmissible, with high mortality and morbidity. COVID-19 has had a great impact on the healthcare system, causing the biggest and longest pandemic in over a century and presenting a real challenge to the healthcare systems around the world, regardless of socioeconomic status. It seems that the approaches to be taken into consideration are important, i.e., herd immunity vs. zero-tolerance. More importantly, both herd immunity and zero tolerance are based on effective vaccination and/or physical infection with the SARS-CoV-2 virus. However, the responses to control transmission vary due to different philosophies and understandings of the virus.

Zero-tolerance alone is not sustainable over long periods of time and is not able to offer the general population sufficient immunity to defend against the viral attack, regardless of the period and/or restrictive quarantine. Thus, effective vaccination and/or a fast-track approach to facing the real world, as adopted by the Chinese authorities, is workable, as it has been demonstrated that the outbreaks subsided within 2 months. On the other hand, many countries adopted a gradual and slow easing of restrictions, allowing the general population to develop herd immunity, which was well demonstrated during the World Cup soccer event.

Overall, the COVID-19 pandemic is one of the most dangerous challenges to humans over this century, yet it also offers the biggest opportunity for us to exercise facing such a ferocious attack for any unprepared future. Fortunately, it has been officially declared COVID-19 is now an established and ongoing health issue which no longer constitutes a public health emergency of international concern (PHEIC) (11). It is fundamentally important that we learn from this devastating pandemic to develop effective strategies. Quarantine with effective vaccination would be an ideal way of handling SARS-CoV-2 prior to its mutation.
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Background: Preventing infection in healthcare workers (HCWs) is crucial for protecting healthcare systems during the COVID-19 pandemic. Here, we investigated the seroepidemiology of SARS-CoV-2 in HCWs in Norway with low-transmission settings.
Methods: From March 2020, we recruited HCWs at four medical centres. We determined infection by SARS-CoV-2 RT-PCR and serological testing and evaluated the association between infection and exposure variables, comparing our findings with global data in a meta-analysis. Anti-spike IgG antibodies were measured after infection and/or vaccination in a longitudinal cohort until June 2021.
Results: We identified a prevalence of 10.5% (95% confidence interval, CI: 8.8–12.3) in 2020 and an incidence rate of 15.0 cases per 100 person-years (95% CI: 12.5–17.8) among 1,214 HCWs with 848 person-years of follow-up time. Following infection, HCWs (n = 63) mounted durable anti-spike IgG antibodies with a half-life of 4.3 months since their seropositivity. HCWs infected with SARS-CoV-2 in 2020 (n = 46) had higher anti-spike IgG titres than naive HCWs (n = 186) throughout the 5 months after vaccination with BNT162b2 and/or ChAdOx1-S COVID-19 vaccines in 2021. In a meta-analysis including 20 studies, the odds ratio (OR) for SARS-CoV-2 seropositivity was significantly higher with household contact (OR 12.6; 95% CI: 4.5–35.1) and occupational exposure (OR 2.2; 95% CI: 1.4–3.2).
Conclusion: We found high and modest risks of SARS-CoV-2 infection with household and occupational exposure, respectively, in HCWs, suggesting the need to strengthen infection prevention strategies within households and medical centres. Infection generated long-lasting antibodies in most HCWs; therefore, we support delaying COVID-19 vaccination in primed HCWs, prioritising the non-infected high-risk HCWs amid vaccine shortage.
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Short summary

Among Norwegian healthcare workers, we found moderate SARS-CoV-2 infection rates (10.5%) in 2020. Infection was associated with household and occupational exposure to SARS-CoV-2. HCWs infected with SARS-CoV-2 had durable antibodies (half-life of 4.3 months) and higher titres post-vaccination than non-infected HCWs.



Introduction

Understanding the spread of SARS-CoV-2 infection within healthcare facilities and communities is vital to better inform infection prevention and control (IPC) policies. Additionally, identifying the magnitude of risk factors for the coronavirus disease 2019 (COVID-19) in healthcare workers (HCWs) is crucial for healthcare delivery, as these factors may differ between departments, hospitals, regions, and countries. HCWs are at high risk of occupational (1–4) and household (3, 5–8) exposure to SARS-CoV-2; however, existing literature has noted widely varying estimates of rates and risk factors for infection.

Serological testing could complement reverse transcription polymerase chain reaction (RT-PCR) to determine SARS-CoV-2 infection rates over time in low-transmission settings such as Norway (1, 9–11). During the first wave of SARS-CoV-2 in Norway, our preliminary data suggested a low rate of infection by serological testing (1, 12) using orthogonal two-step enzyme-linked immunosorbent assay (ELISA) and neutralisation assays. However, the majority of seroprevalence studies used a single confirmatory serological test (2, 5, 6, 13). Occupational exposure to SARS-CoV-2 and inadequate use of personal protective equipment (PPE) were the main risk factors for SARS-CoV-2 infection among Norwegian HCWs during the first wave (1). A key question is whether SARS-CoV-2 infection rates and risk factors differ during the following COVID-19 waves or the periods between two waves in a low-prevalence setting as different IPC policies were gradually introduced.

Studies have reported conflicting results on the durability of antibodies after mild-to-moderate SARS-CoV-2 infection, either long-term maintenance (up to 1 year) (14–18) or rapid decay (19–22). The evolution of new variants of concern and waning of immunity over time pose a risk for reinfections. Therefore, COVID-19 vaccination is necessary to increase antibody levels in both previously infected (primed) and non-infected (naïve) individuals. In 2021, HCWs were prioritised for the first rounds of COVID-19 vaccination in Norway. HCWs with confirmed SARS-CoV-2 infection in 2020 were recommended one dose of vaccine, while naïve individuals were recommended two doses of vaccine. A few studies have reported higher (23–26) and more durable (25, 26) antibody responses after vaccination in SARS-CoV-2 primed than in naïve individuals. However, since we found higher rates of infection by serological testing than RT-PCR (1), it is still unclear how the magnitude of antibody responses differs after vaccination in HCWs with different pre-existing immunity (24–28).

In this study, we assessed the SARS-CoV-2 infection rates using combined serology and RT-PCR testing, as well as risk factors for infection in HCWs from March to December 2020 in Western Norway, spanning two major regional COVID-19 waves. The main risk factors were further explored and compared to the global data in a meta-analysis. We also assessed the association between prior SARS-CoV-2 infection on antibody levels after the BNT162b2 and/or ChAdOx1-S vaccination in 2021.



Methods


Study design

We conducted a prospective cohort study of HCWs in four medical centres in Western Norway, including Bergen Municipality Emergency Room (city testing centre), and three hospitals (Haukeland University Hospital, Haraldsplass Deaconess Hospital, and Stavanger University Hospital). The inclusion criteria were HCWs working during the period 6 March 2020 to 9 December 2020. Exclusion criteria were HCWs who were absent from work due to quarantine or recent RT-PCR-confirmed SARS-CoV-2 infection, therefore posing a risk for active viral shedding and transmission. Serum samples were collected at recruitment and at two follow-up visits during the period from 6 March 2020 to 9 December 2020 (Figure 1A). HCWs with confirmed SARS-CoV-2 infection in 2020 and vaccinated HCWs were invited for follow-up until June 2021. Sera were coded with a unique identification number, aliquoted, and stored at −80°C until use.
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FIGURE 1
 Flow diagram and study procedures. (A) Flowchart of study design and healthcare workers (HCWs) selection. HCWs were recruited from the centralised testing centre (Bergen Municipality Emergency covering 284,000 people), Haukeland University Hospital (a university teaching facility and local hospital for ~500,000 people), Haraldsplass Deaconess Hospital (a local teaching hospital providing acute medical care for 145,000 people), and Stavanger University Hospital (teaching hospital providing medical care for 230,000 people). HCWs were recruited from 6 March 2020 before the first hospitalisations on 9th March and the first death on 23rd March and continued up until December 2020, spanning three SARS-CoV-2 periods: March–May 2020 (n = 1,159; 95.5%), June–September 2020 (n = 583; 48.1%), October–December 2020 (n = 630; 51.9%). HCWs with confirmed SARS-CoV-2 infection in 2020 and vaccinated HCWs were invited for follow-up until June 2021. All HCWs included in the immunological analyses provided baseline and follow-up case report forms and serum samples. We performed a two-step orthogonal ELISA testing algorithm. All samples were tested for SARS-CoV-2 receptor-binding domain (RBD)-specific antibodies. Eligible samples were further tested by SARS-CoV-2 anti-spike IgG ELISA for confirmation. *Eight HCWs (or sera samples) from the infected subgroup were also present in the vaccination subgroup; **46 HCWs (or sera samples) from the infected subgroup were also present in the vaccination subgroup. (B) Community spread of SARS-CoV-2 virus in Western Norway over time. Daily SARS-CoV-2 positive cases (bars) from the Norwegian Surveillance System for Communicable Diseases (MSIS). The pink line is the cumulative number of deaths. During the study period, anyone who tested positive with a rapid antigen test which was available from December 2020 was encouraged to take a confirmatory RT-PCR test. Results from self-tests were not registered in MSIS. Data on reported cases were therefore not directly comparable over time. Data source (29).




Case report form

A cloud-based case report form was developed using Research Electronic Data Capture (REDCap) (30) to collect relevant clinical and demographic data, such as recent travel history, contact with suspected or confirmed COVID-19 patients, use of PPE, intercurrent illnesses including respiratory disease (fever, dry cough, difficulty breathing, and any other relevant symptoms), and RT-PCR results.



Vaccine

HCWs were immunized at work in January–March 2021 with either COVID-19 mRNA BNT162b2 (Pfizer/BioNTech) or viral vector-based ChAdOx1-S vaccine (Oxford/AstraZeneca), encoding the spike protein of SARS-CoV-2 Wuhan-Hu1 strain (NCBI, NC_045512). A second dose was provided 21–84 days after the initial dose according to national guidelines for prioritisation, which is based on criteria, such as age, occupation, and comorbidities. HCWs who received the first dose of the ChAdOx1-S vaccine subsequently received the BNT162b2 vaccine as the second dose, due to a suspected link between the ChAdOx1-S vaccine and some rare but serious events (thrombosis and thrombocytopenia) (31).



Antigens

The SARS-CoV-2 receptor-binding domain (RBD) and full-length spike proteins were produced and purified in-house as previously described (32).



Enzyme-linked immunosorbent assay

Sera were heat-inactivated for 1 h at 56°C before testing in a two-step orthogonal ELISA (1, 10, 12, 32, 33): screening for detection of RBD-reactive samples followed by a confirmatory spike protein ELISA, as previously described (1, 10, 32). Briefly, sera with positive or intermediate optical density (OD) values for RBD (OD >0.430) in screening were serially diluted and tested in the anti-spike IgG ELISA (1). IgG endpoint titres were calculated as the reciprocal of the serum dilution giving an OD value of three standard deviations above the mean of historical pre-pandemic sera (n = 128) using Prism version 8.4.2 (GraphPad). IgG endpoint titres ≥100 were considered positive.



Statistics

HCW characteristics were stratified by risk factors and infection status across the periods of different SARS-CoV-2 infectivity. Statistical analyses were performed in R version 4.2.2 for macOS using lme4, meta, ggplot2, ggeffects, ggthemes, patchwork, mgcv, epiR, and performance packages. The Clopper–Pearson interval or exact method was used to estimate cumulative probabilities of the binomial distribution. The function epi.conf of the package epiR was used to compute the mean and 95% confidence intervals for the prevalence and incidence rates. We censored person-time when HCWs withdrew from the study. Comparisons between HCWs were made based on demographic, clinical characteristics, exposure factors, and serological data or infection status using univariate models (Kruskal–Wallis rank sum test or Pearson's chi-squared test, as appropriate). Variables of interest were time (days since the seropositive SARS-CoV-2 diagnosis or first dose of vaccination), age, sex, occupational and household exposure to patients with COVID-19, travel history, study site (categorised as Bergen or Stavanger), occupation, prior infection/vaccination against SARS-CoV-2, clinical symptoms, and comorbidities (hypertension, diabetes, and heart disease). Generalised additive mixed model including population-level fixed effects and individual random effects was used to calculate adjusted infection rates and adjusted odd ratios (aORs). The generalised additive model was fitted using the gam function (of the mgcv package) with random effects smooth term or penalized regression splines by a ridge penalty (i.e., the identity matrix). Antibody dynamics were plotted by linear mixed-effects exponential decay models, fitted by the lmer function of the lme4 package. The yielding linear equation of the model was log(y) = log(α) + log(β) * time = A + B * time since seropositivity. We performed mixed-effects models to determine the effects of infection and/or vaccination against SARS-CoV-2 on antibody responses with adjustment for relevant demographic factors and individual random effects, using the restricted maximum likelihood (REML) approach. All tests were two-sided, and p-values <0.05 were considered statistically significant. The figures were made using PowerPoint version 16.69.1, R version 4.2.2, BioRender.com, and Canva version 1.56.0.



Meta-analysis

To compare the magnitude of risk factors for seropositivity to SARS-CoV-2 in our Norwegian HCW data with existing global literature, we searched the electronic databases (MEDLINE, CINAHL, Google Scholar, and EMBASE) and meta-analysis was performed (search strategy, Supplementary Figure 1).


Eligibility criteria

Eligible studies met the following inclusion criteria: (1) published from 1 January 2020 to 31 December 2022 and (2) evaluated the association between occupation and/or household exposure to SARS-CoV-2 and anti-SARS-CoV-2 IgG seropositivity.



Selection and screening of articles

Original research articles published in English during the COVID-19 pandemic until 31 December 2022 were searched for prospective and retrospective full-text studies that reported quantitative data on the association between SARS-CoV-2 spike-specific IgG antibodies in HCWs and occupational exposure (low- or high-risk groups; treating patients with or without PPE) or household exposure. Articles resulting from these searches and relevant references cited in those articles were reviewed. A total of 4,544 studies were assessed. We excluded 820 studies due to duplicates and 3,599 studies deemed ineligible based on the title and abstract. Of the remaining 125 studies, 20 studies met the selection criteria including the current Norwegian cohort study. The ORs with a 95% confidence interval (CI) from individual studies were calculated as described in the Supplementary material.

The Mantel–Haenszel method was used for the pooling of studies under the fixed-effects model, with random effects variants for the calculation of the between-study heterogeneity variance using the REML method (i.e., calculating the weights) for using metabin function (meta package) in R.




Patient consent statement

The Western Norway Ethics Committee approved the study (No. 118664 and 218629). All HCWs provided written informed consent before inclusion.




Results


Study population: Norwegian HCW cohort

From the start of the COVID-19 pandemic in February 2020, cases were well-defined in Western Norway due to early centralised SARS-CoV-2 RT-PCR testing. In this study, we commenced recruitment of HCWs from 6 March 2020 before the first COVID-19 hospitalisations and deaths were reported in the Western Norway region (1, 29) and until December 2020 (Figure 1A). The study was conducted in a low community transmission setting, spanning two major regional COVID-19 waves in Western Norway (Figure 1B). HCWs (n = 1,214), contributing to 848 person-years of follow-up time, were enrolled from the main medical centres of Western Norway, including 505 nurses (42%) and 265 physicians (22%). The median age was 40 years (range 19–78 years), and 80% of HCWs were female. Full descriptive analyses of the demographic and clinical characteristics of HCWs are provided in Table 1 and Supplementary Tables 1–5. Only two HCWs were over 70 years old. HCWs were categorised by their occupational exposure: high-risk exposure to SARS-CoV-2 (n = 729, 60%) and low-risk (n = 485, 40%) with no or minimal occupational exposure to SARS-CoV-2. International travel history was recorded in 7.7% (74/962) of HCWs. COVID-19-like symptoms were reported at recruitment in only 181/1,159 (15.6%) of HCWs (Supplementary Table 1), of whom 30 HCWs tested positive for SARS-CoV-2 by RT-PCR.


TABLE 1 Characteristics of healthcare workers enrolled in the cohort study in 2020.
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Moderate SARS-CoV-2 infection rates among Norwegian HCWs in 2020

We used orthogonal serological testing to confirm SARS-CoV-2 infection. HCWs who were intermediate or positive for RBD and subsequently positive for anti-spike IgG (Figure 2A) were considered sero-confirmed infections. In total, we identified 122/1,214 HCWs infected with SARS-CoV-2 by serological testing throughout 2020, which was equivalent to a prevalence of 10.0% (95% CI: 8.4–11.9) and an incidence rate of 14.4 cases per 100 person-years (95% CI: 12.0–17.2). By combining serological and RT-PCR testing, a total of 127 HCWs SARS-CoV-2 infections were identified, although not all HCWs were tested by RT-PCR (Figure 2B). The overall prevalence was 10.5% (95% CI: 8.8–12.3), and the incidence rate was 15.0 cases per 100 person-years (95% CI: 12.5–17.8). During the three study periods in 2020, the seropositivity rates gradually increased from 5.7% (66/1,159) in March–May (the first COVID-19 wave) to 7.9% (46/583) in June–September, and the highest 11.3% (71/630) in October–December (the second wave; Table 2). We identified 5 (0.9%) and 51 (8.4%) new SARS-CoV-2 seropositive cases during the second and third periods, respectively. We found higher positivity rates by serological testing than by RT-PCR, and 17 HCWs were RT-PCR-negative but seropositive (Table 2 and Figure 2B), suggesting that serological testing was more sensitive for surveillance than RT-PCR.
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FIGURE 2
 SARS-CoV-2 spike-specific IgG antibodies in healthcare workers, HCWs. Each circle/symbol represents one individual HCW. IgG, immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. (A, B) Spike-specific IgG endpoint titre transformed on a log10-based scale (y-axis) and month-year format (x-axis), n = 122. A vertical line divides the time prior to vaccines were available and when vaccination was recommended. The horizontal dash line shows the cut-off of the spike IgG ELISA. (B) RT-PCR results are color coded with dark green for negative and firebrick red color for positive test results. (C) The data were collected in 2020 (prior to COVID-19 vaccination), and samples were repeated over time (n = 63). The mixed-effects model with exponential decay was used to analyse antibody waning. The model included population-level fixed effects and individual random effects and fit using the lmer function (lme4 package) in R version 4.2.2. Antibodies were naturally log transformed. The trend line, back-transformed estimated mean (red), is smoothed across the 95% confidence interval values (gray shade). (D) Spike-specific IgG endpoint titre transformed (y-axis) with samples repeated over time and days since the first dose of the COVID-19 vaccine (x-axis). The mixed-effects models were performed with population-level fixed effects and individual random effects and fit using the lmer function (lme4 package) in R version 4.2.2. The trend line, back-transformed estimated mean, is smoothed across the 95% confidence interval values.



TABLE 2 SARS-CoV-2 infection rates among healthcare workers in Western Norway during March–December 2020.
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Risk factors for infection: high household and modest occupational risk of SARS-CoV-2 infection among Norwegian HCWs in 2020

We found that the SARS-CoV-2 infection rate (confirmed by seropositivity and/or RT-PCR) was significantly higher in HCWs with occupational and household exposure to the virus (p < 0.001), as well as an international travel history (p = 0.04; Table 1) by univariate analysis, although there were no significant differences by age, sex, and comorbidities (p > 0.05). Separate analyses of the three study periods in 2020 showed that SARS-CoV-2 infection was significantly associated with household exposure (p < 0.001) during March–May (the first COVID-19 wave), with occupational exposure (p < 0.001) during October–December (the second wave), while only international travel history (p = 0.005) was a significant risk factor for infection during June–September (a period of very low community prevalence between the two waves; Supplementary Table 1).

In a generalised additive mixed-effects model, HCWs with household exposure to SARS-CoV-2 had significantly higher odds of being infected than those with no exposure (aOR 8.8, 95% CI: 2.4–32.1, p = 0.001; Table 1, Supplementary Table 2). The odds of infection were higher in HCWs with international travel history (aOR 2.9, 95% CI: 0.7–12.0, p = 0.1) and occupational exposure (aOR 1.6, 95% CI: 0.5–4.7, p = 0.4), albeit not statistically significant. Regionally, we found higher infection rates in the larger city (Bergen 22%, 95%CI: 8–48 vs. Stavanger 6%, 95%CI: 1–23; p = 0.03), although there was uniform IPC policy between our study sites (Table 1, Supplementary Tables 1–3).



Meta-analysis of risk factors for infection: high household and modest occupational risk of SARS-CoV-2 infection among HCWs globally in 2020

We further explored the risk factors for SARS-CoV-2 IgG seropositivity [occupational exposure to SARS-CoV-2 (1–6, 8, 13, 36–43), no PPE use at work (5, 7, 13, 38, 43–45), and household exposure to SARS-CoV-2 (5–7, 39, 42)] comparing our data to existing literature (Figure 3 and Supplementary Figure 1). Global data from 20 studies, including 138,520 HCWs, were analyzed. We extracted the number of HCWs in SARS-CoV-2 exposed and unexposed groups that developed SARS-CoV-2 IgG seropositivity from individual studies and incorporated corresponding data from our study to calculate crude ORs. Compared to our risk assessment data in Norwegian HCWs (occupational exposure OR 3.5, 95% CI: 1.8–6.9; occupational exposure without PPE use OR 1.5, 95% CI: 0.2–12.8; household exposure OR 3.6, 95% CI: 1.8–7.1), the global pooled ORs for SARS-CoV-2 IgG seropositivity were lower for occupational exposure (OR 2.2; 95% CI: 1.4–3.2), similar for occupational exposure without PPE use (OR 1.6; 95% CI: 1.1–2.2), but much higher for household exposure (OR 12.6; 95% CI: 4.5–35.1).
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FIGURE 3
 Forest plot to evaluate whether SARS-CoV-2 spike-specific IgG seropositivity rates differed with occupational exposure and household exposure among healthcare workers. Data are compiled from a meta-analysis of literature (Supplementary Figure 1) and include our data presented as odds ratios and 95% confidence interval, CI. Subgroups: occupational (1–6, 8, 13, 36–43) exposure to SARS-CoV-2 cases, no PPE use at work (5, 7, 13, 38, 43–45), and household (5–7, 39, 42) exposure to SARS-CoV-2 cases. Meta-analysis of effect estimates was performed using the metabin function (meta package) (46) in R version 4.2.2.




Durable antibodies after SARS-CoV-2 infection and vaccination among Norwegian HCWs in 2020–2021

Binding antibodies to the SARS-CoV-2 full-length spike protein were assessed in HCWs. The participant-level temporal sequence of testing results for all seropositive HCWs in 2020 (n = 122) is depicted in Supplementary Figure 2. We evaluated the durability of antibody responses after SARS-CoV-2 infection in a longitudinal cohort with paired samples (n = 65) before the start of COVID-19 vaccination. Two HCWs had antibody titre increases of 4.4- and 9.7-fold within 3.5 and 7.3 months since their seropositivity, respectively, probably due to reinfection, and therefore were excluded in further analysis. A mixed-effects model was fitted for anti-spike IgG endpoint titres against days since seropositivity in 63 remaining HCWs (Figure 2C). We found that antibodies gradually waned over time with a half-life of 4.3 months (mean titre 920; 95% CI: 604–1,397) from the time of seropositivity and stayed above the cutoff for seropositivity at 8 months (mean titre 500; 95% CI: 313–801). Only 15 HCWs (23.8%) became seronegative by 8 months. No significant difference in demographic or clinical characteristics was found between HCWs who maintained their seropositivity by 8 months (sustainers, n = 48) and those who did not (n = 15; Supplementary Table 4). As expected, sustainers had higher baseline binding antibodies to the SARS-CoV-2 RBD and full-length spike proteins (i.e., on day 1 of the seropositive test result) than HCWs who became seronegative with antibodies waning below the detection level.

We continued to prospectively follow up HCWs who received COVID-19 vaccination and volunteered for continued follow-up until June 2021 (Figure 1, Supplementary Table 5). Of 232 vaccinees, 46 (19.8%) HCWs tested positive and 186 (80.2%) HCWs tested negative for SARS-CoV-2 by serology and/or RT-PCR in 2020. All HCWs developed durable spike-specific IgG antibodies 5 months after the first dose of the COVID-19 vaccine (Figure 2D). However, HCWs who were previously infected with SARS-CoV-2 had higher spike-specific IgG antibody titres after vaccination (mean titre at 5 months 48,242; 95% CI: 40,889–55,596) than naïve HCWs (mean 21,361; 95% CI: 18,353–24,370).




Discussion

During the COVID-19 pandemic, HCWs have globally experienced considerable morbidity and mortality from SARS-CoV-2. The infection and mortality rates differ widely (3, 8, 44) depending on the levels of community spread, IPC policies, and availability of PPE. In this large cohort observational study, we identified a moderate SARS-CoV-2 infection rate (10.5%) in Norwegian HCWs in 2020. Studies have reported similar SARS-CoV-2 infection rates [5%−14% in Belgium (8), Spain (47), Switzerland (37), Canada (48), USA (4, 5, 13, 39), and Australia (49)], while others have reported substantially lower [≤4% in Denmark (2), Germany (50), Greece (51), Switzerland (7, 42), USA (3, 6), Australia (41, 52, 53), India (54), Japan (55, 56)] or higher [16%−41% in Germany (57), Spain (38), Sweden (36), India (43, 58), Democratic Republic of Congo (44)] infection rates than our study (Figure 4). Higher SARS-CoV-2 seroprevalence in HCWs than in the community has been described [Greece (51) and Sweden (36)]. In agreement, the regional community infection rate in 2020 was estimated at < 4%, using the national SARS-CoV-2 RT-PCR or seroprevalence Norwegian data (9, 11), and is lower than the 10.5% infection rate in HCWs found in this study. Importantly, our findings were based on both RT-PCR and serological results of longitudinal samples from 1,214 HCWs recruited from four main medical centres in two different major cities of Western Norway, making this study the largest serological survey representative of the region.
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FIGURE 4
 Summary of key findings. Created with BioRender.com (2023).


We conducted a meta-analysis of global published data on risk factors related to SARS-CoV-2 infection in HCWs and found that the pooled crude OR for IgG seropositivity in HCWs was greater with higher occupational and household exposures and while managing patients without PPE (Figure 3, Supplementary Figure 1). In our cohort of Norwegian HCWs, SARS-CoV-2 infection was associated with household contact during the first COVID-19 wave, occupational exposure during the second wave, and international travel history during the periods between the two waves. However, only household contacts remained a statistically significant risk factor in the generalised additive mixed-effects model (aOR 8.8, 95% CI: 2.4–32.1; Table 1). Compared to other settings (e.g., at work), households might use IPC recommendations less frequently. Our findings do not establish causation. Spousal/partner contact, household crowding (e.g., number of people in the house and per room), and commonly touched surfaces are likely contributors to SARS-CoV-2 transmission, although this was not directly assessed.

In March 2020, imported SARS-CoV-2 cases and local spread increased rapidly in Norway, and the first mortality was reported on 13 March 2020 (29). A national shutdown on 12 March 2020 reduced community transmission, and the epidemic curve started to decline on 24 March 2020 (1). Community transmission remained low (11) (Figure 1B) as reflected in our 2020 data. At the start of the COVID-19 pandemic, there were local reports of PPE shortage in the community (nursing homes and home services) (59). However, the four medical centres in our study adopted an easy-to-follow IPC policy against any respiratory infection, focusing on both occupational and household exposure, ensuring adequate staff training, and prioritised PPE for HCWs with higher exposure to SARS-CoV-2 (Supplementary Tables 3, 6). Quarantine of close contacts can further reduce ongoing SARS-CoV-2 transmission in low-transmission settings (60). The Norwegian government invested in convenient RT-PCR testing and vaccination schedules, statutory sick leave to quarantine HCWs due to infection or exposure to household members with SARS-CoV-2, and publishing frequent public health advice (Supplementary Tables 7, 8). This probably helped to reduce the risk of infection due to occupational exposure in our Norwegian HCWs throughout 2020, while household exposure to SARS-CoV-2 is likely a major risk for infection in HCWs as shown in our data and existing literature (8, 39, 42). Hence, IPC policies for HCWs should include advice after respiratory viral exposure at both work and home.

To strengthen IPC policies, it is critical to know whether HCWs develop symptoms and long-term immune memory against SARS-CoV-2. The majority of seropositive HCWs identified in our study had no symptoms (53/80, 66%), and no HCW was admitted to intensive care or died due to COVID-19, indicating that they had the mild-to-moderate infection. Such infection induced durable anti-spike IgG antibodies with a half-life of 4.3 months after the first seropositive test result. The majority (48/63, 76%) of HCWs remained seropositive for at least 8 months. This finding is consistent with others reporting antibody maintenance for up to 12 months post-infection (14–18). However, rapid decaying antibodies after mild SARS-CoV-2 infection (19–22), especially weaker immune responses in asymptomatic individuals (20), have also been reported. The spike-specific binding antibodies are likely secreted from plasma cells which are promptly generated from B cells, after their activation with the SARS-CoV-2 RBD and spike proteins. These antibodies may interfere with the binding of SARS-CoV-2 to the human cell angiotensin-converting enzyme 2 (ACE-2) receptor and may, in theory, neutralise the SARS-CoV-2 virus and prevent reinfection. A decline in the circulating RBD and spike antibodies is an expected finding and is probably due to the disappearance of the short-lived immature plasma cells or plasmablasts. Estimating and predicting the durability of antibodies from natural infection is more crucial as mitigation strategies, such as mask use and physical distancing, have become more relaxed and more variants of concern may continue to appear. In our study, 24% (15/63) of infected HCWs became seronegative by 8 months, suggesting a need for COVID-19 vaccination in HCWs ~6 months after mild-to-moderate SARS-CoV-2 infection (61). Furthermore, the humoral response to SARS-CoV-2 after infection and/or vaccination is likely heterogeneous (24–28, 62). A history of SARS-CoV-2 infection would have influenced the immune response to COVID-19 vaccination in vaccinees. Our previous study showed that one dose of COVID-19 vaccination induced robust antibody responses in naïve vaccinees (33) and others reported that SARS-CoV-2 primed vaccinees mount significantly higher antibodies after vaccination than naïve individuals (23–26, 63). In agreement, we also found that spike-specific IgG antibody titres were consistently higher in HCWs with prior SARS-CoV-2 infection than naïve HCWs throughout 5 months after the first COVID-19 vaccination, consequently giving the primed HCWs an added benefit of circa 2.3 times higher antibody titres at 5 months after the first dose (Figure 2D). Thus, prior SARS-CoV-2 infection should be taken into consideration for the tailored deployment of vaccination regimes, such as delaying vaccination in previously infected individuals for up to 5–6 months after infection to prioritise the naïve high-risk groups in the event of a vaccine shortage.

Key strengths of our study are the inclusion of a large cohort of HCWs with longitudinal combined serological and RT-PCR follow-up and in-depth analysis of risk factors and humoral immune responses. Studies using either serological or RT-PCR testing on single time-point samples may result in biased estimates of the true infection rates (3, 50). A low-infection rate of 1.5% was reported in a Norwegian RT-PCR-based register study in week 9 of 2020 (64). Furthermore, asymptomatic HCWs may not get tested by SARS-CoV-2 RT-PCR, which would underestimate the total number of infections. This is particularly important because the majority of HCWs with SARS-CoV-2 infection (25%−62% over three periods) in our study were asymptomatic in 2020 (Supplementary Table 1), agreeing with previous reports of asymptomatic infection in approximately half of HCWs (3, 38, 47, 56). By combining frequent longitudinal serological and RT-PCR testing, the infection rates and risk factors among HCWs can be more correctly calculated. The change in the infection rates among HCWs over three study periods in 2020 mirrored the community spreads, in which higher infection rates in HCWs were found during the COVID-19 waves, suggesting that infection was not necessarily acquired in healthcare settings.

Our study relied on self-reporting questionnaires for assessing household exposure, travel, and vaccination history; hence, recall bias is an expected limitation. However, the high risk of occupational exposure was determined by the working department and contact with patients having COVID-19 rather than only subjective exposure experiences. In fact, we did not find an association between subjective occupational exposure experiences and SARS-CoV-2 infection. The SARS-CoV-2 RT-PCR tests were conducted based on national criteria (unprotected patient or household exposure to SARS-CoV-2, travel history, and clinical symptoms); therefore, RT-PCR results alone should be inferred with caution as the majority of our HCWs infected with SARS-CoV-2 were asymptomatic. Although we had a uniform IPC policy and national advice, the pandemic waves and infection rates during the Autumn 2020 slightly differed between the two cities studied (Figure 1B, Table 1). We found lower infection rates in the smaller city (Stavanger, Rogaland). The national data estimated lower COVID-19-related mortality in Rogaland than in Vestland (11 vs. 67 deaths; 2.3 vs. 10.5 per 100,000 inhabitants) (29), which agreed with our findings. Furthermore, HCWs were recommended a second vaccine dose between 21 and 84 days after the first dose; thus, it is likely that many vaccinees in our study had received a second dose, which explain the slightly higher antibody titres at day 150 compared to day 21 after the first dose (Figure 2D). The data collection in Norway began when pre-alpha lineages were predominant and continued until the delta variant took over (March 2020–June 2021) in Norway. Therefore, our results cannot be directly extrapolated to the more recent SARS-CoV-2 variants. Nevertheless, they are still highly relevant for hospitals and medical settings where SARS-CoV-2 infection rates are low in the community.

During the COVID-19 pandemic, our data highlight the importance of serological tests to supplement rapid and frequent RT-PCR testing of HCWs and tailored vaccine deployment after natural immunity to strengthen evidence-based pandemic preparedness. COVID-19 vaccination is required to protect against reinfection in previously infected individuals. However, our findings suggest that vaccination schedule can be delayed up to 5–6 months post-infection to prioritise naïve high-risk groups during a vaccine shortage, as infection induced long-lasting antibodies and primed vaccinees had higher titres than naïve vaccinees throughout 5 months post-vaccination. Globally, we advocate adherence to isolation and precautions against SARS-CoV-2 exposure, not only at work but also at home. More research studies should be carried out on preventive measures such as transmission modes and mask use at home or work, ventilation systems at work, and the role of statutory sick leave and voluntary isolation at external facilities.
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Introduction: Although factors such as urbanicity, population demographics, and political affiliation have been linked with COVID-19 masking behavior and policy in community settings, little work has investigated factors associated with school mask policies. We sought to characterize United States state and school district student COVID-19 masking policies during the 2021–22 school year and determine predictors of these mandates at four time points, including before and after federal guidance relaxed school mask recommendations in February 2022.
Methods: Student mask policies for US states and the District of Columbia, as well as a sample of 56 districts were categorized as prohibited, recommended, or required in September 2021, November 2021, January 2022, and March 2022 based on the Johns Hopkins eSchool+ Initiative School Reopening Tracker. Changes in policies over time were characterized. Generalized estimating equations and logistic regression were used to evaluate whether political affiliation of governor, urbanicity, economic disadvantage, and race/ethnic composition of district students, and county-level COVID-19 incidence predicted the presence of a district mask mandate at any time point and at all four time points.
Results: State and district policies changed over time. Districts that implemented student mandates at any point were more likely to be in states with Democratic governors (AOR: 5.52; 95% CI: 2.23, 13.64) or in non-rural areas (AOR: 8.20; 95% CI: 2.63, 25.51). Districts that retained mask mandates at all four time points were more likely to have Democratic governors (AOR: 5.39; 95% CI: 2.69, 10.82) and serve a smaller proportion of economically disadvantaged students (AOR: 0.97; 95% CI: 0.95, 0.99). Districts serving a larger proportion of students from minoritized racial/ethnic groups were more likely to have mask mandates at any or all timepoints. Notably, county-level COVID-19 prevalence was not related to the presence of a mask mandate at any or all time points. By March 2022, no factors were significantly associated with district mask policy.
Discussion: Political, geographic, and demographic characteristics predicted the likelihood of student mask mandates in the 2021–22 school year. Public health promotion messages and policy must account for variation in these factors, potentially through centralized and consistent messaging and unbiased, trustworthy communication.
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1. Introduction

In response to on-going concerns about COVID-19, in July 2021, the Centers for Disease Control and Prevention (CDC) recommended universal masking in kindergarten through grade 12 schools during most of the 2021–2022 school year for students, teachers and visitors, regardless of individuals’ vaccination status or community transmission rates (1, 2). At some point during the 2021–2022 school year, 18 states and the District of Columbia implemented mask mandates for public (and in some cases, private) schools in their jurisdiction (3–5), while other states did not enact mask mandates or expressly prohibited them.

In February 2022, however, the CDC updated its guidance to recommend masking in schools only in the context of high community transmission or strained healthcare system capacity (3, 6).

Following this change in CDC masking guidance, many of the 19 states (including the District of Columbia) rescinded previously implemented mask mandates in schools (3). In response to state-level policy changes, some school districts lifted mandates while others chose to retain them. A recent study in Massachusetts, the only study so far investigating factors associated with school district decisions on mask mandates, found that school districts that lifted mask mandates experienced greater incidence of COVID-19 among students and staff compared to those that did not (4). Moreover, districts that continued their mask mandates after the statewide mandate was lifted were more likely to serve students from minoritized racial and ethnic groups and students in poverty (4). To date, however, factors associated with mandates in districts across the US have not been evaluated.

The impact of COVID-19 has varied substantially across communities in the United States. In light of findings from the Massachusetts study, it is possible that, nationwide, communities that bore a greater burden or COVID-19 related morbidity and mortality risk adopted were more likely to adopt more stringent masking policies; communities of color and lower socioeconomic status have been disproportionately impacted (7, 8). Urban and rural areas have also been impacted differently; while cases overall were initially concentrated in urban areas, intensity shifted between urban and rural areas over time (9).

Prior research at the national level suggests that individual characteristics like political affiliation (10), race (10, 11), gender (11), urbanicity (10), and income (10) are associated with the acceptability of masking as a public health strategy and adherence to masking requirements. Limited research has also identified factors associated with the presence of statewide mask mandates, notably political party affiliation of the state’s governor; states with Republican governors have been less likely to implement statewide mask mandates (12, 13).

The objective of this study was to characterize student mask policies for all 50 US states and the District of Columbia (DC) and a sample of United States school districts at four points during the 2021–2022 school year: September 2021, November 2021, January 2022, and March 2022. We then sought to determine whether urbanicity, demographics of district students, political affiliation of the state governor, or community viral transmission levels predicted the presence of a school mask mandate at the school district level at any time point. Finally, we examined whether the factors that predicted a mask mandate at any time point differed from those that predicted retaining a mask mandate at all four time points, including after the CDC’s masking guidance was revised. We hypothesized that school districts in states with Democratic governors, those in urban areas, those with a higher proportion of students from minoritized racial/ethnic groups or economically disadvantaged students, and higher county-level COVID-19 transmission levels would be more likely to have mask mandates. We also hypothesized that district demographic composition would be more strongly associated with the likelihood of the most conservative masking approach (i.e., requiring student masking at all four time points) as compared to the likelihood of having a mask mandate at any time point.



2. Materials and methods


2.1. State sample

Publicly available reopening plans published after July 26, 2021 on state department of education websites were coded and analyzed (14). Data from all 50 states and the District of Columbia were extracted from the Johns Hopkins eSchool+ Initiative 2021–22 School Reopening Tracker (SRT) (14). In this analysis, District of Columbia was regarded as a state and a total of 51 states were included. This study was determined to be non-human subjects research, and was thus approved as exempt research by the Johns Hopkins University Institutional IRB.



2.2. District sample

School districts were sampled from the Johns Hopkins eSchool+ Initiative 2021–22 SRT. Sampling has been described in detail elsewhere (14). Briefly, to capture geographic diversity, two states were randomly selected from the eight US geographic regions defined by the Bureau of Economic Analysis, except in the cases of the Rocky Mountain Region (one state) because of inclusion criteria and the Southeast region (three states) because of the number of states in that region (14). The four most populous states based on 2021 data (15) (New York, Florida, Texas, and California) were also included (14). Within each state, eligible districts were identified for inclusion in the dataset; a school district needed to have a publicly available reopening plan that described its masking policy by September 2, 2021 and serve at least 500 students ages 5–17 to be considered (14). Of this pool of eligible districts, within each of the identified states, the largest, maximum poverty, and minimum poverty school districts were chosen (14). Maximum and minimum poverty was characterized from Small Area Income and Poverty Estimates (SAIPE) data (16), and the largest district was identified from National Center for Education Statistics data (17). Exceptions were Hawaii and the District of Columbia, both of which have only one school district for their entire jurisdiction (14). In total, 56 United States school districts were included.



2.3. Dependent variable: state and district mask mandates

The dependent variable was the presence of a student mask mandate assessed at four time points: September 2021 (beginning of 2021–22 school year), November 2021, January 2022, and March 2022 (immediately after CDC masking recommendation for schools were updated). At the state level, school mask mandates were classified as “Prohibited” (i.e., the state had expressly banned mask mandates in schools), “Required” (i.e., the state had a mandate for one or more student groups), or “Recommended/Optional” (i.e., the state recommended but did not require masks for any student group). At the school district level, mandates were similarly classified as “Prohibited,” “Required,” or “Recommended/Optional” based on published school district policies. For cases in which a policy was under litigation, it was classified based on the most recent publicly available information from the state or district level department of education website. The current analysis focuses on mask policies for students. In preliminary analyses, we evaluated policies for teachers and school staff, and found that policies and results were consistent for teachers and students. However, results for teacher mask mandates from the same state and district samples are provided in Supplementary Tables 2, 3.



2.4. Independent variables


2.4.1. Political affiliation

Political affiliation of the governor (or mayor, in the case of the District of Columbia) was categorized as Democrat, Republican, or Independent based on data from the National Governors Association (18). All governors in the study sample were affiliated with Democrat or Republican parties.



2.4.2. District urbanicity

School district urbanicity was extracted from the 2020 to 2021 National Center for Education Statistics Elementary/Secondary Information System (17). Districts were coded as rural, urban, suburban, or town and then collapsed into a rural/urban binary variable based on the guidance by the National Center for Education Statistics (19).



2.4.3. District race/ethnic composition

Racial/ethnic composition was calculated as the proportion of students in the district from racial/ethnic groups other than white Non-Hispanic from the National Center for Education Statistics (17). The continuous variable was broken into quartiles for inclusion in statistical models.



2.4.4. Students with economic disadvantage

The percent of economically disadvantaged students in each district in 2020 was from the Stanford Education Data Archive (SEDA) (20). SEDA sourced this data from EdFacts (21), which defines economic disadvantage as the number of students who meet the state criteria for classification as economically disadvantaged according to the state definition (22).



2.4.5. Relative county-level COVID-19 burden

County-level 14-day average new COVID-19 cases (per 1,000) were from the Johns Hopkins Coronavirus Resource Center (23). Cases were categorized into tertiles (high, medium, and low), based on values for each month.




2.5. Statistical analysis

First, we described the distribution of mask policies for all 51 states and for the 56 school districts at each of the four time points and changes over time. Then, we used generalized estimating equations with exchangeable correlation structure to determine whether urbanicity, demographics of district students, political affiliation of the state governor, or community viral transmission levels predicted the presence of a school mask mandate at any time point, taking into account the correlation among the districts over time.

Next, we examined whether the same district-level factors predicted having a mask mandate at all four time points using logistic regression models. Finally, in sensitivity analyses, we used separate multivariable logistic regression models at each time point to explore whether the cross-sectional relationship between district-level factors and the presence of a mask mandate changed over time, particularly after the CDC recommendations for masking in schools changed.

This study was determined to be exempt by The Johns Hopkins School of Medicine Institutional Review Board.




3. Results


3.1. State mask policies

Overall, 19 states (37%) had a student mask mandate at any point; 15 of these (79%) lifted the mandate at some point during the school year, and 4 (21%) states required masks at all four time points. 27 states (53%) never implemented a mandate. Five states (10%) prohibited a mask mandate at any point, the majority of which (80%; n = 4) shifted from prohibiting a mask mandate to recommending one.

As shown in Figure 1, states with Democratic governors were more likely to have a mask mandate, and states with Republican governors were more likely to either recommend or make optional mask wearing, or expressly prohibit mask mandates. The proportion of Republican states requiring a mandate was relatively consistent whereas the proportion of Democratic states with mask mandates decreased over time. Notably, between January and March 2022, the proportion of states with Democratic governors that had a mask mandate decreased from 58 to 17% (Figure 1).

[image: Bar graph showing the percentage of states with Republican and Democrat leadership from September 2021 to March 2022 concerning COVID-19 mask policies. Categories include prohibited, recommended/optional, and required. Republican states had a higher percentage of masks recommended/optional throughout, peaking at ninety-six percent in March 2022. Democrat states had masks required more often, with eighty-three percent in March 2022.]

FIGURE 1
 Proportion of states with democratic and republican governors who prohibited, recommended, or required masks in September 2021, November 2021, January 2022, and March 2022 by governor’s political affiliation.




3.2. District mask mandates

The proportion of school districts with mask mandates remained relatively consistent from September 2021 through January 2022 (Figure 2). However, between January 2022 and March 2022, there was a 47% relative decrease in the prevalence, from 68 to 36%, of student mask mandates.

[image: Bar chart showing percentages from September 2021 to March 2022. September has 71%, November has 70%, January 2022 has 68%, and March 2022 significantly drops to 36%.]

FIGURE 2
 Proportion of school districts with student mask mandates in September 2021, November 2021, January 2022, and March 2022.


A summary of the characteristics of the 56 United States school districts included in the sample is shown in Table 1. The majority of districts were in non-rural areas (79%); on average, districts served student populations where 58% of students belonged to a racial/ethnic minority and just under two thirds (64.8%) of students were economically disadvantaged. Of the 56 districts, 17 (30%) had a mask mandate at all four time points, 27 (48%) made changes to their mask mandate policies during the study period (89% of which were to rescind a mandate), and 12 (21%) never implemented a mask mandate.



TABLE 1 School district characteristics by student mask policy categories over four time points of September 2021, November 2021, January 2022, and March 2022.
[image: A table shows mask policy groups across 56 districts categorized as Total, Required, Recommended to Required, Required to Recommended, and Recommended. The columns detail Governor affiliation, Urbanicity, Students from minoritized groups, Students with economic disadvantages, and Relative county-level COVID-19 burden in September 2021. Data includes percentages and medians. Footnotes highlight statistical significance and changes in mask policy.]



3.3. District factors predicting the presence of a mask mandate at any time point

First, we assessed the independent relationships between school district characteristics of interest and the presence of a school district mask mandate at any of the four time points. Having a Democratic governor (OR: 4.83; 95% CI: 2.08, 11.24) and being in a non-rural area (OR: 7.35; 95% CI: 2.04, 26.51) were independently associated with greater odds of a mandate at any time point (Table 2). In multivariable models, districts in states with a Democratic governor were 5.52 times (95% CI: 2.23, 13.64) as likely as those in states with a Republican governor, and districts in urban areas were 8.20 times (95% CI: 2.63, 25.51) as likely as those in rural areas, to have implemented a student mask mandate at any time point (Table 2). Having an increasing proportion of students from minoritized racial/ethnic groups was qualitatively associated with greater odds of a mandate; however, this was only statistically significant in the third quartile in the multivariable models (AOR: 4.63; 95% CI: 1.21, 17.78; Table 2).



TABLE 2 Univariate and multivariable associations between district level characteristics and the odds of having a school district level mask mandate at any one time point (September 2021, November 2021, January 2022, or March 2022).
[image: Table comparing univariate and multivariable analyses for student mask mandates. Categories include governor affiliation, urbanicity, percentage of students from minoritized groups, economic disadvantage, and COVID-19 burden. Significant odds ratios: Democrat governors (AOR 5.52), non-rural areas (AOR 8.20), third quartile of minoritized students (AOR 4.63). Confidence intervals are provided for each category. Model QIC is 251.125. Bold indicates statistically significant associations (p < 0.05).]



3.4. District factors predicting the presence of a mask mandate at all time points

In univariate logistic regression models assessing factors predicting the presence of a district student mask mandate at all four of the time points (Table 3), the role of state governor affiliation, urbanicity, and race/ethnic composition of the district were similar to models predicting the presence of a mandate at any time point (Table 2). In multivariable models, presence of a Democratic governor was associated with 5.39 times greater odds of a mask mandate (95% CI: 2.69, 10.82). In addition, being in the third (AOR: 9.58; 95% CI: 1.85, 49.56) or fourth (AOR: 16.15; 95% CI: 2.35, 110.74) highest quartiles of the district racial/ethnic composition variable was significantly associated with increased odds of a mask mandate (Table 3), and having a greater proportion of economically disadvantaged students was associated with lower odds of a student mask mandate (AOR: 0.97; 95% CI: 0.95, 0.99; Table 3). Urbanicity was not significantly associated with having a mandate at all four time points in multivariable models.



TABLE 3 Univariate associations and fully-adjusted multivariable associations between district level characteristics and the odds of having a school district level mask mandate policy at all four time points (September 2021, November 2021, January 2022, and March 2022).
[image: Table displaying odds ratios (OR) and adjusted odds ratios (AOR) with 95% confidence intervals (CI) for student mask mandate factors. Key factors include governor affiliation, urbanicity, percentage of students from minoritized groups, economic disadvantage, and COVID-19 burden. Significant findings: Democrat affiliation, non-rural settings, higher proportions of minoritized students, and medium COVID-19 burden show elevated odds, all indicated in bold.]



3.5. Sensitivity analysis

To explore potential differences in the relationship between district characteristics and the presence of a mask mandate at each time point, in sensitivity analyses, we used multivariable logistic regression models. Governor political affiliation was consistently associated with the presence of a mask mandate until March (Supplementary Table 1). Notably, in March, none of the factors assessed were significantly associated with the presence of a district mask policy (Supplementary Table 1).




4. Discussion

In this study, we aimed to characterize student mask policies for US states and a sample of United States school districts at four points during the 2021–2022 school year and to determine whether urbanicity, demographics of district students, political affiliation of the state governor, or community viral transmission levels predicted the presence of a school mask mandate. We found that having a school mask mandate was related, most robustly, to the political affiliation of the state governor and urbanicity of the district, although these relationships changed over time.

Our findings echo prior literature noting the link between political affiliation and urbanicity to mask wearing, and the presence of statewide mitigation policies (10, 12, 13). However, this study extends prior findings to the school district setting where political affiliation and urbanicity similarly continued to influence mask policy at the school level.

While individual factors (namely, governor political affiliation, and urbanicity) were associated with the presence of district level student mask policy in September 2021, November 2021, and January 2022, there was no association between any of the factors we examined and the presence of a mask mandate in March 2022. By March 2022, all but 20 districts were either recommending mask wearing or making it optional. Of the remaining 20 districts that did not have an optional/recommended policy in March, the 12 that were in states with Democratic governors continued with their mask mandates. This could be due to lower COVID-19 case rates at this time, the February shift in CDC guidance, rising student vaccination coverage, or collective exhaustion with COVID-19 mitigation that shaped public and political appetites to continue masking requirements (24).

Generally, districts that served a larger proportion of students from minoritized racial/ethnic groups were more likely to have a mask mandate at any timepoint (upper third quartile of districts) and all (upper third and fourth quartiles of districts) timepoints. This is consistent with literature that describes high rates of mask wearing in communities of color overall (11) and could reflect greater demand for COVID-19 mitigation in communities disproportionately impacted by COVID-19 (7). Consistent with this hypothesis, Cowger et al. (4) found that schools in Massachusetts that sustained mask policies beyond when they were required tended to have greater proportions of Black and Latino students and staff.

We also found that, as the proportion of students with economic disadvantage increased, the odds of having a student mask mandate at all time points decreased. These results differ from Cowger et al. (4), who observed greater persistence of mask mandates in districts with a higher proportion of low-income students, but align with those of Kahane (10), who found that greater county-level median household income was associated with greater masking behavior. Our results should be interpreted in the context of a sample with relatively high average (64.8%) economic disadvantage based on our sampling strategy; further research should clarify the role of economic disadvantage in masking behavior and policy.

Notably, relative COVID-19 burden was not a significant predictor of a district mask mandate at each, any, or all of the four timepoints included in the analysis. This is salient as evidence indicates that school masking is an effective way to mitigate COVID-19 spread (25–27). However, what might be considered a directly relevant, public heath factor (COVID-19 prevalence) did not seem to be important in district mask policy decision making; district mask policies seem to be driven by factors such as political party, urbanicity, and local racial/ethnic composition, which in turn have tangible public health consequences for communities.

There are some limitations in our analysis. First, our school district level dataset was limited to data from 20 states, and purposive sampling was used within each state to select included districts. Relative county-level COVID-19 burden (high/medium/low by month) was used as a proxy for district COVID-19 incidence; however, in some places, school districts and counties are not interchangeable. In addition, our mask policy data are based on publicly available information from state and district websites and may not always reflect the most current policies that were being enforced.

Although mask wearing is an evidence-based intervention for reducing COVID-19 transmission, key questions remain about the degree to which school mask mandates impact the health of students, staff, and the community. Another important question is whether mandates negatively impact learning, socialization, or well-being and, if so, for which students. Our results raise ethical concerns about what factors should influence school health policies during a pandemic. Political affiliation of a state governor and district urbanicity may reflect community values about balancing protecting health with parental and student freedoms and other student interests, but they may also underplay or overplay the public health benefit, and the benefit to individual students and families, of mask mandates.

We found that various social, economic, and political factors predicted school mask policies for students, and that these associations varied over the course of the 2021–2022 school year. Our findings underscore the importance of learning from the experience of this pandemic to provide the best possible evidence of the benefits and harms of mask mandates. Although the next pandemic may have different epidemiologic and clinical features relevant to mask policy, a more robust evidence base will inform the development of more centralized, consistent guidance that may help narrow differences in mask policy by politics and geography. Additionally, public health officials should be mindful to deliver guidance in a way that anticipates and/or minimizes political reactions and enhances trust when attempting to influence school policy.
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The frangible collaboration between three United Nations agencies (UNICEF, UNFPA and WHO) in the Eastern and Southern Africa Region was strengthened by the outbreak of the coronavirus pandemic. The aim was to combine existing resources and expertise to support countries to respond to the pandemic more effectively and efficiently regarding the provision of maternal and newborn health services. Three kinds of activities were conducted: 15 webinars on a variety of topics and issues impacted by the pandemic; virtual training on maternal and perinatal death surveillance and response as well as on quality improvement; and the development of online e-learning modules for continuous professional development. Key dimensions of the collaboration included: a common vision; commitment to the process; dialogue; building relationships and trust; communication and information sharing; sharing of technical and financial resources and expertise; mobilization of additional resources; celebration of intermediate outcomes; facilitative leadership; and institutional design. Start-up lessons revolved around shared risk taking, while retaining agency autonomy. Collaboration lessons included forming a “united front”, harnessing technology to accelerate results, and mitigating adverse structural and contextual factors. There are widespread perceptions that collaborative initiatives tend to yield minimum results in terms of increased efficiency or effectiveness. This particular collaborative effort demonstrated elements of feasibility, value addition, synergy, cost effectiveness and demonstrable results where UN agencies delivered as one. The emergency in healthcare as a ripple effect of the coronavirus pandemic has caused a rethink of collaboration models and levels of engagement.
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Introduction

The concept of collaboration among diverse partners, disciplines and professional groups has gained significant acceptance in recent years. A well-coordinated partnership and collaborative effort are critical in delivering better results towards a shared goal. The H6 is a global partnership between six United Nations (UN) agencies collaborating with various other development agencies. Their shared goal is to advance women's, children's and adolescents' health in high-burden countries and act as a technical support arm for the Every Woman, Every Child movement. The H6 partnership also provides a niche for coordinated and coherent contextually defined technical support in the UN Eastern and Southern Africa (ESA) Region, with all countries, except Botswana and Somalia, involved in some form of H6 collaboration in 2020. Regional coordination aims to increase volume and quality of technical support, enhance advocacy and policy engagement, minimize duplication and mobilize more resources for sexual, reproductive, maternal, newborn, child and adolescent health (SRMNCAH) in the region (1, 2).

Within the regional H6 partnership, the UN Population Fund (UNFPA), the UN Children's Fund (UNICEF) and the World Health Organization (WHO) operating in the 23 countries of the ESA Region mutually acknowledged overlaps, duplication, and inadequate and fragmented resources for maternal and newborn health (MNH). In 2018 they embarked on strengthening the interagency collaboration to harness the collective strengths of the three agencies. Figure 1 is a graphic depiction of this collaboration in relation to both the global and regional H6 partnership and other partners involved in the collaboration. The collaboration acquired new urgency and meaning with the advent of the coronavirus pandemic in 2020. Essential MNH services in ESA, as in other parts of the world, were extremely constrained during the early phases of the outbreak. Pregnant women and their newborns were disproportionately affected by the pandemic and there was a real threat of reversal of recent improvements in SRMNCAH care.


[image: Diagram showing the MNH interagency collaboration involving UNFPA, UNICEF, and WHO. Three overlapping circles represent: Eastern and Southern Africa H6 partnership, Global H6 partnership with technical partners, and National partners. A timeline details capacity building activities: pre-pandemic (1 workshop, 70 participants), pandemic phase 1 (April-October 2020, 15 webinars, 1,841 participants), phase 2 (June 2020-July 2021, virtual workshops, >70 participants), and phase 3 (February 2021-October 2022, 9 e-learning modules, 99,440 participants). Abbreviations are explained below the diagram.]
FIGURE 1
The MNH interagency collaboration within the bigger picture.


It was vital to use the limited resources available in the interrelated MNH program areas more effectively in an integrated, comprehensive and results-driven approach. With a few exceptions, the key country actors were MNH focal points in their respective agencies.



Our collaborative approach

This article is the outcome of consulting internal reports of the three agencies and reflective discussions between the four authors, which included summarising all the activities that took place during this collaboration and providing an interpretive lens on the collaboration as a whole. We wanted to demonstrate how our joint work was a more efficient and cost-effective response to the pandemic than working as individual agencies. The paper also highlights the levels and instruments of collaboration that fostered cooperation and describes experiences regarding the collaboration process and the lessons learnt from the nuts and bolts of a joint implementation.


Why did we collaborate?

The coronavirus pandemic and a “prehistory of cooperation” were the “starting conditions” (3) that triggered our efforts to strengthen collaboration. There was an urge to build on existing collaboration to mitigate the risk of disruption of MNH services. The challenge was too urgent and overwhelming to be tackled by individual efforts and the following aims emerged from the situation:


	1.Combine wider skills and resources to tackle the threatened disruption of MNH services that might have cost the lives of women and newborns;

	2.respond to country needs in a coherent and holistic manner and deliver quality technical assistance;

	3.take action faster, using the various mechanisms available within each agency; and

	4.model a joint UN team at regional office level with the aspiration and expectation that this approach of a unified UN team would also be mirrored at country-office level.



COVID-19 was a novel disease at the time and information on how to manage pregnancy and childbirth within the pandemic context was limited. Misconceptions on COVID-19 infection in Africans and in pregnant women and newborns were rife. In the early days of the pandemic MNH services were not prioritized and reports of maternity units being repurposed as COVID centres and of maternity staff being reassigned to COVID wards abounded. In addition, the institution of public health measures to combat the virus led to media reports—the only source of information at the start of pandemic—of delays in pregnant women reaching health facilities, of transporters refusing to take women to hospital at night due to curfews, and inevitably of deaths of pregnant women (4–8).

The first case of COVID-19 in the ESA Region was reported in March 2020 in South Africa. Countries urgently requested guidance from the UN ESA team since the global guidance at that time did not include specific guidance on pregnancy and childbirth. The first joint webinar was held on 9 April to discuss the regional situation regarding COVID-19. The emphasis fell on the MNH situation in South Africa, where the lockdown measures had been implemented a few days before. By 17 April, joint technical guidance on the continuity of MNH services during COVID-19 had been developed and shared, later to be updated as global guidance became available. The joint ESA team decided to work together to avoid potentially fragmented operational guidance and technical briefs that would have led to inefficient service implementation. The aim was to provide easy, practical, step-by-step guidance to inform the provision of MNH services in the ESA countries (9).



What form did collaboration take?

When restrictive pandemic lockdown measures came into effect, in-person technical support to countries was suspended due to prevailing travel restrictions. With global evidence generation advancing rapidly, it was important to obtain synthesized evidence-based guidance from the global secretariat without delay. The initial task of the collaboration was to disseminate operational guidance on the provision of MNH services during the pandemic. Face-to-face training had to be replaced by virtual or hybrid models of blended learning, where country teams implemented the interventions at selected learning sites after receiving some didactic sessions. This need for guidance led to the following joint activities by the three agencies to support countries in three phases (see also Figure 1): (i) an initial series of webinars held between April and October 2020; (ii) virtual capacity building in quality of care (June to October 2020) and maternal and perinatal death surveillance and response (MPDSR) (November 2020 to July 2021); and (iii) the development and testing of online e-learning modules as part of continuous professional development (CPD) during the remaining months of 2020 and in 2021. These activities reached more participants than traditional face-to-face activities.

Phase 1. Webinars (10). An initial series of 15 webinars was held with a diverse group of 1,841 participants. Attendance ranged between 85 and 164 participants per webinar (median 124 participants) who included officials from ministries of health (and social services), UN agencies at country level, development agencies (e.g., Save the Children, PATH), professional organizations, universities, and country-level non-governmental organizations. The organization of each webinar was a joint responsibility, with each agency undertaking specific tasks (see Supplementary Table S1 in the Supplementary File). The regional focal persons of the collaboration agreed on key topics, deliberated which agency had the comparative technical advantage to present the topic, and analysed the different organizations to see which administrative and logistical measures could more easily be undertaken by each agency. For example, UNICEF was responsible for setting up the zoom facilities and sending out invitations, which were then further distributed through the other two agencies. The topics included the following: COVID-19 themes related to various aspects of service delivery and care across the MNH continuum; country experiences with the pandemic; guidance on clinical care during pregnancy, childbirth and immediately after birth in the context of COVID-19 (including quality care for small and sick newborns, who are the most vulnerable when the health system is strained); infection prevention and control (including personal protective equipment); gender-based violence (which showed high increases in some countries during the early phase of the pandemic); and MPDSR.

The webinars were inclusive and participatory. From the beginning feedback was collected from participants on the usefulness of the sessions, and actions taken at country level as a result of the webinars were checked. Participants were also asked to indicate specific areas on which they needed a webinar or more information and guidance. These requests were then used to plan for subsequent webinars and training events with a view to developing the national capacities around unified guidelines and technical support, and to creating a place for cross-learning and experience-sharing among member states.

Phase 2. Virtual capacity building. In addition to the webinars, the collaboration launched a regional virtual training program in MPDSR under the 2gether 4 SRHR program. The aim was to support countries to accurately document the magnitude of maternal and perinatal deaths, and identify, classify, and report the underlying causes of death so as to inform correct management and systems strengthening. This was also critical for identifying maternal and perinatal deaths associated with COVID-19. Over 70 participants from Kenya, Namibia, Rwanda, Uganda, Zambia and Zimbabwe took part in the 13 consecutive sessions. Topics included the following: identification and notification of maternal deaths occurring in health facilities; medical certification of cause of death; international classification of cause of death; linking MPDSR with Integrated Disease Surveillance and Response (IDSR) and health management information systems (HMIS); and report-back from countries.

There were also country initiatives to strengthen quality of care in MNH. One example was the virtual capacity-building workshops in quality improvement for multidisciplinary teams and coaches organized by the regional MNH collaboration and the agencies' country offices in coordination with ministries of health in Kenya and Ethiopia (11). The main goal of these workshops was to prepare and equip a pool of resource personnel for effective implementation of the quality improvement agenda at the national, regional, district and health facility levels. Observers from Ethiopia, Tanzania, Malawi, and Namibia attended the Kenya workshop with the aim of generating interest and replicating similar workshops in their respective countries.

Phase 3. E-learning. With the increasing demand for practical information and the high attendance of webinars even beyond ESA, it became imperative to transfer existing modules onto an e-learning platform. This was intended to increase access to a wider audience, while allowing health workers to obtain CPD points.

Nine e-learning modules were developed and hosted in the World Continuing Education Alliance (WCEA) platform. The modules cover the WHO Labour Guide (1 module), Maternal Death Surveillance and Response (MDSR) (4 modules) and Perinatal Death Surveillance and Response (PDSR) (4 modules) (see Supplementary Table S2 in the Supplementary File). All modules are available in English, and some have also been translated into French and Portuguese. Between February 2021 and October 2022, 216,487 course modules were taken by 99,440 learners, with about half of the participants residing in the ESA Region and the other half in other regions.



Key dimensions of the collaboration

A key feature of this collaboration was the ability to leverage the comparative advantage of each agency. The regional offices of the agencies are geographically dispersed, each with their own varied governing structures, administrative procedures, and program niches. WHO is mandated to avail and promptly share the most up-to-date evidence-based global guidance; UNICEF and UNFPA support strengthening the capacity of national health systems and processes so that no child or mother is left behind. The synergy between the interagency partners was further enhanced by the WHO's ability to harness area experts to address the technical elements of the webinars and training, with UNFPA having the edge in monitoring and evaluation, data analytics and oversight of the virtual training platforms. UNICEF had the edge in perinatal and child health issues and quality of care, and took the lead in coordination. Furthermore, the members of the regional collaboration were committed to transparency in working together towards a common goal.

Negotiating the “ground rules” for collaboration (12) was facilitated by the fact that all three agencies were part of the UN institutional family, each with its own extensive network of other partners. The collective commitment of the three agencies to ensuring continuity of MNH services during the pandemic steered the collaboration in three main areas of the H6 model: technical support, convening role, and advocacy (2). The technical area included availing up-to-date evidence-based guidance to facilitate the continuity of MNH services during the pandemic, monitoring and evaluation of the provision of services, monitoring of program data, and the periodic dissemination of reports. Convening entailed setting up a technical advisory group, coordinating the webinars, establishing the e-learning platform, and convening other collaborative meetings. Advocacy was focused on guiding national governments to prioritize MNH services within the pandemic agenda to ensure that COVID-19 measures integrated actions to enhance the continuity of MNH services. There was also a focus on promoting collaboration on digital health for MNH with regional communities such as the Southern African Development Community (SADC), the East African Community (EAC), and the African Union Commission (AUC).

We used and adapted Ansell and Gash's dimensions of a collaborative process (12) to organise information and observations of how our collaboration functioned. The dimensions include: a common vision; commitment to the process; dialogue; building relationships and trust; communication and information sharing; sharing of technical and financial resources and expertise; mobilization of additional resources; celebration of intermediate outcomes and “small wins”; facilitative leadership; and institutional design. Table 1 contains a more detailed description of each dimension.


TABLE 1 Dimensions of the collaborative process.

[image: A table outlines collaborative dimensions and descriptions related to healthcare improvement. It covers topics like shared vision, commitment, dialogue, trust-building, communication, resource mobilization, outcomes, leadership, and institutional design. Each dimension is elaborated with bullet points, discussing strategies and actions for enhancing maternal, newborn, and reproductive health in the ESA region. The table includes references to figures and supplementary files for additional context, emphasizing coordination, shared responsibilities, and the importance of strong partnerships for effective health service delivery and crisis response during the COVID-19 pandemic.]




Lessons learned


Start-up lessons

Commitment is a critical element in initiating and maintaining collaboration. The commitment of the ESA team inspired greater commitment from the teams of the three agencies at regional and headquarters levels to trusting and supporting this interagency collaboration at a time when there was no evidence as to the best way to ensure continuity of MNH services during the pandemic. Commitment to stepping into the unknown involved risk taking, since we did not know whether initiatives would go wrong. The collaboration facilitated regional learning and provided guidance on MNH in the context of COVID-19 while we waited for conclusive guidance from headquarters. Risk taking also took the form of pushing the boundaries, asking for help without always following the usual channels of communication and fast-tracking contracts with service providers. The focal persons were also committed to acquiring new virtual communication skills and learning to be flexible about working hours.

Collaboration between agencies, without loss of autonomy, can result in enhanced efficiency through the sharing of functions and resources. In our collaboration the three agencies largely retained their own internal structures (support, administration, and indirect costs), but provided time and management to the partnership regardless of the form. During the health emergency there was insufficient time to develop a formal collaborative framework that explicitly quantified the trade-off between shared function gains and collaboration costs. On the other hand, the pre-existing ties between the agencies made it possible to achieve good results through collaboration.



A “united front”

Having a common goal can break down existing silos based on categories of RMNCAH. We adopted the mantra “together each achieves more” (TEAM) to move away from ad hoc joint tasks and develop a longer-term joint plan incorporating milestones of results to be achieved along the way. Our interagency collaboration also meant improved representation as a single UN body—when one agency was absent, the others ensured the issues related to the absent agency were addressed.

Through joint work, opportunities arose to link up with broader UN interagency mechanisms and there was potential to attract bigger collaborators such as the African Centers for Disease Control and Prevention (CDC).

The harmonized TEAM approach during the pandemic had the following advantages:


	•A unified approach was adopted when exploring connections with country offices. This avoided fragmentation and reduced countries' transaction costs (particularly costs incurred by national government focal persons) as they only had to respond to one instead of three requests from the agencies. The UN agencies also saved time by jointly monitoring countries’ RMNCAH service continuity.

	•Adopting a common position during uncertainty mitigated confusion, especially in the initial phase, and avoided potentially conflicting messages from individual agencies. This enabled a more effective exchange of best practices with a higher impact and promoted a uniform response to MNH focal persons at ministries of health who requested guidance from each agency. This coordinated and joint response proved more beneficial for planning and implementation of MNH services during a complex health emergency.

	•Our joint response further reduced the competition for funds and increased available resources for the response as opposed to fragmented funding to individual agencies.

	•This also assisted with leveraging additional resources from the Bill and Melinda Gates Foundation and the 2gether 4 SRHR fund.

	•Each agency brought along its own stakeholders for consultation and intervention design to feed into the joint plan. Collaboration instead of independent functioning was also more appealing to target audiences. This boosted the effectiveness of program implementation, extended geographical coverage and expanded the reach for the improvement of quality of care.





Harnessing technology to accelerate results

When the global pandemic emergency and accompanying travel restrictions set in and rendered commonly used capacity building modes like workshops and field missions impossible, innovation and the use of technology offered a solution. The joint UN–ESA offices realized that there were more participants requiring support than could be reached through webinars. A concept paper was developed which envisioned collaboration between (a) the three UN agencies to ensure customization of global guidance to the regional context, (b) educators (professional associations and councils) to develop training content and train their members, and (c) a reliable technology company to convert the training content to e-learning modules.

The World Continuing Education Alliance (WCEA) was competitively selected as the technology company for hosting the e-learning modules and disseminating the training. A major advantage of using a technology platform was cost saving. We calculated that a physical workshop would cost on average US$100,000 per workshop for about 70 participants, whereas the initial cost of setting up the modules on the technology platform was US$70,000. The program has now been running for more than two years and is reaching a much higher number of participants. Other advantages of harnessing technology include: real-time feedback and data disaggregated by demographic variables; increased reach and influence; and online and offline access to modules through downloadable documents and videos. In addition to the formal arrangement with WCEA, countries and individuals were also encouraged to explore the contents and courses available on other e-learning platforms such as the WHO Academy.



Structures and contextual factors

Our collaboration contradicts the widely held belief that less formalized collaboration does not result in increased levels of harmonization between implementing agencies. This style of informal collaboration with a small number of important partners can be highly beneficial in instances where collaboration is required in an emergency or for a time-sensitive effort. Examining the context in which a collaborative framework operates is critical for creating an understanding of the incentives that influence agency decisions about cooperation levels and types. A common vision and agreement on shared ideas and skills can be a game changer.

Developing collaboration tools can also have an impact in times of emergency. Such tools include planning strategies for operational coordination and implementation, joint concept notes and terms of reference for specific tasks, designing communication strategies with other partners and potential funders, and utilising virtual communication, training and survey tools.

Any kind of collaboration has its challenges. In our case we faced frequent changes in global guidance early in the pandemic, necessitating reorientation of country teams and eroding trust. Competition for resources continued and the regional interagency collaboration was difficult to replicate at country level. Sustaining collaboration became challenging when key members of a country team moved away from the region. Time pressures sometimes led to delays in responding to urgent requests. Lastly, the virtual environment posed challenges for e-learning participants who had difficulty in familiarizing themselves with the app feature for accessing the e-learning modules. Discussions are ongoing to functionalize the community of practice feature of the app.




Conclusion

There are widespread perceptions that collaborative initiatives between agencies are difficult and that they tend to yield minimum results in respect of increased efficiency or effectiveness. This collaborative effort demonstrated elements of feasibility, value addition, synergy, cost effectiveness and demonstrable results where UN agencies delivered as one. The emergency in healthcare as a ripple effect of the COVID-19 pandemic has caused agencies to rethink their collaboration models and levels of engagement within the agencies and in inter-sectoral arrangements. What has been achieved has the potential to change the direction of healthcare going forward—for the better. This approach is now being adopted in other UN regions and countries as well.
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Considering that infection control measures serve as a paramount example of public health policy, it is essential that each national government takes a leading role in their implementation. However, the reality of this implementation is undeniably influenced by the available human and medical resources, as well as the unique cultural and historical contexts of each country. Clearly, executing this implementation process is far from straightforward due to the multitude of stakeholders involved and the numerous challenges to overcome. Nonetheless, critical evaluations of such processes have not been conducted adequately to date.

In this regard, the recent COVID-19 pandemic has offered a distinct opportunity to examine these mechanisms. This pandemic posed an unprecedented challenge to global healthcare systems, compelling countries to mobilize substantial resources and quickly adapt their strategies to curb the spread of the virus. Japan is no exception. As a country neighboring China, the origin of SARS-CoV-2, Japan has significantly felt the impact of the pandemic. As of June 25, 2023, Japan has reported 3,803,572 COVID-19 cases and 74,694 fatalities since the onset of the pandemic (1). With this in mind, we aim to highlight and scrutinize Japan's experience, in hopes of providing essential insights for the effective management of future disasters and crises.

Japan, along with many other countries, has made substantial fiscal investments in its pandemic response. In fact, the Japanese government allocated $550 billion in the 2020 fiscal year to COVID-19 initiatives (2), a staggering amount that surpasses the $270 billion expended over a decade on recovery efforts following the 2011 Great East Japan Earthquake (3). Furthermore, public expenditures related to COVID-19 in Japan account for 45% of its GDP. This figure ranks second among advanced countries, following Italy, but surpasses Italy in terms of the actual amount spent (4). Naturally, various policies of the country were questionable due to misalignment with the actual circumstances. A prime example of this discrepancy was the policy related to the allocation of hospital beds for COVID-19 patients.

In April 2020, the Japanese government began subsidizing up to $530 per day for each general hospital bed and $3,125 per day for each ICU bed, in an effort to secure sufficient hospital space for COVID-19 patients (5). However, by August 2021 and February 2022, the utilization rate of these beds had fallen below 50% in 28.5% (136/476) and 27.5% (136/493) of facilities, respectively (5). Nonetheless, a substantial number of patients in the metropolitan area of Tokyo encountered significant difficulties in securing transfers to medical institutions via emergency medical services. This challenge was faced by patients irrespective of whether their illnesses were related to COVID-19, and notably, it occurred despite the consistent availability of hospital beds (6). This unfortunate situation resulted in fatalities among both COVID-19 and non-COVID-19 patients (6). The significant underutilization of beds, coupled with a limited capacity to accept emergency cases in these hospitals, may not be attributed solely to inadequate efforts by individual institutions. Instead, it points to potential inherent flaws in the policies themselves.

It is worth examining the Japan Community Health care Organization (JCHO) as a notable example of the potential pitfalls of these policies. The JCHO was established as an independent administrative institution to address public health crises and operates 57 public hospitals that maintain regional healthcare and promoting public health. According to the act on JCHO, these hospitals must address significant public health risks and provide medical care for infectious disease patients (7). Given that COVID-19 qualifies as such an emergency, the JCHO was compelled to undertake measures like reserving specific beds for COVID-19 patients. However, as of the end of July 2021, these reserved beds constituted only about 5% of the total hospital beds (8). As a result, in October 2021, the Ministry of Health, Labor and Welfare formally requested an increase in the number of reserved beds (9).

There are at least two reasons behind this situation. First, a lack of preparedness. The JCHO failed to fully embrace its role and did not establish an effective system for admitting COVID-19 patients, including guaranteeing adequate staffing. For instance, in the fiscal year 2020, The subsidies received by JCHO increased by $214 million compared to the fiscal year 2019 (10, 11). Yet, this sum was not allocated toward enhancing the medical infrastructure. For example, labor costs only increased by ~$18 million compared to the previous year (10, 11), suggesting it was likely used for other purposes. It is possible that JCHO had a strong inclination to prioritize maintaining good financial management rather than actively fulfilling its role during the crisis.

Secondly, policy inconsistencies contributed to the situation. In December 2019, the government issued a notification stating that COVID-19 should be managed by designated core medical institutions equipped with special resources to handle emerging infectious diseases, allowing non-designated hospitals to refuse treatment (12). Given the role of JCHO, all 57 of its hospitals should have been designated institutions, yet only 13 hospitals received such a designation (13). Consequently, the remaining 44 hospitals had the option to decline COVID-19 related care. There are no penalties for not received COVID-19 patients, and from a business perspective, it may be advantageous to refuse such cases. Thus, the policy's application in controlling public hospitals can be deemed a failure in Japan.

Furthermore, we could contemplate a more systemic reason behind this incident, which involves the allocation of human and medical resources among private and public medical institutions. While Japan embraces universal health coverage, unlike the United Kingdom with the NHS, the presence of public hospitals is comparatively small. Japan's public hospitals account for only 27% of total beds, which is significantly lower than the 100% in the United Kingdom (estimated) and 61% in France (as of 2019) (14). Furthermore, medical schools and their affiliated hospitals operate independently from government control although a significant portion of their medical fees are reimbursed through the national health insurance system. Hence, when faced with the demands of the pandemic, private hospitals grappled with the challenge of cultivating an adequate number of sufficiently trained experts within their institutions capable of responding to such crises. Consequently, it was not practical to anticipate that public hospitals in Japan would bear the majority of COVID-19 treatment responsibilities. In fact, the Japanese government gradually transitioned toward a policy of using private hospitals as the primary care centers for the COVID-19 pandemic, which proved to be effective.

In this context, it becomes apparent that the policies advocated by some, which aimed to empower the government to secure more beds for COVID-19 patients, may not have been as effective as anticipated. It is noteworthy that these policies did not yield successful outcomes even in China, where the government has essentially control over all hospital beds. A sudden relaxation of regulations resulted in a nearly 9-fold surge in the total number of infections within a mere 2 months (15). This surge resulted in a strain on medical resources due to the lack of adequate hospital bed provision beforehand. Instead, Japan should focus on fostering collaboration among various public and private hospitals and local governments within each community. While hospitals in Japan are currently organized in a fragmented manner based on their respective founding bodies, efforts should be made to enhance horizontal collaboration at the regional level to better prepare for future emergencies.

Indeed, some successful cases have been observed within the country. In Fukushima Prefecture, a healthcare management system known as the Fukushima Model has been implemented. This model represents a collaboration among hospitals, the local university, and local governments, and it evolved from the patient evacuation procedures established during the Great East Japan Earthquake. Under this system, COVID-19 patients are classified according to severity, and after coordination by the local medical school, they receive treatment at designated hospitals. Within this network, medical information is shared, enabling comprehensive patient management and facilitating smooth transfers between hospitals (16). In fact, the percentage of infected people in Fukushima Prefecture is lower than the national average in Japan (17). Thus, it is quite enlightening to observe that hospitals which proactively sought and sustained collaboration with local communities and other healthcare institutions, leveraging bottom-up approaches, proved to be effective during the COVID-19 pandemic in the Japanese society.

Across Japan, the number of secured beds has consistently risen since April 2021, following the mandate for hospitals to allocate dedicated beds for COVID-19 patients (18). However, these measures have proven to be inadequate. The waiting list for hospitalizations has expanded in tandem with the surge in COVID-19 cases, peaking at ~1,500 in August 2021 and reaching around 4,000 by February 2022 (18).

Significantly, we believe that this argument is relevant to various countries with similar distributions of medical and human resources. A case in point is the United States. Generally, the health systems of the United States and Japan are considered distinct, yet they both have a strong presence of private sectors in their medical communities. Indeed, in the United States, areas that have fostered more partnerships between local public institutions, healthcare facilities, and hospitals have experienced a 9–10% decrease in the risk of higher case-fatality rates (19). Consequently, these collaborations allowed for the maintenance of medical resources, efficient distribution, and more effective differentiation in hospital functions, enabling flexible responses to increasing patient numbers.

In conclusion, we illuminated Japan's experiences during the COVID-19 pandemic, with a particular emphasis on health policy concerning hospital bed allocation between the private and public sectors. In countries like Japan, where the private sector plays a significant role in the medical community, we posit that a policy fostering harmonious collaboration between private and public hospitals could operate effectively, even during a pandemic that requires strong governmental leadership. Policymakers, healthcare professionals, and administrative staff must bear in mind that a successful response requires an approach that is attuned to each country's unique culture and health system, as well as the scale and nature of the crises at hand. This point, highlighted by Japan's experience during the COVID-19 pandemic, should be considered and applied when managing crises that may arise in different regions or times.
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The COVID-19 pandemic showed major impacts, on societies worldwide, challenging healthcare systems, economies, and daily life of people. Geoepidemiology, an emerging field that combines geography and epidemiology, has played a vital role in understanding and combatting the spread of the virus. This interdisciplinary approach has provided insights into the spatial patterns, risk factors, and transmission dynamics of the COVID-19 pandemic at different scales, from local communities to global populations. Spatial patterns have revealed variations in incidence rates, with urban-rural divides and regional hotspots playing significant roles. Cross-border transmission has highlighted the importance of travel restrictions and coordinated public health responses. Risk factors such as age, underlying health conditions, socioeconomic factors, occupation, demographics, and behavior have influenced vulnerability and outcomes. Geoepidemiology has also provided insights into the transmissibility and spread of COVID-19, emphasizing the importance of asymptomatic and pre-symptomatic transmission, super-spreading events, and the impact of variants. Geoepidemiology should be vital in understanding and responding to evolving new viral challenges of this and future pandemics.
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Introduction

The COVID-19 pandemic showed a profound impact on societies worldwide, challenging healthcare systems, economies, and daily life (1–3). To effectively understand and combat the spread of pandemic, a multidisciplinary approach that incorporates both epidemiology and geography required (4, 5). This emerging field, known as geoepidemiology, examines the spatial patterns, risk factors, and transmission dynamics of COVID-19, for example, at various scales, from local communities to global populations (6–9). Geoepidemiology combines the power of spatial analysis, data science, and public health to gain insights into how the virus spreads, clusters in specific regions, and affects different populations (10–13). By analyzing the geographic distribution of COVID-19 cases, researchers and public administrations can identify hotspots, understand the influence of environmental factors, and develop specific strategies for prevention and control the pandemic (14, 15).

This interdisciplinary approach has revealed valuable information about the transmissibility and spread of COVID-19 pandemic (16, 17). It has shed light on determinants, such as urban-rural divides, regional hotspots, cross-border transmission, disparities in healthcare access, neighborhood-level variations, seasonal influences, and the role of behavioral patterns in the spread of the virus (18–21). Moreover, studies have explored the impact of risk determinants such as age, underlying health conditions, socioeconomic factors, occupation, demographics, and behavior on the vulnerability and outcomes of individuals and communities (22, 23).

National and international open data have allowed researchers to generate comprehensive insights and inform evidence-based response strategies (24, 25). Lessons learned from successful interventions, as well as failures, have shaped the global response to the pandemic and provided valuable insights for future preparedness efforts (26).

In this context, the exploration of the geoepidemiology aspect of the COVID-19 pandemic allows public policies to enhance more effective strategies to mitigate transmission (27), protect vulnerable populations (28, 29), allocate resources efficiently (30), and ultimately reduce the impact of the COVID-19 pandemic on public health and societies worldwide. Thus, this review focused on the interest and applications of geoepidemiology analyses during the COVID-19 pandemic.


Search strategy

PubMed Medline database was used for the research, with only articles in English language, using the following terms: “COVID-19,” “geo-epidemiology” and “spatial epidemiology.” Articles included in this review were both, original research, review, viewpoint, and case reports. Literature was searched from inception to 2023.



Spatial patterns


Identification of hotspots and the implementation of targeted control measures to minimize the spread of the virus

Studies have revealed stark spatial variations in COVID-19 incidence and mortality rates (31, 32). Factors such as population density, urbanization (33, 34), and transportation networks have a major role in virus transmission (35, 36). Dense urban areas with high population mobility have often experienced higher infection rates (37, 38). Moreover, regional variations in healthcare infrastructure, socioeconomic conditions, and public health interventions contribute to varying outcomes (39, 40). One prominent spatial pattern observed in the geoepidemiology of COVID-19 pandemic is the contrast between urban and rural areas (41, 42). Urban centers, characterized by high population density, extensive transportation networks, and frequent social interactions, have often experienced higher infection rates compared to rural regions (42). The concentration of cases in urban areas can be attributed to factors such as increased population mobility, crowded living conditions, and higher levels of economic activity (43). COVID-19 pandemic has exhibited the tendency to cluster in specific geographic areas, giving rise to regional hotspots (44, 45). These hotspots can be influenced by several factors, such as international travel hubs, densely populated neighborhoods, and areas with a high prevalence of risk factors such as poverty or comorbidities (37, 46, 47). Thus, identified hotspots around the world remains major to allow authorities to allocate resources, to implement targeted interventions, and to enforce localized lockdown measures to contain the spread (48, 49).

Moreover, peri-urban areas became marginal and degraded with a high rate of criminality, unemployment and in general low level of development indexes (50). Recent investigation have shown that the lockdown's impact on livelihoods was more severe in peri-urban areas than in urban areas (51). This could be consistent with the consensus that the pandemic hit small businesses, daily-wage earners, and low-wage earners, leaving them with no jobs or reduced incomes (52).



Highlight the importance of travel restrictions and coordinated public health responses to prevent cross-border transmission

The spread of COVID-19 pandemic has also been influenced by cross-border transmission patterns (53, 54). Proximity to international borders, transportation routes, and global migration patterns have facilitated the introduction and dissemination of the virus across different regions (55). Spatial patterns in COVID-19 cases have revealed disparities in healthcare access (56). Regions with limited healthcare infrastructure, fewer healthcare professionals, and inadequate testing and treatment facilities have often experienced higher case burdens and poorer outcomes (57). These disparities can exacerbate the impact of the virus, particularly in marginalized communities and underserved areas (29, 58, 59). Within cities and towns, the distribution of COVID-19 cases has exhibited neighborhood-level variations (60). Socioeconomic factors, housing conditions, and access to healthcare services can vary significantly across different neighborhoods, leading to differential vulnerability and infection rates (61).




Risk factors

By analyzing the relationship between COVID-19 pandemic and various risk factors, geoepidemiology has provided valuable insights into the disease's dynamics (62, 63). Studies have shown that age, gender, and underlying health conditions significantly affect vulnerability to infection and disease severity (64, 65). Additionally, socioeconomic factors, such as poverty, overcrowding, and access to healthcare, have been identified as determinants of COVID-19 outcomes (66).

Age has emerged as a significant risk factor in the transmission and severity of COVID-19. Older individuals, particularly those over the age of 65, are more susceptible to severe illness and mortality (67). Age-related physiological changes weakened immune systems, and a higher prevalence of underlying health conditions contribute to increased vulnerability (67). This ensures targeted protection measures for older populations, including prioritized vaccination campaigns and enhanced healthcare support (68, 69).

Socioeconomic determinants have a crucial role in the determination of COVID-19 risk (70). Individuals from lower socioeconomic backgrounds, who may have limited access to healthcare, live in crowded housing, or have occupations that do not allow for remote work, face heightened exposure risks (71, 72). They may also have challenges in accessing testing, treatment, and adhering to preventive measures due to economic constraints.

Certain occupations, such as healthcare workers, frontline workers, and those in essential services, face an increased risk of exposure to COVID-19 due to close contact with infected individuals or the public (73, 74). Workplaces that involve enclosed spaces, limited ventilation, and crowded conditions, such as factories, meatpacking plants, and prisons, have been associated with outbreaks (75–77). Thus, recent studies have highlighted the importance of workplace safety measures, including personal protective equipment (PPE) (78), physical distancing, and regular testing, to mitigate transmission risks (79, 80).

Demographic determinants, such as gender and ethnicity, have been observed to influence COVID-19 outcomes (81, 82). Men have been found to be more susceptible to severe illness and higher mortality rates compared to women (83). Furthermore, certain ethnic and racial groups, including Black, Indigenous, and minority populations, have experienced higher infection rates and worse outcomes due to systemic health disparities, socioeconomic factors, and structural inequities (84).

Individual behaviors have significant roles in COVID-19 transmission (85, 86). Determinants such as adherence to preventive measures (mask-wearing, hand hygiene, physical distancing), participation in social gatherings, travel, and compliance with public health guidelines influence the risk of COVID-19 infection and transmission (87–89). This knowledge can inform targeted public health messaging, community engagement strategies, and interventions to promote safe behaviors.

The COVID-19 pandemic has had far-reaching effects on mental health, livelihoods, and food security, pushing many individuals and families into poverty (90, 91). As the pandemic unfolded, it brought about a surge in stress, anxiety, and depression among people worldwide. The uncertainty surrounding the virus, fear of infection, isolation due to lockdowns, and loss of loved ones have taken a toll on mental wellbeing (92).

At the same time, the pandemic led to widespread job losses, reduced work hours, and business closures, particularly in sectors heavily affected by restrictions and social distancing measures. Many people found themselves without income or faced significant reductions in earnings, making it challenging to meet basic needs and maintain their livelihoods (93).

As the economic situation worsened, food security became a major concern. Disruptions in supply chains, rising food prices, and limited access to food resources exacerbated existing vulnerabilities, especially among low-income and marginalized populations (93).

The combination of mental health challenges, economic hardships, and food insecurity has forced many individuals and families into poverty (94). People living on the brink of poverty before the pandemic found themselves pushed over the edge due to the loss of income and access to essential resources (95).

The impact has been particularly severe in developing countries and marginalized communities, where the social safety net may be inadequate to address the growing needs (96). Vulnerable populations have been disproportionately affected, as they lack job security, social protection, and access to healthcare (97). Thus, addressing the mental health implications of the pandemic is crucial to mitigating its impact on livelihoods and food security. Providing mental health support and resources can help individuals cope with stress and anxiety, enabling them to better navigate the challenges posed by the pandemic.



Transmissibility and spread

Geoepidemiological investigations have shed light on the transmission dynamics of COVID-19 pandemic, elucidating how the virus spreads within and between communities (98, 99). By examining patterns of mobility, social interactions, and travel, researchers have quantified the impact of human behavior on virus transmission (100, 101). Furthermore, the integration of geographic information systems (GIS) and mathematical modeling has facilitated the prediction of future outbreaks and the evaluation of the effectiveness of control measures (62, 102). These insights have been instrumental in guiding public health responses and policy decisions (5, 103).

COVID-19 pandemic can be transmitted by individuals who are either asymptomatic (showing no symptoms throughout the infection) or pre-symptomatic (infected but not yet showing symptoms) (104). This characteristic of the virus poses challenges in identifying and containing transmission chains. This type of research has highlighted the significance of widespread testing, contact tracing, and quarantine measures to control the spread, even among individuals who do not exhibit symptoms (105).

COVID-19 pandemic has exhibited a pattern of super-spreading events, where a small number of individuals infect a disproportionately large number of people (106, 107). These events typically occur in crowded settings, such as social gatherings, religious ceremonies, and mass gatherings, where close contact and inadequate preventive measures facilitate rapid transmission (108). Thus, underscoring the importance of avoiding large gatherings is major for implementing targeted interventions in high-risk settings.

Travel restrictions, quarantine measures, and testing protocols have been implemented to mitigate travel-related spread (109). Additionally, contact tracing of individuals with travel history has played a crucial role in identifying and containing clusters of cases (110).

The emergence and spread of SARS-CoV-2 variants have further influenced the transmissibility and spread of COVID-19 (111). Variants with increased transmissibility, such as the Alpha, Beta, Gamma, and Delta variants, have led to more rapid spread in certain regions (112). Recent studies have monitored the circulation and impact of these variants, highlighting the need for genomic surveillance, early detection, and adaptive public health strategies to address emerging viral evolution (113, 114).

The spatio-temporal tracking of changed COVID dynamics based on genomic analysis is a cutting-edge approach in understanding the evolving nature of the SARS-CoV-2 virus (115). By analyzing the genetic sequences of the virus collected from different regions and at different time points, scientists can identify genetic mutations and variations that occur over time (116). This allows them to track the spread and transmission patterns of specific viral lineages across geographic areas. Moreover, the identification of new variants and their prevalence in different regions helps to assess their potential impact on disease severity, transmissibility, and vaccine effectiveness (117). This valuable information aids public health authorities in tailoring targeted interventions, optimizing testing strategies, and guiding vaccination efforts to effectively control and respond to the changing dynamics of the COVID-19 pandemic. The spatio-temporal genomic analysis could become an indispensable tool in the global effort to combat the pandemic and mitigate its effects on communities worldwide (118, 119). Nevertheless, this type of analysis needs to access of open and comprehensive data (120).



Countries disparities, the specific case of African countries

During the initial stages of the pandemic, the number of COVID-19 cases in African countries closely correlated with the volume of international flights into the continent. South Africa and Egypt, with their busiest international airports, experienced the highest case numbers (121). Conversely, countries with limited business and tourism connections to other continents reported lower case numbers.

A significant contributing factor to the relatively lower-case numbers in Africa was the early closure of airports in many countries, particularly those with prior experience in managing epidemic infectious diseases such as Ebola, Tuberculosis, and Lassa fever (122). These nations-initiated disease surveillance and contact tracing at airports much earlier than many other countries, thereby limiting the introduction of COVID-19 cases into the continent. Consequently, the “seeding” of cases was restrained, leading to a delayed onset and slower growth of infections, effectively “flattening the curve” in many African countries (123).

Testing capacity played a crucial role in shaping the reported case numbers. The top testing countries, e.g., USA and Europe, globally conducted significantly higher numbers of RT-PCR tests compared to African nations (57, 124). Limited testing resources, high costs, and the scarcity of necessary equipment and trained personnel hampered extensive testing in Africa. As a result, many cases might have been missed, and some antibody testing suggested that a substantial portion of the population may have already contracted and recovered from the disease (57). Furthermore, the absence of widespread testing might have resulted in some deaths being erroneously attributed to other causes when they were, in fact, due to COVID-19.

The lower population density in Africa compared to other continents played a favorable role in slowing the spread of the virus (125). Rural and widely dispersed communities contributed to limiting the rapid transmission of the disease, as observed in USA (126).

The youthfulness of the African population was also a protective factor. With a less median age in Sub-Saharan Africa compared to Europe, younger individuals were four times less likely to acquire severe symptoms or fatalities from COVID-19 (127). Conversely, countries with slightly older populations, like Egypt and South Africa, had higher case numbers and greater case fatality rates, partially due to higher prevalence of comorbidities associated with severe illness and mortality (128).

Exposure to previous infections, including other coronaviruses and endemic diseases like malaria, tuberculosis, and HIV, may have conferred relative immunity, and contributed to milder COVID-19 presentations in Africa (129, 130). Countries with higher Human Development Index tended to have higher case numbers and worse outcomes, suggesting that healthcare development and access influenced the pandemic's impact in countries (131).



Global collaboration and lessons learned

Recently it has been highlighted the importance of global collaboration in responding to a pandemic (132, 133). Through the sharing of data, expertise, and best practices, researchers and policymakers have been able to develop a more comprehensive understanding of the COVID-19 pandemic (134). Moreover, investigations have shown the need for improved surveillance systems, data harmonization, and standardized reporting methods for effective global monitoring and response (135).

The complexity of the COVID-19 pandemic has underscored the need for multidisciplinary collaboration (136) (Table 1). Thus, geoepidemiology brings together experts from various fields, including epidemiology, geography, data science, and public health, to analyze spatial patterns, risk factors, and transmission dynamics (137). By integrating diverse perspectives and expertise, researchers have been able to generate comprehensive insights, develop innovative methodologies, and formulate evidence-based strategies to combat the pandemic.


TABLE 1 Contextual parameters potentially influencing COVID-19 transmission.

[image: A table with two columns labeled "Parameters" and "Elements." It includes the following pairs: Population density with inhabitants per square kilometer, inhabitants per household, and indoor space per person; Social demography with age population, household composition, mixing patterns, and social events; Social practices with social contacts, handwashing, water and sanitation, and ventilation/air conditioning; Geography with climate, urbanization rate, air traffic intensity, population movements, and road networks; Immunity with prior exposure and non-specific immunity; Genomics analysis with spatio-temporal analysis, ACE variability, and genomic surveillance.]

The COVID-19 pandemic has emphasized the critical role of rapid information dissemination in effective response efforts (138). Studies have relied on real-time data sharing, open-access publications, and online platforms to disseminate findings promptly (139). Rapid dissemination of accurate information is crucial for guiding public health decision-making, enabling policymakers and healthcare professionals to implement evidence-based interventions, and fostering public trust and compliance with preventive measures (140, 141).

The development and distribution of vaccines against COVID-19 have shown the importance of global solidarity and equitable access (142). Global collaboration has emphasized the need for fair vaccine distribution, support for low-income countries, and collaborative efforts to ensure that no one is left behind in the global vaccination campaign (143).




Conclusion

In conclusion, this study can statute that geoepidemiology has provided invaluable insights into the global impact of the COVID-19 pandemic. By analyzing spatial patterns, risk factors, and transmission dynamics, this interdisciplinary field has contributed to the development of targeted interventions, efficient resource allocation, and informed decision-making. As the pandemic may continue to evolve, geoepidemiological research will have a major role in understanding and responding to these new emerging challenges. Moreover, geo-epidemiology cannot be a stand-alone field but should seek to work with other disciplines and fields in the delivery of its mandate and contribution to infectious disease epidemiology.
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Background: COVID-19 has become a public health emergency and pandemic of global concern, and the hundreds of millions of foodborne illnesses that occur each year also wreak havoc on human lives, society and the economy. Promoting workers in food service establishments to adhere to the hygiene practices in the WHO guidelines is a two-birds-one-stone strategy in preventing the spread of COVID-19 and limiting the occurrence of foodborne illness. The aim of this study was to determine the drivers that motivate workers to adhere to hygiene practices based on social cognitive theory.
Methods: The cross-sectional survey targeting food workers using face-to-face interviews was conducted from July to September 2022. Stratified random sampling and convenience sampling were employed to locate survey sites and respondents, respectively. The survey uses a credible questionnaire evaluated by multiple reliability and validity measures. Binary logistic regression was employed to identify significant determinants of adherence to WHO-initiated hygiene practices.
Results: A total of 900 workers were interviewed and 609 valid questionnaires were received. The study showed that the average correct rate of knowledge about hygiene practices was only 51.09%, that perceived non-adherence to hygiene practices was most likely to result in lower customer satisfaction and the spread of COVID-19, and that only about 11.7% of the workers always adhered to hygiene practices. Three of the cognitive dimensions in the personal factors, self-efficacy, risk perception, and knowledge, had significant positive effects on adherence practices. Among the demographic variables, there were significant differences in adherence practices differing by income level and place of residence.
Conclusion: It was found that workers’ knowledge of the WHO-initiated hygiene practices is insufficient and that the frequency of adherence to hygiene practices is poor and require improvement. The significant drivers and effects of demographic variables provide evidence-based guidance to identify priority intervention information and populations to improve worker hygiene practices.
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 self-efficacy, risk perception, food safety, hygiene practices, foodborne illnesses, job stress


1. Introduction

Since it was first reported in November 2019, Coronavirus Disease 2019 (COVID-19) has rapidly spread worldwide, with over 700 million confirmed cases and more than 6.8 million deaths by February 2023 (WHO, 2023), and has been recognized as a public health emergency and pandemic of global worry (1). COVID-19 is not a foodborne disease and is principally transmitted from person to person through direct or indirect exposure. But anything that surrounds food, like food packaging, utensils, and tabletop, may still be a vehicle or petri dish for the spread of the virus (2). It has been accepted that improper handling of food may lead to infection with the virus (3–5). Food service establishments have become the worst-hit by the transmission of the virus (6). WHO has issued official guidelines, COVID-19 and food safety, for the sake of standardize the behavior of workers in the food business to prevent the spread of COVID-19, covering two main areas: wearing personal protective equipment and good hygiene practices (7). Notably, good hygiene practices are not only effective in preventing the spread of COVID-19, but also one of the key measures in reducing the occurrence of foodborne diseases (8, 9). Furthermore, motivating food workers adherence the hygiene practices in the WHO guidelines is important to restore consumer trust and market activity under the ravages of COVID-19.

In order to promote adherence to WHO guidelines by food workers, it is necessary to identify the drivers. Prior to the COVID-19 outbreak, several scholars have attempted to understand the influencing factors of food handling behaviors of food workers (10–12). Relevant studies after the outbreak, however, are limited, especially the lack of studies on Chinese food workers. Existing research is mostly focused on the effects of knowledge, attitudes, and demographic variables (5, 13, 14). However, many studies have confirmed that while knowledge and attitude exert influence on behavior formation, it has also been determined that individuals with knowledge and positive attitudes do not necessarily act accordingly, i.e., there exists knowledge–behavior gap and attitude-behavior gap (15, 16). It is suggested that the applying social psychological theories involving individual thought processes and social influences enables better understanding of the behavior formation mechanisms (17).

Social cognitive theory (SCT), proposed by Bandura (18), is one of the most influential theories for explaining human behavior, and has been successfully adopted to explain health behavior, information-seeking behavior, pro-environmental behavior (19–21). However, there is no literature that uses SCT to explore the determinants of food workers’ adherence to WHO guidelines, including good hygiene practices, against COVID-19 until now. In view of the existing research gap, this study is the first attempt to apply SCT to identify the determinants of adherence to WHO-initiated hygiene practices. SCT holds that human behavior is dominated by ternary reciprocal causality and that behavioral, environmental, and personal factors interact and influence each other in a reciprocal deterministic framework (22). In accordance with this framework, personal factors were attempted to be constituted in two dimensions: cognitive factors and affective factors. The cognitive factors involved knowledge, self-efficacy, and risk perception, and the affective factor refers to the job stress of food workers. Environmental factors in this study refer to facilities adequacy in the working site. Furthermore, this was confirmed that there were significant differences between food workers’ practices under different demographic variables (5, 13). Thus, the effects of demographic variables were examined to better understand the drivers of adherence to WHO-initiated hygiene practices.

In conclusion, the aim of this study based on a SCT perspective was designed to explore two questions: the current status of food workers’ knowledge, risk perception, facilities adequacy, and adherence to WHO-initiated hygiene practices, and their job stress in China; examining the effects of personal factors (both cognitive factors and affective factors), environmental factors, and demographic variables on worker adherence practices. From these results, theoretical guidance was established for the design of a practice intervention for food workers.



2. Materials and methods

To obtain data to examine food worker adherence to WHO-initiated hygiene practices and its drivers, a cross-sectional survey using credible questionnaires was conducted Figure 1 details the questionnaire design and data collection process and data analysis methods.

[image: Flowchart detailing research methodology with three main sections: Questionnaire Development, Data Collection, and Data Analysis. Questionnaire Development includes measuring variables and assessing reliability. Data Collection involves cross-sectional surveys and stratified sampling. Data Analysis uses descriptive analysis and binary logistic regression.]

FIGURE 1
 Research flow chart.



2.1. Study design and data collection

A mainland China-wide investigation was carried out for the purpose of collecting representative data. A stratified random sampling pattern was adopted to select specific survey locations: one randomly selected province in eastern, central, and western regions of China, followed by two randomly selected cities in each province to conduct the survey. Respondents in each city were employed using a convenience sample. Food workers of each city’s food service establishments, such as restaurants, street vendors, and food retail stores, were invited to deliver the questionnaires, which were completed in the form of face-to-face interviews. The investigators explained the purpose of the survey, ensured anonymity and confidentiality, and obtained the consent of the respondents. After completing the questionnaire, a gift worth 15 RMB (approximately $2.2) was returned to the respondent. The completion time for each questionnaire was ranging from 15 to 30 min.

The survey was conducted from July to September 2022, which is during COVID-19. A total of 900 questionnaires, 150 per city, were distributed in six cities in mainland China, including Jining and Qingdao in Shandong Province in the eastern region, Zhumadian and Pingdingshan in Henan Province in the central region, and Chengdu and Panzhihua in Sichuan Province in the western region. A total of 762 questionnaires were recalled, with a response rate of 84.67% (762/900); after excluding the questionnaires containing missing values, 609 valid questionnaires were obtained, with a validate rate of 79.92% (609/762).

Ethical approval is approved by the Department of Marketing, the College of Business and Management, Jilin University.



2.2. Questionnaire development

The questionnaire was designed by reviewing the relevant literature and WHO guidelines (23), which consisted of 3 sections. The first section measures food workers’ knowledge of the hygiene practices recommended by the WHO guidelines with 12 items, which referred to studies by Wang et al. (6) and WHO guidelines (7). The knowledge items were surveyed using multiple choices, with at least one correct choice for each item. The correct choices are set with reference to the WHO guidelines. The principles of WHO-initiated hygiene practices include proper hand hygiene, good respiratory hygiene, frequent cleaning/sanitizing of work surfaces and contact points, and avoiding close contact with people showing symptoms of respiratory illness. An introduction to the WHO-initiated hygiene practices is provided after the knowledge section, followed by the second section, which consists of measuring food workers’ risk perception, self-efficacy, job stress, facilities adequacy, and adherence practices evaluated using a 5-point Likert scales. Except for the questionnaire measuring practices, all other variables were measured by a multiple-item format. Among them, risk perception was measured by 4 items originated from Jeong and Ham (24), job stress by 3 items originated from Bani-Melhem et al. (25), and self-efficacy and facilities adequacy by 2 items originated from Vassallo et al. (26) and de Andrade et al. (27), respectively. Worker adherence practices were measured using a frequency scale with one item. In order to avoid bias associated with self-reported and social desirability and to stimulate participants to state their actual practices, items were constructed according to Ajzen’s (28) principles of behavior scale development. The third section investigates the demographic variables of the respondents, including gender, age, educational level, income, and place of residence.

After the initial item set was developed, we used multiple methods to ensure the reliability and validity of the questionnaire. First, as all the items were adapted from the English document, two bilingual researchers in English and Chinese were employed to translate and back-translate the items to ensure translation equivalence (29). Second, a panel of seven experts, including two professors, two assistant professors, and three PhD candidates with research areas in food safety or behavioral sciences, was established to evaluate the content validity. The evaluation included consistency of items with the concept of variables, overlap of items, ambiguity of statements, understanding and reasonableness of items, and suitability of items to the Chinese context. The initial items were revised on the basis of the expert panel’s recommendations. Third, we conducted a pre-survey among 30 food workers, and we again modified those items that were difficult to understand or unclearly stated following the comments of these participants. Moreover, for variables measured by multiple items, Cronbach α coefficients were calculated to estimate the internal consistency. The Cronbach α coefficients of all variables exceeded the threshold value of 0.7, indicating good internal consistency (30). Following the above procedure, a questionnaire with 29 items was developed, of which the first section consists of 12 items measuring knowledge, the second section consists of 12 items measuring risk perception, self-efficacy, job stress, facilities adequacy, and adherence practices, respectively, and the third section consists of 5 items measuring demographic variables.



2.3. Data coding and analysis

For knowledge items, 1 score was recorded if the respondent did not choose the wrong option and 0 for the others. The 5-Likert scale encoding range is from 1 to 5. For variables measured by multiple items, a composite index was obtained from the mean to indicate the score of each variable. Using Bloom’s cutoff, respondents were categorized as good practices when their adherence practices score exceeded 3 (more than 60% on a 5-point Likert scale) and poor practices otherwise (31).

IBM SPSS software, version 22.0 was used to perform data analysis which included descriptive and inferential analyses. Descriptive analysis included the calculation of frequencies, percentages, means, standard deviations, and 95% confidence intervals (95% CI). Binary logistic regression with a stepwise-backward approach was employed to uncover the drivers that had significant effects on food workers’ adherence to WHO-initiated hygiene practices. Factors with p < 0.25 in bivariate logistic regression were entered in multivariate logistic regression (5). Crude (COR) and adjusted odds ratios (AOR) along with 95% CI were calculated to evaluate the effect strength. The fit of the model was tested using the Hosmer-Lemeshow goodness-of-fit test. Pseudo-R2 (Nagelkerke R2) is presented to indicate the amount of variation in the dependent variable explained by the independent variable. A p < 0.05 was considered statistically significant.




3. Results


3.1. Information about the participants

Of the 609 final valid questionnaires, the majority of food workers were female at 65.4% (95% CI: 61.4, 69.1%). Nearly half of the respondents (48.9%; 95% CI: 44.8, 52.7%) were aged between 35 and 54 years. The education level of the food workers surveyed was generally low, with over 80% having a senior high school education or less. Food workers are also generally not well paid, with nearly half of the respondents (49.9%; 95% CI: 46.0, 54.0%) earning RMB 3,000 (around $436) or less per month. Respondents with residence in urban areas outnumbered those in rural areas, with 57.0% (95%CI: 52.9, 61.2%) and 43.0% (95% CI: 38.8, 47.1%), respectively. Details of the sample profile are reported in Table 1.



TABLE 1 Socio-demographic characteristics of food workers (N = 609).
[image: Demographic table displaying categories such as gender, age, education, monthly income, and residence. Gender shows 65.4% female and 34.6% male. Age group 35-54 is largest at 48.9%. Most have education up to junior high (57%). Monthly income mostly 3,000 RMB or below (49.9%). Majority reside in rural areas (57%). Each category includes frequency, percentage, and confidence intervals.]



3.2. Personal and environmental factors and adherence practices of food workers

The survey results of the food workers’ knowledge about WHO-initiated hygiene practices showed the average correct rate was only 51.09% (95% CI: 49.25, 52.75%), which is a relatively low correct rate. The item with the highest correct rate was about the correct procedure for cleaning kitchen surfaces at 78.8% (95% CI: 75.4, 81.9%), followed by the operation after hand contact with the face at 71.8% (95% CI: 68.1, 75.4%). The item with the lowest correct rate was how long hand washing should last at 32.3% (95% CI: 28.9, 36.1%), followed by optimal way to dry hands after washing at 39.2% (35.5, 43.3%). The survey results for knowledge are presented in Table 2.



TABLE 2 Descriptive statistics on food workers’ knowledge in terms of WHO guidelines (N = 609).
[image: Table listing questions about hygiene practices, showing frequencies, percentages of correct responses, and 95% confidence intervals for each question. The average correct response rate is 51.09%. Total knowledge statistics are provided, including mean, maximum, and standard deviation.]

For the other two variables in the cognitive dimension of the personal factor, the mean scores for risk perception were lower than the self-efficacy ones, at 3.37 and 3.67, respectively, with a range of 1 to 5 (see Table 3). Notably, for risk perception, the food workers rated the non-adherence to hygiene practices as most likely to reduce customer satisfaction (mean = 3.57; 95% CI: 3.49, 3.66), followed by the possibility of spreading COVID-19 (mean = 3.42; 95% CI: 3.33, 3.51), and the lowest likelihood of perceiving a negative impact on their own lives (mean = 3.20; 95% CI: 3.12, 3.29). For the affective dimension of the personal factor, the mean score for job stress was 3.11 (95% CI: 3.04, 3.18).



TABLE 3 Descriptive statistics on risk perception, self-efficacy, job stress, facilities adequacy, and practices (N = 609).
[image: A table lists items related to risk perception, self-efficacy, job stress, facilities adequacy, and hygiene practices concerning adherence. Each item includes a Cronbach's alpha value for reliability, a numeric scale from one to five indicating minimum, maximum, mean, standard deviation, and a confidence interval. Examples include the effects of not following hygiene practices, ease of adherence, work impact, and equipment availability.]

Facilities adequacy, as the environmental factor of concern, had an mean score of 3.92 (95% CI: 3.86, 3.98), implying that the availability of equipment to perform hygiene practices was generally perceived to be high by the food workers surveyed.

The mean score for food worker adherence practices was 3.46 (95% CI: 3.39, 3.54), with “sometimes” and “often” being the most frequent responses, chosen by 232 (38.1%) and 230 (37.8%) respondents, respectively (see Figure 2). Only 71 workers, accounting for 11.7%, chose “always” to adhere to WHO-initiated hygiene practices. After being classified by Bloom’s cutoff approach, 308 and 301 workers were “poor practices” and “good practices,” respectively.

[image: Bar chart showing the frequency of food worker adherence to WHO-initiated hygiene practices. Categories are Never (2.5%), Rarely (10%), Sometimes (38.1%), Often (37.8%), and Always (11.7%).]

FIGURE 2
 Frequency of adherence practices reported by surveyed food workers (n = 609).




3.3. Factors associated with adherence to who-initiated hygiene practices

Binary logistic regression was performed separately for each of the personal, environmental, and demographic variables and adherence practices, and it was found that all variables met the threshold of p < 0.25, and thus all were entered into multivariate logistic regression to examine the association with the outcome variable. The Hosmer-Lemeshow goodness-of-fit statistical test is insignificant (p = 0.409), indicating that the final model is considered to have good fit. The final model explained 23.8% (Nagelkerke R2 = 0.238) of the variance in food workers’ adherence to WHO-initiated hygiene practices and revealed that monthly income, place of residence, knowledge, self-efficacy, and risk perception were significant drivers (see Table 4).



TABLE 4 Determinants of food workers’ adherence to WHO guidelines (N = 609).
[image: A table compares poor and good practice among 308 and 301 individuals respectively, across variables such as gender, age, education, income, residence, knowledge, self-efficacy, risk perception, job stress, and facilities adequacy. It includes crude odds ratios (COR), adjusted odds ratios (AOR), confidence intervals (CI), and p-values. Significant differences are noted in variables like age, residence, knowledge, self-efficacy, and income. Footnotes explain percentage calculations and definitions of statistical terms.]

In terms of income, food workers earning 3,001 to 5,000 RMB per month were the least likely to adhere to hygienic practices, 0.40 (AOR: 0.40; 95% CI: 0.25, 0.62) times as likely as those earning 3,000 RMB per month and below to adhere. Food workers with rural residence were 0.44 (AOR: 0.44; 95% CI: 0.30, 0.65) times as likely to adhere to the practices compared with their urban counterparts. The cognitive dimensions of personal factors both have a significant positive influence on adherence practices, with the largest effect being self-efficacy (AOR: 2.51; 95% CI: 1.91, 3.28), followed by risk perception (AOR: 1.28; 95% CI: 1.03, 1.60) and knowledge (AOR: 1.09; 95% CI: 1.01, 1.18). The effects of job stress (AOR: 1.01; 95% CI: 0.81, 1.26), representing the affective dimension, and facilities adequacy (AOR: 1.08; 95% CI: 0.82, 1.43), representing the environmental factors, were insignificant.




4. Discussion

Adherence to WHO-initiated hygiene practices by food workers in food service establishments contributed positively to both limiting COVID-19 transmission and reducing the incidence of foodborne illness (7, 8), but the drivers of adherence practices are uncertain. Being the pioneer in employing social cognitive theory to analyze food workers’ adherence to hygiene practices, this study used three components to identify drivers of practices in terms of personal, environmental, and demographic variables. By analyzing the 609 valid responses collected via the credible questionnaire, knowledge, risk perception, self-efficacy, monthly income, and place of residence were confirmed to have significant roles in adherence practices, which provides direction for tailoring theory-guided intervention programs.

Our survey revealed that near half of the knowledge of hygiene practices is poorly understood by food workers, which implies that the knowledge of food handling possessed by professionals who handle food is significantly inadequate. This result is similar to the results of Habte et al. (5) survey on food handlers’ knowledge in Ethiopia (mean correct rate = 58.4%) and Olaimat et al. (32) survey on food handlers’ knowledge in Jordan, but lower than the results of Ferreira et al. (13) survey on food workers in Brazil (mean correct rate = 72.2%). Two possible reasons for the inconsistency are that the knowledge measurement items differ, and the other is that Ferreira et al. (13) study only targeted food workers in public school food services, who, since food safety in schools is of great concern, may have more training. Moreover, knowledge was also identified as a significant promoter of worker adherence to hygiene practices, which is consistent with the outcome of many previous studies, such as Habte et al. (5), Akabanda et al. (10), Sani and Siow (12). It should be noted, however, that while knowledge has a significant positive effect, the effect magnitude is not strong that is significantly lower than the self-efficacy and risk perception ones in the cognitive dimension, implying that the knowledge–behavior gap still remains among food workers (33). This also suggests that factors other than knowledge should receive more attention in the intervention.

The mean score for risk perception is only slightly above neutral, indicating that workers do not view the likelihood of not adhering to hygiene practices causing a wide range of adverse outcomes as high. This belief would lead workers to underestimate the possibility of putting themselves or others at risk in this way, presenting an error in perception and control of the activities they handle (34). Optimism bias was also found to be common in how workers viewed food handling practices (34, 35). In addition, respondents gave different ratings to various dimensions of risk perception, which may be caused by their valuing consumer satisfaction and their fear of COVID-19. The increasing number of cases and deaths associated with the COVID-19 pandemic has raised a palpable fear among the public (36). Among the theories that explain health-promoting behavior, such as the Health Belief Model (37) and the Protective Motivation Theory (38), it is claimed that increasing the risk perception motivates individuals to engage in protective behavior. This study also points to risk perception as a significant driver of adherence to hygiene practices, which signifies that the formulation of intervention strategies should include components that shape the correct risk beliefs of food workers. Messages aimed at raising public awareness of health and safety risks have been demonstrated to have the potential to promote the adoption of risk-averse and health-related behaviors by the public (39).

Out of the personal and environmental factors focused on in this study, self-efficacy ranks as the most effective motivator of worker adherence to hygiene practices. A systematic review by Young et al. (40) found that self-efficacy has been confirmed by some studies to contribute to predicting the likelihood of food handlers engaging in correct food handling practices. Wang (41) also pointed out that self-efficacy predicted a large proportion of variance in the food safety practices of school food service staff. Self-efficacy has also been recommended to be included in the framework of interventions for food handling practices (42). Our study is also consistent with these findings and proposes that stronger self-efficacy of food workers to carry out hygiene practices may be more effective than other interventions.

What is interesting to note is that contrary to the cognitive dimension, job stress, representing the affective dimension, is not a significant motivator. This suggests, on the one hand, that the cognitive dimension plays a more pivotal role in shaping workers’ adherence to hygiene practices. There are, on the other hand, inconsistent results from previous analyses of the effect of job stress on the decision-making of food service workers (25, 27), which suggests that job stress may not have a direct effect on behavioral decisions, but rather an indirect one (43). Hence, the effect of job stress on adherence practices needs to be further explored. With other words, there is no direct effect of job stress, but there may be an indirect effect or a co-effect with other variables.

Facilities adequacy, as the environmental factor of interest, has a mixed impact on adherence practices. This is notable in that workers rated the facilities adequacy at a remarkably high level, which means that the food service establishments surveyed have the capacity to provide the equipment needed to adherence practices. The significant COR coefficient and the non-significant AOR coefficient indicate a significant positive correlation between facilities adequacy and adherence practices, but this correlation is moderated by other factors, such as personal factors and demographic variables. While some previous studies have shown that facilities adequacy imposes significant influence on food worker practices (14, 27), this research’s results imply that these findings need to be taken with a pinch of salt with more factors being controlled for to separate out the net effect of facilities adequacy. Under the assumptions of stimulus-organism-response framework (S-O-R), the impact of the external environment (stimulus) on individual psychological or behavioral change (response) is via the person’s internal decision-making processes (organism) (44). The findings of this study also mean that it is a more feasible direction for the future to analyses the effects of facilities adequacy with S-O-R.

Income and place of residence in the demographic variables are two significant factors contributing to workers’ adherence practices. Some studies have also confirmed the significant effect of these two variables on the food hygiene practices (3, 45, 46). Food workers with a household income of RMB 3001–5,000 and those living in rural settings performed significantly less frequently than their counterparts in adopting adherence practices, suggesting that these groups are high risk groups for not implementing WHO-initiated hygiene practices that need to be prioritized for intervention programs. Moreover, it is interesting to note that the lowest-income worker group (3,000 RMB and below) reported the greatest adherence practices. The reason for this may be that the lower income groups have a greater perception of uncertainty (47) and fear of losing their jobs, hence they are more inclined to comply with the guidelines.


4.1. Policy implication

By examining the effects of personal, environmental, and demographic variables on food worker adherence practices in the context of SCT, this study provides guidance for determining priority intervention information and populations for promoting the adoption of WHO-initiated hygiene practices. In view of the significant effect of the cognitive dimension of the personal factors, intervention design should devote more attention to shaping the proper perceptions of workers regarding hygiene practices. Of these, self-efficacy, due to its most powerful role, should be given the most priority. Low self-efficacy can cause workers to perceive difficulties in performing hygiene practices and low confidence, which may limit volitional control and lead to the non-adherence to these practices (48). When conducting worker training, participants may be asked to write down future plans for their practice, set goals for adherence to hygiene measures and create a commitment to these goals in the form of a signature, all of which are effective ways to increase self-efficacy (49, 50). Adopting simulation training to deal with potential barriers to practice also helps to increase worker’ sense of confidence (9).

Risk perception and knowledge, the other two sub-components of the cognitive dimension, are also priority intervention information. Notably, while knowledge has a significant positive effect, the weak effect strength means that the treatment effect of increasing workers’ knowledge of hygiene practices alone is limited. In order to improve adherence by workers more effectively, it is essential to spread information about the various adverse outcomes that may result from non-adherence to hygiene practices, alongside the introduction of knowledge about WHO-initiated hygiene practices, to develop a correct risk perception among workers. Previous research suggests that different expressions of the same information produced significantly different intervention effects, and the framing effect can be taken into account when designing intervention materials (51, 52).

Intervention programs should be tailored to different populations with different degrees of priority. Workers with incomes from 3,001 to 5,000 RMB and those living in rural areas should be given more attention as these groups show less adherence than their counterparts. Designed intervention strategies tailored to different populations are also considered to lead to more effective outputs (9, 50).



4.2. Research limitations

This study provides a comprehensive understanding of food workers’ adherence practices regarding WHO-initiated hygiene practices in the framework of SCT. However, some limitations remain. First, the investigation of adherence practices is in the form of self-report. Even though this is one of the most common methods to understand individual behavior, it has also been pointed out that there may be discrepancies between self-reported and true behavior (53, 54). This study has adopted multiple ways to ensure the validity of self-reported surveys, and future studies could also be conducted using observations. Second, statistical inferential analysis is predicated on cross-sectional data and what is identified is only linear interrelationships of variables, which may reduce the internal validity of the findings (55). Moreover, the design of this study is to represent the results at one point in time and does not reflect the future findings of food worker adherence practices and its determinants. Finally, SCT is an influential theory in explaining behavioral decision-making, but the determinants of worker adherence practices are interpreted in terms of knowledge, risk perception, and self-efficacy as cognitive dimension, work stress as affective dimension, and facility adequacy as environmental factors. It is encouraged that future research should explore other potentially influencing factors based on SCT in order to gain a better insight into worker adherence to hygiene practices.




5. Conclusion

Adherence to WHO-initiated hygienic practices by food workers is a two-birds-one-stone strategy to prevent the spread of COVID-19 and limit the occurrence of foodborne illness, but the determinants of motivating workers to adhere to the practices are unclear. In this study, we shed some light on the factors influencing workers’ adherence to hygiene practices from personal factors, environmental factors and demographic variables on the basis of SCT. Based on cross-sectional survey data obtained through face-to-face interviews in food service establishments in East, Central, and West China, our study indicates that the knowledge level of workers regarding WHO-initiated hygiene practices is insufficient, the frequency of adherence to hygiene practices is poor, and needs to be improved. Furthermore, three of the cognitive dimensions of the personal factors, including knowledge, risk perception, and self-efficacy, had significant positive effects on adherence practices. Of these, self-efficacy had the strongest effect. There are also significant differences in adherence practices under conditions of different income levels and places of residence. These insights provide evidence-based guidance in determining priority intervention information and population for improving food worker adherence to WHO-initiated hygiene practices.
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The emergence of COVID-19 in Wuhan, China, rapidly escalated into a worldwide public health crisis. Despite numerous clinical treatment endeavors, initial defenses against the virus primarily relied on hygiene practices like mask-wearing, meticulous hand hygiene (using soap or antiseptic solutions), and maintaining social distancing. Even with the subsequent advent of vaccines and the commencement of mass vaccination campaigns, these hygiene measures persistently remain in effect, aiming to curb virus transmission until the achievement of herd immunity. In this scoping review, we delve into the effectiveness of these measures and the diverse transmission pathways, focusing on the intricate interplay within the food network. Furthermore, we explore the virus's pathophysiology, considering its survival on droplets of varying sizes, each endowed with distinct aerodynamic attributes that influence disease dispersion dynamics. While respiratory transmission remains the predominant route, the potential for oral-fecal transmission should not be disregarded, given the protracted presence of viral RNA in patients' feces after the infection period. Addressing concerns about food as a potential viral vector, uncertainties shroud the virus's survivability and potential to contaminate consumers indirectly. Hence, a meticulous and comprehensive hygienic strategy remains paramount in our collective efforts to combat this pandemic.
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1. Introduction

Viral infections can cause a wide range of illnesses in humans due to the selective ability of viruses to infect different tissues. Human viruses that cause significant global public health problems include human immunodeficiency virus (HIV), causing severe immunodeficiency, and hepatitis B virus (HBV) and hepatitis C virus (HCV), causes liver damage. Viruses that infect the digestive tract (e.g., rotavirus, astroviruses) or the nervous system (e.g., Zika virus; ZKV and West Nile virus; WNV), or lungs (e.g., Influ-enza, respiratory syncytial virus; RSV) are associated with digestive, neurological and pulmonary symptoms respectively. Furthermore, viruses such as the human T-cell lymphotropic virus (HTLV-I), the human papilloma virus (HPV) and the Merkel virus are associated with multiple types of cancer (1, 2). The full spectrum of known viruses that infect human host cells (i.e., the human virome) and their impact on health needs to be completed (3).

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the causal agent of Coronavirus 2019 (COVID-19), a respiratory disease in humans initially diagnosed and described in 2019. SARS-CoV-2 is a coronavirus with distinct characteristics from previous coronaviruses. The dispersion of COVID-19 has been rather aggressive and has occurred over a relatively short period; the virus has been transmitting to the entire globe except perhaps for Antarctica. As a result, WHO classified COVID-19 as a very serious pandemic at 11/03/2020, threatening potentially the lives of millions of people (4, 5).

Spanish Flu outbreak at the ending of WWI/ in the beginning of the 20th century, the previous large-scale pandemic with many millions' dead patients has set an example to humanity. A careful study of various published reports since 1918, shows the realistic and threatening possibility of an emerging infectious disease and addresses that ≪Today's endemic disease was figuratively yesterday's novel disease≫. In addition, most of the emerging infectious diseases that have an impact on or threaten human health originate from wildlife species, in other words are “zoonotic,” that is of animal origin (6, 7). Wild animals serve as reservoir of viruses and when come to close contact with sensitive domestic species transmit the virus to them. It follows that when the domestic species carry a heavy viral load then the transmission of the virus to humans is quite easy and self-evident (8).

The increased international travel (even to exotic destinations), the international trade of certain commodities such as food and feedstuff, the expansion of agricultural lands and the following deforestation and fragmentation of the natural habitats and, of course, the urbanization of the wilderness increased the interface and hence the chance of contact between humans, domestic animals and wild animals. Thus, an increased spillover effect might occur in a way that Amirian (8) describe as an “epidemiological bridge” favoring the approach of the viral agent to the natives (7–10).

In retrospect of the last two decades, several cases where viruses originating from animals have been transmitted to humans have been reported resulting in serious out-breaks. Setting as a time reference the avian influenza (H5N1) outbreaks in 1997–1999 in Hong Kong where the virus was transmitted from poultry to humans, then followed the new coronavirus of the Beta variant (SARS coronavirus CoV) in Guangdong province in China in 2002. The source of the latter outbreak, although not clarified, is thought to be the palm civet cat acting as an animal reservoir (11). 10 years later, in 2012, a new coronavirus emerged in Saudi Arabia (MERS-CoV), originating from bats and using the dromedary camels as intermediate host, causing a respiratory syndrome and affecting a total of 2,494 people, 858 of whom died (fatality rate 34%) (12). Up to very recently the world was facing the new coronavirus pandemic which is believed to originate from bats due to the resemblance with the already known bat virus HKU9-1 (13). This virus passed from bats to civet cats, to pangolins and to other animals sold in the wet markets of China and from them to humans. The WHO declared on 30/01/2020 the disease a Public Health Emergency of International Concern and on 11/03/2020 a pandemic (Figure 1) (4, 5). A thorough examination of the biological world reveals that every cellular life form hosts its viruses or at least virus-like genetic elements. These viruses depend on their host cells for their survival (2). A virus requires a living host cell to replicate (varies accordingly to viruses: humans, animals, plants, and bacteria) (2). For more than 70 years, various species of the coronavirus genus have been isolated from humans and animals. A 1,937 report describes the outbreak of infectious bronchitis in poultry, a disease annihilating the poultry stock, its causative agent being a coronavirus (Coronavirus: Disease Briefings. Cortellis™, a Clarivate Analytics solution, 2020) (14). The prototype murine coronavirus strain (JHM) was isolated in 1949 (15). The first isolation of human coronavirus strains occurred in 1965 from the respiratory tract of patients suffering from the common cold (16). Since the 1970s, the mechanism of replication at a molecular level and the pathogenesis of diseases caused by human coronaviruses have been studied using as a model the murine coronavirus, which causes hepatitis in mice (17). Nevertheless, coronaviruses have been overshadowed by other viral infections since they were not associated with human diseases, except for the common cold.


[image: Timeline graphic showing COVID-19 pandemic milestones from 2020 to 2023. Key events include WHO declarations, vaccine approvals, and the emergence of variants. The timeline highlights significant developments such as the pandemic's global spread, vaccine authorization, and identification of variants like Omicron and Delta.]
FIGURE 1
 A timeline of the WHO's COVID-19 response and actions taken on a global scale.


Before the epidemic of SARS-CoV, the coronaviruses were of significant interest in veterinary medicine because they infected mammals and birds, leading to respiratory and sometimes neurological diseases (3). When in the spring of 2003, it became evident that a new human coronavirus caused severe acute respiratory syndrome (SARS); coronaviruses acquired a new status of interest in human medicine and are considered “emerging pathogens” (4). The transition of the SARS coronavirus (SARS-CoV) from animals to humans underlines intriguing inquiries about coronavirus evolution and species sensitivity.

Despite the very sophisticated technologies implemented in producing new safe and effective vaccines (5, 6), hygiene has a complementary but essential position in confronting the pandemic.

Because of the nature of the virus, the transmission is either direct through respiratory droplets or indirect via contaminated surfaces which indicates the important of personal hygiene. Proper hygiene practices, including covering cough and sneezes, regular hand washing or showering before swimming act as an additional barrier preventing the spread of various diseases (18–20). Hygienic practices suggested from WHO as precaution measures for the effective control of the disease and against its spread apart from personal hygiene include the use of 70% ethanol as a disinfectant on hands or surfaces, use of personal protective equipment like medical masks as well as self-isolation or quarantine, general lockdowns and social distancing (21–23).

This pandemic has also challenged healthcare workers that ought to comply with new guidelines and hygiene standards in order to avoid occupational risks (24), before and after the development and administration of vaccines. The development and administration of vaccines might have not been effective against onward transmission of every variant once infected, but managed to prevent serious infections and thus, lowering the number of hospitalization (25).

Through this scoping review, it is worth investigating the scientific literature on SARS-CoV-2 and COVID-19 regarding hygiene and hygienic measures. Most research papers and reviews focus on clinical or therapeutic issues, epidemiology and other related topics. While during the pandemic surveillance systems to identify SARS-CoV-2 outbreak trends and prevalence included the detection of virus load in untreated waters (26), few studies only describe enough hygienic measures such as sufficient surface disinfection, hand washing or indoor air quality, and even less about the pathogen spreading by the fecal-oral route due to the cross-contamination of foods. The question about fecal-oral transmission of COVID-19 was raised from Bartram et al. and Bonanno Ferraro et al., since virus load is detected in sewage waters such as in WATER5 category of water related diseases and their modes of transmission (26, 27) and showcase the importance of sanitation and basic hygiene practices.

Human coronaviruses, such as SARS-CoV is known to be shed in the feces of infected individuals and remain viable, facilitating fecal-oral transmission (7). Nevertheless, in the case of SARS-CoV-2 infection there is only little information on the possibility of the virus to spread via fecal-oral but also via aerosols-droplet routes (8, 9). Studies reported the presence of viral RNA in feces of patients (10–13). The reasoning behind its transmission state that the viral RNA has been found in multiple body fluids, sometimes for longs periods of time. Yet, angiotensin-converting enzyme 2 (ACE2) cell receptor has been found to be expressed in various tissues of the human body, and reinforce the viral infection at these sites (28).

Recently, the next generation sequencing (NGS) of SARS-CoV-2 from stool of patients by analyzing mutational variations confirm the presence of SARS-CoV-2 in stools, its mutational shifts and thus, its role in fecal-oral transmission (14). SARS-CoV-2 RNA was found in feces starting on day 5 of illness and peaking on day 11. It is worth noting that only a few people remain positive for viral RNA even after 30 days of illness (14). This long duration of detection of SARS-CoV-2 RNA in feces compared to respiratory samples may ultimately support the fact that SARS-CoV-2 is actively replicating in the patient's gut and therefore fecal–oral transmission may occur after viral clearance in the respiratory system (15). In a recent study, amplification of the full genome/nearly full genome and identification of the complete virion morphologically using TEM analysis indicated the fecal excretion of the virion (16). However, the viability of the SARS-CoV-2 virion in feces needs to be confirmed using extended cell culture and animal studies. In this vein, it is also important to consider the viral load in relation to its presence in the intestine, as a higher viral load may be involved in the process (17, 29).

The authors aspire to provide an overview that maps the information covering these aspects of the subject related to the hygienic point of view in synthesis. This is -by definition- what scoping reviews do (30, 31). To this end, the present review tries not to exhaust with such issues as the use of masks or hand washing but rather to stress the impact of these practices on various environments, including food production facilities, retail shops and restaurants. The discussion about the virus's variants, the transmission routes, the disease's pathophysiology, and, of course, all the proper hygienic measures is endless. Our point of view is more practical and focuses mainly on applying all these to specific environments.



2. Materials and methods


2.1. Search strategy and eligibility criteria

One scientific database was used to identify articles relevant to our topic to extract research papers, review articles and manuscripts refer to the following keywords/phrases/nouns separately or in various combinations: SARS-CoV-2, hand washing, oral-fecal route, food, droplets size spanning from January 2019 to August 2021. The database used was PubMed, which includes over 35 million citations for biomedical literature from MEDLINE and life science journals. According to Gusenbauer and Haddaway (32), the PubMed database can be used for a systematic synthesis to conduct review research or meta-analyses and subsequently characterized as principal search systems. Moreover, PubMed's advantages as an academic search system are search settings, repeatability, advanced search field, multidisciplinary subjects, open access results, language options, AND/OR functionality (32, 33).

The methodology for this scoping review uses particular keywords for the search in the international academic database PubMed. The following search terms were used in the database' Advanced Search' feature, using the Title-Abs-Key search query: “hygiene and hygienic measures against SARS-CoV-2.”

The search was limited to English peer-reviewed manuscripts with the criteria mentioned above. Articles were excluded if we had not accessed them and were associated with clinical studies addressing the clinical picture, hospitalization and treatment, epidemiological studies from various countries concerning data such as the total number of cases and mortality rates, studies of molecular biology concerning the genetics and the virulence of the virus, masks and irrelevant to hygiene papers which were beyond this review's scope.



2.2. Data extraction and analysis

All articles were extracted into bibliographic citation management softwares, EndNote library and Mendeley, duplicates were discarded, and exclusion criteria were applied by screening titles, abstracts, and full papers. A total of 140 review papers were selected. From these, 26 were discarded as duplicates and another 34 as irrelevant, leaving 80 review papers for data extraction. To establish a baseline for further analysis, the following section of the review discusses the structural and functional properties of the virus, as well as the epidemiological factors impacting its modes of transmission. Some -very few- data and comments about mask-wearing were unavoidable, although mass-wearing as a topic is not included in the scope of this review. The search result was summarized in the PRISMA- Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) flow diagram (Figure 2) and checklist (Supplementary material) (35).


[image: Flowchart of a study selection process via databases and registers. The identification phase shows 140 records, with 26 removed. Screening involves 114 records, with no exclusions. In the eligibility stage, 34 records are excluded as irrelevant. Included studies total 80.]
FIGURE 2
 Flowchart of the literature identified, screened and included in this review according to the PRISMA guidelines (Number of hits on PubMed on the August 30, 2021) (34, 35).





3. Results and discussion


3.1. General aspects
 
3.1.1. Structure and properties of SARS-CoV-2 virus

Because of the presence of spikes on their surface, the coronaviruses have a characteristic crown-like shape observed in the electron microscope, to which they owe their name “corona,” meaning crown in Latin and the name was given in 1968 (36, 37). Coronaviruses are significantly enveloped, single-strand, positive sense RNA viruses ranging from 60 nm to 140 nm in diameter, with a genome about 27–32 kilobase size, with spike-like projections on its surface (34). According to genetic sequence, the Orthocoronavirinae subfamily has been divided into four genera (subgroups), the alpha, beta, gamma, and delta coronaviruses. The seven human CoVs (HCoV) which are known so far, belong in two of these genera: alpha coronaviruses (HCoV-229E, and HCoV-NL63), and beta coronaviruses (HCoV-HKU1, HCoV-OC43, MERS-CoV, SARS-CoV, and SARS-CoV-2) (38, 39).

Four of the capable infection of human coronaviruses (HKU1, NL63, 229E, and OC43) cause mild forms of respiratory disease in immune-competent patients. The 9, 10 SARS-CoV2, SARS-CoV, and the Middle East respiratory syndrome coronavirus (MERS-CoV) are zoonotic and infect humans, causing severe respiratory infections only by transmission from animals. The SARS epidemic in 2002 and 2003, caused by SARSCoV, showed a 10% fatality rate, while the MERS epidemic, caused by MERS-CoV in 2012, showed a 4% fatality rate. The estimations of the COVID-19 fatality rate vary significantly. These estimations were derived from surveillance data, calculated by crude models, and varied from <0.1% to over 25%, depending on the country and metho. Due to mutations and recombination of their genetic material, coronaviruses can adapt to new environments altering, thus, in a very efficient way, their host specificity and their tissue tropism (40–42).

Typically, the coronaviral genome contains genes coding for four structural proteins, namely, the spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins (43–47). Research findings strongly suggest that the S protein plays a crucial role in overcoming interspecies barriers, hence achieving interspecies transmission from animals to humans (39, 45).

When on January 10, 2020, the SARS-CoV-2 genomic sequence was detected. It appeared as a new form of beta-CoV (48). The genetic identity between the sequenced samples obtained from the outbreak's origin in Wuhan matched by more than 99.98% (49). Genetically, SARS-CoV-2 was reported to be more similar to SARS-CoV (50). It was determined that human ACE2 is a receptor for SARS-CoV-2 and SARS-CoV (51), with the significant difference that the SARS-CoV-2's S protein bond to human ACE2 is weaker than that of SARS-CoV, solidifying the theory that SARS-CoV-2 induces milder disease manifestations in patients than that does SARS-CoV (52).

ACE-2 receptors are expressed in many tissues; however, most are present in the alveolar epithelial type II cells (53). In addition, gene ontology enrichment analysis showed that the ACE-2-expressing epithelial cells have high levels of multiple viral process-related genes, including regulatory genes for viral processes, life cycle, assembly, and genome replication (54, 55). All these features strongly support the hypothesis that the ACE-2 receptor mediates SARS-CoV-2 replication in the lung (55). SARS-CoV-2, through binding to the ACE-2 receptor, down-regulates the ACE-2 intracellular signaling (mitochondrial assembly receptor), causing inflammation, vasoconstriction, and fibrosis in the lung (56).




3.2. Modes of transmission

With no scientific reports about the ≪moment≫ or the patient zero of SARS-CoV-2 infection, considering that (i) the human SARS-CoV-2 and bats' coronavirus express about 96.2% genomic similarity and (ii) the location in which a plethora of human SARS-CoV-2 infections was confirmed, for the first time, was a wet market in Wuhan, Hubei Province (China), a plausible theory of animal-to-person transmission was formulated (40). It was speculated that human SARS-CoV-2 might have been transmitted to humans from bats through other mammalian hosts (53). Besides, many studies have implied or proposed that snakes (57), turtles (58), pigs, ferrets, cats, pangolins and non-human primates could be possible intermediate hosts for SARS-CoV-2, with some of these theories being disproved by other researchers (59). Nevertheless, the growing number of infected humans in the community, who had never visited a particular wet market, indicated the shift of the transmission mode to a direct person-to-person spread.

Currently, the 2019-nCoV spreads between individuals primarily through saliva droplets or discharge from the nose (respiratory droplets produced by an infected person while sneezing, coughing or talking and staying a short distance from another person (Figure 3). Depending on oral hygiene, each person's saliva is a bio-mixture, which physiologically contains crevicular fluid, desquamated oral epithelial cells, and microorganisms (60). Also, in pathological occasions, which vary from moderate to severe, these discharges may contain respiratory secretions, gastric acid from reflux, food debris and blood (60, 61). Previous studies showed that saliva has a high concordance rate of > 90% with nasopharyngeal specimens in detecting respiratory viruses, including coronaviruses (62, 63). Given the fact that the official pathogen detection (case) of 2019-nCoV infection is the confirmation of virus nucleic acid from throat swabs (64) and that the oral cavity is an entrance and an exit of the body and also that it is anatomically a common element of the respiratory and digestive tracts, is not only a plausible but also a logical view, that many researchers consider that saliva and nasal secretions (as recurrent pharyngeal-throat secretions) are the vehicles of the virus to spread the infections from human to human (65, 66).


[image: Diagram illustrating COVID-19 transmission. An infected person coughing releases aerosols, leading to direct transmission over less than 1.5 meters, shown by arrows to healthy individuals. Indirect transmission occurs through droplets contaminating surfaces, labeled as fomites, which susceptible individuals can touch.]
FIGURE 3
 SARS-CoV-2 modes of direct and indirect transmission.


It follows that the main path of transmission of SARS-CoV-2 is the “instantaneously - direct contact” by (a) infectious respiratory droplets penetration at one or more “gates” of the personal visceral skull, such as the mouth, nose or eyes and (b) by direct contact with fomites with SARS-CoV-2 in the immediate environment around the infected person (even rubbing or shaking hands) or surfaces contaminated indirectly with infectious respiratory droplets and afterwards next contact with own nasal cavity, oral cavity or eyes (67). Scientists published studies confirming that prolonged close contact is the leading risk factor for transmission and that the risk of infection is much higher in contacts within indoor spaces compared to outdoor contacts (67, 68).

The virion consists of a in its extracellular phase, as opposed to its intracellular structures associated with viral replication (69). Elimination of infectious non-retroviral RNA viruses after recovery is known to lead to the development of immunity, however without concomitant elimination of viral RNA (69–71). Persistence of viral RNA has been accepted, particularly at sites associated with the immune system, but may also affect other sites including lymphoid tissue and the gut-associated lymphoid tissue (GALT) system sits in the intestinal wall furnished by immunological elements and consists of one of largest immune organs in our body with well-organized lymphoid tissues, such as mesenteric lymph nodes and Peyer's patches, as well as lymphocytes in the intestinal epithelium (72, 73).

However, infectious virions are not always recovered in these secondary sites and the viral RNA is prone to degradation (74). Nevertheless, recent studies report the long-term persistence of non-retroviral RNA able of producing replication in the cytoplasm when the immune capacity is relaxed (75). However, the question arises about the role of persistence of viral RNA, often without evidence of infectious virions. In this vein, the hypothesis of reverse transcription by cellular enzymes has been postulated as a mechanism of persistence for the non-retroviral RNA viruses as endoviral components in the cytoplasm. Yet, capsid RNA capping may protect the RNA of negative-strand viruses, while attachment to other membrane components may contribute to the protection of positive-strand RNA viruses (76, 77). The development of more accurate techniques for virus detection will certainly contribute to gaining further knowledge about the persistence of RNA viruses, as the lack of detection of infectious virus could be related to the sensitivity of the assays applied (78). It is reported that innate immune mechanisms can affect intracellular viral replication and induce viral RNA degradation, but the adaptive immune response of virus-specific antibody and T cells is known to induce complete clearance of infected cells. However, it is noteworthy that the survival of infected cells is often associated with forms of viral mutations in genes encoding proteins required for assembly or replication that support persistence by evading the adaptive immune response (77–79).

Tracing studies demonstrated that SARS-CoV-2's viral RNA has not only been found in upper respiratory tract secretions but in many other body fluids and excretions such as feces, blood and (rarely) urine (38, 80, 81). Furthermore, considering the following facts: (a) angiotensin-converting enzyme 2 (ACE2) is the cellular entry receptor of SARS-CoV-2, (b) ACE2 is found in the absorptive enterocytes of the ileum and colon (and is prone to be infected by coronavirus), (c) studies found that ACE2 was highly expressed in the small intestine, especially in proximal and distal enterocytes and therefore, the digestive system can be invaded by SARS-CoV-2 and serve as a route of infection, raises the issues that oral-fecal transmission of the virus or inadvertent human-to-human transmission via the fecal route are presumably also possible (Figure 3) (82–84). Especially when some studies show that SARS-CoV-2 RNA seems to be present later and persists longer in fecal samples than in samples from the upper respiratory tract (15).

Although limited in number, certain studies report that it recovered SARS-CoV-2 from stool samples from patients or that SARS-CoV-2 invades and infects gastric, duodenal, and rectal glandular epithelial cells (10, 84, 85). These previous studies demonstrated that in more than 20% of patients with SARS-CoV-2, viral RNA had been detected in feces, even after test results for viral RNA in the respiratory tract converted to negative. This observation raises the hypothesis that a potential fecal-oral transmission is plausible and can last even after viral clearance of the respiratory tract and if this is ever epidemiologically documented then a strong recommendation should be installed to prevent further transmission via the oral-fecal route if rRT-PCR result of a fecal sample remains positive (15).

Unlike abovementioned results, another study shows that the virus (as proven by viral culture), despite the recovery of high viral load from the throat- and lung-derived samples, was not present in fecal samples (were negative to PCR results) (80). No study so far has either proved or documented fecal-oral transmission. Neither any study has been able to correlate and prove that the presence of viral RNA in fecal samples of COVID-19 patients or asymptomatic individuals marks equal infectious potential (86).

Possible intrauterine transmission of the virus has been studied in cases of delivered a newborn infant via cesarean section from a COVID-19 þ (+) mother (87–89).



3.3. The global impact of hand hygiene

When writing this review, new reports are being published, shedding light on the COVID-19 disease or raising debates Hand washing offers some protection in the dispersion of the virus and this simple act or habit has received considerable attention since the pandemic's beginning. Since the advent of the COVID-19 pandemic, hand washing has emerged as one of the fundamental disease control strategies, which must be faithfully followed by the global population (90–92).

It must be stressed, however, that hand hygiene (HH) is a long-term challenge, and it is not something unheard of for humanity which has faced several pandemics in the past. Significant historical data confirms the origins of HH and the practical use of disinfectants (from Homer in 800 BC to Scheele's discovery of chlorine and Semmelweis's concept of HH) (93–99). This way, HH was established as a practice of vital importance. In the second half of the nineteenth century, Louis Pasteur's Theory of Germ infection was accepted, giving birth to infection control practices that began evidence-based practice (100).

In the wake of the growing burden of healthcare-associated infections, the World Health Organization (WHO), in its 2009 international campaign “SAVE LIVES: Clean your hands,” put HH at the heart of infection prevention and control in healthcare settings. This is because it is “the simplest and most effective measure of prevention” (91, 101). HH refers to removing the fauna from the epidermis of the hands, either by washing them with soap and water or by disinfecting them with an alcohol-based antiseptic. Its goals are to discontinue the cross-infection of patients with microorganisms, prevent infection of both patients and healthcare professionals and prevent the colonization of the epidermis of the hands with potential pathogens. To achieve these goals, it is necessary to comply with the instructions for correct HH wherever indicated fully. The WHO has put forward “the five steps to Hand Hygiene” approach for an apparent and easy-to-remember reference of the indications where HH is necessary. This defines a clear frame of time and place where HH is necessary but also where it is not, and so facilitates the training of healthcare professionals and minimizes personal interpretation as to the need for HH. According to the 5-step approach, HH must take place regardless of the use of gloves: ≪before contact with the patient≫, ≪before any aseptic procedure≫, ≪after the exposure of a patient to biological liquids≫, ≪after contact with the patient≫ and finally, ≪after contact with the lifeless environment of the patient (external body surfaces)≫ (102). Compliance with the above guidelines is not a personal choice or common sense but of strict professional obligation in healthcare environments.

Correct observation of the rules of HH was and is the most effective strategy for preventing microbial transmission in healthcare environments and preventing infections related to healthcare provision (16).

HH is also defined as removing microorganisms from hand surfaces that can cause infection through transmission among people, be they patients or healthy individuals. Using gloves does not negate the need for HH, which must be practiced before and after their use (103).

It is therefore deemed necessary first to discuss the essential structural elements of the COVID-19 before shedding light on the role of HH as a first line of defense against its spread. Numerous studies have described the structure of SARS-CoV-2. It is an enveloped positive-sense single-stranded RNA virus (+ssRNA) assembled by three building blocks: the RNA, the lipid bilayer envelope and the membrane proteins forming the nucleocapsid. The lipid bilayer, consisting of cholesterols and phospholipids, protects the virus and assists its spread and cellular invasion. The self-assembly process of the virus involves non-covalent “like Velcro” interactions between the RNA, the proteins and the lipids, making the viral particles' disassembly harsh (81, 91, 100–108).

If, based on its small size (50–200 nm), we accept that the SARS-Co−2 virus is a nanoparticle, then by default, we accept its capacity to create multiple complex interactions with various surfaces, depending on the materials with which it connects. That is why the virus interacts differently with skin, steel, wood, cloth, paint or porcelain. The structure of the outer layer of each material plays a significant role in the potential attachment of the viral particles. The smoother the surface, the less adhesive it is for the virus (steel, porcelain and some plastics such as Teflon), while rougher surfaces (wood, cloth, and skin) interconnect quite easily with viral particles (93). The skin is an ideal surface for a virus due to its organic composition. Its cells' protein and fatty acid content interact with the virus by forming hydrogen bonds and through hydrophilic interactions (93, 105).

An infection in that case begins with a person carrying the viral particle on hands, touch ones face. As a result, the virus may invade the mucus membranes of the oral cavity, the nose or the eyes causing the infection, unless the immune system destroys the particle. Therefore, handshaking, kissing and sneezing favor the spread of the virus between individuals. Since most humans touch their faces once every 2–5 min, it follows that hand washing is the only means of protection. Simply rinsing the virus off the skin with plain water is adequate.

On the other hand, soap and water act entirely differently, as soap contains fatty substances known as amphiphiles, some of which are structurally remarkably similar to the lipids of the viral membrane. The soap particles “compete” with the lipids of the viral membrane in the same way that they remove everyday dirt from the skin (93, 94).

Alcohol-based products, which comprise most hand disinfectants, contain a high percentage of alcohol (usually 60–80% ethanol) and kill the virus similar to soap (95, 96). However, soap is better because only a small quantity is needed to cover the whole surface of the hand through rubbing quickly. At the same time, one literally must submerge the virus in alcohol for a brief moment in order to kill it. So rubbing alcohol wipes and solutions onto your hands does not guarantee adequate coverage of your hands' skin with ethanol in all areas (97).

In Figure 4, an effort is made to document the possible ways human hands are infected and the key places where hand washing, or disinfection is crucial. According to this, humans are placed in the trifecta: healthcare facilities (not only hospitals but also where individuals with mild symptoms are hosted), workplaces (referring to asymptomatic carriers) and communities (geographical and cultural locations of humans), such as schools or households. In all the above cases, human hands act as a conduit for the intrapersonal and interpersonal transfer of viral loads of the SARS CoV-2 affecting it considerable importance between the environment and the body rendering the dynamics of hand hygiene and the factors affecting it considerable importance.
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FIGURE 4
 The trifecta of hand hygiene: health care facilities (not only hospitals, but also where individuals with mild symptoms are hosted), workplace (referring to asymptomatic carriers) and community (geographical and cultural locations of humans), such as schools or households.


Due to the absence of pathogen-specific therapeutic medicines, the current SARS-CoV-2 control model is “prevention is all we have.” The US Centers for Disease Control and the World Health Organization put frequent hand washing at the top of their SARS-CoV-2 prevention guidelines for the public (98, 99).

A great example highlighting the impact of hand hygiene is the vigilance of Koreans during the severe Middle East Respiratory Syndrome (MERS) outbreak in May 2015, which occurred in several regions of South Korea (109). During the outbreak, 186 confirmed cases were reported throughout the country, according to the KCDC (109). There is no effective vaccine against this global threat, whose fatality rate is ~35% (109). Correct hand washing is considered the first and most vital way to prevent the spread of MERS (110). In Korea, as of July 4, 2015, no more confirmed cases were reported (111). This means that the MERS outbreak may have increased Koreans' awareness of the significance of hand hygiene, and changed hand-washing behavior among healthcare workers (112), elementary school to high school pupils (113) and adults (114). The behavioral response was high in the case of SARS-CoV-2 in Korea. Citizens reported practicing safety measures, such as faithfully observing facial masks when leaving home and practicing hand hygiene. These measures aim to minimize the virus's spread, which helps protect the healthy population against viral infection from SARS-CoV-2 (115).

One would therefore expect that today, in an age of evidence-based medicine, with the abundance of information available and the strong guidelines issued regarding the absolute need for hand hygiene, 100% compliance could be taken for granted, not only in the health care facilities but also in all areas described in Figure 4. Indeed, many studies and bibliographical reviews show that the COVID-19 pandemic has reinforced the importance of this scoping review comprehensively addresses and provides valuable information on the crucial topic of hygiene standards and measures to combat the COVID-19 pandemic. Moreover, there is a compelling call for international and national public health bodies to delve into the relationship between outdoor and indoor air quality and its nexus with COVID-19's trajectory. It is expected that environmental factors and pandemic dynamics may be critically connected.

In addition, the review underscores the significance of delving into the interplay between COVID-19 and the food industry. Investigating food packaging materials and the virus's survival in food commodities could yield profound insights into global transmission patterns. Such research stands to enrich our understanding of viral dissemination across geographical borders.

In conclusion, this scoping review enriches our comprehension of hygiene measures in countering the pandemic. It underscores the necessity for interdisciplinary collaborations and targeted research to unravel the multifaceted dimensions of COVID-19's impact on various fronts.

Washing in hospitals and dramatically improved hand hygiene performance rates, especially in the area of hospitals or health care settings in general (95, 116–119). However, as to the question of whether this public health emergency has triggered a behavioral change in each member of the public so that the observation of simple HH rules becomes an instinctive/reflexive action (in an ideal neurological world, there would be an activation of the parasympathetic autonomous neural system), with no peripheral factors affecting compliance, the answer is a resounding no. Unfortunately, compliance with proper hand hygiene, even in hospitals (including visitors and health care workers), could be better (120–124). Population-based studies on hand hygiene, considering the COVID-19 pandemic, indicated that hand-washing behaviors are not satisfactory (116–119, 124–133).

When trying to ascertain the reasons and factors affecting noncompliance to HH in health care settings, it is helpful to note the December 2020 announcement by WHO that: ≪One in four hospitals around the world do not have running water and basic hygiene and disinfection services, thus exposing healthcare professionals and patients to increased risk of infection from COVID≫ (134). According to a joint WHO and UNICEF report based on data from 165 countries, ~1, 8 billion people visit or work in hospitals without running water or waste disposal systems. ≪Working in a hospital without running water, waste disposal system and disinfection amount to sending healthcare professionals to work without individual protective equipment≫, stressed Director-General of the World Health Organization Tedros Adhanom Ghebreyesus. He emphasized that running water, waste disposal systems and disinfection are vital in the fight against COVID-19 but that there are still many problems to overcome in less developed countries (128).

Executive Director of the United Nations Children's Fund Henrietta H. Fore stressed, ≪By sending healthcare professionals and patients into facilities without clean water, safe toilets or even soap, we are risking their lives≫. ≪This was already true before the COVID-19 pandemic, but this year's pandemic has made it impossible to ignore the problem≫. While still in shock regarding the above data and to record the complex reasons for poor compliance with hand hygiene among nurses and other healthcare workers, an overview of the literature suggests that the following are part of the picture (Table 1) (129–131).


TABLE 1 Reasons for poor compliance with hand hygiene among nurses and other healthcare workers (119).

[image: List of reasons includes: lack of awareness among healthcare professionals about hand hygiene importance, workload, understaffing, leadership issues, access difficulties to hygiene resources, skin irritation from frequent washing, lack of antiseptics, indifference, glove protection fallacy, prioritization of urgent patient needs, and cultural or religious beliefs.]

Identifying the reasons behind noncompliance to HH on an individual level is difficult. Human behavior is highly complex and is affected by multiple interrelated influences ranging from biology and the environment to education and culture. So, it is best to consider individual behavior and the obstacles to putting theory into effective practice. Ensuring a positive attitude toward HH and improving awareness through attending educational programs and seminars will enhance knowledge regarding HH and increase its application in everyday life. Also, interventions to improve hand hygiene do not have to be extraordinarily intensive. Easy access to water and soap or hand-hygiene products can improve hand hygiene compliance.

In healthcare facilities, HH training would become even more effective if specific groups of healthcare professionals and other healthcare workers (cleaners, private nurses) were targeted to ensure that all individuals involved with the patient receive appropriate instruction. Applying the guidelines by as many groups of workers as possible will become a healthy example to follow, not only for other employees but for the patient's immediate environment as well.

According to the adage, the Baconian principle “Knowledge is power” dictates the need for all involved participants (management, infectious disease group, secondary staff/satellites, employees of all specialities, visitors to health care facilities) to embark on a joint effort to improve awareness. Putting theory into practice is of critical importance. Through repeated, varied, and compulsory training programs, employees should be regularly reminded of the proper procedures to avoid non-compliance in the stressful and exhausting work environment. This way, through monitoring and rewarding employees, correct HH will be practiced at the highest possible level, thus preventing cross-contamination and the spread of infection in healthcare settings and avoiding their subsequent consequences.

Before planning public health and hygiene strategies, the authorities or the management must be aware of the characteristics and particularities of each target group. This means that interaction must be initiated with the group/population to which the health and hygiene guidelines are targeted in a supportive and non-judgmental way so that the group would design the whole strategy to improve compliance.

Research has proven that hand washing frees individuals psychologically (116, 132). We must instill beliefs of equivalent magnitude in the behavioral attitudes of people regarding physical health. Hand hygiene is inextricably linked with infection prevention.

“If a pandemic did not change hand hygiene, no amount of vigilance ever will. Awareness of hand hygiene was at an all-time high as providers were afraid for their lives, but hand hygiene still decreased. We must look at it not as a people problem, but as a system and human factors issue,” said Adam Webb, MD, Chief Quality Officer, Emory University Hospital (117).



3.4. The importance of air hygiene

So far, there is limited data on the aerodynamic properties of the SARS-CoV-2 virus concerning the different transmission routes through aerosols and droplets. CDC and WHO accept that respiratory excretions should be classified into small and large droplets, a theory first proposed by Wells (67, 118, 119, 133, 135). Most researchers agree that 5–10 μm is the upper cut-off limit of the size of the small droplets (also described as aerosol) and that they can hover for more extended periods. Thus, they can cover more considerable distances (136–141). Larger droplets (size > 20 μm) are heavier and have shorter trajectories, covering shorter distances from their source (usually 1–2m). Droplets with 10–20 μm size represent an intermediate class, and they can either remain hovering or land on various surfaces, depending on the conditions. Sometimes aerosol droplets can shrink to form the so-called “droplet nuclei” (136–143). The fate of the particles is determined not only by their size but also by their speed, density and composition, momentum, the humidity of the environment and micro-currents of atmospheric air (118). The formation and aerodynamics of each droplet category are crucial factors for the transmission of SARS-CoV-2 and have two significant consequences. If the virus is transmitted mainly by the larger droplets, then the masks, the face shields and the social distancing should be more than enough to avoid the infection. If aerosols transmit the virus, then the masks, the face shields and the social distancing cannot protect from viral particles that can hover for long periods and are carried by air currents. The larger droplets are heavier, and gravity shortens their trajectory while aerosol carrying the virus can easily reach the bronchi. The intermediate-size droplets have some chance to pass the glottis barrier (139, 142, 143).

Most of these studies on droplets and aerosols do not take into consideration the survival rate of the virus, which decreases proportionally to the distance of the infected person (source), but also viral particles are destroyed by the solar radiation, the drying of the droplets, the temperature and by virucidal substances like ozone which generally exist in the air (144–146). These factors significantly reduce the concentration of the virus in the atmosphere and the possibility of infection. Environmental factors do not affect all respiratory viruses to the same extent. Furthermore, the exact location of the inflammation of the respiratory tract and the clinical disease affects the size of the droplets, their emission rate and composition, consequently determining the viral survival and spreading. Laboratory experiments under controlled environmental conditions and field monitoring have revealed valuable data for estimating airborne transmission of respiratory viruses. For example, SARS-CoV is considered higher than Influenza (147). On the other hand, although speaking and coughing produce aerosols and viral RNA is isolated from air, these facts are not enough to establish transmission because infection also depends on other factors such as the route of exposure, the size of the droplets, the period of exposure and course the immune response of the host (118, 148–150).

The dose-response relation of SARS-CoV-2 infection remains unclear. Researchers claim that the virus can be transmitted in closed spaces with poor air circulation, low humidity and high temperature in due course (151–155). However, the opinion that aerosol can transmit the virus is debatable among different research groups (156–162). WHO accepts that transmission by aerosol is possible only in healthcare facilities due to medical interventions such as intubation, mechanical respiratory support and administration of medicines by nebulizer (158). The aerosol transmission mode has been thoroughly investigated in hospitals and the community ever since (159).

Several hospital studies have researched and monitored the presence of SARS-CoV-2 in samples of air taken from hospital wards for COVID-19 patients (160–162). In a study of the aerodynamic characteristics of COVID-19 by Guo et al. (163), the air and surfaces of intensive care units (ICU), as well as other areas hosting COVID-19 patients, were studied. In addition, three different sampling points were chosen: (a) the patient hospitalization area, (b) the doctor's offices and (c) areas neighboring the exit points of air. The SARS-CoV-2 genome was identified in samples taken from all three points with a development rate (of 8/18, 44.4%) in the patient hospitalization area and (5/14, 35.7%) in areas near the exit points of air.

Most published studies explore the hypothesis that SARS-CoV-2 transmission may be airborne (through aerosol), but there is no tangible evidence. The methods of air sampling, the exceedingly small number of samples, the methods of genetic identification of the SARS-CoV-2 genome and the protocols for the estimation of possible airborne transmission have yet to be evaluated and verified.

In addition, there have been few studies regarding the transmission of viral loads by asymptomatic individuals (163–165). These individuals are unaware they are carrying COVID-19 since they do not have symptoms of a respiratory viral infection, such as coughing or sneezing. The expulsion of droplets, in their case, is made during everyday interactions like speaking, laughing and singing. Published data worth mentioning (166, 167) shows the possibility of airborne transmission through aerosol containing an active SARS-CoV-2 viral load. In this study, people participating in a choral practice in Mount Vernon, Washington, who had stated they had no symptoms of a respiratory viral infection, observed social distancing and limited their physical contact with each other, practiced for 2 h. After the practice, 45 of the 60 members were found positive for SARS-CoV-2 or had COVID-19 symptoms. Three were hospitalized, and two died.

Also, worth mentioning in this review is a study researching the production of air droplets by a group of healthy volunteers during coughing and speech (167). In this study, the distribution of the droplet size, the speed and distance of their transmission and the airborne time concerning the level of air ventilation were measured. It was found that small droplets (1–10 μm) prevailed during coughing, while during a speech, they were the only ones isolated and recorded. As for their speed and trajectory, it was no surprise that at the beginning of coughing, the large droplets (typically 500 μm in diameter) descended immediately toward the ground within 1 s due to gravity. The small droplets with a typical diameter of 5 μm took 9 min to settle on surfaces or reach the ground.

Furthermore, the production of nasal cavity droplets was studied during normal breathing and sneezing. In the former, there were no droplets from the nose, while in the latter, large drops originating mainly from the secretions of the nose and mouth dominated. Finally, the same study looked at the trajectory and movement of small droplets produced by coughing, through the air, using a simulator (spray nozzle from Medspray; Enschede, The Netherlands) to disperse a controlled quantity of small droplets into the air, reproducing the effect of coughing) in three spaces with different levels of ventilation: (a) no ventilation, (b) only mechanical ventilation and (c) mechanical ventilation supported by an open entrance door and small window. In the last case with the best ventilation, after 30 s, the number of droplets had decreased by half, while in the first case with no ventilation, this took ~5 min. The air drag calculation diagram shows that small droplets (5 μm) take about 9 min to reach the ground in the case of a light cough or calm speech (from an expulsion height of 1, 60 m from the ground). Droplets had decreased by half in a poorly ventilated room in 1.4 min.

The above study indicates the need for hygiene and good ventilation in indoor spaces to reduce droplets' time to stay airborne significantly. These findings are noteworthy since these poorly ventilated populated spaces, such as means of public transport and older people's homes, are the habitat of viruses. Of course, in such spaces, their transmission is relatively easy, regardless of precautions such as social distancing. The lingering respiratory droplets in such poorly ventilated spaces could contribute to the spread of SARS-CoV-2.

As such, due to the possibility that SARS-CoV-2 spreads essentially through aerosol-type droplets, research groups ardently advocate the benefits of an efficient ventilation system, possibly assisted by particle filtration and disinfection of the air. They believe such systems are necessary to drastically reduce the risk of infection in indoor spaces (144, 168).

In order to maximize the protection of the population against airborne transmission of SARS-CoV-2 or any other micro-droplet carrying airborne viruses, there are various requirements, as described below. They focus mainly on indoor spaces and government buildings since that is where the main transmission volume occurs (140, 169). In domiciles and apartments, the usual practices ensuring clean indoor air (e.g., isolating infected individuals, opening doors and windows and using portable air purification devices, where practical) must always remain in place.

The existing ventilation measures protecting against airborne infection can quickly be reinforced relatively cheaply to reduce infection and save lives. The options discussed below must always be applied in combination with other measures already in place (such as hand washing and the use of self-protection measures) for the reduction of infection via other significant mechanisms of infection since none of them can be excluded in any instance of exposure to the virus. The rest of this section will concentrate only on recommendations regarding “mechanical (level) control” as described in the conventional/traditional hierarchy of infection control (Figure 5) to decrease the danger of airborne infection. The HVAC system control strategies (heating, ventilating and air conditioning) can be modified to increase ventilation, to some extent, in high-risk areas at relatively low cost to diminish the danger of airborne transmission among passengers. However, this cannot be done simply with the ≪flick of a switch≫, as the HVAC systems are complex and usually designed for specific buildings with specific, standardized operation parameters. Besides the ventilation rate, many requirements must be considered, including temperature control and relative humidity, as well as the distribution and direction of airflow. These systems can be specially adapted as needed by HVAC technicians to diminish the danger of airborne transmission. Indeed, the ventilation guidelines of ASHRAE (The American Society of Heating, Refrigerating and Air-conditioning Engineers), REHVA, and SHASE (The Society of Heating, Air-Conditioning and Sanitary Engineers of Japan) have been updated to combat the spread of SARS-CoV-2 (142). Another example is modifying the ventilation system in a hospital ward to create a negative pressure isolation room (170).


[image: Diagram illustrating the spread of droplets from coughing and sneezing, highlighting efficient ventilation with no air recirculation through arrows and droplet paths. Natural ventilation is shown affecting droplet dispersal towards a susceptible host. Droplets vary in size, from large spray droplets to small aerosols. Particulate size comparison is provided at the bottom, showing visual examples.]
FIGURE 5
 Aerodynamics characteristics of SARS-CoV-2 and “mechanical (level) control” of airborne infection.


Suppose there is natural ventilation through doors and windows or other openings. In that case, the potential rate of external airflow can be estimated using the CEN Standard, EN 16798-7: 2017 or other available protocols such as (171).

In naturally ventilated public buildings, other challenges will occur, especially in cold climates, but these can also be addressed to diminish the danger of airborne transmission. Additional heating may be necessary for some buildings to maintain heating comfort, especially if the individuals therein are vulnerable.



3.5. What about air re-circulation

Air re-circulation is a way to save energy. However, care must be taken, as it can carry air pollutants (including viruses) from one area connected to the same ventilation system to another, increasing the risk of airborne spread to spaces which would not otherwise have been contaminated. This concern had previously arisen in connection to the potential re-circulation of biological agents in cases of terrorist attacks, where the efficiency of eliminating air re-circulation was studied (e.g., by pumping 100% external air into the building) as a counter-measure for the release of toxic biological agents in indoor areas. Another study which created a model of the danger of airborne flu transmission in private cars also addressed the issue of eliminating air re-circulation in such cases (172, 173).

Particle filters and disinfection equipment in air re-circulation systems can reduce this danger. However, they must be deliberately designed to control the risk of airborne infection and be regularly serviced to maintain their effectiveness. Many systems have been designed with filters that remove larger particles which could adversely affect the mechanical operation of the equipment but are unable to withhold and remove microscopic particles (micro-particles/micron size), which are related to adverse effects on human health. Filter systems must be rated according to standards technology, which indicates their performance, and must be used to select appropriate filters (173, 174).

According to the above recommendations, during a pandemic, including the current COVID-19 outbreak, the air must not be re-circulated, as much as possible, to avoid the circulation of particles with a viral load throughout the indoor environment. If possible, this could be done by separating ventilated areas into multiple zones and operating the system with 100% outside air (OA). Re-circulation deactivation may be achieved by shutting the re-circulation vents and opening the outside ones. In systems where this is not possible, the quantity of outside air must be maximized and filtering radiation or UV microbicides must be applied to remove or eliminate any possible viral infection from the re-circulated air. In most hospital care sites, air re-circulation is not allowed at all, and it is mainly used in non-healthcare settings to achieve energy savings. At the de-centralized level (individual rooms), secondary ventilation/air circulation systems may be installed, and it must be ensured that they also provide fresh air ventilation (e.g., inductive units). If they exist, such systems must not be deactivated. However, other systems without the ability to bring in OA (e.g., split A/C units) should, if possible, be deactivated to prevent the potential spread of viruses between people due to airflow. When these systems are required for cooling, additional ventilation with fresh air must be developed regularly, and air cleaning/disinfection could also be beneficial.

Adding portable air cleaning/disinfection devices may be helpful in environments where improving ventilation is complex. In addition to hand hygiene and social distancing, the parallel reduction of airborne transmission using mechanical controls in hospitals and other public buildings will further protect health workers, patients, and the public.



3.6. SARS-CoV-2 in the food supply chain: the possibility and plausibility of orofecal transmission

The orofecal route of transmission describes the ways by which microorganisms from the digestive tract of one person enter the oral cavity of another person. This route can be direct through physical contact or indirectly through other materials such as vehicles. The packaging of the food or the food itself may harbor for longer or shorter periods of pathogenic microorganisms. In order to discuss the possibility and plausibility of the orofecal transmission of SARS-CoV-2, three conditions must be met: (i) the virus must be able to multiply or at least survive in the gastrointestinal tract, (ii) the virulence of the virus must not be affected by the processing of the food or the virus must be able to survive on the packaging of the food and (iii) compromised personal hygiene of food operators. Some other single-stranded RNA viruses, like noroviruses, are transmitted primarily through the orofecal route (175).

As previously mentioned, its viral particles, like SARS-CoV and MERS, use angio-tensin-converting enzyme 2 (ACE2) as entry to the cell. ACE2 is found in the absorptive enterocytes in the small intestine (mainly in the ileum) as well as in cells in the colon (44, 176, 177). Jefferson et al. (173) claim that ACE2 receptors are also found on cells in the gastric wall and the duodenum. These cells can host various viral species, such as coronavirus, rotavirus and norovirus. Hence SARS-CoV-2 can infect the human digestive tract, and diarrhea may follow as a clinical symptom. It is true that, for obvious reasons, emphasis has been given to the respiratory signs of the disease and the respiratory route of infection through droplets, and all precautions and prophylaxis (masks, social distancing etc.) focus on avoiding inhalation of infected droplets.

Wu et al. (15) report that in patients recovering from the disease, stool samples were positive in viral RNA for 11.2 (± 9.2) days after the respiratory samples were found negative (in total 27.9 ± 10.7 days after the first onset of symptoms). In their report, these researchers state that the presence of gastrointestinal symptoms was not associated with fecal viral RNA and insist that since the virus replicates in the intestinal tract for more extended periods than in the respiratory tract, the orofecal route of transmission by discharged patients who recovered from the disease cannot be ruled out, particularly in contained living premises like hostels, dormitories, trains, ships and buses. Parasa et al. (83), in a meta-analysis of 29 studies, found that the pooled prevalence of diarrhea among COVID-19 patients was 7.4%, much <20% observed in SARS patients. In their opinion, this difference could result from underreported gastrointestinal symptoms in the initial studies and concluded that the intestinal tropism of the SARS-CoV-2 is like the SARS infections. According to the authors, these findings make possible orofecal transmission and could explain part of nosocomial infections. In the same study, 40.5% of the patients who were favorable to the viral RNA respiratory samples also showed positive fecal samples. In general, the viral load of the feces was lower than that of the respiratory samples. Gupta et al. (176) report that after the clearance of the respiratory system in COVID-19 patients, the viral RNA was present in the feces from 1 to 33 days, with one patient's samples being positive for 47 days (178).

Although SARS-CoV-2 in the digestive tract has been proven, the exact mechanisms through which the virus overcomes the various hazards like proteases, low pH and bile salts remain unknown. According to a study, both S glycoproteins and the viral envelope must be resistant to these adversities due to heavy glycosylation (44). Other –yet unknown- processes taking place in the digestive tract may favor the infective action of the virus, as in the case of the bovine coronavirus, where the S glycoprotein must be cleaved by a protease so the virus can become pathogenic. However, in most studies, some part of the viral RNA is detected in the samples, and only a few studies report the detection of the whole virus in feces (38, 39, 179, 180). These findings provide a reasonable explanation of the expected rareness of occurrence (if any) of the orofecal transmission of SARS-CoV-2.

The most obvious way the infection of foods is by touching without gloves or prior hand sanitation, coughing, sneezing and talking without wearing a mask in a food-production facility. In these ways, either the food or its packaging will be infected. The virus can contaminate fresh products (vegetables, bakery products) or the packaging via an infected person. In such cases, the virus can be transmitted directly if it is transferred within a short time interval to the mucous membranes of the eyes, mouth and throat (180).

Orofecal transmission could lead to the same result. Since the virus can survive up to 4 h on a copper surface, up to 24 h on cardboard and up to 2 or 3 days on plastic or stainless steel (181), the packaging materials can act as vehicles in the orofecal transmission. Cooking and heat treatment kill the virus in the mass of the food, but refrigeration does not. Even if the virus is destroyed in cooked foods, the possibility of cross-contamination of other foods before cooking through direct contact or handling cannot be neglected. However, it must be noted that specific traditional food preparations and some eating habits (e.g., rawism) may not kill the virus or -even worse they may provide means for its survival. Scientific data on the survival of the virus in such conditions need to be included.

FAO/WHO and EFSA, in their 2020 documents, consider the possibility of transmission of SARS CoV-2 through food as “highly unlikely” (180). In principle, if all measures described in ISO and HACCP protocols are appropriately applied, then the danger is negligible. Such measures include not only the quality of raw materials and the hygiene status of the facilities but also the training and the professional behavior of the personnel during food handling. Personal hygiene, particularly hand washing and gloves wearing, are imperative not only in industrial scale production but also in small and medium scale businesses. If appropriately used in the food industry, gloves and masks can also reduce the spread of SARS-CoV-2 (180).

The usual cooking temperatures (>70°C) kill the virus, exerting a protective effect. In contrast, frozen food temperatures do not inactivate the virus making the possible transmission making, thus the washing of the hands a priority. Proper hand washing is an essential concept in food safety. FDA states that it can result in a 3-log reduction of bacteria and a 2-log reduction of viruses and protozoa (USFDA 2013, section 2-301.12) (182). Despite the emphasis given to proper hand washing, it often fails for various reasons such as lack of training, lack of means, time pressure and uncomfortable setting of relevant facilities (182). A common misunderstanding is that gloves can substitute hand washing. Using gloves can create a false sense of security, leading to unsafe practices such as less frequent and less proper hand washing (183, 184). All cleaning and antiseptic agents do not have the same power to eliminate viruses during hand washing. Antibacterial compounds in various antiseptics do not necessarily possess an antiviral effect. According to Sickbert-Bennett et al. (184), liquid detergents were 100 more potent in eliminating from hands respiratory viruses.

In a food-producing facility such as a restaurant, areas or points are classified as “high touch,” like taps, door handles, and refrigerator handles. These points should be cleaned and sanitized more frequently. The standard hygiene practices, which are applied to every food industry and can control foodborne bacteria and viruses, are also sufficient to hinder the dispersion of the SARS-CoV-2 virus. These practices include careful handling of raw materials to avoid cross-contamination, washing fruits and vegetables before serving, thoroughly cooking dishes and menus in temperatures above 70°C, and sneezing and coughing in the elbow (185–187).

The load of the viral RNA in urban sewage systems has been used as an epidemiological index to assess the infection status of a community. However, there are no studies available of the fate and the survival rate of the whole virus in the environment. This is a critical point because infected feces could become a source of environmental infection in developing countries where open defecation is commonly practiced. If the virus can survive even briefly, fresh vegetables and other fresh products could be infected through the irrigation system. Flies and other insects may carry the virus longer distances and infect surfaces, people and foods, particularly street foods. This kind of danger is enhanced in these countries by the lack of education in personal hygiene issues and by the shortage of means such as soap and antiseptics (188).

As the food supply chain moves from the farm or the field to the fork, the risk of viral contamination of the food or the packaging increases because more people are involved. The fact remains that the transmission of SARS CoV 2 through food has not been reported (189), and neither has been reported any case of orofecal transmission, with “so far” being the keyword. It is expected to be rare as an event but if the special conditions needed converge, then the orofecal transmission of the virus cannot be ruled out.

Revisiting the first period of the pandemic, it is now recognized that the most official lips, such as the World Health Organization and the American Food and Drug Association, ruled out the possibility of transmission of the virus through food, packaging materials and even though the staff of catering establishments in case they had fallen ill. The hazard was non-existent to infinitesimal, let alone if the virus infected one from a contaminated surface in a catering environment or the food industry (180, 190–192).

As early as 2020, a theory began to develop for an additional route of transmission of the coronavirus in addition to the already known ones. This particular route was about food storage and transportation, called the cold chain. 2 years later, this theory of virus transmission acquired a solid scientific background, documenting the survival of the virus in frozen food. The association of food imports with epidemic outbreaks in provinces of China were considered suspect. Indeed, it has been confirmed that the cold chain of food transport and storage can provide survival conditions for various coronas. The low and very low temperatures of multiple foods can harbor coronaviruses, e.g. SARS-CoV-1 (≈80% genome similarity to SARS-CoV-2), which according to the WHO, can be detected in frozen conditions (up to 2 years at −20°C), compared with their survival under normal temperatures (193–195). Foods considered substandard, tested by the health authorities of China, and confirmed as positive for the presence of SAS COVID-2 on their surfaces or packaging materials, were foods under refrigerated or frozen conditions such as ice cream, seafood, beer, pork, chicken, and fish (196).




4. Conclusions

This scoping review comprehensively addresses and provides valuable information on the crucial topic of hygiene standards and measures to combat the COVID-19 pandemic. Moreover, there is a compelling call for international and national public health bodies to delve into the relationship between outdoor and indoor air quality and its nexus with COVID-19's trajectory. It is expected that environmental factors and pandemic dynamics may be critically connected.

In addition, the review underscores the significance of delving into the interplay between COVID-19 and the food industry. Investigating food packaging materials and the virus's survival in food commodities could yield profound insights into global transmission patterns. Such research stands to enrich our understanding of viral dissemination across geographical borders.

In conclusion, this scoping review enriches our comprehension of hygiene measures in countering the pandemic. It underscores the necessity for interdisciplinary collaborations and targeted research to unravel the multifaceted dimensions of COVID-19's impact on various fronts.
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Exploring the intricacies of the proposed WHO pandemic treaty, this paper underscores its potential benefits and challenges for Least Developed Nations (LDNs) in the global health landscape. While the treaty could elevate LDNs’ access to vital resources, fortify health systems, and amplify their voice in global health governance, tangible challenges in safeguarding equitable access, protecting sovereignty, and ensuring compliance are illuminated. Concluding with targeted recommendations, the paper advocates for treaty revisions that assure resource access, safeguard LDNs’ autonomy, and foster capacity-building. In essence, the paper emphasizes the imperative of genuinely empowering LDNs, crafting a pandemic treaty that establishes a more equitable, resilient, and inclusive global health future.
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Introduction

The imperative for international cooperation, particularly in the crucible of global health crises such as pandemics, has garnered extensive discussion over the years (1, 2). Such cooperative endeavors are quintessential for a plethora of reasons, enveloping the mutual exchange of resources, acumen, and expertise; the orchestration of synchronized response strategies; and the mitigation of the multifaceted social and economic reverberations engendered by pandemics (3). The COVID-19 pandemic, which began in 2019, unveiled a multitude of frailties in the international community’s proficiency in adeptly navigating public health emergencies (4, 5). For instance, the contentiously dilatory response to the initial outbreak in Wuhan, China, accentuated a conspicuous absence of a robust early warning system, during which the virus permeated international borders in the ensuing weeks prior to its identification (6). The WHO-China Joint Mission report, promulgated in February 2020, acknowledged a conspicuous lapse in global preparedness, articulating that “[m]uch of the global community is not yet ready, in mindset and materially” (7). Numerous other formidable challenges and deficits emerged during the global response to the COVID-19 pandemic, inclusive of constrained access to resources, pronounced nationalistic tendencies, coordination tribulations, the dissemination of misinformation, and an exigency for a comprehensive overhaul of global health governance (4).

The delineated weaknesses highlighted the necessity for a more amalgamated and coordinated global approach (8). Consequently, during a Special Session of the World Health Assembly (WHA) on December 1, 2021, member states of the WHO instantiated an intergovernmental negotiating body (INB) to formulate and negotiate a convention, agreement, or other international instrument pertaining to pandemic prevention, preparedness, and response, colloquially referred to as the “Pandemic Treaty” (9). This treaty seeks to navigate a myriad of facets inherent in pandemic management, encompassing surveillance, data sharing, vaccine allocation, and ensuring access to indispensable medical supplies. The nascent draft of the treaty, dubbed the Zero Draft of WHO CA+, was published on February 1, 2023 (10), and deliberated upon during the INB’s fourth, fifth [which had requested the INB to prepare a “Bureau’s text” that was published in June 2023 for facilitating the work of the Drafting Group (11)], and sixth meetings, transpiring from February to July 2023 (12). The finalized document is anticipated to be presented at the 77th WHA in May 2024 (13).

Since the treaty was proposed in 2021, a spectrum of arguments, both in favor and opposition, have been advanced by a diverse confluence of world leaders and academic scholars [(e.g., 3, 11–18)]. Engaging in this debate, and advocating for the pandemic treaty, we hone our focus on LDNs and explore the myriad ways in which the proposed treaty could be a harbinger of assistance for these countries during future outbreaks. In this endeavor, we firstly elucidate the circumstances of LDNs amidst pandemics, subsequently exploring the potential merits of the pandemic treaty for these countries, followed by an exploration of pivotal challenges and concerns that necessitate addressal to ensure the treaty’s efficacious and equitable implementation, and concluding with recommendations to fortify the impact of the treaty upon LDNs.

This paper proffers insights that are both critical and timely, nested within the ongoing discussion and negotiation surrounding the pandemic treaty. Primarily, accentuating the predicament of LDNs within the context of pandemics is paramount as it unveils the exigencies of a vulnerable population that warrants specialized assistance. Secondly, by concretely discussing how the proposed treaty could be a conduit of benefit for LDNs, the paper underscores the salience of ensuring that responses to pandemics are equitable and just, irrespective of a nation’s economic vitality. Thirdly, by elucidating the potential boons of the treaty for LDNs, the paper underscores the affirmative impact such a treaty could potentially yield upon these nations, thereby potentially serving as a compelling advocacy for its adoption and implementation. Fourthly, engaging in discussions pertaining to challenges and concerns related to the treaty’s efficacious and equitable implementation is paramount as it enables policymakers and stakeholders to foresee and strategically navigate potential impediments. Finally, proffering recommendations for enhancement posits a pragmatic methodology to augment the treaty’s efficacy, ensuring it tangibly benefits the most susceptible nations.


The pandemic-induced vulnerabilities of LDNs

LDNs, also known as least developed countries (LDCs), designated as nations entwining low-income, substandard human development indicators, and inherent structural vulnerabilities (19), grapple with a myriad of pronounced challenges during pandemics (20, 21). These nations confront a particularly perturbing array of hardships that frequently magnify the repercussions of such health crises (22). A paramount obstacle pivots around the paucity of robust healthcare facilities (23). A substantial number of LDNs are beleaguered by an insufficiency of hospitals, clinics, and healthcare centers, thereby curtailing their ability to dispense adequate care amidst pandemics (22). This infrastructural inadequacy precipitates congested and overwhelmed healthcare settings, complicating the enactment of efficacious infection control measures and thereby amplifying the risk of unbridled disease transmission (24).

Moreover, LDNs perennially wrestle with the daunting task of recruiting and retaining proficient healthcare personnel (25). Deficiencies in the availability of doctors, nurses, and allied healthcare professionals truncate their capacity to mount an effective response to pandemics. For instance, the African continent, home to many LDNs, endures a stark scarcity of healthcare workers, showcasing a doctor-patient ratio that languishes significantly below global benchmarks (26). Such deficits invariably saddle the healthcare system, obstructing the provision of holistic care during pandemics.

In addition, encumbered by limited financial capacities, LDNs are habitually hamstrung in their ability to enact a comprehensive response to pandemics (27). The imposition of restrictive healthcare budgets culminates in a dearth of funding for indispensable medical supplies, equipment, and pharmaceuticals (28). These fiscal limitations not only jeopardize patient care but also attenuate the potential for the timely identification and surveillance of infectious diseases (29). Compounding these challenges, most LDNs experience elevated population densities and substantial informal settlements (30), wherein residents dwell in proximate quarters with restricted access to clean water and sanitation facilities (31). Such conditions catalyze the expeditious transmission of infectious diseases, a scenario vividly portrayed in the densely populated locales of India during the COVID-19 pandemic (32). Additionally, the scarcity of access to advanced medical technologies, encompassing diagnostic tools and life-saving apparatuses, perpetually delays the diagnosis of pandemics and impedes the delivery of critical care to afflicted individuals (33). This technological void also stifles the development and deployment of efficacious vaccination initiatives (34), contact tracing (35), and data monitoring systems (36), further exacerbating the challenges faced by LDNs in the context of global pandemics.



Potential benefits of the pandemic treaty for LDNs

The proposed pandemic treaty, or the WHO CA+, aims to prevent pandemics, save lives, reduce disease burden, and protect livelihoods through strengthening the world’s capacities for pandemic prevention, preparedness, response, and recovery of health systems [(10), Article 3]. The treaty is guided by the principles of equity, human rights, and solidarity, and recognizes the sovereign rights of countries, the differences in levels of development among countries, and the existing relevant international instruments [(10), Article 4]. It, if effectively negotiated and implemented, could potentially offer several benefits to LDNs that have been disproportionately affected by the COVID-19 pandemic and may face similar challenges in future pandemics.

Firstly, the treaty holds the potential to greatly enhance LDNs’ access to critical pandemic-related products and technologies, an arena where they have faced chronic constraints. By planning for needs-based global supply chains and distribution networks for vaccines, therapeutics, diagnostics, and personal protective equipment [(10): Article 6], the treaty can help integrate LDNs into priority access and allocation mechanisms. This is pivotal, given LDNs’ limited domestic manufacturing capacities and heavy reliance on imports for these life-saving tools, as evidenced during COVID-19 where many LDNs had very low vaccination rates, with some countries administering less than 5 doses per 100 people, while advanced economies secured robust coverage (37). Beyond access, provisions to promote voluntary knowledge and technology transfers [(10): Article 7], including through coordination between originating and recipient countries, can seed localized skills, expertise, and infrastructure for producing pandemic countermeasures over the long term. Crucially, by providing policy space for intellectual property flexibilities [(10): Article 7.4], the treaty opens legal pathways for LDNs to gain affordable access to innovations through avenues like compulsory licensing without facing punitive actions. Taken together, these treaty components can equip LDNs with institutional frameworks, resources, and policy latitude to gain rapid access to pandemic tools both now and in the future.

Secondly, the treaty places health system resilience at the heart of preparedness, recognizing its fragility in LDNs. Provisions requiring context-specific planning to sustain capacities ranging from infrastructure to workforces [(10): Article 11], as well as protecting human rights [(10): Article 14] to address social determinants of health, provide an enabling blueprint for LDNs to deliver effective and equitable healthcare during outbreaks through resilient systems. Beyond infrastructure and training, this requires adequate financing – another arena where the treaty holds transformative potential through proposed instruments like solidarity funds and insurance schemes [(10): Article 19] that can inject greater budgetary predictability and sustainability into LDNs’ pandemic preparedness and response. Just as importantly, the treaty provides for collective governance mechanisms from global coordination councils [(10): Article 15] to whole-of-society approaches nationally [(10): Article 16], facilitating integrated planning, implementation, and monitoring with LDN involvement. Taken in totality, these provisions centered on health system resilience provide visible pathways for LDNs to move from fragmented and under-resourced responses to coordinated, rights-based pandemic management through robust national and international governance frameworks.

Thirdly, another major benefit lies in expanding LDNs’ equitable access to and participation in global pathogen and genomic sequencing data sharing, recognizing their frequently limited in-house surveillance, modeling, and research capacities. The treaty mandates timely sharing of pathogens and sequences [(10): Article 8], as well as establishing benefit-sharing systems to facilitate affordable LDN access to resulting innovations, like diagnostics, therapeutics, and vaccines [(10): Article 10]. For LDNs that have scarce epidemiological resources, provisions that channel shared data into early warning systems, risk assessments, and technical guidance from WHO and partners [(10): Articles 8, 9] can exponentially augment outbreak prediction, detection, and response. Additionally, by supporting technology transfers, training, and laboratory networks [(10): Article 7], the treaty provides means for LDNs to sustainably strengthen their own surveillance and research capabilities over time. Thus, the treaty provides both immediate and long-term avenues for LDNs to be structurally integrated into global pandemic vigilance and science cooperation as empowered actors.

Fourthly, while calling for whole-of-society pandemic literacy programs [(10): Article 17], the treaty spotlights the need to proactively counter misinformation through transparent, accessible public communications rooted in science. This is salient given limited health literacy and the proliferation of mis- and disinformation through digital channels can uniquely hinder outbreak response in LDN contexts. Beyond literacy, the treaty’s provisions requiring inclusive decision-making and multisectoral collaboration [(10): Articles 15, 16] provide opportunities to engage diverse community stakeholders in LDNs to build dialogue and trust between governments and citizens. Together, these provisions offer the potential to overcome barriers posed by misinformation and mistrust through purposeful communication and outreach strategies that meet LDN populations where they are.

Fifthly, the treaty brings considerations of climate change and environmental degradation [(10): Article 18] to the forefront of pandemic risk reduction, preparedness, and response for the first time in a global health instrument. As contexts facing disproportionate climate vulnerability and health system limitations, this focus on strengthening adaptive capacities is vital for LDNs. Codifying One Health approaches recognizing human, animal, and environmental interconnections provides an enabling framework for integrated surveillance and upstream interventions. Ensuring climate risks are factored into national action plans can also help institute resilience measures from disease early warning systems to health infrastructure safeguards. While broader in focus than pandemics alone, this emphasis on interlinkages provides urgency for LDNs to build systems that protect people amidst the compounding impacts of climate change through a shared agenda.

Lastly, the treaty lays substantial groundwork to bolster LDNs’ representation and participation in global health governance, providing venues to spotlight unique challenges and contributions while shaping collective action. Beyond affirming WHO’s coordination role [(10): Article 15], the treaty mandates inclusive decision-making processes [(10): Article 20] and establishes new bodies for stakeholder consultation on CA+ implementation [(10): Article 23]. These provisions formally integrate LDN perspectives and needs into the international legal architecture for outbreak preparedness and response for the first time. Furthermore, by planning regular treaty assessments and reviews [(10): Chapter VII], opportunities exist to continually refine cooperation and assistance provisions based on LDN experiences. Therefore, while imperfect, the treaty nonetheless provides an enabling framework for LDNs to gain a seat at the table and collectively chart a course towards more equitable pandemic health security worldwide.

In summary, while gaps and uncertainties remain in operationalization, the proposed pandemic treaty lays down important markers and pathways across multiple domains to consciously strengthen integration, empowerment, and support for LDNs in global outbreak preparedness and response. Above all, it provides the mandate and momentum for WHO and member states to work in solidarity towards addressing systemic inequities laid bare by COVID-19. If successfully adopted and faithfully implemented, it can spur action to provide LDNs with institutional capacities, policy space, knowledge assets, and collective action needed to safeguard lives and livelihoods against future global health emergencies.



Challenges and concerns for LDNs in the pandemic treaty

Despite the potential opportunities crafted by the pandemic treaty, especially for LDNs, there exists a convoluted array of challenges that demand thorough analysis and strategic navigation. While the treaty heralds the promise of structured global response mechanisms, it simultaneously entwines LDNs into a complex web of disparities and hurdles if not meticulously adjusted and implemented (3, 38–40). Thus, it is vital to dissect the emerging challenges and potential pitfalls in the development, negotiation, and imminent implementation of the treaty, laying a foundation for exploring the nuanced issues in subsequent discussions.

A critical examination of the treaty unveils a pivotal concern: the absence of concrete and robust norms, especially those safeguarding equitable access to resources and information sharing (39). While the treaty gestures towards inclusivity and cooperation, it lacks stringent regulations and explicit norms to safeguard the rights and interests of LDNs (41), thereby casting a shadow on its potential to foster truly equitable global collaboration. This deficiency, as experts like Lawrence Gostin emphasize, not only blurs the obligations and incentives of high-income countries towards global health security contributions but also nudges the treaty towards the precipice of perpetuating pre-existing inequities and unpreparedness in global health governance (39), thereby underlining an urgent call for rigorous revision and fortification of its norms.

The intricacies of the treaty negotiations become further entwined when scrutinizing the principle of Common but Differentiated Responsibilities (CBDR) (42, 43). Initially woven into early drafts to champion equity by customizing obligations to align with each country’s capacity, CBDR has morphed into a contentious point, particularly between high-income nations and LDNs (44). This discord, illustrated by resistance from developed countries and a consequent dilution of CBDR in subsequent drafts, signifies a daunting obstacle for LDNs, who, without differentiated support, may find themselves submerged under unattainable obligations during health crises. Thus, the fate of CBDR, wavering between strengthening and potential exclusion [(11): Article 3.7], becomes integral in dictating the efficacy of the treaty in bridging disparities and fortifying global health security, especially for LDNs.

The lack of specificity and comprehensiveness in the treaty’s stipulations concerning compliance and implementation further accentuates the challenges for LDNs (45). While existing provisions, such as those advocating for the implementation of review mechanisms’ recommendations [(10): Article 13.6] and periodic reporting to the Governing Body [(10): Article 22.2], lay a fundamental groundwork, they fall short of ensuring stringent adherence and accountability, particularly in varied national contexts like those of LDNs. Given their often-limited resources and infrastructural capabilities, LDNs could find themselves navigating a treacherous path through the treaty’s expectations and obligations, potentially jeopardizing their access to essential resources and support during health crises. The absence of a robust mechanism to address non-compliance and resolve disputes, along with a lack of detailed incentives or sanctions to foster adherence (46, 47), suggests that the treaty, in its current form, may inadvertently perpetuate health disparities rather than mitigate them, emphasizing a critical need for refinement to genuinely support LDNs in future pandemics.

Although the proposed pandemic treaty ostensibly offers LDNs enhanced representation and participation, particularly through inclusive decision-making processes and new stakeholder consultation bodies, there linger substantive concerns regarding sovereignty and autonomy that warrant critical examination (3, 38). Notwithstanding the treaty’s affirmation of the sovereign right of each Party to manage public health matters in line with its national legislation and policies [(10): Article 4.3], it delineates obligations and standards that may inadvertently impinge upon the autonomy of LDNs in shaping their health policies and priorities. For instance, while Article 10 mandates sharing biological materials, genetic data, and benefits arising from them (10), it lacks explicit safeguards to ensure that such sharing is predicated on the consent of LDNs and involves equitable benefit-sharing (48). Furthermore, the treaty, while specifying that the Governing Body shall consist of representatives from all Parties [(10): Article 20.1], subject to alternative arrangements in exceptional circumstances [(10): Article 20.3], does not detail the mechanisms of selecting these representatives nor guaranteeing that the unique challenges and contexts of LDNs are aptly reflected in governance processes. Moreover, the absence of mechanisms to ensure robust participation and representation of various stakeholders, including civil society and local health workers, in treaty governance processes, potentially leaves the insights and expertise of those on the frontlines of health crises in LDNs unheard (3). Thus, while the treaty provides a foundational framework to incorporate LDN perspectives into global health governance, the potential pitfalls in safeguarding their sovereignty and autonomy, especially in terms of resource sharing and governance participation, necessitate meticulous refinement to ensure that the treaty not only provides a seat at the table for LDNs but also genuinely empowers them to influence global health policy and practice in a manner that safeguards their interests and autonomy.



Recommendations to amplify the treaty’s impact on LDNs

To make the pandemic treaty more effective for LDNs, some specific changes and additions to the existing draft are necessary. First, it is vital to revise Article 6 (10) to guarantee that LDNs have prioritized access to vital resources like vaccines and treatments during health crises. This could mean setting a minimum allocation of resources for LDNs. In terms of ensuring that all nations follow the treaty, it is crucial to add clear compliance mechanisms to Article 13.6 (10) or introduce a new article. This might involve specifying penalties for non-compliance and creating a body to manage disputes and review compliance, ensuring all nations are held accountable and that the treaty is implemented fairly. When looking at Article 8 (10), protecting LDNs’ autonomy in sharing resources and information is key. The article should be edited to include mechanisms that ensure LDNs can share pathogens and genetic data consensually and equitably (49). Also, a clear system for sharing benefits, like access to innovations developed using shared resources, is essential to protect LDNs’ interests.

Adding a dedicated fund to the treaty, perhaps in Article 19 (10) or a new article, will also be crucial to financially support LDNs’ pandemic response efforts (50). This fund should be supported by mandatory contributions from wealthier countries and managed transparently, with LDNs having a say in how funds are allocated and used. Including provisions in the treaty that commit to exploring and implementing debt relief or restructuring programs for LDNs is also necessary. This would allow them to reallocate financial resources to public health and pandemic preparedness, ensuring they have the necessary infrastructure to manage health crises effectively.

Engaging the private sector through the treaty is also crucial (51). This means including provisions that encourage partnerships and investment in LDNs’ healthcare infrastructure, perhaps by offering incentives like tax breaks for companies that invest in these areas. The treaty should also mandate the creation of a central knowledge hub, possibly under the management of the WHO, which would share best practices and guidance tailored to LDNs (52). Furthermore, the treaty should encourage the creation of peer networks among LDNs to facilitate knowledge and strategy sharing in pandemic preparedness and response (52).

Lastly, the treaty should require comprehensive needs assessments in LDNs to identify gaps in healthcare infrastructure, workforce, and logistics. Based on these assessments, capacity-building programs can be developed and implemented to ensure LDNs are adequately supported and empowered to effectively respond to pandemics.




Conclusion

As the global community grapples with navigating and preparing for future pandemics, the emphasis on crafting a potent pandemic treaty is both timely and imperative. However, the unique circumstances, challenges, and strengths of LDNs must be central to these negotiations as we progress toward a comprehensive global solution. The COVID-19 pandemic starkly revealed the structural vulnerabilities of LDNs, underscoring the urgency of shaping a treaty that is comprehensive in approach and grounded in principles of equity and justice.

In its preliminary form, the proposed pandemic treaty undoubtedly promises to shape a more coordinated and effective global response to future health crises. Yet, as elucidated in this analysis, profound gaps and challenges that could marginalize LDNs remain and demand precise and committed resolutions. The recommendations offered provide a pragmatic path to ensuring that, when finalized, the treaty truly empowers LDNs, affording them not only the right to equitable access to resources but also amplifying their voice in global health governance.

In a broader context, the treaty provides an unprecedented opportunity to reimagine and reshape international health architecture beyond historic inequalities and power imbalances. Focusing on LDNs is not just a matter of altruism or international solidarity; it is a recognition of the concept that the health security of one nation inevitably influences the collective in an interconnected world. Ensuring that LDNs are equipped, represented, and heard in this global endeavor is a moral imperative and a pragmatic strategy for fostering a more resilient and inclusive global health ecosystem.

This paper aspires to spark a more informed and inclusive dialogue about the pandemic treaty, placing the interests of the most vulnerable at the core of global decision-making. Only through such an approach can the global community genuinely hope to formulate a treaty that stands the test of time, serving not only as a legal instrument but also as a testament to collective commitment and shared responsibility in the face of global health challenges.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

SJ: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, Resources, Writing – original draft, Writing – review & editing. EK: Conceptualization, Methodology, Project administration, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by the Social Science Foundation of Chongqing Municipality of China (grant number 2020BS82), the National Social Science Foundation of China (grant number 22CFX089), and the China Postdoctoral Science Foundation (grant number 2021M700573).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Jacobsen,KH. Pandemics, M Juergensmeyer, S Sassen, MB Steger, and V Faessel, (Eds.) The Oxford handbook of global studies. New York: Oxford University Press (2018). 647–662.
	 2. de Graaf,B. Taming pandemics in international relations: why do states cooperate in transboundary crises? An applied history perspective. J Appl Hist. (2020) 2:36–61. doi: 10.1163/25895893-bja10011
	 3. Evaborhene,NA, Udokanma,EE, Adebisi,YA, Okorie,CE, Kafuko,Z, Conde,HM , et al. The pandemic treaty, the pandemic fund, and the global commons: our scepticism. BMJ Glob Heal. (2023) 8:e011431. doi: 10.1136/bmjgh-2022-011431 
	 4. Jones,L, and Hameiri,S. Explaining the failure of global health governance during COVID-19. Int Aff. (2022) 98:2057–76. doi: 10.1093/ia/iiac231
	 5. Abu El Kheir-Mataria,W, El-Fawal,H, and Chun,S. Global health governance performance during COVID-19, what needs to be changed? A delphi survey study. Glob Health. (2023) 19:1–13. doi: 10.1186/s12992-023-00921-0 
	 6. Buckley,C, Kirkpatrick,DD, Qin,A, and Hernández,JC. 25 days that changed the world: how COVID-19 slipped China’s grasp. New York Times (2020). Available at: https://www.nytimes.com/2020/12/30/world/asia/china-coronavirus.html (Accessed October 9, 2023)
	 7. WHO. Report of the WHO-China joint mission on coronavirus disease 2019 (COVID-19). (2020). Available at: https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19---final-report-1100hr-28feb2020-11mar-update.pdf (Accessed October 9, 2023)
	 8. WHO. COVID-19 shows why united action is needed for more robust international health architecture. (2021). Available at: https://www.who.int/news-room/commentaries/detail/op-ed---covid-19-shows-why-united-action-is-needed-for-more-robust-international-health-architecture (Accessed October 9, 2023)
	 9. WHO. World Health Assembly agrees to launch process to develop historic global accord on pandemic prevention, preparedness and response. (2021). Available at: https://www.who.int/news/item/01-12-2021-world-health-assembly-agrees-to-launch-process-to-develop-historic-global-accord-on-pandemic-prevention-preparedness-and-response (Accessed October 9, 2023)
	 10. WHO. Zero draft of the WHO CA+ for the consideration of the intergovernmental negotiating body at its fourth meeting. (2023). Available at: https://apps.who.int/gb/inb/pdf_files/inb4/A_INB4_3-en.pdf (Accessed October 9, 2023)
	 11. WHO. Bureau’s text of the WHO convention, agreement or other international instrument on pandemic prevention, preparedness and response. (2023). Available at: https://apps.who.int/gb/inb/pdf_files/inb5/A_INB5_6-en.pdf (Accessed October 9, 2023)
	 12. WHO. Intergovernmental negotiating body. Available at: https://inb.who.int/ (Accessed October 9, 2023)
	 13. INB. Timeline and Deliverables. (2022). Available at: https://apps.who.int/gb/inb/pdf_files/inb1/A_INB1_6Rev1-en.pdf (Accessed October 9, 2023)
	 14. Kickbusch,I, and Holzscheiter,A. Can geopolitics derail the pandemic treaty? BMJ. (2021) 375:e069129. doi: 10.1136/bmj-2021-069129 
	 15. Patel,J. International negotiations for a pandemic treaty: a thematic evaluation of 43 member states. Glob Policy. (2023) 14:573–7. doi: 10.1111/1758-5899.13217
	 16. Juneja Gandhi,T, Dumka,N, and Kotwal,A. Is the proposed global treaty an answer for public health emergencies? BMJ Glob Heal. (2023) 8:e012759. doi: 10.1136/bmjgh-2023-012759 
	 17. Hannon,E, Hanbali,L, Lehtimaki,S, and Schwalbe,N. Why we still need a pandemic treaty. Lancet Glob Heal. (2022) 10:e1232–3. doi: 10.1016/S2214-109X(22)00278-9 
	 18. Wenham,C, Eccleston-Turner,M, and Voss,M. The futility of the pandemic treaty: caught between globalism and statism. Int Aff. (2022) 98:837–52. doi: 10.1093/ia/iiac023
	 19. UNCDP. List of least developed countries. (2023). Available at: https://www.un.org/development/desa/dpad/wp-content/uploads/sites/45/publication/ldc_list.pdf (Accessed October 9, 2023)
	 20. Valensisi,G. COVID-19 and global poverty: are LDCs being left behind? Eur J Dev Res. (2020) 32:1535–57. doi: 10.1057/s41287-020-00314-8 
	 21. Ebrahim,SH, Gozzer,E, Ahmed,Y, Imtiaz,R, Ditekemena,J, Rahman,NMM , et al. COVID-19 in the least developed, fragile, and conflict-affected countries – how can the most vulnerable be protected? Int J Infect Dis. (2021) 102:381–8. doi: 10.1016/j.ijid.2020.10.055 
	 22. UNCDP. Comprehensive study on the impact of COVID-19 on the least developed country category. (2021). Available at: https://www.un.org/development/desa/dpad/wp-content/uploads/sites/45/publication/CDP_Comprehensive_Study_2021-1.pdf (Accessed October 9, 2023)
	 23. Chaitkin,M, McCormick,S, Alvarez-Sala Torreano,J, Amongin,I, Gaya,S, Hanssen,ON , et al. Estimating the cost of achieving basic water, sanitation, hygiene, and waste management services in public health-care facilities in the 46 UN designated least-developed countries: a modelling study. Lancet Glob Heal. (2022) 10:e840–9. doi: 10.1016/S2214-109X(22)00099-7 
	 24. Siedner,MJ, Kraemer,JD, Meyer,MJ, Harling,G, Mngomezulu,T, Gabela,P , et al. Access to primary healthcare during lockdown measures for COVID-19 in rural South Africa: an interrupted time series analysis. BMJ Open. (2020) 10:e043763. doi: 10.1136/bmjopen-2020-043763 
	 25. WHO. WHO health workforce support and safeguards list 2023. (2023). Available at: https://iris.who.int/bitstream/handle/10665/366398/9789240069787-eng.pdf?sequence=1 (Accessed October 9, 2023)
	 26. WHO. State of the world’s nursing 2020: investing in education, jobs and leadership. (2020). Available at: https://iris.who.int/bitstream/handle/10665/331677/9789240003279-eng.pdf?sequence=1 (Accessed October 9, 2023)
	 27. UNDP. COVID-19: Looming crisis in developing countries threatens to devastate economies and ramp up inequality. (2020). Available at: https://www.undp.org/press-releases/covid-19-looming-crisis-developing-countries-threatens-devastate-economies-and-ramp-inequality#:~:text=Incomelosses are expected to,basic food security and nutrition (Accessed October 9, 2023)
	 28. Vasan,A, and Friend,J. Medical devices for low- and middle-income countries: a review and directions for development. J Med Device. (2020) 14:010803. doi: 10.1115/1.4045910 
	 29. Kruk,ME, Gage,AD, Arsenault,C, Jordan,K, Leslie,HH, Roder-DeWan,S , et al. High-quality health systems in the Sustainable Development Goals era: time for a revolution. Lancet Glob Heal. (2018) 6:e1196–252. doi: 10.1016/S2214-109X(18)30386-3 
	 30. Sigler,T, Mahmuda,S, Kimpton,A, Loginova,J, Wohland,P, and Charles-Edwards,E. The socio-spatial determinants of COVID-19 diffusion: the impact of globalisation, settlement characteristics and population. Glob Health. (2021) 17:1–14. doi: 10.1186/s12992-021-00707-2 
	 31. Dickson-Gomez,J, Nyabigambo,A, Rudd,A, Ssentongo,J, Kiconco,A, and Mayega,RW. Water, sanitation, and hygiene challenges in informal settlements in Kampala, Uganda: a qualitative study. Int J Environ Res Public Health. (2023) 20:6181. doi: 10.3390/ijerph20126181 
	 32. Bhadra,A, Mukherjee,A, and Sarkar,K. Impact of population density on Covid-19 infected and mortality rate in India. Model Earth Syst Environ. (2021) 7:623–9. doi: 10.1007/s40808-020-00984-7 
	 33. Layton,N, Mont,D, Puli,L, Calvo,I, Shae,K, Tebbutt,E , et al. Access to assistive technology during the COVID-19 global pandemic: voices of users and families. Int J Environ Res Public Health. (2021) 18:11273. doi: 10.3390/ijerph182111273 
	 34. Padma,TV. COVID vaccines to reach poorest countries in 2023 – despite recent pledges. Nature. (2021) 595:342–3. doi: 10.1038/d41586-021-01762-w 
	 35. Jahmunah,V, Sudarshan,VK, Oh,SL, Gururajan,R, Gururajan,R, Zhou,X , et al. Future IoT tools for COVID-19 contact tracing and prediction: a review of the state-of-the-science. Int J Imaging Syst Technol. (2021) 31:455–71. doi: 10.1002/ima.22552 
	 36. Li,Z, Jones,C, Ejigu,GS, George,N, Geller,AL, Chang,GC , et al. Countries with delayed COVID-19 introduction –characteristics, drivers, gaps, and opportunities. Glob Health. (2021) 17:1–13. doi: 10.1186/s12992-021-00678-4 
	 37. Guzman,J, Pincombe,M, Yadav,P, and Glassman,A. Expanding emergency vaccine manufacturing capacity in Latin America and the Caribbean. Cent Glob Dev (2022). Available at: https://www.cgdev.org/publication/expanding-emergency-vaccine-manufacturing-capacity-latin-america-and-caribbean (Accessed October 9, 2023)
	 38. Evaborhene,NA, Oga,JO, Nneli,OV, and Mburu,S. The WHO pandemic treaty: where are we on our scepticism? BMJ Glob Heal. (2023) 8:8–11. doi: 10.1136/bmjgh-2023-012636 
	 39. Balakrishnan,VS. WHO pandemic treaty: the good, the bad, & the ugly – an interview with Larry Gostin. Heal Policy Watch (2023). Available at: https://healthpolicy-watch.news/who-pandemic-treaty-the-good-the-bad-the-ugly-an-interview-with-larry-gostin/ (Accessed October 9, 2023)
	 40. Fidler,DP. The case against a pandemic treaty. Think Glob Heal (2021). Available at: https://www.thinkglobalhealth.org/article/case-against-pandemic-treaty (Accessed October 9, 2023)
	 41. Ramakrishnan,N, and Gopakumar,KM. Proposal for a WHO treaty on pandemics raises concerns. Third World Netw (2021). Available at: https://twn.my/title2/books/pdf/Proposal for a WHO treaty.finaledited.pdf (Accessed October 9, 2023)
	 42. Phelan,AL, and Mason,B. Decolonization of global health law: lessons from international environmental law. J Law Med Ethics. (2023) 51:450–3. doi: 10.1017/jme.2023.78 
	 43. Tcholakov,Y. Common but differentiated responsibilities: the equity principle guiding climate change, and the reforms for pandemic prevention, preparedness & response. Geneva Heal Files (2023). Available at: https://genevahealthfiles.substack.com/p/common-but-differentiated-responsibilities (Accessed October 9, 2023)
	 44. Third World Network. WHO: Developed countries oppose CBDR inclusion in new pandemic instrument. (2022). Available at: https://www.twn.my/title2/health.info/2022/hi220702.htm (Accessed October 9, 2023)
	 45. Kavanagh,MM, Wenham,C, Massard,E, Helfer,LR, Nyukuri,E, Maleche,A , et al. Increasing compliance with international pandemic law: international relations and new global health agreements. Lancet. (2023) 402:1097–106. doi: 10.1016/S0140-6736(23)01527-1 
	 46. Ravelo,JL. Pandemic negotiations eye incentives instead of sanctions. Dev Dent (2923). Available at: https://www.devex.com/news/pandemic-negotiations-eye-incentives-instead-of-sanctions-105488 (Accessed October 9, 2023)
	 47. Faviero,GF, Stocking,BM, Hoffman,SJ, Liu,A, Bausch,DG, Galea,S , et al. An effective pandemic treaty requires accountability. Lancet. (2022) 7:E730–1. doi: 10.1016/S2468-2667(22)00192-X 
	 48. Hampton,A, Eccleston-turner,M, Rourke,M, Switzer,S, and Mason,B. Equity in the pandemic treaty: access and benefit- sharing as a policy device or a rhetorical device? J Law Med Ethics. (2023) 51:217–20. doi: 10.1017/jme.2023.59 
	 49. Hampton,A, Eccleston-Turner,M, Rourke,M, and Switzer,S. Equity in the pandemic treaty: the false hope of access and benefit-sharing. Int Comp Law Q. (2023) 50:1–35. doi: 10.1017/S0020589323000350
	 50. Aust,HP, and Feihle,P. The WHO foundation and the law of international organizations: towards better funding for global health? Int Organ Law Rev. (2022) 19:332–64. doi: 10.1163/15723747-19020005
	 51. Fukuda-Parr,S, Buss,P, and Ely,YA. Pandemic treaty needs to start with rethinking the paradigm of global health security. BMJ Glob Heal. (2021) 6:e006392. doi: 10.1136/bmjgh-2021-006392 
	 52. Stone,D, and Schmider,A. Expert knowledge for global pandemic policy: a chorus of evidence or a clutter of global commissions? Polic Soc. (2023) 93:UAD022. doi: 10.1093/polsoc/puad022









 


	
	
TYPE Conceptual Analysis
PUBLISHED 13 November 2023
DOI 10.3389/fpubh.2023.1263293






A holistic approach in epidemics

Ioannis Tsagkarliotis* and Nikolaos P. Rachaniotis


Department of Industrial Management and Technology, University of Piraeus, Piraeus, Greece

[image: image2]

OPEN ACCESS

EDITED BY
 Marc Jean Struelens, Université libre de Bruxelles, Belgium

REVIEWED BY
 Eugenia Bezirtzoglou, Democritus University of Thrace, Greece
 Silvina C. Raiden, Hospital Pedro de Elizalde, Argentina

*CORRESPONDENCE
 Ioannis Tsagkarliotis, tsag@unipi.gr 

RECEIVED 19 July 2023
 ACCEPTED 31 October 2023
 PUBLISHED 13 November 2023

CITATION
 Tsagkarliotis I and Rachaniotis NP (2023) A holistic approach in epidemics. Front. Public Health 11:1263293. doi: 10.3389/fpubh.2023.1263293

COPYRIGHT
 © 2023 Tsagkarliotis and Rachaniotis. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

This paper explores the concept of a holistic approach in preventing and responding to epidemics. Epidemics are defined as the occurrence of an illness or health-related event exceeding normal expectations within a specific community or region. Holism emphasizes viewing systems as a whole rather than a collection of parts. In the context of epidemics, a holistic approach considers not only medical interventions but also social, economic, psychological and environmental factors that influence disease transmission and management. The impact of climate change on epidemic response, the understanding of the significance of animal health and agriculture, the consideration of art, culture and societal factors, the exploration of the use of technology and innovation, the addressing of limitations in resources and the provision of enhanced support for the mental and emotional well-being of individuals and affected communities, are parts of this holistic approach. By integrating them, innovative practices as well as cross-sectoral and interdisciplinary techniques can be employed. Such an approach has the potential to enhance epidemic prevention and response strategies, ultimately contributing to positive public health outcomes.
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1. Introduction

 “Epidemic is the occurrence in a community or region of cases of an illness, specific health-related behavior, or other health-related events clearly in excess of normal expectancy. The community or region and the period in which the cases occur must be specified precisely. The number of cases indicating the presence of an epidemic varies according to the agent, size and type of population exposed, previous experience or lack of exposure to the disease and time and place of occurrence” (1).



On the other hand, Holism is a theory formulated by the South African statesman, military leader and philosopher Jan Christian Smuts in 1926 (2), according to which any system (physical, biological, social) should be viewed as whole, not merely as a collection of parts. He mainly used the term to describe his complex philosophy regarding the organization of nature.

Holism can provide insights and recommendations for improving epidemic response efforts by adopting a more comprehensive and integrated approach that takes into account the various interconnected factors that contribute to epidemic spread and response.

The objective of this paper is to investigate and evaluate the potential benefits of using a holistic approach in responding to epidemics. This may include exploring how a holistic approach can contribute to:

	• More effective and efficient distribution of medical supplies and resources.
	• Improved communication and coordination among different stakeholders involved in epidemic response.
	• Better understanding and consideration of social and environmental factors that impact epidemic spread and response.
	• Increased focus on promoting community engagement and empowerment in epidemic response efforts.
	• Enhanced support for the mental and emotional well-being of individuals and communities affected by epidemics.



2. Background and literature review

Epidemics management is a complex and challenging task that involves various aspects like protection, prevention and treatment. Thoughtful preparation and swift mobilization of healthcare professionals and medical supplies are essential in slowing down or halting epidemics spread (3). Epidemic response requires the integration of multiple disciplines, including epidemiology, social sciences, diplomacy, logistics and crisis management. To achieve the best possible outcomes in addressing epidemics, a more holistic approach should be adopted.

In epidemics, a holistic approach entails considering all aspects of the outbreak, including medical interventions as well as social, economic and psychological factors that influence the spread of the disease. This approach acknowledges that epidemics are not only public health crises but also have far-reaching consequences for individuals, families, communities and the society as a whole. Therefore, a holistic approach aims to address all dimensions of an epidemic, encompassing prevention, diagnosis, treatment and recovery, suggesting that a comprehensive understanding of the whole is necessary to fully understand the individual parts (4). While reductionist thinking focuses on analyzing phenomena by studying their individual components, holistic thinking recognizes the interconnectedness and interdependence of these components (5).

Holistic medical care addresses the overall health of individuals, encompassing their physical, mental and emotional well-being, while also considering social factors (6–9). Implementing a holistic approach in healthcare policy leads to a better understanding of patients’ needs for treatment and helps in accepting self-responsibility during a pandemic (10, 11). It also aids in comprehending the transmission and infection mechanisms of a virus as well as the multi-level functioning of the immune system (12) combined with the immense vaccination efforts undertaken, as for example was the case for COVID-19 (13).

Relevant research has highlighted the importance of multi-sectoral collaboration, community engagement and health system strengthening as key components of a holistic approach to epidemics. Case studies of countries that have successfully implemented a holistic approach in their epidemic response, such as Vietnam (14) and South Korea (15) during the COVID-19 pandemic provide valuable lessons. The aspects of a holistic approach in epidemics that have been studied include:

• Community engagement: engaging with local communities and involving them in the planning and implementation of epidemic response measures has been found to be an important aspect of the holistic approach. Research has shown that community involvement can lead to increased acceptance of interventions and better outcomes (16).

	• Mental health: the mental health of individuals affected by an epidemic can have a significant impact on their overall well-being and ability to recover (17). The importance of providing mental health support during and after an epidemic (18), especially in order to allay public fear and perception and encouraging people to avail routine healthcare services, irrespective of the status of the patient (19), is paramount.
	• Social determinants of health: the social determinants of health, such as poverty, access to healthcare and education, have a significant impact on the spread and impact of an epidemic. The holistic approach addresses these factors (20, 21).
	• Environmental factors: the environment plays a role in the transmission of a disease, and the importance of addressing environmental factors such as sanitation and hygiene in epidemic response has been highlighted (22).
	• International cooperation: the global nature of epidemics requires international cooperation and collaboration (23, 24).
	• Healthcare infrastructure: the healthcare infrastructure, including hospitals and healthcare workers, plays a critical role in epidemic response. Research has explored the importance of preparedness and capacity-building in healthcare infrastructure to respond effectively to epidemics (25).

This paper’s contribution is the development of a conceptual model setting the framework for a holistic approach in epidemics response. It includes identifying key components, outlining the relationships between different factors and proposing a structure to identify gaps and areas for further investigation.



3. Holistic approach model

A holistic approach in the case of epidemics has to deal with both preventing and responding and should be characterized by a general and spherical thinking (26), not limited to trivial and common practices already applied, but rather use innovative ones combining cross-sectoral and multi-interdisciplinary techniques. The proposed conceptual framework model provides a structured overview of the key components and outcomes associated with a holistic approach in epidemic response. It highlights the importance of interdisciplinary collaboration, comprehensive understanding and assessment, prevention and preparedness, integrated interventions, community engagement and empowerment, as well as continuity and resilience. Its major parts include:


3.1. The impact of climate change on epidemic response

Climate change has a significant impact on epidemic response by altering the transmission and distribution of infectious diseases. Changes in temperature, rainfall patterns and extreme weather events can affect the breeding and survival of disease vectors such as mosquitoes and ticks, as well as the habitat of animals that can carry and transmit diseases.

For example, as temperatures increase, the geographic range of some disease vectors can expand, increasing the risk of their transmission in new areas. In addition, changes in rainfall patterns can create new breeding grounds for disease-carrying mosquitoes, leading to increased transmission of diseases such as dengue fever and Zika virus. Extreme weather events such as floods and hurricanes can also lead to the displacement of people and animals, increasing the risk of disease transmission.

Climate change’s impact on the spread of infectious diseases has already been studied in the cases of malaria, Lyme disease and West Nile virus (27). Therefore, it is important for epidemic response strategies to take into account the potential impact of climate change and incorporate measures to mitigate its effects. Some potential strategies under a holistic perspective include improving surveillance systems to detect changes in disease transmission patterns, implementing mosquito control programs and promoting public health messaging and education campaigns to increase awareness of disease risks and prevention measures. Additionally, the efforts to reduce greenhouse gas emissions and mitigate the impacts of climate change can also indirectly benefit epidemic response efforts by reducing the potential for disease transmission.



3.2. The role of animal health and agriculture in epidemic response

Animal health and agriculture play a significant role in epidemic response, particularly in zoonotic diseases that can be transmitted from animals to humans. The holistic approach to epidemic response acknowledges the importance of animal health and agriculture as part of the larger public health system.

One aspect of the role of animal health and agriculture in epidemic response is the need for effective disease surveillance systems in animal populations. By detecting outbreaks of diseases in animals, public health officials can take preventative measures to limit the spread of the disease to humans. This requires collaboration between public health officials and those involved in animal health and agriculture, such as veterinarians and farmers (28).

Another aspect is the importance of safe and healthy food production practices. In the case of zoonotic diseases, it is essential to ensure that food products from animals are safe for human consumption (29). This requires a focus on animal health and hygiene, as well as safe food handling practices.

Research has also explored the role of animal vaccination programs in epidemic response (30). By vaccinating animals against diseases that can be transmitted to humans, such as avian influenza, public health officials can limit the spread of the disease and reduce the risk of human outbreaks.



3.3. The impact of art, cultural, and societal factors on epidemic response

Cultural and societal factors can have a significant impact on epidemic response. Beliefs and practices related to traditional medicine, burial rites and social gatherings can influence the spread of disease and the effectiveness of interventions. In some cases, cultural beliefs and practices may be at odds with public health recommendations, which can lead to resistance or mistrust (31).

This approach involves considering the cultural context in which an epidemic occurs (32), and understanding how art and cultural practices can be leveraged to promote health and resilience among affected populations. In the context of epidemic response, arts and culture can be used to disseminate important public health messages, reduce stigma and discrimination (33, 34) and promote mental and emotional well-being among affected individuals and communities.

The holistic approach to the role of arts and culture in epidemic response recognizes the potential for creativity and innovation in promoting health and well-being during an epidemic and emphasizes the significance of collaborative efforts with artists and cultural practitioners to develop appropriate and effective public health interventions. This approach recognizes the value of leveraging arts and culture as powerful tools for promoting positive health outcomes (35) and fostering community engagement in epidemic response, providing opportunities for artists to share their work, as well as incorporating artistic and cultural practices into public health programs and policies.

Research has explored the impact of cultural and societal factors on epidemic response in various contexts. In the Ebola outbreak in West Africa, traditional dance and music were used to educate people about the disease and promote preventive behaviors (36). A study in Sierra Leone found that community engagement and dialogue were crucial for building trust and addressing cultural practices related to burial rites during the Ebola outbreak (37). Another study in Uganda found that involving traditional healers in the response to cholera outbreaks improved community acceptance of interventions and adherence to prevention measures (38).

Similarly, the impact of social and economic factors on epidemic response has also been addressed. For example, income inequality and crowded living conditions were associated with a higher risk of COVID-19 spread (39). Another study in the United States found that the availability of sick leave and other social protections enhance the ability of individuals to stay home when sick and prevent the spread of a disease (40).



3.4. The use of technology and innovation in epidemic response

Technology and innovation can play an important role in epidemic response, from developing new treatments and vaccines to implementing digital tools for surveillance and monitoring (41). The holistic approach to the impact of technology and innovation on epidemic response involves considering the interplay between technological advancements, innovation and epidemic response strategies. This includes exploring the potential of new and emerging technologies such as telemedicine (42), mobile health (43), artificial intelligence (44), and big data analytics (45) to improve disease surveillance, diagnosis and treatment.

The holistic approach also involves examining the impact of technology and innovation on the social, economic and environmental factors that influence epidemic response. For example, the use of technology to facilitate remote work and telecommuting can help reduce the spread of infectious diseases in the workplace, while also mitigating the economic impact of quarantine measures. Additionally, the holistic approach to technology and innovation in epidemic response involves considering the ethical implications of using technology in public health interventions. This includes ensuring that the collection and use of personal health data is carried out in a responsible and transparent manner and that vulnerable population are not further marginalized by technological advancements.



3.5. The limitation in resources

Limitations in resources can significantly impact the effectiveness of a holistic approach to epidemic response. In resource-poor settings, the implementation of a holistic approach may be challenging due to a lack of adequate healthcare infrastructure, funding, an efficient and effective supply chain and trained personnel. This can result in inadequate surveillance and response systems, leading to delayed identification and response to outbreaks, and poorer mental and emotional well-being.

A supply chain in an epidemic response refers to the network of organizations, individuals, activities, information and resources involved in the production, transportation, storage and distribution of goods and services that are critical to the response efforts (46). In the context of an epidemic, the supply chain plays a crucial role in ensuring that necessary medical supplies, equipment and other resources are available in the right quantities, at the right time and in the right place to respond to the crisis (47). This includes items such as personal protective equipment (PPE), vaccines, diagnostic tests, medicines and other medical supplies. A well-functioning supply chain is essential to ensure that there is no shortage of critical supplies or delays in their delivery to affected areas (48). The supply chain also plays a critical role in ensuring that the response efforts are sustainable in the long term by maintaining an adequate supply of essential items and preventing stockouts. Effective supply chain management can help to minimize waste, reduce costs and ensure that resources are allocated efficiently to support the response efforts. This can be achieved through the coordination and collaboration among various stakeholders involved in the supply chain, including governments, international organizations, healthcare providers, manufacturers, distributors and logistics companies.

The lack of resources can also impact the implementation of innovative technologies and interventions that can enhance epidemic response. For example, the use of telemedicine and digital health solutions may be limited in resource-poor settings due to poor internet connectivity and inadequate infrastructure. Furthermore, the implementation of sustainable and environmentally friendly interventions may also be challenging due to limited resources and funding.

A holistic approach regarding resources in epidemic response involves considering several factors that yield resource constraints and addressing them in a coordinated and efficient manner. This approach may involve:

	1. Prioritization: Prioritizing the most critical resources, such as healthcare personnel, medical supplies and equipment, in order to ensure they are allocated to areas with the greatest need.
	2. Resource sharing: Encouraging sharing and collaboration among different organizations and agencies involved in epidemic response to optimize the use of available resources.
	3. Innovation: Encouraging innovation in developing new tools, technologies and strategies that can maximize the impact of limited resources in epidemic response.
	4. Community involvement: Engaging local communities and stakeholders in the epidemic response to identify local resources that can be leveraged to support the response efforts.
	5. Capacity building: Investing in capacity building programs that aim to enhance the skills and knowledge of healthcare personnel, researchers and other stakeholders involved in epidemic response.
	6. Advocacy: Advocating for increased funding and resources to support epidemic response efforts, including research and development of new technologies, infrastructure improvements and training programs.



3.6. Enhanced support for the mental and emotional well-being of individuals and communities affected by epidemics

This involves addressing public fears and perceptions, as well as promoting the utilization of routine healthcare services regardless of a patient’s status. Emphasizing the importance of seeking regular healthcare services helps ensuring that individuals receive necessary medical attention and maintain their overall well-being during epidemics (19). By allaying fears and encouraging routine healthcare access, the negative effects of fear and stigma associated with the epidemic can be mitigated, promoting a healthier and more resilient community.

The proposed holistic approach conceptual model in epidemics is illustrated in Figure 1. The inputs are divided in two parts: The ones at the left have already been mentioned in the literature. The ones at the right have not been previously addressed and it is necessary to infuse them in epidemic response. The outputs are the desired results: effective epidemic control, reduced morbidity and mortality and increased community health level.
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FIGURE 1
 A holistic approach conceptual model in epidemics.





4. Limitations

The implementation of a holistic approach to epidemic response, while conceptually beneficial, can face several challenges that may hinder its effectiveness. It can encounter various challenges that may impede its successful execution. Some potential drawbacks include:

1. Complexity and Coordination: Holistic approaches often involve multiple sectors and stakeholders, requiring intricate coordination and collaboration. The complexity of aligning diverse strategies and actors can lead to delays, conflicts and difficulties in achieving consensus.

2. Resistance to Change: Individuals, communities, or institutions might resist changes that disrupt existing norms or practices, even if the changes are meant to improve overall well-being.

	3. Vulnerable and marginalized communities: While holistic approaches intend to address a range of issues, benefits might not be distributed equitably across all segments of the population. Vulnerable and marginalized communities might still experience disparities in accessing the benefits of the approach because they may have limited access to healthcare and information, particularly in low-income countries, hindering their ability to make informed decisions about their health and well-being. Marginalized communities may face challenges in participating in decision-making processes or may not have their voices adequately heard. These communities frequently bear a disproportionate burden of environmental risks, which can result from geographical isolation, financial constraints and cultural disparities.
	4. Political Barriers: Bureaucratic hurdles and policies might not be designed to accommodate holistic approaches, leading to legal and bureaucratic barriers that hinder implementation. Moreover, holistic approaches often aim for long-term impact, which might not align with short-term political or funding cycles. This can create challenges in garnering sustained support and commitment from stakeholders.



5. Conclusion

The adoption of a holistic approach in epidemics response is crucial for effectively addressing the multifaceted challenges posed by infectious disease outbreaks. This approach encompasses a comprehensive understanding of the epidemic, involving diverse stakeholders and disciplines and integrating various preventive, curative and supportive measures. The approach recognizes the interconnectedness of medical, social, economic and environmental factors and emphasizes the importance of collaboration and coordination among stakeholders from different sectors.

Furthermore, a holistic approach highlights the significance of community engagement, cultural sensitivity and empowerment, ensuring that the response strategies are tailored to the specific needs and contexts of affected communities. It also acknowledges the value of traditional medicine and complementary practices, integrating them into the broader healthcare framework. Finally, it promotes preparedness and resilience, emphasizing the importance of continuous monitoring, evaluation and learning, addressing aspects that have not been fully explored.

In conclusion, the holistic approach yields great potential in enhancing the ability to prevent, control and mitigate the impact of epidemics. By embracing a comprehensive and integrated response strategy, a more resilient, equitable, and effective healthcare system, better equipped to protect the health and well-being of individuals and communities in the face of epidemics, can be fostered.
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Background: The rapid global spread of severe acute respiratory syndrome coronavirus (SARS-CoV-2) was met with the rollout of vaccination campaigns at mass vaccination centers. The Palazzo delle Scintille, Milan, was designated by the Lombardy regional administration as a vaccination site with the target of processing about 9,000 users daily.
Methods: For this observational study, we compared data on vaccinations delivered at the Palazzo delle Scintille with coronavirus disease (COVID-19)-related regional data.
Results: Between 25 April 2021 and 28 February 2023, a total of 1,885,822 COVID-19 doses were administered; the mean hourly rate was 289 (247.2), the mean daily rate was 3185.5 (3104.5), the mean user age was 49.5 years (10.7). The Comirnaty vaccine (Pfizer-BioNTech) was most often given (1,072,030/1,885,822; 56.8%). Between 4 December 2021 and 15 January 2022, the daily dose rate was above the maximum daily capacity set by the regional administration.
Conclusion: The trend for daily dose rates administered at the Palazzo delle Scintille center was in line with COVID-19-related regional data. The center played a major role in the regional mass vaccination campaign.

KEYWORDS
 vaccine, COVID-19, mass vaccination center, vaccination experience, organizational layout


1 Introduction

Highly infectious, often fatal, and with the potential for rapid spread, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was met with mass vaccination campaigns to curb the spread of coronavirus disease (COVID-19) (1). Lombardy was the first region in Europe to be struck by the disease; (2, 3) the initial transmission rates were so high that area hospitals were soon overloaded with severely ill patients (4, 5). In an effort to lighten the burden on hospital services, alternative venues were designated as mass vaccination centers (MVC) (1, 6, 7). At the start of the COVID-19 pandemic, the Lombardy regional administration relied on existing community-based vaccination clinics and fully equipped hospitals working within the Italian national health service which, however, were found unable to sustain delivery of high-volume vaccination, maintain stock, give additional shots of certain types of vaccines, and ensure the cold chain (1, 8). The regional administration then designated large public venues (e.g., exhibition spaces) to be converted into MVCs and mandated 65 community and research hospitals in Lombardy (9) to manage 56 mass vaccination sites (10).

The Palazzo delle Scintille, located in Milan, the largest of the region’s vaccination sites, was set a daily target of 9,936 vaccinations when operating at maximum capacity (9–11). The Fondazione IRCCS Ca′ Granda Ospedale Maggiore Policlinico was mandated to manage the MVC, under the responsibility of the hospital’s administrative board of healthcare professionals, which was assigned the organization and the management of the site’s operations. The Palazzo delle Scintille MVC was designed according to information provided by the Lombardy regional administration and based on a model studied in the Fiera Milano City pavilion (9, 12). The influenza vaccine was administered to eligible persons (13) jointly with the COVID-19 vaccine during two flu vaccination campaigns (2021/2022 and 2022/2023 seasons) promoted by the regional administration to foster flu vaccination adherence.

The aim of the present observational study was: (1) to quantify the longitudinal activity of the MVC expressed as COVID-19 vaccine dose rates by comparing the center’s rates with COVID-19-related regional data; (2) to evaluate the organizational and managerial operations at the MVC; and (3) to describe the administration of influenza vaccination.



2 Materials and methods


2.1 Organization of space and user flow inside the Palazzo delle Scintille MVC

The Palazzo delle Scintille was selected because of its convenient location and space capacity. The site is served by surface and underground public transport, making it easy to reach from other parts of Milan or the metropolitan area. The center measures 15,500 square meters in floor area, which was subdivided into stations in linear sequence along which users advanced (check-in, evaluation, vaccine administration, observation), similar to the pathway layout of other large-scale vaccination centers in Italy and around the world (1, 12, 14–19). The center was divided into two identical areas (A and B), each with its own entrance. Each area was subdivided into three modules with 24 stations: 12 for evaluation and 12 for vaccination, for a total of 144 stations (Figure 1). Appointments could be made via the Poste Italiane web site, where users could check waiting times and center opening times. Users could also come on a walk-in basis without booking an appointment.
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FIGURE 1
 Floor plan and users flow. The arrows indicate the direction of user flow inside the Palazzo delle Scintille MVC.


Based on estimated user flow projection from the data recorded on the Poste Italiane platform, the MCV management checked with the pharmacy about the daily availability of doses before scheduling the number of vaccination lines (i.e., evaluation and vaccination by one physician and one nurse at two stations) and modules to be activated each week.



2.2 Staff management and training

The center was staffed by physicians, nurses, and pharmacists for vaccine stockage and administration, as well as support staff, including clerical workers, volunteers, and National Guard members who assisted in directing user flow and data collection. The hospital administrative board oversaw the work of the head manager, the head pharmacist, the chief physician, and the chief nurse employed at our institution, as well as staff from community (ASST Santi Paolo e Carlo, Rhodense, Pini-Trauma Center, Fatebenefratelli-Sacco) and research hospitals (Fondazione IRCCS Istituto Neurologico Carlo Besta, Fondazione IRCCS Istituto Nazionale dei Tumori) located in the Milan metropolitan area, which collaborated during peak service times.

Given the number of people involved in widely diverse tasks, staff turnover, and urgent recruitment, staff training was conducted online, with the aid of operative training in specific stages of operation, roles, and responsibility of each staff member, as well as instruction on electronic data entry. The operative training was updated by integrating information and guidelines issued by national and regional governments and the Italian Medicines Agency to ensure staff received accurate and timely information.



2.3 Statistical analysis

Data on daily rates of COVID-19 and influenza vaccination administered at the center were collected via the Poste Italiane website services granted the Lombardy regional administration to support the mass vaccination campaign. The data on the number of COVID-19 vaccinations and SARS-CoV-2-positive swabs recorded for Lombardy were downloaded from the GitHub software platform (20). Data on persons who were vaccinated at the center between 25 April 2021 and 28 February 2023, opening and closing dates, respectively, were exported into Excel and processed. Data are expressed as the mean and standard deviation (SD) or total frequency and percent (%). Longitudinal trends for dose delivery rates at the center and at other vaccination centers in Lombardy and the number of COVID-19 cases recorded for Lombardy were obtained by nonparametric smoothing. Two-sided chi-square test was used to compare the yearly influenza vaccination rates. Statistical analysis was performed using Open Source R software (21).




3 Results


3.1 COVID-19 vaccination delivery volume

Between 25 April 2021 and 28 February 2023, a total of 1,885,822 COVID-19 vaccinations were administered, 957,442 (50.8%) of which were given to males; the hourly dose rate was 289 (247.2) and the daily dose rate was 3185.5 (3104.5) (range, 53 on 22 February 2022 to 12,826 on 22 July 2021). The mean user age was 49.5 (10.7) years (range, 5–108). A total of 139,585 (7.4%) vaccinations were administered to children (age < 18 years) and 431,024 (22.9%) to older adults (age ≥ 60 years). The first dose was given to 490,695 users, the second to 539,049, the third to 701,619, the fourth to 143,477, and the fifth to 10,982 (Figure 2).
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FIGURE 2
 Volume of COVID-19 vaccinations stratified by dose (first to fifth).


Starting on 4 December 2021, the center began operating beyond the capacity set by the Lombardy administration (9,936 daily doses), except for two days during the summer months (Figure 3). The mean daily dose rate recorded for December 2021 was 10,276 (3.35% first dose, 7.55% second dose, 89.10% third dose). The center worked over capacity on 35 days.

[image: Bar chart showing shot administrations from April 2021 to March 2023. Peaks appear in mid-2021 and late 2021, with a significant spike in November to December 2021 shown in red. Activity diminishes post-mid 2022.]

FIGURE 3
 User frequency. Red bars denote the days when the center operated above maximum capacity.


The vaccine most often given was Comirnaty (Pfizer-BioNTech; 1,072,030/1,885,822, 56.8%), followed by Spikevax (Moderna; 629,435/1,885,822, 33.4%), Vaxzevria (AstraZeneca; 59,000/1,885,822, 3.1%), Janssen (Johnson & Johnson; 11,070/1,885,822, 0.6%), Comirnaty Pediatric (Pfizer-BioNTech; 10,921/1,885,822, 0.6%), and Nuvaxovid (Novavax; 2180/1,885,822, 0.1%). Two bivalent vaccines, Comirnaty Plus 10 and Plus B.A. 4–5 and Spikevax B.A. 4–5 (84,131/1,885,822, 4.5% and 6604/1,885,822, 0.3%, respectively), were administered as additional (booster) vaccinations to users aged 12 years and older. Starting in January 2023, Original/Omicron BA.4–5, the bivalent pediatric formulation of Comirnaty, was authorized for use in children aged 5–11 years and given to 77 children (22).

Nearly all users (1,848,527/1,885,822, 98%) were residents of Lombardy, 95% (1,755,708/1,848,527) were residents of the province of Milan, and 72.9% (1,279,819/1,755,708,) were residents of the city of Milan. The proportion of vaccinations given at the center was 8.4% (1,885,819/22,427,453) of the total administered in Lombardy. The daily dose rate was in line with the rates recorded for other vaccination center in Lombardy (Figure 4). The trend for the daily dose rate recorded for the center compared to the trend for the number of COVID-19 cases in Lombardy is shown in Figure 5.
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FIGURE 4
 Frequency of COVID-19 vaccination recorded for Lombardy (solid line) and for the Palazzo delle Scintille MVC (dotted line). Red lines denote nonparametric locally weighted running line smoother with 95% confidence interval bands.


[image: Line graph showing log of N over time from April 2021 to March 2023. Two lines are plotted: a solid black line for Lombardia and a dashed line for Palazzo delle Scintille, both showing fluctuating trends with general declines.]

FIGURE 5
 Frequency of COVID-19 positive cases in Lombardy (solid line) and frequency of COVID-19 vaccinations administered at the Palazzo delle Scintille MVC (dotted line). Red lines denote nonparametric smoothing using restricted cubic splines with 8 knots, with 95% confidence interval bands.




3.2 Influenza vaccination delivery volume

During the 2021 winter flu season, a total of 49,045 influenza vaccinations were administered to persons aged 70.2 (7.8) years, on average (range, 3–104), making up 2.6% (49,045/1,842,201) of the influenza vaccinations administered in Lombardy between October 2021 and February 2022. The vast majority (79.7%) were aged 60 years or older, while children (<18 years) accounted for only 0.1% (32/49,045).

During the 2022 winter flu season, 30,688 influenza vaccinations were administered to persons aged 59 (8.8) years, on average (range, 1–108); 69.8% were aged 60 years or older and 1.6% aged under 18 years, with 305 (1%) under age 12 years. Table 1 presents the yearly dose volumes for 2021 and 2022. The rate was 8,527 for October 2021 (versus 82,278 COVID-19 vaccinations) and 12,124 for October 2022 (versus 32,048 COVID-19 vaccinations). The proportion of influenza vaccinations was 9.4% (85,527/90,805) for October 2021 and 27.45% (12,124/44,172) for October 2022.



TABLE 1 Monthly influenza vaccination rates for 2021 and 2022.
[image: Table comparing monthly counts and percentages for 2021 and 2022. October, November, and December have higher counts in 2021. January and February have similar counts in both years. All p-values are less than 0.001, indicating significant differences. Total counts for 2021 are 49,045 and for 2022 are 30,688. Data are presented as counts and percentages.]



3.3 Staff

A total of 6,500 physicians and nurses were credentialed via the Poste Italiane web site for administering vaccinations at the center. Physicians and nurses from eight community and research hospitals in the Milan metropolitan area, primary care providers, freelance healthcare providers, and volunteer professionals participated in the vaccine campaign.




4 Discussion

The Palazzo delle Scintille MVC worked beyond capacity of the daily dose rate set by the Lombardy administration during December 2021 and early January 2022. User flow gradually decreased starting in February 2022, reflecting the general decline in adherence to the COVID-19 vaccination campaign in Lombardy. The center offered both influenza and COVID-19 vaccination during the 2021 and 2022 winter campaigns; the number of vaccinations was higher for October 2022 than for October 2021.

Across the globe, MVCs responded adequately to the COVID-19 public health emergency (1, 8, 18, 23) by providing infrastructure and space at large public venues converted into high-throughput vaccination sites. MVCs supported campaigns for population-wide vaccination (14, 24–26). User flow design was based on previous queueing process models of areas for user registration, evaluation, vaccination, and observation (12, 14, 16–18). The modular layout allowed for sector deployment according to daily user flow rate and for flexible capacity utilization (12, 14, 19).

During peak user flow periods, people who had booked in advance were given priority and joined a separate queue at the entrance of the center for their appointment. This meant that the number of vaccination lines and sectors had to be adjusted as needed to meet demands within the center’s operating hours and doses available. Finding additional resources among doctors and nurses was the greatest challenge: the majority came to work at the center on their days off. They were paid for their time working at the center.

The pandemic struck Lombardy more severely than elsewhere in Europe (2, 4). The first COVID-19 outbreak occurred in February 2020, followed by five waves throughout the country: the first occurred in spring (March–May 2020) with an overall death toll of 33,606; the second in fall/winter (October 2020 through January 2021); the third from February to May 2021; the fourth from June 2021 to October 2021, and the fifth and final from November 2021 to February 2022 (27). The Italian COVID-19 vaccination campaign was similar to that of other European Union countries, in which the target population was differentiated by social category. Initially, priority was given to health and social workers, nursing home residents and staff, people aged 80 years or more, and those aged between 60 and 79 years and living with chronic disease (phase-1 campaign). The campaign was extended to law enforcement, teachers and school staff, pharmacists, veterinarians (phase-2 campaign), then to people with comorbidities aged less than 60 years, and ultimately to the remaining population (phase-3 campaign) (17). After 2,853,287 doses had been administered in Lombardy, the center began operation to support the phase 3 campaign during the third pandemic wave. At that time, the vaccinable population over 5 years of age was 9,904,997 and the people who completed the vaccination cycle with two doses or single dose were 876,596.

The target daily dose rate at the center was 9,936. Between 4 December 2021 and 15 January 2022 the rate was above capacity probably because users could get a vaccination at the center on a first-come-first-served walk-in basis. The center was busiest when users came for additional vaccinations (28, 29) and during the Christmas holidays. To meet the heightened demand, an organizational model including fast tracks was adopted to shorten service times: users could be evaluated and vaccinated at the same station, thus shortening waiting times between user areas, as suggested in a study by Smith et al. (18) and observation of other MVCs in Italy (12, 16).

Based on this model, users were categorized according to the dose they came to receive. Users who came to the center for their first or second dose or presented with major medical issues (e.g., known allergy to a vaccine component) underwent medical evaluation prior to vaccination by a physician, whereas the remaining users were administered their vaccination by a nurse. This reorganization reduced processing time in response to user experience and dissatisfaction with long waiting times (18, 30).

The daily dose trend appears to partially follow that of SARS-CoV-2 positive cases reported for Lombardy. Starting from the opening of the center through to the deployment of services for booster vaccination during the COVID-19 vaccination campaign (28), parallel trends can be noted for the number of vaccinations administered and the number of COVID-19 positive cases recorded for Lombardy (September 2021). The decline in vaccinations followed the decrease in the number of positive cases in Lombardy starting in February 2022. Vaccination rates peaked twice: once between December 2021 and January 2022 when booster shots became available for children under age 18 years and adolescents aged 12 to 15; (31) then again when possession of the so-called Green Pass COVID-19 became mandatory (32) from the summer to the autumn of 2022, during which a second booster was recommended for adults ≥60 years, (33, 34) and fines were issued to anyone who did not complete the vaccination cycle, (35) as well as the deployment of mRNA vaccine (bivalent Original/Omicron BA.1). The number of SARS-CoV-2-positive cases in Lombardy and the daily dose rates declined after 1 November 2022 when vaccination was no longer mandatory (36). However, media attention to, expert opinion on, and government promotion of the vaccination campaign may have nudged people to book their vaccination at the center, especially because of the expected increase in transmission of COVID-19 infection. The similarity between the curves might also be explained by the timing of vaccination against respiratory virus.

The total number of influenza vaccinations at the center was lower for 2022 and 2023 than for 2021 and 2022, though more people were vaccinated in October 2022 than in 2021. The difference may be explained by the recommendations issued by the Ministry of Health to move forward to October that year’s influenza vaccination campaign (37). Together with the decline in the number of COVID-19 vaccinations, the number of influenza vaccinations in the following months was lower than in previous years because it could be received at the same visit for the COVID-19 vaccination, except for open day events sponsored by the regional administration to specifically promote influenza vaccination campaigns. This decrease in the 2022–2023 flu vaccination rate occurred although flu virus circulation the previous year in Europe (2021–2022 season) was higher than that after the onset of the COVID-19 pandemic in 2020. Moreover, this unusually late onset of the 2021–2022 influenza season might have been influenced by the COVID-19 pandemic. Measures implemented during the winter could have delayed the onset when COVID-19 restrictions were lifted (38). The influenza incidence was nevertheless significantly lower in the 2021–2022 flu season than the pre-pandemic levels. The decision to combine the administration of influenza vaccines and COVID-19 booster vaccines may have been an effective strategy to increase immunization coverage (39). As stated by Domnich et al., public acceptance of vaccination with both vaccines simultaneously was relatively low in Italy, despite the reported advantages of co-administration (40).

Over 7,000 persons were involved in keeping the center running. Clinical staff worked daily shifts of 12, 10 or 6 h depending on daily bookings and user frequency at 144 stations during full operation. Volunteers were vital in relieving clinical staff of nonclinical tasks such as directing use flow and providing help and assistance. The importance of engagement by nonclinical staff in the daily operation of a MVC resides in the increased need for recruiting clinical staff for patient management in hospitals and vaccination campaigns (14–16, 19, 41).


4.1 Strengths and limitations

Set within a regional, national, and international context, the set up and management of the Palazzo delle Scintille COVID-19 MVC provides an example for emergency preparation in the prompt delivery of health and medical services. A limitation to the present study is that we were unable to collect adequate data on the human resources employed in the center’s daily operations; therefore, we cannot draw correlations between daily frequency and constraints on staff availability. Fast vaccination tracks were deployed during the period when the center operated above capacity in an effort to optimize workflow and respond to use dissatisfaction. Unfortunately, we were unable to measure the impact that the organizational model had on these variables due to the lack of data systems for tracking the number of resources involved and the vaccination waiting times.




5 Conclusion

Between December 2021 and January 2022 the Palazzo delle Scintille MVC operated above capacity set by the regional administration. User frequency reflected the evolution of regulations concerning COVID-19 vaccinations. The experience gained from setting up and managing the Palazzo delle Scintille MVC can inform the establishment of similar MVCs in other regions or countries.
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The COVID-19 pandemic has exemplified the importance of interoperable and equitable data sharing for global surveillance and to support research. While many challenges could be overcome, at least in some countries, many hurdles within the organizational, scientific, technical and cultural realms still remain to be tackled to be prepared for future threats. We propose to (i) continue supporting global efforts that have proven to be efficient and trustworthy toward addressing challenges in pathogen molecular data sharing; (ii) establish a distributed network of Pathogen Data Platforms to (a) ensure high quality data, metadata standardization and data analysis, (b) perform data brokering on behalf of data providers both for research and surveillance, (c) foster capacity building and continuous improvements, also for pandemic preparedness; (iii) establish an International One Health Pathogens Portal, connecting pathogen data isolated from various sources (human, animal, food, environment), in a truly One Health approach and following FAIR principles. To address these challenging endeavors, we have started an ELIXIR Focus Group where we invite all interested experts to join in a concerted, expert-driven effort toward sustaining and ensuring high-quality data for global surveillance and research.
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Introduction

High-throughput Sequencing (HTS) has made a huge impact in medicine, and pushed us into the era of personalized and genomic medicine. Microbiology is one of the fields where an unprecedented revolution has taken place, as HTS allows genomic characterization of pathogens of interest at clinical and public health levels, which eases their surveillance and outbreak control, making the concept of One Health (1, 2) a reality. Whole Genome Sequencing (WGS) technique has proven to be more informative and allows for better typing of microorganisms than classical techniques. The European Center for Disease Prevention and Control (ECDC) and the World Health Organization (WHO) have made recommendations to incorporate WGS for typing in outbreak surveillance and investigation at the global level, publishing notably a roadmap listing priority pathogens and deadlines for this analysis implementation (3, 4). HTS has many advantages such as high performance, quality, flexibility and scalability. HTS is gradually being applied to multiple tests carried out in a microbiology laboratory, such as the identification of microorganisms, outbreak characterizations and antimicrobial resistance determination, all essential for both microbiological surveillance and research.

The experience acquired by using WGS for bacterial outbreaks investigation allowed research and clinical laboratories to respond efficiently to the crisis provoked by the COVID-19 pandemic, where the sequencing of SARS-CoV-2 has contributed to enhanced diagnosis, treatment, vaccine development and viral evolution surveillance. The importance of viral genomic sequencing in clinical and epidemiological research is exemplified by the observed differences in speed and scale of genomic surveillance between the first acute respiratory syndrome (SARS) epidemic and the SARS-CoV-2 pandemic. Only 3 viral genomes were published in the first month of the SARS epidemic, reaching 31 in the following 3 months, representing valuable information for the molecular diagnostic yet not enough to follow viral genomic epidemiology in real-time at a large scale (5). On the contrary, during the COVID-19 pandemic, metagenomic sequencing allowed the identification of a new pathogen causing an unknown respiratory infection in just a few weeks in December 2019 (6, 7). Therefore, at the beginning of the year 2020, there were already hundreds of viral genomes in databases, currently reaching millions of sequences, setting a great example of a global effort on sequencing and data sharing. The sequencing of SARS-CoV-2 genome has proven to be an essential tool for the design of diagnostic PCRs, the study of outbreaks, understanding viral evolution and monitoring the effect of viral variants on the available vaccine or antiviral treatments. The viral genomic information has helped in taking public health measures, in accordance with the current epidemiological situation.

In 2021, the ECDC proposed possible public health measures to contain community transmission of the variants of interest (8) based on early detection of circulating variants by WGS of specific cases such as vulnerable patients, severe infections or cases from areas with circulation of variants of interest. To implement such measures, genomic sequencing had to be integrated into epidemiological surveillance. In the same direction, the European Commission urged member states to increase sequencing rates, targeting at least 5% of positive COVID-19 test results to be sequenced, to minimize delays from isolation to results and to ensure data sharing across countries, as active measures for surveillance (9).

The COVID-19 pandemic has exemplified the urge for international molecular data sharing together with minimal epidemiological metadata for interpretation. International data repositories have played a key role in enabling data access and reuse for research and surveillance through dashboards and epidemiological tools. Notable examples include the open EU Covid-19 Data Portal (10) and GISAID (11), as well as various data-enabled dashboards such as Nextstrain (12), CoVariants (13), CoVSpectrum (14), GalaxyProject SARS-CoV-2 analysis effort (15) and outbreak.info (16). For a successful data sharing process, the importance of data brokers has emerged in various regions and countries. This has proven to be an essential service to facilitate centralized data curation, standardized processing and re-sharing to various repositories with common anonymisation/pseudonymisation rules or to local public health authorities through tailored reports (Figure 1). In this model, individual laboratories perform pathogen characterization, then sequence or outsource sequencing to local/national sequencing platforms, and then submit their data and metadata within agreed standards to a local or national data hub responsible for data brokering to international repositories, thereby reducing duplication efforts across laboratories and fostering higher data quality, completeness and consistency. Such SARS-CoV-2 data brokering platforms have been successfully established in various regions and countries such as the UK (18), US, Germany, Denmark (19), Switzerland (20), Spain (21), Italy (22),1 France (23), Ireland, the Netherlands, Norway (24), Czech Republic (25), Poland (26, 27) and Austria (28), to support open data sharing.
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FIGURE 1
 Data Brokering Workflow. Individual data producers can process the data, store it, and submit it directly to international repositories or public health databases. Alternatively, in the data brokering model, several data producers can submit their data to a common data recipient. This recipient might be responsible for curating the data, analyzing it with common pipelines, storing it, and re-sharing parts of the data to public health databases and international repositories (as agreed with the data providers), as well as ensuring data consistency and completion through close links and exchanges with the data producers. The latter service is often referred to as “data brokering” i.e. sharing data on behalf of others within a well-defined ethical and legal framework. Note that legal aspects should be considered along all the steps. Figure and legend modified with permission from (17) (CC BY 4.0).


The vast amount of data sharing (more than 10 million of consensus sequences deposited in databases such as GISAID or ENA), carried in part by these data platforms, demonstrate that many challenges on data quality and data sharing may have been successfully tackled, at least to some extent, by several countries. However, work remains to fully tackle challenges toward data sharing globally, in particular to ensure compliance with FAIR+E guidelines to make data truly Findable, Accessible, Interoperable and Reusable within an Equitable ecosystem. FAIR principles (29) have been very well-described. The addition of the Equitable concept (+E) to the FAIR principles was first introduced to our knowledge by WHO in their Guiding Principles for Pathogen Genome Data Sharing (30), where the authors acknowledge the need for further elaboration on how data sharing can support equity. From our perspective, a key element of equity relies on providing conditions that support the build-up of trust such as establishing data ownership where the data is generated, and through the implementation of an open community of practice of data sharing platforms, exchanging knowledge and expertise, by inclusively designing global data sharing architectures inviting diverse stakeholders to the table, and by embracing compromises in data sharing models (e.g. temporary access and re-use controlled data instead of immediate full open access data). The infrastructure, network and developed products now need to be maintained, anchored and further expanded to other data types such as wastewater and environmental datasets that have a great momentum to support global surveillance, bacterial datasets linked to antimicrobial resistance, and food-borne pathogens within a One Health context to enhance our understanding of infectious diseases and zoonotic infections, antimicrobial resistance, pathogen surveillance and outbreak response. It is absolutely necessary to share the genomic information at both national and international levels using well-aligned FAIR+E systems and governance. The data platforms also need to be more interfaced to avoid sensitive data silos and ensure that high-quality data is available for both research and surveillance. In the following section, we lay out the challenges that still remain and how the community could work toward addressing them all.



Challenges

The WHO highlighted in 2018 the key challenges in establishing WGS for food-borne pathogens surveillance (30), divided into four categories: organizational, technical, scientific and cultural. The COVID-19 pandemic has represented a major proof-of-concept that WGS data can be used for global surveillance if timely data sharing challenges can be overcome. We discuss below the main challenges for using HTS SARS-CoV-2 data for surveillance and research, and present how some countries managed to address them, also in light of potential future threats.


Organizational challenges

At the organizational level, coordinating national and global WGS-based SARS-CoV-2 surveillance required having access with the shortest time lag to the sequencing data generated within national surveillance and research programs. Durin g the COVID-19 pandemic, different countries started sequencing for surveillance at different times and with great differences in effort (31), resulting in spatial representativity biases that had to be accounted for when interpreting or downsampling the data for visualization purposes. In countries where the sequencing demand was high, data providers were often struggling to maintain routine diagnostics in parallel to running sequencing runs for surveillance. The data that was generated was then shared with international repositories for global surveillance and research [e.g. GISAID (11), EU COVID-19 Data Portal (10)] and with local public health authorities. In this context, many countries decided to establish national data hubs in order to avoid duplicating within each laboratory tasks related to data curation, data analysis and data entry/submission to multiple platforms, as well as to ensure the use of common standards and legal documents for data transfer, use and sharing for each envisioned application (e.g. Consortium Agreements and Data Transfer, Use and Processing Agreements). Such data hubs might also have a clear governance for data access for research purposes, facilitating data reuse within harmonized processes and accelerated ethical clearance. Through initiatives like ELIXIR CONVERGE (32), a pan-European network of SARS-CoV-2 data platforms has emerged where ad hoc practices in developing such data infrastructures and standardizing data and analysis workflows have been shared and discussed. Today, this community needs to be maintained and grow beyond COVID-19, and start implementing common good practices at the legal, ethical, organizational, scientific and technical levels.

Dedicated secured infrastructures such as Trusted Research Environments (TREs) were, however, often necessary to host such platforms, given the large amounts of data that were being produced and the fact that often sensitive metadata such as pseudonymised identifiers were also associated to enable linking to other datasets and hence avoid data silos. These sensitive data were generally not shared with the international community and remained within national silos, reflecting the need for a common trusted infrastructure enabling controlled data access and privacy-preserving queries such as the European Genomic Data Infrastructure (33).

While sequencing costs can be estimated quite accurately and were generally negotiated upfront, more rarely would (sufficient) budgets within national surveillance programs be allocated for data curation, analysis and sharing within a common data hub. While the funding for initially developing such platforms onto dedicated infrastructure was available in many countries, a survey performed within the ELIXIR network showed that in Autumn 2022, only 40% of the 11 surveyed platforms were fully funded for the year to come (unpublished), demonstrating the need to recognize better the costs incurred by digital platforms and for multiple organisms and funding bodies to engage at the national levels. As we enter more endemic times, the need for maintenance of these platforms should be recognized and we should seize the opportunity to expand the data types and features of such platforms to enable other applications such as surveillance of food-borne pathogens and antimicrobial resistance in a One Health context. Given the urgent context in which these data platforms had to be established, it is also key to take advantage of these more peaceful times to anchor efficient processes, good data management practices, automate as much as possible interfaces with data providers's laboratory information systems and refactor code where needed for increased robustness. Given the limited funding, consensus on prioritization should be made at the national and ideally supra-national levels.



Scientific challenges

The COVID-19 pandemic has seen an unprecedented worldwide sequencing effort with more than 16 million consensus sequences submitted to GISAID (11) as of 17th October 2023. Sequencing volumes and time lag from collection to submission to international repositories varied greatly across countries and generally improved over the course of the pandemic (34). As an example, in August 2021, UK, at the time the shortest, had a median lag of 16 days (35) that went down to 10 days by the end of that year (36). Despite the global increase in sequencing capacity, a study from the CDC showed that disparities remained across economic lines for both these factors, advocating for increased geographic representation of virological surveillance and capacity building for increased timeliness of data submissions (36).

The large data volumes submitted to international repositories were key for global genomic surveillance that relied on high quality near-whole consensus sequences. Comparisons of genomic data quality using nextclade quality criteria suggest that Illumina-based sequences were of higher quality than nanopore-based sequences for the purpose of SARS-CoV-2 viral surveillance (37). It is interesting to note however that partial sequences can also be extremely useful to monitor predefined variants' prevalence from wastewater surveillance programs (38). The SARS-CoV-2 Data Hubs (39) are an example of bioinformatics tools for benchmarking, as the analysis produced a single large dataset of consensus sequences and variants from raw data via a pipeline developed by the Versatile emerging infectious disease observatory [VEO, (40)]. The Galaxy Project (15) and nf-core community (41) also proposed pipelines for SARS-CoV-2 analyses (15). The surveillance landscape would benefit from harmonized bioinformatics tools consisting of scripts, interfaces or application programming interfaces (APIs) readily available through open-source, documented and version-controlled repositories [e.g., GitHub (42), Gitlab (43)], and benchmarked against public datasets and through external quality assessment programs (44). Automation of routine analyses however does not mean doing without bioinformaticians and data managers, who keep playing a key role to ensure up-to-date analyses, scaling, and further investigation of more specific questions. In this context, the need to build capacity in bioinformatics and data management remains a challenge that ECDC is notably addressing by setting up dedicated training, also online (45). Software (source code, scripts, algorithms, computational workflows and executables) is essential to support scientific research and promote reproducibility. However, several challenges remain on the findability, accessibility, interoperability and reusability (FAIR) of software (46). Adaptation of these FAIR principles not only to data but also to research software is critical to enable harmonizing bioinformatics analysis and promote transparency and trust in scientific research.

In addition to high-quality data, genomic surveillance relies on associated high-quality metadata that adhere to common standards. Often disregarded, tremendous efforts in data curation have been deployed at local data hubs and international repositories to ensure metadata quality and integrity. Given the large sequencing volumes, this often required automating data validation processes with only minimal human intervention where required (47). The Public Health Alliance for Genomic Epidemiology (PHA4GE, https://pha4ge.org/) also developed a SARS-CoV-2 contextual data specification package (48) that notably supported data submitters and data brokers in mapping metadata to existing standards, and identifying minimal essential metadata and additional metadata that might be anonymized or access-controlled. The pathogen community however currently lacks a comprehensive ontology for pathogen genomics, as many relevant concepts are still missing from major ontologies [e.g. GenEpiO (49), SNOMED CT (50), LOINC (51)].

Data availability for research has a different meaning than for surveillance, yet it is key to support e.g., the development of new treatments, vaccines and a better understanding of viral biology and dynamics. In addition to consensus sequences, access to timely open raw data should be encouraged, avoiding embargos as much as possible. This will increase transparency, support reproducibility, and validation of results (52). Additional metadata can also be important for data re-use and reproducibility, describing the experimental setup with detailed protocols and including provenance reports on processed and analyzed data (using workflow management systems such as Snakemake (53) or Nextflow (54). Lastly, the pandemic has shown that sensitive metadata often remained siloed at data hubs. De-identified data might, however, preclude some studies to be conducted where e.g., datasets should be linked through a common, sensitive, sample identifier. The access to these data remains a great challenge even after the pandemic, mostly due to unclear legal frameworks, data governance and lack of international secure infrastructures to query and access these data.



Technical challenges

The pandemic has highlighted the importance of generating, accessing and analyzing pathogen genomic data in near real-time for surveillance (variant tracking), diagnostic (PCR tests design), mitigation strategies (vaccine design, public health countermeasures) and research (vaccine discovery, antibody discovery, treatment development, viral biology etc.). Central to all this, national/regional data platforms were key to ensure that standardized and curated data of high quality were being shared to international repositories within the appropriate ethical and legal framework, reaching a wider audience such as public health experts and researchers, yet through a single point of entry for data providers. Some of the necessary technical components to build such infrastructures already existed and were expanded. To minimize the risk that countries and regions would operate as disconnected silos, an international effort was made in order to harmonize the work of establishing national and regional data hubs. The COMPARE data hubs (55) were notably expanded into SARS-CoV-2 data hubs, supported by several projects: https://www.covid19dataportal.org/partners?activeTab=Funding%20projects, as an essential component of the COVID-19 Data Portal (10). This enabled countries to organize, present and share their non-sensitive SARS-CoV-2 data with the international community, yet keeping sensitive data within separate national silos.

Some countries also expanded or developed their own platforms, in order to tackle specific tasks and activities for their users, such as variant reporting to public health authorities including sensitive data. In this context, the technical infrastructure was a key component, meant to be comprehensive and include data analysis, storage, sharing of sequence data and metadata, and analysis interpretations. In the SARS-CoV-2 genome sequencing effort, the IT challenges for a single country were typically related to human, compute and storage resources, as well as to sensitive data hosting and sharing within a highly secure IT infrastructure. HTS also posed technical challenges due to the growing diversity of sequencing platforms and the computational requirement involved, as well as the need for bioinformatics skills for downstream data analysis and its difficulties in standardization and harmonization. This required more work for assessing IT needs and for integrating dedicated analysis pipelines addressing diverse users' needs into regional/national platforms.

From a global perspective, each data platform was built differently and adapted to national and regional needs. Human resources and available technological solutions also added to the differentiation of the platforms. In general, only de-identified data was shared with international repositories, due to the lack of common agreement on how to find, access and share the sensitive part of the metadata. In order to make full use of sequence data, it would however be essential to be able to find data on any platform by e.g. setting up FAIR Data Points (29, 56, 57), a challenge addressed by only a few countries, and then have access to the contextual data, including patient clinical or epidemiological data that potentially can identify single individual persons. In this context, FAIR maturity indicators and automated solutions could be used to assess where improvements would be needed and support individual platforms in their FAIRification (58–60). Due to many ethical and legal constraints, the implementation of a sensitive data query system across various regional and national data platforms remains a challenge. The use of data and metadata standards would here be key to enable interoperability and quality standards for accurate comparison. Altogether, this would maximize the reuse of data and ensure that data follow FAIR principles. In human genomics, this challenge has been partly overcome through the Federated European Genome-phenome Archive [FEGA, (61)], where the data is archived nationally in Trusted Research Environments, and only the descriptions of datasets are available through federated searches using Beacons (62), with access to the data being granted by a Data Access Committee.



Cultural challenges

Cultural differences result from different “standards” across countries and societies, as well as different national policies, e.g., on the SARS-CoV-2 surveillance. Regarding pathogen data, an important cultural challenge revolved around open science practices that differed greatly from one country to another. While everyone would agree on the necessity of timely data sharing, concerns about open data were rightfully invoked to ensure that data providers are properly cited and have time to perform their own research in a world where research benefits are not equitably distributed. This was particularly true for low to middle income countries (LMIC) and calls for flexible data sharing models including e.g. both timely data sharing to public health users under controlled access and reuse, and delayed (embargoed) access for researchers, making sure to also address Equity in the FAIR+E data sharing principles. More work is needed to address the operationalization of data sharing equity based on a global architecture and to define corresponding assessment metrics and benefit sharing mechanisms through global policy discussions such as those undertaken by the WHO on digital sequencing information and genetic sequence data (63).

The “publish or perish” aphorism also played a role in high-income countries (HIC) where researchers were not always keen to immediately release their data openly, even in contexts where research and data generation were funded by public money. In this regard, great differences across countries were observed and Ministries of Research and funding agencies have an important role to foster and raise awareness on open research data practices following FAIR principles. The COMPARE Data Hubs/SARS-CoV-2 Data Hubs (55) were developed to support open data sharing in these scenarios too—enabling for 'private, pre-publication' state for data. Yet overall, determining when data can be accessed and for what purpose remains a challenge for the international community, which needs to propose as well data sharing benefits for researchers such as citation or acknowledgment of credit for employment reviews and for promotions.

Differences in the amount of coordination and collaboration within a country also reflect cultural habits that can impact data generation and sharing within a pandemic context. Indeed, contexts where single-center studies are preferred over consortiums are highly prone to creating data silos. Discussing how scientists are rewarded within large consortiums remains a challenge to be clarified to ensure that key stakeholders are included in global efforts (and willing to do so).

Lastly, society's expectations of data availability, presentation and interpretation also differ across countries and have evolved during the pandemic. In the era of “fake news”, there is an urgent need to provide trusted sources of information and data, hosted or endorsed by trustworthy institutions.




Solutions for addressing the remaining challenges


Continue supporting global efforts toward addressing challenges in pathogen molecular data sharing

The Global Microbial Identifier Network—GMI (https://www.globalmicrobialidentifier.org/) consists of approximately 260 experts members from 50 countries, including clinical-, food-, and public health microbiologists and virologists, bioinformaticians, epidemiologists, representatives from funding agencies, data hosting systems, and policy makers from academia, public health, industry, governments, started in 2011, with the vision of developing a global system to aggregate, share, mine and use microbiological genomic data to address global public health and clinical challenges. GMI has been working on the challenges for global data sharing and emphasizing the need for quality through the establishment of several ring trials for quality assurance. In its next conference, GMI13 will focus on the critical importance of equity and interoperability (semantic, process, systems) in developing a global microbial genomics data sharing ecosystem (https://gmi13.org/).

As a result, the COMPARE Data Hubs have been developed (55). The Data Hubs system at the EMBL-EBI now continues to attempt to address and further support open data sharing and reduction in data silos. It does so by enabling groups to set up “COMPARE or SARS-CoV-2 Data Hubs” (55), supporting collaboration amongst users on data, data sharing, and potentially integrated analysis and visualizations, centring primarily around sequence data. Data can remain private until publication, or can be immediately public at the point of submission, offering a level of flexibility. This system aims to extend into general pathogens and preparedness, with greater automation and usability, and has linked with other biodata, including sensitive clinical-epidemiological data through cohort data sharing (64), a major benefit of sitting on top of EMBL-EBI infrastructure. The EMBL-EBI Pathogens Portal (65) enables finding and accessing data across the Data Hubs. Since all metadata associated to a sample are eventually openly published, only non-sensitive data can be collected at the pathogen data hub. This system also requires further development as mentioned as part of the package of extensions, and lacks the ability to pool mixed data together, e.g. via dedicated local/national TREs.

The US Food and Drug Administration has also established GenomeTrakr, a distributed network of laboratories using WGS for pathogen identification. All the collected data are stored in the publicly accessible GenomeTrack reference database, built initially for food-borne pathogens (66). Data curation and bioinformatics analyses are provided by the National Center for Biotechnology Information (NCBI) at the National Institutes of Health. Only non-sensitive data may be shared as all data immediately become publicly available.

The Public Health Alliance for Genomic Epidemiology (67) focuses on enabling FAIR public health bioinformatics including data standards, harmonization of tools and best practices documentation. It builds upon the work of five working groups on (i) Data Structures, (ii) Infrastructure, (iii) Bioinformatics Pipelines and Visualization, (iv) Training and Workforce development, and (v) Ethics and Data Sharing.

More recently, the WHO launched a call to host an International Pathogen Surveillance Network to accelerate pathogen genomics surveillance (68). An important aspect relevant here would be the creation of a Community of Practice on genomics data “to harmonize data standards and protocols, ensure genomics data tools are fit for purpose, and that data and benefits sharing are enhanced” to also embrace Equity. In this context, we anticipate that a global Community of Practice of local pathogen data platforms is a key element to enable an open forum, sharing of expertise and knowledge, and ultimately build trust and mutual understanding for setting up appropriate benefits sharing and data sharing models.

These concepts also exist in other contexts, such as the FEGA/CEGA for human data (69), the European Genomic Data Infrastructure (70) with also use cases in infectious diseases, the EJP-RD for rare diseases (71), or the PHIRI for population health (72).

Many scientists are involved in more than one of these initiatives (ELIXIR, GMI, PHA4GE, WHO IPSN), which will be essential to ensure that the challenges tackled by each initiative do not overlap or if so, benefit from complementary perspectives and mutual exchange of progress. Transversal working groups may be formed where relevant and representatives of each initiative should be invited for progress reports on topics of shared interest. Importantly, a global consortium bringing together members of all these initiatives and other important stakeholders should be established to implement Solution 3/below.



Establish a global capacity building programme rooted in a distributed network of regional/national Pathogen Data Platforms

In order to address the remaining challenges while building upon all the valuable initiatives already in place, we propose to build capacity and extend a distributed network of regional/national Pathogen Data Platforms (PDP). Each PDP should be in close contact with local data providers, as these will be the main users and drivers of that PDP. The number of PDPs may vary from one country to another, with the aim to have as few as possible but as many as necessary given the local geopolitical health context of each country. The establishment of a regional/national PDP should aim to:

	• Ensure high-quality data, metadata standardization and data analysis.

	° Ensure timely collection of regional/national pathogen molecular data with internationally agreed quality metrics and minimal metadata.
	° Structure data using controlled vocabularies (CV) and ontologies where they exist.
	° Foster the establishment of data curation services within each PDP (set up common standards, share validation tools, etc.).
	° Foster benchmarking of tools within reference datasets or through participation to External Quality Assessments.
	° Implement common pathogen-specific bioinformatics pipelines across data providers and make the code publicly available.

	• Perform data brokering on behalf of data providers both for research and surveillance.

° Reduce workload by being a single point of entry for data providers.

° Ensure that the collected data are shared within a well-defined ethical and legal framework common to all data providers.

° Promote FAIR sharing of data on domain-relevant international repositories.

° Promote open data sharing where possible, yet allowing each PDP to have its own policy or agree at the international level on embargo periods (e.g. LMIC vs. HIC).

° Become a trusted partner and data broker for global public health agencies such as the European Center for Disease Prevention and Control (ECDC) or the European Food Safety Agency (EFSA) WGS Systems, by preparing data complying with their requirements for the PDP's data providers (Figure 2).

	• Foster capacity building and continuous improvements, also for pandemic preparedness.

	° Build upon the ELIXIR Maturity Model (73) to support nascent and established PDPs in their development lifecycle. The Pathogen Data Platform Maturity Model consists of a set of 36 indicators to be evaluated when establishing or running a pathogen data platform. Develop open-source modular services to be integrated across PDPs.
	° Develop, maintain and scale PDPs to support pandemic preparedness.
	° Deliver trainings and documentation on essential aspects related to establishing and running PDPs such as data brokering (17, 74), data management, secure IT infrastructure, data sharing, ethical and legal aspects etc.
	° Provide end-user support for all services provided by the PDP.
	° Nurture trust between data providers and the PDP within well defined local governance and agreements.
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FIGURE 2
 Integration of the PDP/IOPP infrastructures within the existing surveillance and research ecosystems. This cover has been designed using Gears icons created by Freepik from Flaticon.com.




Establish an international one health pathogens portal

The distributed network of PDPs is also envisioned to enable FAIR+E data thanks to the transparent governance of an International One Health Pathogens Portal (IOPP) connected to each PDP and ensuring timely and equitable access to interoperable sensitive data. The IOPP would be established inclusively by putting together a global community representing all stakeholders and would follow FAIR+E principles within a well regulated ethical and legal framework (Figure 3), also ensuring interactions and mappings with other international repositories as recommended by others (75). It might be hosted by the European Bioinformatics Institute as an extension of its Pathogen Portal (65) to fulfill the requirements set out here and with joint governance by the PDPs. By connecting pathogen data isolated from various sources (human, animal, food, environment), the IOPP enables truly a One Health approach. It serves the following aims, through its coordination bodies:

	• Enable privacy-preserving queries and support PDPs in establishing interfaces with the IOPP according to agreed standards.
	• Control data access thanks to Data Access Committees, acting under a clearly regulated framework to also preserve data ownership. Support PDPs in labeling data with predefined access levels for semi-automated data access.
	• Contribute to international standards definition, where needed. Support PDPs in adhering to common data standards.
	• Foster open sharing of workflows and benchmarking with common open datasets.
	• Organize pathogen/topic-specific workshops to harmonize analysis pipelines. Define quality labels for processed data generated within workflows successfully evaluated at External Quality Assessments programs. Harmonization of data production and metadata associated will contribute to useful data sharing.
	• Define minimal standards for data, metadata description, including provenance reports for processed data.
	• Encourage implementation of FAIR+E Data Points at each PDP.
	• Establish differentiated data access and reuse rules for research and surveillance needs, taking into account different perspectives on open science and the need for benefit sharing.
	• Promote equity, by ensuring that credit is given to data providers and processors through metadata requirements and appropriate citation procedures. Consider embargo periods or benefit-sharing conditions to be implemented.
	• Support pandemic preparedness globally, by providing FAIR+E data to the international research community.
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FIGURE 3
 A distributed network of Pathogen Data Platforms for high quality research data and FAIR data access.





Next steps for implementing the distributed network of PDPs and the IOPP

During the COVID-19 pandemic, several countries established regional/national SARS-CoV-2 data hubs based on the EMBL-EBI infrastructure or in-house developed, covering already part of the activities envisioned here for a PDP, to various levels of maturity. Existing infrastructures such as the EMBL-EBI Pathogens Portal also feature already many functionalities envisioned for the IOPP and might be extended to serve the other aims listed above.

Through the ELIXIR CONVERGE initiative (32), managers of nascent and established SARS-CoV-2 data hubs have been meeting on a regular basis to discuss and address common issues and needs, notably on data brokering to open data repositories. The concept of PDP/IOPP was born within this dynamic and collaborative working group who is now willing to expand and further collaborate to set the foundations of the IOPP and distributed network of PDPs.

To achieve this, an ELIXIR Focus Group on Pathogen Data will be established, with dedicated task forces to properly plan the PDP/IOPP roadmap and build/extend its infrastructure, governance, legal and ethical frameworks, Maturity models, data brokering, data access committees, interactions with surveillance authorities (EFSA, ECDC) and FAIR+E data in general (data standards, ontologies, CV, data brokering, open software, benefit-sharing). Worldwide experts are welcome to join this effort that will certainly occur in collaboration with other complementary initiatives (Figure 4). In view of pandemic preparedness and of the growing urgency in antimicrobial resistance in a One Health context, it is however essential that this network persists and grows into a stable infrastructure with a well-established ethical and legal framework as well as programming interfaces for efficient data searching and access across borders, with benefits-sharing ensured through the involvement and collaboration from key stakeholders from WHO (3). The aim of the Focus Group is to become an ELIXIR Community and global discussion space. This is an important step in order to gather experts, researchers and stakeholders to support this global work in establishing the foundations of the PDP/IOPP ecosystem with pilot implementations. Although our internal survey has revealed a great need for an international system to manage and share pathogen data for surveillance, the PDP/IOPP will only become successful if this is a collaborative effort. Hence, data providers, receivers and users need to have confidence in the system, and an ELIXIR Community can be an essential step to build this trust. As the WHO Director writes, “Three key principles repeatedly emerged during our discussions and should be seen as the basis of any future pandemic preparedness: trust, solidarity and equity, and sustainable development” (76). It is a unique opportunity to be seized now, to anchor and scale upon what has been built in the past years and use the lessons learnt for the future in a concerted, expert-driven global effort.


[image: Venn diagram showing the intersection of PHA4GE, WHO IPSN, and ELIXIR. PHA4GE focuses on data structures and standards. WHO IPSN addresses genomic advocacy and equity. ELIXIR covers maturity models, data sharing governance, legal frameworks, data access for research, data brokering, and FAIR data points. The intersection includes tools, ethics, infrastructure, training, and capacity building.]
FIGURE 4
 Complementarity of the various initiatives covering pathogen data sharing. This figure has been designed using images created from Flaticon.com (conversation by Freepik; justice by noomtah; hosting by Freepik, data-content-standard by Freepik; online-learning by Freepik; settings-gears by Freepik; choice by PopVectors; access-control-list by Freepik; levels by orvipiexel; collaboration by FreePik; efficiency by Mehwish).
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Background: Due to the decreased availability, accessibility, and quality of services, the COVID-19 pandemic has an impact on the healthcare system. In the wake of the COVID-19 pandemic, patients’ perceptions of healthcare have changed, and out-patient visits to clinics have decreased. As part of the COVID-19 outbreak in East Jerusalem, this study aims to assess how patients perceive the way that outpatient clinic services were delivered before and during COVID-19 outbreak.
Methodology: Convenience sampling and self-reported questionnaires were used in a cross-sectional study. Three hundred people from three significant outpatient clinic hospitals in East Jerusalem-Al-Makassed Hospital, Augusta Victoria Hospital, and Sant-Joseph Hospital- made up the sample. Multivariate tests, frequencies, and percentages were used in the statistical analysis.
Results: The results showed that the most of the participants (98.6%) had negative opinion when the current situation is compared with before the COVID-19 period in terms of accessibility, availability of resources, quality of care, attitudes and patient’s preference. Finally, multivariate analysis indicated a significant relationship between participant opinion and education level and participants with educational levels of 12 study years or less had more positive opinions of the delivery of the healthcare system during the COVID-19 outbreak period than the group with more than 12 study years. Also, the multivariate analysis revealed a significant `relationship between participant opinion and the duration of the illness as those with years of illness and less had more negative opinion toward the delivery of the healthcare system than those with more than 3 years of illness.
Conclusion: This study found that when the current situation during the COVID-19 outbreak is compared to before the COVID-19 period in terms of accessibility, availability of resources, quality of care, attitudes, and patient preferences, the majority of the participants with chronic diseases or cancer had a negative opinion. Policymakers and health managers should enhance patient preferences and attitudes during the COVID-19 pandemic and other pandemics by increasing accessibility, availability of health resources, and the quality of healthcare.

KEYWORDS
 accessibility, availability of resources, quality of care, attitudes, a patient preferences, East Jerusalem, outpatient clinics


Introduction

The 2019 coronavirus illness (COVID-19) is a serious public health emergency (1). On March 11th, 2020, the World Health Organization (WHO) declared COVID-19 to be a “pandemic” due to its quick global spread. It is a highly contagious virus that can cause mild to severe symptoms, or even no symptoms at all, and it can be fatal to high-risk people like the older adults (2). It has numerous impacts on national politics, the socioeconomic system, and public health (3). Several nations losing control of the pandemic led to high death rates and insufficient medical care (2).

The “World Health Organization” (WHO) states that each national health system should be directed to accomplish three main objectives: being responsive to the population’s expectations, promoting good health, and fair financial contribution. The provision of equal access to high-quality services for both acute and chronic health issues, including services that successfully promote health and prevent disease as well as quick responses to emerging threats (such as the COVID-19 pandemic and the burden of non-communicable diseases), should be another requirement of every health care system (4). Actually, the hospital’s success is determined by its capacity to satisfactorily address the needs of its clients and earn their satisfaction (5). Therefore, providing high-quality care and ensuring patient safety will be very challenging during any pandemic (6).

In terms of quality, the COVID-19 pandemic, for instance, has a direct impact on the healthcare system and has led to a drop in the standard of care, a decrease in the number of people seeking treatment, and a shortage of supplies (7). Additionally, hospitals experience severe staffing shortages, shortages of medical resources like hospital beds, medications, and ventilators, as well as shortages of protective equipment (PPE), and medical supplies as a result of the pandemic’s sharp decline in equity and accessibility (1). For instance, during the pandemic’s peak, many countries had observed a significant decline in general practitioner appointments and specialist care attendance, which made it difficult to get access to physical and mental support, delayed the need for treatment, and resulted in a shortage of specialized care (8). Additionally, resources from routine care were diverted to handle the surge in new cases, and traditional quality and safety measures have gotten worse as a result of the rapidly evolving disease transmission patterns (9).

As a result of health systems giving COVID-19 patients priority, many regular, non-COVID-19 patients have not received adequate care and are dissatisfied with the services provided by the health system (10). According to a “pulse survey” conducted during the COVID-19 pandemic, 94% of the 135 nations reported disruptions in the provision of essential services between January and March 2021. These services included both mental health and non-communicable and communicable disease care (11). The failure to meet their medical needs led to several patients complaining. One study found that 1 in 5 individuals did not receive the required medical evaluation or care (12). Additionally, the number of visits from outpatients to the clinic has decreased throughout the COVID-19 lockdown period because outpatients would rather avoid exposure and the chance of contracting the coronavirus disease, which has an impact on routine screening, managing risk factors, and maintaining continuity of care for patients with chronic illnesses (13, 14). The Arsenault et al. study (15) found that during the COVID pandemic, outpatient visits overall decreased by 9–40% in 10 different countries, and visits for diabetes or hypertension decreased by over 20% in Chile, Haiti, Mexico, Nepal, South Africa, and Thailand (15). Outpatients who are at risk are reluctant to continue with their regular doctor visits, delaying or avoiding unnecessary visits because they are unable to make safe arrangements to continue their routine clinic consultations (16). Additionally, a study by Nez et al. (17) found that the availability of chronic treatment in these outpatient clinics decreased during the COVID-19 pandemic and chronic obstructive pulmonary disease (COPD), hypertension, and diabetes were the conditions most adversely impacted by the loss of access to healthcare (17). Moreover, a study done in Nigeria found that there was an increase in the percentage of people who had trouble accessing essential medicines, going from 10.6% before the COVID-19 lockdown to 35.2% during the lockdown, while 84.0% of the participants saw a worsening of their chronic health conditions as a result of the difficulty accessing essential medicines (18).

In Palestine, when the first cases were discovered in Palestine on March 5, 2020, the Palestinian Authority immediately proclaimed a State of Emergency and started effective national containment efforts to urge the populace to take precautions (19). During the COVID-19 pandemic, the healthcare system has been under a lot of stress. A severe lack of COVID-19 tests, sanitation and hygiene supplies, ventilators, and ICU beds revealed the weakness of the Palestinian healthcare system during the pandemic (20). The situation was also made worse by the deteriorating living conditions in the West Bank, Gaza Strip, and East Jerusalem, which included crowding, building restrictions, Israeli raids and arrests, home demolitions, and the lack of freedom of movement throughout Palestine (20). The population’s health and Palestinians’ ability to establish a cutting-edge healthcare system in East Jerusalem are in jeopardy due to this political unpredictability and socioeconomic instability (21). According to Israeli public health regulations, East Jerusalem is completely under Israel’s control and is isolated. Due to the effects of the ongoing occupation, illegal annexation, and systemic discrimination in the holy city, the situation in East Jerusalem deteriorated even before the start of COVID-19. In addition to lockdowns, closures, and limits, regulations were also implemented, which was important because patients were unable to access Israeli hospitals (21). So, the “East Jerusalem Hospitals Network” (EJHN), which consists of six Palestinian hospitals, is in charge of managing and caring for COVID-19 cases (20). Because of the ongoing underfunding and underdevelopment of Palestinian healthcare, Palestinian populations in East Jerusalem are especially vulnerable to the COVID-19 pandemic (22). Additionally, there are no COVID-19 testing facilities, and the information used to track the disease’s spread is false and unreliable (22).

Studies that evaluate the delivery of the healthcare system in outpatient clinics during the COVID-19 outbreak from the perspective of the patients are lacking in Palestine, especially in East Jerusalem. The purpose of this study is to assess the patient’s perception of the delivery of outpatient clinic services during the COVID-19 outbreak in East Jerusalem in terms of accessibility, resource availability, quality of care, attitudes, and patient preference. This study is essential because it has been determined that the primary administrative challenges in the healthcare setting are the inability to satisfy patient requests and the lack of patient cooperation in care decisions (23). The Palestinian Ministry of Health, decision-makers, and hospital administrators may find the findings of this study useful in planning for, containing, and responding to the COVID-19 emergency as well as future pandemics. According to our knowledge, this is the first study of its kind in Jerusalem.



Materials and methods


Study design

This study aimed to evaluate how patients felt about the delivery of services from outpatient clinics during the COVID19 outbreak in East Jerusalem hospitals. A cross-sectional design was used to accomplish the goal.



Study settings and sampling

Patients (men and women) older than 18 years’ old who visited the outpatient clinics at three of East Jerusalem’s major hospitals were included in the study. The hospitals were Al-Makassed Hospital, Sant-Joseph Hospital, and Augusta Victoria Hospital. These medical facilities were selected because they provided care to the majority of coronavirus patients in East Jerusalem and had outpatient clinics for a range of chronic conditions, including cardiovascular diseases, rheumatoid arthritis, hypertension, diabetes mellitus, and cancer. The patents who could not read or write were excluded.

Four thousand five hundred and twenty five participants made up the target population of the current study. Computer software (PEPI-for-Windows) estimated the study sample for patients in each hospital using a proportional estimation method, and 355 participants were determined as the sample size1 according to the following criteria: 0.05 significance level, 95% confidence level, 50% response distribution, and 0.05 precision error. Three hundred and fifty-five participants were personally approached by the researchers in the outpatient clinics using a convenience sampling approach. The participants completed the questionnaire on their own. Data collection took place in 2020 from April to June.



Data collection tool

A self-administered questionnaire was the tool used to collect the data and was developed by Ali Jadoo (2014) (24). The questionnaire consisted of three parts. There were three sections to the questionnaire. Age, gender, marital status, level of education, place of residence, income status, and occupation were among the socio-demographic factors in the first section. The patient’s medical history variables (clinic type, length of illness, frequency of patient visits per month, and COVID-19 infection) made up the second section.

The third part consisted of 17 items designed to assess patients’ opinions about the healthcare systems delivery during the COVID-19 outbreak and divided into 5 groups including accessibility (five questions), availability of resources (three questions), quality of care (four questions), patient’s attitude (three questions), and patients ‘preferences (two questions). A five-point Likert-type scale was used to score the closed comparative statements. Additionally, there were five different response options for each sentence (strongly agree, agree, unsure, disagree and strongly disagree), ranging from (1) “strongly agree” to (5) “strongly disagree”. Negative word questions were reverse scored (e.g., 1 = 5, 2 = 4, etc.) and these questions were (17, 18, 20, 29, 31).

On each of the scale’s overall dimensions, the respondents were split into two groups according to their opinions (positive and negative). As a result, dummy variables for (0) negative and (1) positive opinion were created and added from the 17 items’ original (1–5) (1–85) scores. On the basis of a median split (cut-off point), it was decided to categorize the summary score into two dependent variables: (0) for low or negative opinion, and (1) for high or positive opinion toward the delivery of health services before and during COVID-19 outbreak. The Cronbach’s Alpha reliability test for the overall scale was 0.70 which considered as acceptable. A committee of four public health experts reviewed the scale’s contents because it had not been previously tested in the Palestinian culture to make sure that the tool is culturally appropriate and no changes were done. The research team translated this study’s questionnaire first into Arabic, and then a certified medical translator translated it back into English. Before the survey was piloted with 10 patients to test for language clarity, both the original English questionnaire and the back translated version were examined by 4 experts to ensure that the translation was accurate.



Data analysis

The data was analyzed by using the statistical package for Social Sciences (SPSS) version 23. The descriptive analysis including frequencies and percentages were calculated for socio-demographic and medical history related variables and for the questions whose answers were using the 5 point Likert scale. To find important contributing factors for people’s opinions in this study including sociodemographic variables and medical history variables, multivariable regression analyses were carried out.



Ethical issues

The study current was conducted according to the Declaration of Helsinki principles. Ethical approval was obtained from the Ethical Committee at the School of Public Health/Al-Quds University (Ref No: 162/REC/2021). The participants were provided with the information sheet about the study including the aim of the study, objectives, and procedures. The participants informed that they had the right to refuse to participate in the study and their participation was anonymous. Also, the general directors of the selected three hospitals were formally approached by a letter that presented information about the proposed study and its purpose. Individual informed consent for participation in this study was obtained by their acceptance to fill in the questionnaire. Confidentiality and privacy were assured for all the participants.




Results

In this study, 355 participants were personally approached to fill in the questionnaire and the response rate was 84.4%. Table 1 shows that among the participants, there were (65.3%, n = 196) women and (34.7%, n = 104) men. The average age of the participants (37.3%, n = 112) was between 18 and 40 years old, and the majority of participants (78.3%, n = 235) were married. Additionally, 53.1% of participants (n = 156) lived in urban areas, and 64.2% of participants (n = 192) finished their education in 12 years or less. Among participants, only (36.7%, n = 105) had a monthly income of $900 or more, while (36.4%, n = 104) had no income at all.



TABLE 1 Socio-demographic variables of the participants.
[image: Table displaying demographic factors with corresponding frequency and percentage. Factors include hospital, gender, age, marital status, educational level, living place, monthly income, and occupation. For example, 38% of patients are from Augusta Victoria Hospital, 65.3% are females, and 78.3% are married.]

According to Table 2, 24.8% of participants (n = 73) came from the diabetes clinic, 44.2% from the internal diseases clinic (n = 130), and 31% % from the cancer clinic (n = 91). When asked how long they had been ill, 35.8% of the participants (n = 100) said they had been sick for over 3 years. Only 67 subjects (24.4%, n = 67) were found to have a coronavirus infection, and regarding the frequency of clinic visits: (43.5%, n = 120) of patients went once a month.



TABLE 2 Medical history variables of the participants.
[image: A table with four questions related to healthcare. Question ten asks about the clinic where treatment is received, with options for internal medicine (44.2%), diabetes (24.8%), and cancer clinics (31%). Question eleven inquires about illness duration: less than one year (30.8%), one to three years (33.3%), and more than three years (35.8%). Question twelve covers monthly clinic visit frequency: once per month (43.5%), twice or more (31.5%), every two months (8%), and every three months or more (17%). Question thirteen asks about coronavirus infection, with 24.4% responding yes and 75.6% responding no.]

Three of the five questions (questions 1, 4, and 5) were more likely to have’ negative opinions about access to healthcare during the COVID-19 pandemic (Figure 1). For instance, when it was stated that “Healthcare is easier to get as compared to before the COVID-19 outbreak period,” 54% of respondents (n = 162) disagreed and strongly disagreed.

[image: Bar chart showing people's perceptions of healthcare changes post-COVID-19 outbreak. The categories include wait times, treatment accessibility, cost, and difficulty in obtaining treatment. Bars represent percentages of "Strongly agree" and "Agree" responses. For example, 5% strongly agree and 29% agree that wait times are longer.]

FIGURE 1
 Accessibility to health care during COVID-19 outbreak.


The results also revealed that there were unfavorable answers to two of the three questions (1, 2) about the availability of resources during the COVID-19 outbreak. During the COVID-19 outbreak phase, in contrast to the period prior to it, 56% of the participants (n = 168) disagreed and strongly disagreed with the statement that “East Jerusalem hospitals had enough doctors” (Figure 2).

[image: Bar graph comparing opinions on healthcare resources in East Jerusalem before and after COVID-19. It shows percentages for three statements: having enough doctors, specialized doctors, and hospitals. Categories include "Strongly agree," "Agree," and "Unsure." Most respondents are "Unsure," with "Strongly agree" having the lowest percentage.]

FIGURE 2
 Availability of resources during COVID-19 outbreak.


Furthermore, the findings showed that all questions were more likely to have conveyed negative opinions about quality of health care delivered during the COVID-19 outbreak. For instance, 65.7% (n = 197) of participants disagreed and strongly disagreed with the statement “Doctors are much friendlier in this hospital as compared to before the COVID-19 outbreak period” and 65.3% (n = 196) of participants disagreed and strongly disagreed with the statement “The quality of care improved in this hospital as compared to before COVID-19 outbreak period” (Figure 3).

[image: Bar chart showing survey results on hospital care improvements post-COVID-19 outbreak. Categories: quality of care, friendliness, information provision, and clinic completeness. Most respondents disagreed or were unsure of improvements. Percentages vary, with disagree and unsure being significant across all categories.]

FIGURE 3
 Quality of health care during COVID-19 outbreak.


Moreover, the results were more likely to have showed a negative attitude toward each of the questions in this section. For example, the statement that “People feel more responsible for their health as compared to before COVID-19 outbreak phase” was strongly and strongly disagreed with by 75.7% of participants (n = 227). In response to the statement, “Politicians and decision-makers pay greater attention to health care and service as compared with before COVID-19 outbreak phase,” 56.3% of participants (n = 169) (disagreed and strongly disagreed) with this statement (Figure 4).

[image: Bar chart showing survey results on changes in health responsibility, awareness, and attention to healthcare post-COVID-19. The top bar indicates 38.70% agree and 37% strongly agree on increased personal health responsibility. The middle bar shows 36% agree and 10.30% strongly agree on decreased health risk awareness. The bottom bar reveals 35% agree and 21.30% strongly agree that politicians give more attention to healthcare.]

FIGURE 4
 Attitudes during COVID-19 outbreak.


Finally, the findings were more likely to have showed that participants had a negative preference for the provision of health care during the COVID-19 outbreak, with 47% (n = 141) disagreeing and strongly disagreeing with the statement “I prefer health services now than before the COVID-19 outbreak period” (Figure 5).

[image: Horizontal bar chart showing preferences for health services post-COVID-19. Top bar: 21% strongly agree, 7.7% agree, 36% neutral, 31% disagree, 16% strongly disagree with preferring current services. Bottom bar: 9.3% strongly agree, 22.3% agree, 35.3% neutral, 15.7% disagree, 5.7% strongly disagree with returning to pre-COVID-19 services.]

FIGURE 5
 Preference during COVID-19 outbreak.



Respondents’ opinion by domains

Table 3 shows the overall respondents’ opinion by domains. Results were more likely to reveal that 98.6% of respondents more likely to have generally negative opinions about the delivery of health care services during the COVID-19 outbreak compared to the time before the COVID-19 in terms of accessibility, availability of resources, quality of care, preference and the attitudes.



TABLE 3 Frequency distribution of overall participant’s opinion by five domains.
[image: A table detailing the mean, standard deviation, median, positive opinion frequency and percentage, and negative opinion frequency and percentage for six domains: Accessibility, Available resources, Quality, Attitude, Preference, and Overall people view. Each domain shows varying levels of positive and negative opinions, with high negative percentages, especially in the Overall people view domain at ninety-eight point six percent.]

Additionally, across all domains, the averages and percentages of (negative opinion) were highest. For example, 94.3% of participants were more likely to have a (negative opinion) about their preference for health care during the COVID-19 outbreak compared to the time before the COVID-19 outbreak, which is the first dimension. The second domain is healthcare quality, which is followed by attitude (73.6%), the availability of resources for healthcare (90.6%), and accessibility to healthcare (90.3%).



Opinion by socio-demographic factor

According to multivariate analysis, there was only a significant relationship between participant opinion and education level (p-value 0.005). For instance, participants with educational levels of 12 study years or less were more likely to have more positive opinions of the delivery of the healthcare system during the COVID-19 outbreak period than the group with more than 12 study years ([OR] =0.536, 95% CI: 0.310–0.927, p = 0.005) (Table 4).



TABLE 4 Association between sociodemographic factors and respondent’s opinions.
[image: Multivariate logistic regression table showing various factors like hospital, gender, age, marital status, educational level, living place, monthly income, and occupation with related statistics. Data includes positive and negative opinion frequencies, p-values, Wald test, significance (Sig), Exp(B), and 95% confidence intervals (C.I.). Significant p-values are in bold, specifically for educational level.]



Opinion by medical history factor

Furthermore, the multivariate analysis revealed only a significant `relationship between participant opinion and the duration of the illness. For instance, those with 1–3 years of illness and those with less than a year of illness during the COVID-19 outbreak period were more likely to have negative opinions more negative opinion toward the delivery of the healthcare system ([OR] = 0.545, 95% CI: 0.271–1.096, p = 0.044) and ([OR] = 0.505, 95% CI: 0.246-1.034, p = 0.044, respectively) than those with more than 3 years of illness (Table 5).



TABLE 5 Association between medical history factors and respondents’ opinion.
[image: A multivariate logistic regression table showing variables like type of disease, clinic treatment, illness duration, clinic visit frequency, and COVID-19 infection status. It includes positive and negative opinion frequencies, percentages, p-values, and confidence intervals. Significant p-values are bolded, indicating the level of statistical significance for each factor.]




Discussion

In most developed and developing countries, evaluations of healthcare system from the viewpoints of the public or patients are rare (24). One of the most important tasks for healthcare organizations is to satisfy the needs and expectations of patients because doing so encourages patients to correctly and promptly follow doctor’s orders, which advances the process’ primary goal of accelerating the healing and recovery processes. In terms of accessibility, the availability of resources, the quality of care, attitudes, and people’s preferences, the results of the current study generally demonstrated that the majority of the participants had negative opinions when the current situation is contrasted to before the COVID-19 period (98.6%). These study’s findings were similar to those of a survey (25) which revealed that Americans had a negative opinion of the health system during COVID-19 and did not trust the public health system during the COVID-19 pandemic (26).

However, the results of this study disagreed with those of Grissom et al. study (2021), which found that COVID19 appeared to have had a positive effect on the overall level of patient satisfaction (26). Additionally, the results of the present study were at odds with those of a study by Bin Traiki et al. (2020), which was carried out in Saudi Arabia and found that patient satisfaction levels were high across all health domains, with generally positive surgical outcomes, demonstrating that all measures and policies put in place during the pandemic were beneficial for the patients (27). It is important to note that these two studies were carried out during the early stages of the COVID and the first 3–4 months of the pandemic, when the services were not significantly impacted by the COVID 19 pandemic and patients with non-COVID-19-related concerns avoided going to the hospital. The use of a different self-reported questionnaire and hospital method of administration may be the reason for the differences between our study and other studies. In addition, the level of satisfaction is also a subjective phenomenon that can vary greatly from patient to patient.

Additionally, the results of the current study are important because they provide further evidence of COVID-19’s negative impact on people with chronic conditions and cancer (13). In the current study, 90.3% of participants reported having a negative opinion about the access to healthcare services during the COVID-19 pandemic in comparison to the time before the pandemic. It was reported that the COVID-19 pandemic is associated with a variety of barriers to healthcare access and an increase in diabetic symptoms. The findings of the present study were also consistent with a study by Nez et al. (2021), which discovered that the difficulty in obtaining chronic treatments, such as those for COPD, diabetes, and hypertension, has worsened as a result of the decrease in healthcare access brought on by doctors’ “calls to duty” for urgent COVID-19 cases (17). For instance, 10 to 14% of people said their diabetic symptoms had gotten worse. Access issues were also connected to less frequent glucose monitoring frequency (13). Furthermore, those who have high blood pressure reported having more difficulty obtaining anti-hypertensive medication and treatment (20.3% in India, 8.6% in Hong Kong, and 6% in Korea). Another such group includes cancer patients, who are more likely than the general population to pass away from COVID-19-related severe sequelae, issues brought on by advanced age, and comorbidities (28, 29). Oncological patients with COVID-19 are predicted to have a mortality rate of 25.6% (30). According to data from Europe, more people with chronic conditions died at home as a result of not having access to life-saving medical treatments and the reallocation of healthcare funds to the control of COVID-19 (31, 32). The findings of the current study may indicate that people with chronic diseases should receive the appropriate services with high quality and without limited access or resources during the COVID 19 pandemic or any subsequent outbreak.

Additionally, determining the preferences of the patients may play a crucial role in providing successful planning, training, and caring programs (23). According to the current study’s findings, the preference for outpatient healthcare delivery during the COVID-19 outbreak was more likely to receive the highest percentages of (negative opinion) (94.3%). These findings were consistent with a study by Predmore et al. (2021), in which only 18.9% of participants chose the current health system delivery during COVID 19 outbreak such as using video visits and 61.7% preferred an in-person visit to the clinics (33). However, the results of the present study were in contrast to those of a study by Reicher et al. (2021), in which the participants were recruited through advertisements on websites intended for general social media users, the older adults, and individuals with chronic illnesses. The majority of study participants preferred the current delivery of health care services during the COVID-19 outbreak. For instance, (77%) agreed and strongly agreed that they would continue to use telemedicine services in the COVID-19 pandemic and would continue using these types of services in the future, and approximately 63% of participants were satisfied with the current health system’s delivery of telemedicine services (34). One possible explanation of the current study finding is that that the participants in this study might not have access to broadband internet and have limited digital literacy. Another factor is that the majority of participants had low incomes and educational backgrounds below those of four-year universities, which may have influenced their preference for outpatient healthcare delivery during the COVID-19 outbreak.

Another important prerequisite for the participation in the current study is the quality of care provided by healthcare systems, which has received more attention as a result of the pandemic. The quality of hospital procedures and services cannot be improved without actively pursuing patient satisfaction and closely attending to patients’ wants and expectations in terms of comfort as well as clinical treatments (23). The results of the current study revealed that 93% of participants had a negative opinion about the quality of care provided in outpatient clinics. This is consistent with a study by Tuczyska et al. (2022), who performed a systematic review of 12 studies (four from the United Kingdom and one each from Catalonia, Italy, Sweden, Poland, the Netherlands, France, Germany, and Belgium) to assess the quality of healthcare services in Europe during the COVID-19 pandemic. The study found that the COVID-19 outbreak adversely affected the quality of healthcare in the majority of European countries, with the exception of England. In England, the government’s actions had a positive impact on the quality of healthcare services, such as encouraging patients to register online or over the phone rather than in person. The plan was to respond to as many inquiries via phone or video call, but if a face-to-face meeting was required, it was scheduled for later that day. The use of home visits has also been successful in certain areas of England, particularly for patients who would find it difficult to travel. According to WHO (2020), improving the quality of health care during COVID-19 can minimize both direct and indirect mortality from outbreaks and illnesses that can be treated and avoided by vaccination. The provision of safe, efficient, and client-centered healthcare services was a problem for pandemic. Therefore, health systems should commit to identifying and attending to patients’ psychological, physical, and other needs over the course of their treatment.

Whether there is a healthy relationship between medical staff and patients is one of the key factors that affects the quality of care and, ultimately, the treatment’s outcome (35). Interestingly, the majority of patients did not feel satisfied with their interactions with their doctors, according to the results of the current study. The capacity of health care workers to develop enduring connections with patients that are defined by empathy has been proven to have a significant impact on patients’ recovery, perceived self-worth, distress, contentment, and hope (36). One of the most important aspects that affects the quality of therapy and, consequently, its efficacy is the degree to which patients and medical staff get along well (23). Furthermore, research has demonstrated that individuals with robust immune systems are those who receive caring empathy from their medical professionals (37). However, health care workers’ elevated levels of stress and worry during the COVID-19 outbreak, which impair their interactions with patients in addition to their fear of catching the corona virus, may be one explanation for this result (8, 38–40). These patients should therefore receive psychiatric care and assistance in outpatient clinics during any future pandemic.

According to a study by Okereket al. (2021), the safety of medical professionals working in the front lines of the COVID-19 pandemic is also a major concern, and a sharp decline in the availability of PPEs that are appropriate and scarce medical resources may make it challenging for people to access healthcare services (39). Our findings are consistent with those of a study by Nyasulu and Pandya (2020), which found that the COVID-19 pandemic had a direct impact on the health system during the pandemic that had a detrimental impact on its functionality and resource depletion in addition to diverting the health workforce, suspending services, reducing health-seeking behavior, and reducing the availability of supplies (41). According to Ahmed et al. study (2020), which compared healthcare access for those living and working in slum communities in Bangladesh, Kenya, Nigeria, and Pakistan before and during COVID-19, access to healthcare services, including preventive services such as immunization and reproductive, maternal and child health services, had decreased and been disrupted during the pandemic. Additionally, it was difficult for people to access healthcare facilities, because healthcare costs rose, and household income decreased (42).

Additionally, the results of the current survey also showed that most of the participants were more likely to have a negative attitude toward the delivery of healthcare during the COVID-19 outbreak. These findings were in contrast to a study conducted in India by Gopalakrishnan et al. (2021), which discovered that the majority of participants (84.2%) showed a positive attitude regarding COVID-19 prevention and that 93.0% of participants adhered to the advised safety procedures (43). The outcomes of the current study also did not agree with those of the study by Olum et al. (2020), which found that 74% of the participants had a positive attitude toward COVID-19 prevention (44). Additionally, according to Nguyen et al. (2021), the majority of participants (76.3%) had favorable attitudes, and more than half of the participants (57.7%) continued to practice good COVID-19 prevention (45). One possible explanation for the patients’ negative attitudes in the current study could be that the lack of medical services and supplies during the COVID-19 pandemic made it difficult for patients with chronic illnesses in East Jerusalem to feel secure and protected in the hospital environment. In a study conducted in Vietnam by Nguyen et al., it was found that participants who had learned enough information about the illness displayed positive attitudes and optimistic expectations for COVID-19 control. Hospitals also had to put in place a number of stringent pandemic control and prevention measures and policies, including the ban on visitors while a patient is in the facility, the need for a face mask and a medical declaration, the distribution of educational materials, hand hygiene kits, and social seclusion guidelines, as well as the suspension of inpatient visiting and the broadcasting of warnings inside hospital buildings. These actions made a significant contribution to the patients’ positivity and confidence regarding their general health condition as well as to their safety while they were in the hospital, which had a positive impact on the patients’ attitude (45).

Finally, multivariate analysis indicated a significant relationship between participant opinion and education level and participants with educational levels of 12 study years or less were more likely to have more positive opinions of the delivery of the healthcare system during the Covid-19 outbreak period than the group with more than 12 study years. It was found that patients expectations and perception of healthcare services are influenced by their level of education (46). Comparing literate and illiterate people, Biresaw et al.’s study (2021) found that literate people were 54% less likely to be satisfied with the service. This shows that patients who have relatively higher educational status have higher expectations because educated people are more critical of the services being provided and perceive some hospital activities as simple, they may not be as satisfied as less educated people (46). These findings were not similar to a study by Jadoo et al. (2014), which found a statistically significant relationship between lower education and negative opinions of the respondents. The results showed that those with less education were less likely to be satisfied with the healthcare system and more likely to express negative opinions (24). Jadoo et al. concluded that people with higher levels of education are less likely to incur out-of-pocket expenses due to being in good health and people with lower levels of education are more likely to do so due to being in poorer health (24).

Additionally, it is important to note that health literacy and education have frequently been linked (47–49). Health literacy focuses on practical skills (reading and math) or on the core competencies needed to gather and process health information (oral and written). Components of health literacy include data analysis, decision-making, reading and listening comprehension, and the ability to apply these skills in the right health situations (47). Health literacy would increase as educational levels did (50, 51). According to Kickbusch et al., people with less education frequently exhibit low health literacy (47). on other hand, highly educated individuals may also have poor health literacy abilities (48). People’s poor health literacy results in problems like insufficient use of preventative services, excessive diagnostic delay, insufficient adherence to medical advice, increased use of health services, increased risk of hospitalization, increased mortality rate, and significantly higher health-care costs (52, 53). In addition, people who have trouble understanding and utilizing health information and resources may have a difficult time managing chronic diseases (54). Poor cardiovascular health and a higher frequency of diabetic foot amputations, for example, have both been linked to low health literacy (55, 56) Jansen indicated that people with low levels of education might be able to avoid using health services if given the assistance to make informed choices (47).

Also, the multivariate analysis revealed a significant `relationship between participant opinion and the duration of the illness as those with 3 years of illness or less had more negative opinion toward the delivery of the healthcare system than those with more than 3 years of illness. Nikoloski et al. study reported that patients who received subpar care due to their health status or poor physical condition tend to be less satisfied with a variety of aspects of outpatient healthcare (47). This finding may be explained by the fact that patients who are diagnosed with chronic diseases for long time may have stable conditions than patients who are diagnosed for short period of time. Also, heavy users, such as those with chronic diseases or those in worse health, might interact with the healthcare system more frequently and have higher expectations for interactions with healthcare providers, which might have a negative impact on their satisfaction (47).

Also, the multivariate analysis revealed a significant `relationship between participant opinion and the duration of the illness as those with 3 years of illness or less had more negative opinion toward the delivery of the healthcare system than those with more than 3 years of illness (56). Nikoloski et al. study reported that patients who received subpar care due to their health status or poor physical condition tend to be less satisfied with a variety of aspects of outpatient healthcare (57). This finding may be explained by the fact that patients with chronic diseases who have been diagnosed for a longer period of time may have more stable conditions than patients who have only recently been diagnosed, which may have a positive impact on their satisfaction with the provision of healthcare services.


Limitations

There are some limitations in this study. The sample included patients who attended outpatient clinics at the East Jerusalem hospitals, which may limit the generalization of the findings to other healthcare hospitals in Palestine. Furthermore, convenience sampling and cross-sectional design are barriers to making casual conclusions. Outbreak lockdowns decreased the number of patients attending to the outpatient clinics which decrease the number of participants in the current study. In addition, the provision of healthcare in East Jerusalem may have been inadequate even before the COVID pandemic and may have persisted throughout the pandemic, which may have had an impact on participants’ responses to the scale questions. As a result, qualitative research may be necessary to understand in more detail patients’ attitudes toward healthcare in Jerusalem during the COVID-19 pandemic.

Nevertheless, despite these limitations, providing our findings about the patient’s perspective of outpatient clinics services delivery during COVID-19 outbreak in East-Jerusalem represents a valuable contribution to the literature.



Implications of the study

The health care management and system are likely to benefit practically from the study. Its conclusions can be applied to provide a set of suggestions that can be used to reduce the unfavorable effects of providing healthcare in outpatient clinics during public health emergencies like the COVID-19 pandemic in the Palestinian context. In times of emergency, it’s critical to support emergency preparedness capacity building to meet patient needs and expectations. In collaboration with the Ministry of Health and other healthcare providers, financial and technical support must be provided to the hospitals in East Jerusalem to improve accessibility, availability of resources, quality of care which may affect the attitudes and patient’s preference positively. People with cancer and chronic illnesses should also have access to high-quality, specialized medical care. Resources should be made available in a way that suits patients’ preferences to promote accessibility. Health policy makers should prioritize treating people with chronic conditions first in the event of a pandemic since these populations are currently at high risk for it, particularly patients with high levels of education and those whose illnesses have only lasted 3 years or less.

The results of the current study highlight how crucial the interaction between patients and medical professionals is. By emphasizing the individuality and needs expressed by patients, problematizing key elements that may contribute to care that is of high quality, safe, and patient-centered is made possible by understanding and discussing the patient’s perspective on healthcare. Future research may concentrate on how other approaches and cutting-edge tools, like the use of telehealth, video consultation, or online hospitals or outpatient’s clinics can be applied to any upcoming epidemic. Another crucial area to look into is the values and quality of these new services from the perspectives of patients and healthcare professionals for chronic diseases clinics compared to in-person visits.




Conclusion

This study found that when the current situation during the COVID-19 outbreak is compared to before the COVID-19 period in terms of accessibility, availability of resources, quality of care, attitudes, and patient preferences, the majority of the participants with chronic diseases or cancer had a negative opinion. Policymakers and health managers should enhance patient preferences and attitudes during the COVID-19 pandemic and other pandemics by increasing accessibility, availability of health resources, and the quality of healthcare.
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Introduction: During the recent COVID-19 pandemics, many models were developed to predict the number of new infections. After almost a year, models had also the challenge to include information about the waning effect of vaccines and by infection, and also how this effect start to disappear.
Methods: We present a deep learning-based approach to predict the number of daily COVID-19 cases in 30 countries, considering the non-pharmaceutical interventions (NPIs) applied in those countries and including vaccination data of the most used vaccines.
Results: We empirically validate the proposed approach for 4 months between January and April 2021, once vaccination was available and applied to the population and the COVID-19 variants were closer to the one considered for developing the vaccines. With the predictions of new cases, we can prescribe NPIs plans that present the best trade-off between the expected number of COVID-19 cases and the social and economic cost of applying such interventions.
Discussion: Whereas, mathematical models which include the effect of vaccines in the spread of the SARS-COV-2 pandemic are available, to the best of our knowledge we are the first to propose a data driven method based on recurrent neural networks that considers the waning effect of the immunization acquired either by vaccine administration or by recovering from the illness. This work contributes with an accurate, scalable, data-driven approach to modeling the pandemic curves of cases when vaccination data is available.
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1 Introduction

The COVID-19 pandemic was the first pandemic for which data related to the number of infections, deaths, hospitalizations, and other relevant variables were captured and reported daily in over 100 countries in the world (1, 2). Data scientists across the globe, working with mathematicians and epidemiologists, developed computational models to predict the pandemic spread using a variety of approaches, including compartmental meta-population (e.g., SIR or SEIR) (3–6), statistical (7–10), agent-based (11–14), and deep learning-based (15–18) models. These models consider the impact of the applied non-pharmaceutical interventions (NPIs) and thus enable running simulations of what-if scenarios where different NPIs were to be applied.

The SARS-CoV-2 outbreak in Wuhan was made public on 31 December 2019. Its impact and spreading potential were early noticed (19), and the virus genome was sequenced at an early stage of the pandemic spread, showing its most remarkable features (20). The first vaccines were quickly developed due to a concerted effort by pharmaceutical companies, scientists, and governments. Clinical trials started in recorded time after the coronavirus pandemic was declared (21–24). This allowed the first vaccine doses to be available at the end of 2020 and the beginning of 2021 (25–27).

Estimating the immunity provided by the different vaccines before setting up vaccination plans was critical in preventing the spread of the infection and in estimating the reduction of the breakthrough infection and other indirect effects. These estimations across different population groups led to the proposal of specific vaccination strategies (28). Another factor to consider is each vaccine's decrease in immunity over time (29, 30).

Several mathematical models that leverage such information have been proposed to forecast the evolution of the pandemic under different vaccination policies worldwide, such as (15, 31). Immunity can be estimated in terms of confidence intervals, but, as described later, the waning in immunity may be modeled through Weibull distributions (32).

However, we are not aware of any deep learning-based approach to predict the evolution of the COVID-19 pandemic while considering the impact of vaccination. In this study, we present a deep learning-based COVID-19 case predictor that includes vaccination data and thus extends the previous study by (17, 18).

We empirically test different implementations with data from the first quarter of 2021 when vaccines started to be available. At that time, the predominant variants of SARS-CoV-2 were Alpha, Beta, and Gamma, which were closer to the variant considered to develop the vaccines than the Delta variant.

This study is organized as follows: In Section 2, we present the notation and the core computational epidemiological models used by our predictor. The data sources used for this study are described in Section 3. Section 4 presents the deep learning-based architecture that we used to implement the different models to predict the number of daily COVID-19 cases. Section 5 summarizes our results, followed by our conclusion in Section 6.



2 Computational epidemiological model


2.1 Notation

We will use the following terms and notation as per (17). Given an arbitrary country denoted by GEOj, we assume that its population is constant and denoted by Pj. Its daily number of new COVID-19 confirmed cases on the n−th day, starting from 1st September 2020, will be denoted by [image: Mathematical expression showing “X” with subscript “n” and superscript “j”.]. In our estimations, we will consider the smoothed averaged number of cases between the days n−K+1 and n, computed as [image: The mathematical formula shown is: \(Z_n^j = \frac{1}{K} \sum_{X = 1}^{i=0} X_{n-1}^j\).], with K = 7, to smooth over 1 week.

Beyond the number of infected individuals on the n-th day at GEOj, we also consider [image: Mathematical notation showing \( S^{j}_{x} \).], the number of susceptible individuals who can be infected on the n-th day; [image: Mathematical notation showing a variable \(V\) with subscript \(i\) and superscript \(j\).], the number of individuals protected by a vaccine on the n−th day; and [image: Mathematical notation displaying the symbol "D" with subscript "n" and superscript "j".], number of retired (recovered or deceased) individuals in GEOj on the n−th day. We compute the ratio of cases between 2 consecutive days as [image: Mathematical equation displaying C sub n superscript j equals Z sub n superscript j divided by Z sub n minus 1 superscript j.], which shows the growth/decrease in the number of cases, and the rescaled ratio by the proportion of susceptible individuals, denoted by [image: The equation shows \( R_n^j = C_n^j \frac{P^j}{S_n^j} \).]. This last quotient captures the effects of a finite population, as it depends on the proportion of susceptible individuals.

We denote the estimations provided by our models with a [image: It looks like there was an error with uploading the image. Please try uploading it again or provide a URL if it's online.] symbol, e.g., [image: Mathematical notation depicting an expression with variables, including "X" with a hat symbol, superscript "j," and subscript "n."] denotes the estimated number of new COVID-19 cases on the n-the day in GEOj, and [image: Mathematical notation showing the symbol R subscript n raised to the power j, with a hat symbol above the R.] the estimated scaled case ratio. Next, we present the two underlying computational epidemiological models in which our deep neural network models are based.



2.2 Compartmental SIR model

The classic compartmental metapopulation SIR model computes the number of Susceptible (S), Infected (Z), and Recovered (D) individuals as per the following differential equations:

[image: The image shows a mathematical equation: dS/dt equals negative beta times S divided by PZ plus sigma of D, labeled as equation one.]

[image: Differential equation showing time derivative of Z as dZ/dt equals beta times S over P times Z minus mu times Z, labeled as equation two.]

[image: Differential equation showing the rate of change of D with respect to time t, expressed as dD/dt equals μ times Z minus σ of D, labeled as equation three.]

where β is the infection rate, μ is the recovery or removal rate, and σ(D) is a function of the retired individuals. This term is not usually included in basic SIR model formulations, but as the pandemic evolved, it is necessary to include it. The infection rate β, and thus [image: Mathematical expression displaying "R" with subscript "n" and superscript "j".], depend on the transmissibility rates of the different variants circulating in GEO j at time n and on the applied non-pharmaceutical interventions (NPIs) at GEO j. During the period under consideration, there were several variants of concern (VOC) (Alpha, Beta, and Gamma) which changed to variants being monitored (VBM) in September 2021 due to the emergence and expansion of the Delta variant since June 2021 (33). We assume that the three VBM variants behave as a single one. As explained below, the effect of β and μ will be captured jointly in [image: Stylized mathematical notation with an uppercase "R" followed by a subscript "n" and a superscript "j".], thus estimating them individually is not necessary.



2.3 Compartmental SIR model with vaccination (SVIR)

The previous SIR model can be extended to incorporate information regarding the level of vaccination in each GEO and the efficiency of the vaccines. It is given by the following equations:

[image: The image shows a differential equation: dS/dt equals negative beta S over P Z plus sigma D minus alpha P plus gamma V, followed by equation number four in parentheses.]

[image: The image displays the mathematical equation: \(\frac{dV}{dt} = \alpha(P) - \gamma(V)\), with the number 5 enclosed in parentheses beside it.]

[image: The equation shows the rate of change of Z with respect to time t, expressed as dZ/dt equals beta times S over P times Z minus mu times Z, labeled as equation six.]

[image: The image shows a mathematical equation: dD/dt equals μZ minus σ(D).]

This model has two additional terms with respect to the previous one: α(P), which represents the daily vaccinated population, and γ(V), which is a function indicating the vaccinated population that becomes susceptible to the virus due to the waning effect of the vaccines.

From the discrete version of [image: Derivative notation, "dZ over dt," representing the rate of change of Z with respect to time t.], either in 2 or 6, [image: The mathematical expression \(Z^j_n\), representing a variable or element indexed by \(n\) and raised to the power \(j\).], the number of infected individuals on the n-th day in GEOj is given as follows:

[image: Equation showing \( Z_{k}^{j} = Z_{k-1}^{j} + \beta \frac{S_{k-1}^{j}}{P^{j}}Z_{k-1}^{j} - \mu Z_{k-1}^{j} \).]

[image: Equation depicting a mathematical expression: equals one plus beta times S sub n minus one over P superscript j minus mu, all multiplied by Z superscript j sub n minus one. The equation is labeled as number nine.]

where [image: Mathematical notation showing \( S_{k-1}^j \).] and [image: Mathematical expression showing Z sub n minus one raised to the power of j.] are the numbers of susceptible and infected individuals GEOj on the day n−1, β is the infection rate, and μ as the recovery or removal rate, which yields the scaled case ratio, [image: Mathematical notation showing "R" with subscript "x" and superscript "j".] as in (16, 17):

[image: The equation shows \( R_k^j = \frac{Z_k^j}{Z_{k-1}^j} \frac{P^j}{S_k^j} = \frac{(1-\mu)P^j}{S_k^j} + \beta \) labeled as equation 10.]

Given that μ is constant in (10), the larger the infection rate β is, the larger the [image: Mathematical notation showing "R" with subscript "n" and superscript "j".] will be. If we predict [image: Mathematical notation showing "R" with subscripts "x" and superscript "j".], we can estimate the number of COVID-19 cases for the n-th day in GEOj as follows:

[image: Mathematical equation with variables X-hat-sub-n, R-hat-sub-k, S-sup-j-sub-k-minus-1, P-sup-j, XZ-sub-k-minus-1, and X-prime-sup-j-sub-k-minus-gamma. It is equation number eleven.]

It is worth mentioning that [image: Mathematical notation showing \(Z\) raised to the power of \(j\) with a subscript \(n\).] is the resulting smoothed number of infected people on GEOj over 7 days, from n−6 up to n. Moreover, [image: Mathematical notation showing X superscript j and subscript k minus seven.] is the real number of infected people on the day n−7 in GEOj.

While [image: Mathematical notation showing X subscript n with a hat accent and superscript j.] is given by the same expression both in the SIR (1) and SVIR (4) models, the estimation of the number of susceptible individuals, [image: Mathematical notation showing \( S^j_n \), indicating an element or component in a sequence or set, with \( j \) as a superscript and \( n \) as a subscript.], is different due to the vaccination. In the case of the SVIR model, the total population Pj for GEOj is given by [image: Equation \( P_{n}^{i} = S_{n}^{i} + V_{n}^{i} + Z_{n}^{i} + D_{n}^{i} \).], for any n∈ℕ, indicating that the total population on GEOj is split on day n as the sum of the susceptible ([image: Mathematical expression with the letter "S" followed by the superscript "j" and the subscript "x" in a serif font.]), vaccinated ([image: Mathematical notation showing a variable \( V \) with subscript \( x \) and superscript \( j \).]), infected ([image: Mathematical notation showing \(Z^j_n\), where \(Z\) is raised to the power of \(j\) and indexed by \(n\).]), and removed individuals ([image: Mathematical notation showing the symbol \( D_n^j \).]), including both immunized and deceased individuals. Thus, discretizing [image: The mathematical notation shows the derivative of S with respect to t, represented as "dS over dt".], the number of susceptible individuals on the n-th day in GEOj, denoted as [image: Mathematical notation showing S with subscript n and superscript j.], can be obtained as follows:

[image: Equation showing \( S^i_n = S^i_{n-1} - Z^i_{n-1} - \alpha (P^i_{n-1}) + \sigma (D)^i_{n-1} + \gamma (V)^i_{n-1} \), labeled as equation (12).]

where [image: The expression α times P raised to the power of j, with a subscript of n minus one.] represents the total number of vaccinated individuals on the day n−1, [image: Mathematical expression featuring curly script gamma of V, raised to the power of j, and subscript n minus 1.], reflects the vaccinated individuals who have lost immunity on day n−1, and [image: Mathematical expression showing gamma of D raised to the power of j subscript n minus one.] corresponds to the infected individuals who have lost immunity on day n−1.

The impact of the loss on immunity by part of the population is complex and hard to infer, as it depends on the types of vaccines delivered in each GEO, the distribution of variants with their respective infection rates, the number of doses administered, and the number of partial and fully vaccinated individuals (34). For instance, the Alpha variant was predominant with respect to the Primal variant between January 2021 and June 2021, when the Delta variant became a variant of concern (33). In our experiments we assume that:

	(1) All circulating SARS-CoV-2 variants are a unique variant during the entire period of study; and
	(2) All vaccines impact individuals equally, independently of their age, gender, or ethnicity, given that such information is not available in the compartmental metapopulation models.



2.4 Decay over time in the vaccine's immunity to SARS-CoV-2 infections

The decay of the vaccine's immunity against a SARS-CoV-2 infection may be fitted using a Weibull or a lognormal model. Both of them estimate a similar average protection, but the Weibull model provides a slightly better fit over time (32). The waning effect of the vaccine's immunity on day n is modeled by the means of a Weibull distribution of parameters k and ρ for the following eight vaccines:

1. ChAdOx1 (Oxford/Astrazeneca, OA)

	2. Ad5-nCoV Convidecia (Cansino, CA)
	3. mRNA-1273 (Moderna Biotech, MO)
	4. BBIBP-CorV (Sinopharm, SP)
	5. CoronaVac (Sinovac, SV)
	6. Sputnik V/Gam-COVID-Vac (Gamaleya, GA)
	7. Ad26.COV2.S (Janssen, JA)
	8. BNT162b2 (Pfizer/BioNTech, PB)

We denote by

[image: The equation shown is: \( F(n, \lambda_i, k_i) = e^{-(w/\lambda)^k} \), labeled as equation (13).]

the complement of the Weibull distribution that models the waning effect on day n of each of the eight vaccines listed above. These models are known as accelerated failure time models and are frequently used in survival analyses. We use the same fitting parameters λi and ki as those reported in the study mentioned in the reference (32, Table 4). As shown in the Table 1, the parameter estimates are available for individuals who are vaccinated with either a complete or incomplete dose and for actively infected individuals.


TABLE 1 Fitted parameters for the Weibull distribution (λ, k), for complete and incomplete doses from (32).

[image: Table comparing vaccine doses. Vaccines labeled 1 to 8 list two parameters each for complete and incomplete doses: λp and kp for complete doses, and λf and kf for incomplete. Values range from 166.0 to 235.3 for complete λp, and 63.5 to 92.0 for incomplete λf. Some values for incomplete doses are missing.]

Figure 1 shows the Weibull functions that model the probability of immunity for infected and fully vaccinated individuals and for each of the eight vaccines.


[image: Line graph depicting immunity probability percentages over days from active infection or vaccination for various vaccines: Oxford/AstraZeneca, CanSino, Moderna Biotech, Sinopharm, Sinovac, Gamaleya, Janssen, Pfizer/BioNTech, and active infection. Immunity declines over time, starting near 100% and decreasing at different rates for each vaccine.]
FIGURE 1
 Weibull distributions to model the decay effect of the 8 vaccines (OA, CA, MO, SP, SV, GA, JA, and PB) on infected and fully vaccinated individuals.


In Equation (13) and in the rest of the formulas, the index i = 0 represents the already infected population; i∈[1, 8] denotes each one of the eight vaccines, following the order in which they are listed above. We assume that: (1) protection starts on the 14th day after the last –complete or partial– dose; and (2) individuals can get reinfected after d0 = 14 days. Given these assumptions, the number of infected individuals who become susceptible again on GEOj and on day n is given as follows:

[image: The equation depicts the formulation: σ(Dᵢ)ₖ = (1 - F(d₀, λ₀, k₀))Zₖ₋₁₄.]

[image: Mathematical equation showing a summation from \(x = d_0\) to \(\mu_1\) of the difference between two functions, \(F(d_0 - 1 + l, \lambda_0, k_0)\) and \(F(d_0 + l, \lambda_0, k_0)\), multiplied by \(Z_{x-l=l_1}\), equation number (15).]

for n ≥ d0+1, where λ0 = 87.3 and k0 = 1.4 as per (32). The number of vaccinated individuals that become susceptible after waning immunity is computed as follows:

[image: The image shows a mathematical formula: \( \mathcal{W}(V)^{i}_{k} = \sum_{v = x, y}^{8} \sum_{i=1} (1 - F(d_0, \lambda_{v}, k_{v,i})) V^{i}_{k-14} \).]

[image: Mathematical formula showing a triple summation involving variables \( i \), \( \lambda \), and parameters \( d_{0} \), \( \lambda_{0} \), and \( k \). The expression is given by \(\sum_{i=a}^{b} \sum_{\lambda=x}^{y} \sum_{k=z}^{w} (F(d_{0}-1+i, \lambda, k) - F(d_{0}+1, \lambda, k_{i})) W_{k=x}^{i}\), labeled as equation (17).]

for n≥n0+d0 = 363, where [image: Mathematical expression with the variable V raised to the power of i, with a subscript of 5.] is the number of individuals that were vaccinated on day s with vaccine i; v indicates whether individuals are partially (p) or fully vaccinated (f); and n0 corresponds to 14 December 2020 (349th day of the year) plus d0 days of latency until individuals may get infected again when the vaccination started worldwide.




3 Data sources

The number of infected and vaccinated individuals and the non-pharmaceutical interventions (NPIs) applied in each GEO of interest were retrieved from the Oxford COVID-19 Government Response Tracker (OxCGRT) (35). If a country has a negative number of cases in 1 day, we replace this number with 0. The input to the prediction model is the smoothed number of cases obtained by computing their average over 7 days.

Table 2 shows the NPIs considered in this study. They are categorical variables that indicate the level of intensity of applying each NPI: the higher the level, the more restrictive the applied measure is. Detailed information about these levels can be found in the codebook of the OxCGRT (35) and in the Supplementary material of (17).


TABLE 2 NPIs considered in this study and their possible activation values.

[image: Table listing Non-Pharmaceutical Interventions (NPIs) with corresponding values. Categories include school closing, workplace closing, public event cancellation, gathering restrictions, public transport closure, stay-at-home requirements, internal movement restrictions, international travel controls, public information campaigns, testing policy, contact tracing, facial coverings, and vaccination policy. Each NPI has potential values ranging from zero to as high as five. A note indicates a codebook reference, OxCGRT, for detailed descriptions of each categorical value.]

One of these NPIs (H7) describes the population groups that are covered by vaccination with the following levels: (0) vaccines are not available; (1–3) vaccines are available to one or more of the following groups (indicating the number of them): key workers, clinically vulnerable groups, and older individuals; (4) vaccines are available for broader groups; and (5) vaccines are universally available. The complete description of each NPI can be found at the study mentioned in the reference (36). All the predictor models described in this study consider all confinement (C1 to C8) and some public health interventions (H1 to H3 and H6). The vaccination NPI (H7) may be used to incorporate vaccination into an SIR model or complement an SVIR model, as explained below.

The number of administered vaccine doses per GEO and day is obtained from the OxCGRT dataset. However, this information is not provided per vaccine type. We obtained the vaccine specific details from the study mentioned in the reference (2, 37) but only for the following GEOs: Argentina, Austria, Belgium, Bulgaria, Canada, Croatia, Cyprus, Czech Republic, Denmark, Ecuador, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, and United States. In the following, we refer to these countries as GEOs, being GEOj the j-th country in this set. Once we have defined the underlying computational epidemiological models and described the data sources, the next sections present the different implementations of the deep learning-based predictor of daily COVID-19 cases and their evaluation with real data.



4 Predictors of COVID-19 cases with vaccination


4.1 Basic architecture

We base our predictor architecture in the architecture presented in the study by (17). It consists of two parallel branches of bidirectional Long Short Term Memory layers (LSTM) (38), as shown in Figure 2: one (top branch) to predict [image: Mathematical notation showing R subscript k superscript j, likely representing a variable or function in a mathematical context.], i.e., the COVID-19 infection rate in GEOj on day n (context), and the other (bottom branch) to model the effect of the applied NPIs (actions), [image: Mathematical expression depicting the character "A" with subscripts "i" and superscript "j".]. Each LSTM provides separate predictions from the context, denoted by h and actions, denoted by h, combined using a lambda layer to yield an estimated [image: Mathematical expression with a hat symbol above the letter R, subscript n, and superscript j.]. From [image: Mathematical expression showing a capital letter R with a superscript j and a subscript n, with a hat symbol above the R.], the number of daily cases is computed as per Equation (11). While we obtain a model for all the GEOs, for conducting predictions on each GEO, we use its own context and action data. The model is implemented in TensorFlow and Keras, running in a computer with an RTX 3090 GPU with 24 GB of RAM.


[image: A diagram of a two-branch neural network model. The top branch starts with "GeoID," processes data through Conv1D, MaxPooling1D, a Bidirectional LSTM, and a Dense layer, producing an output labeled \( h \). The bottom branch starts with "NPIs," uses an LSTM followed by two Dense layers, yielding an output \( g \). These are combined using a Lambda function to compute the final output \( x \). Mathematical equations are noted in the model for combining outputs.]
FIGURE 2
 Given the previous contexts [image: Mathematical expression showing \( R_{k-1}^{j} \), with subscript \( k-1 \) and superscript \( j \).] and actions [image: Mathematical expression featuring \( A^{j}_{k-1} \), where \( A \) is raised to the power of \( j \) and the subscript is \( k-1 \).] on GEO j up to the n−1-th day, the model computes an estimated [image: Mathematical expression featuring a capital R with a circumflex accent, a superscript j, and a subscript n.] which is the infection rate at n-th day for GEO j as a result of combining both branches with a lambda function.


The architectural details of each of the branches are as follows:

	1. The context branch (top) consists of a one dimensional convolutional layer with the ReLu activation function, followed by a maxpool layer with pool size equal to two, and a bidirectional LSTM followed by a dense layer. The convolutional layer has 64 filters with kernel of size 8, and the bidirectional LSTM with 32 units encodes the input sequence into states of 32 dimensions, which are then provided to the dense layer for prediction. This architecture empirically generalized well for many GEOs, achieving good performance in both short- and long-term predictions (17). The outcome of this layer is denoted by a function h in terms of the ratios of cases [image: Mathematical notation showing an uppercase italicized "R" with subscript "n" and superscript "j".].
	2. The action branch (bottom) consists of an LSTM followed by two dense layers to capture non-linearities. We use a sigmoid activation function to ensure the output is in the [0, 1] range. The outcome of this layer is denoted by a function g(A) in terms of the NPi's [image: Mathematical notation showing the symbol A subscript x superscript j.] applied in the GEO j. Moreover, we constrain g(A) to satisfy the following condition: if the difference between two sets of actions A and A′ is greater than or equal to 1, (1−g(A)) must be lower or equal to (1−g(A′)).
	3. Finally, a lambda layer combines the outcomes of the context and action branches and provides the predictions of [image: Mathematical notation showing the expression for \( \hat{R}^{j}_{n} \).] that permits estimating future cases.



4.2 Enhanced models with vaccination

We introduce two key modifications with respect to previously described basic model. First, the rapid expansion of the Alpha/Delta/Omicron variants enables learning a context model for all GEOs simultaneously instead of clusters of countries. Second, instead of a traditional SIR model, we include vaccination information in two ways: (1) through an NPI (H7) as an action in the action branch or (2) with an SVIR model that considers the effects of vaccination. The hypothesis is that the SVIR model would yield more accurate predictions once vaccinations are widespread, as it considers the protective effect of vaccination. Nevertheless, as time goes by, the probability of reinfection increases, it is necessary to include waning immunity in the models.

We compare eight different predictors. First, we use the baseline model (Baseline 1) introduced in the study mentioned in the reference (16) and served as a baseline for the XPRIZE Pandemic Response Challenge. We also benchmark our proposed models against a second baseline model (Baseline2), the predictor presented in the study mentioned in the reference (17) but without performing any clustering of GEOs as we only consider the 30 GEOs, where vaccination data were available as opposed to 198 GEOs. With such a limited number of GEOs, a clustering process is unsuitable. In neither of these predictors, there is no reintroduction of infected individuals who have lost immunity.

In addition, we consider six predictors to test the different implementations of vaccination data. All the predictors consider a waning immunity of infected individuals. These are the models under consideration, according to the nomenclature used in Table 3:

	1. SIR w/o H7 w/o VacW: SIR model that reintroduces infected individuals that lost immunity but that neither considers NPI H7 nor the waning in the vaccines' immunity.
	2. SIR H7 w/o VacW: SIR model that reintroduces infected individuals that lost immunity and considers NPI H7 but does not consider the waning in the vaccines' immunity.
	3. SVIR w/o H7 w/o VacW: SVIR model that reintroduces infected individuals that lost immunity but that neither considers NPI H7 nor the waning in the vaccines' immunity.
	4. SVIR w/o H7 & VacW: SVIR model that reintroduces infected individuals that lost immunity considers the waning in the vaccines' immunity but does not include NPI H7.
	5. SVIR H7 w/o VacW: SVIR model that reintroduces infected individuals that lost immunity and considers NPI H7 but does not consider the waning in the vaccines' immunity.
	6. SVIR H7 & VacW: SVIR model that reintroduces infected individuals that lost immunity and considers both NPI H7 and the waning in the vaccines' immunity.


TABLE 3 Accuracy of the predictors expressed in terms of MAE and Mean Rank (M. Rank) from 1st January 2021 to 30th April 2021.

[image: Table comparing predictors for SIR and SVIR models. It shows MAE and Mean Rank values. Best results are bolded: MAE 10.98 and Mean Rank 1.86 for H7 & VacW under SVIR.]

Notably, the SIR model only allows to include vaccination by adding NPI H7. In our experiments, we compare these predictors with real data in the 30 GEOs of study.

The input to the models consists of data from previous confirmed cases and the NPIs implemented in each GEO. The NPIs are represented as a vector of categorical values that indicate the strength of each of the interventions, as previously explained.




5 Results

In this section, we first present the results of testing the previously described models to predict the number of COVID-19 cases globally between January and April 2021. We train the predictor with data retrieved from OxCGRT data set to predict the daily COVID-19 cases for the aforementioned list of GEOs between 1st September 2020 and 30th April 2021. All models were trained starting in 1st September 2020 until the day before the first prediction day. The models have a cumulative error since the prediction for the first day is used to make the prediction for the second one. In our experiments, we observed that for prediction periods longer than a fortnight, the error in the predictions started to increase significantly. Thus, we trained a new predictor every 15 days in the testing period and tested it to predict the number of COVID-19 cases in the next 14 days. After summarizing, to predict the number of newly infected individuals on day d0, the models are trained with data up to d0−8. We run five simulations to predict the number of new infections for d0−7 to d0−1 days. We select the model with the lowest mean absolute error (MAE) and use it to predict the number of COVID-19 cases for the period d0 to d0+13. To prevent overfitting, we use a validation data set at each epoch at training and an early stopping callback such that when the validation MAE stops decreasing, the training process is also stopped.

Table 3 shows the MAE and Mean Rank of all the models, including the baselines ones. Notably, the MAE is normalized by 100,000 inhabitants to enable a fair comparison across GEOs independently of the population size. To compute the Mean Rank, the models are ranked on each GEO and period, assigning 1 to the best-performing model and a 7 to the worst-performing model. The mean of all ranks on all GEOS is computed to obtain each predictor's Mean Rank.

Figure 3 shows the predictions of the two best-performing predictors (H7 & VacW SVIR and w/o H7 & VacW SVIR) compared with the ground truth (yellow dashed line) and the baseline 2 model (red line), between mid-January and mid-February 2021, immediately after the vaccinations started to have an impact on the spread of COVID-19. Let us note how the inclusion of H7 improves the estimation.


[image: Line chart titled "Europe" showing COVID-19 cases over time. It includes four lines: ground truth (orange dashed), HT & VociV (blue), without HT & VociV (green), and baseline (red). Mean Absolute Error values are provided: HT & VociV at 46.07, without HT & VociV at 62.63, and baseline at 70.42. Dates range from late July 2020 to late November 2020.]
FIGURE 3
 Predictions from 25th January to 11th February of the number of COVID-19 cases vs. the ground truth (yellow dashed line) for Europe with MAE per 100,000 inhabitants.


Figures 4–7 show the predictions of the two best-performing predictors on data between January and March of 2021 on several European countries with very different dynamics in the evolution of their number of COVID-19 cases: Poland during January 2021, when cases were increasing (Figure 4); France during February 2021, when cases were stabilized (Figure 5); Ireland during March 2021, when cases tended to decrease or stabilize (Figure 5); and Italy during April 2021, when there were two peaks of infections (Figure 7). Let us note how the H7& VacW SVIR predictor is able to correctly capture the trends in the pandemic curves even with such diversity of situations of the pandemic.


[image: Line graph showing COVID-19 case predictions for Poland from March 1 to March 29, 2021. Four lines represent different predictions: Ground truth (orange), HT 4 VAX7 (green), w/o HT 4 VAX7 (red), and Baseline2 (blue), with Mean Absolute Errors of 7.0, 8.03, and 7.78, respectively. The graph illustrates variations in case numbers over time.]
FIGURE 4
 Prediction of the number of COVID-19 cases vs. the ground truth for Poland with MAE per 100,000 inhabitants in January 2021.



[image: Line graph depicting COVID-19 cases in France over specified dates. It compares four models: Ground truth, H7 & VacW with a mean absolute error (MAE) of 16.45, w/o H7 & VacW with MAE 19.64, and Baseline 2 with MAE 10.21. Different lines represent each model showing fluctuations in cases.]
FIGURE 5
 Predictions of the number of COVID-19 cases vs. the ground truth for France with MAE per 100,000 inhabitants in February 2021.



[image: Line chart depicting COVID-19 cases in Ireland over time. The x-axis represents dates from 2021-03-01 to 2021-04-14, and the y-axis shows the number of cases. Lines include ground truth and predictions with different models: H7 & VacW, w/o H7 & VacW, and Baseline2, with respective MAE values of 0.17, 0.18, and 0.21.]
FIGURE 6
 Predictions of the number of COVID-19 cases vs. the ground truth for Ireland with MAE per 100,000 inhabitants in March 2021.



[image: Line graph showing COVID-19 case predictions in Italy from early March to June 2020. The graph includes four lines: Ground truth, H7 x VacW (MAE: 6.72), w/o H7 x VacW (MAE: 8.27), and Baseline2 (MAE: 9.92). The x-axis displays dates, and the y-axis measures the number of cases.]
FIGURE 7
 Predictions of the number of COVID-19 cases vs. the ground truth for Italy with MAE per 100,000 inhabitants in April 2021.




6 Conclusion

In this study, we have presented a deep learning-based predictor of COVID-19 cases in 30 countries that considers both the daily Non-Pharmaceutical Interventions applied in each country and vaccination data.

It is worth mentioning that despite the abundance of data, it is complex to consider information regarding age groups, doses administered of each vaccine, and the coexistence of different strains with different transmissibility rates, which were different from the primal strain used for designing the vaccines. In addition, the most efficient vaccines were the mRNA-based vaccines, which were the first ones to be designed and massively applied with this technology, and the duration of their effects on individuals from different regions is still under study, which may lead to potential biases (39).

Despite these difficulties and limitations, the proposed approach effectively considers vaccination information in a machine learning-based model that can be applied to different countries to predict the number of COVID-19 cases. Our models have shown a competitive performance over a long time period between January and April of 2021, when the vaccination campaigns started in many countries. Our study illustrates the value of having access to high-quality systematic data during a pandemic to enable evidence-driven decision-making.

All code and files used in this study are available at https://github.com/AhmedBegggaUA/frontiers_in_public_health.
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Objective: Improving the detection capability and efficiency of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) RNA specimens is very important for the prevention and control of the outbreak of Coronavirus disease 2019 (COVID-19). In this study, we evaluated the detection capability and efficiency of two outbreaks of COVID-19 before and after the process re-engineering in April and July 2022.
Methods: This retrospective cross-sectional study involved 359,845 SARS-CoV-2 RNA specimens 2 weeks before and 2 weeks after the two outbreaks of COVID-19 in April and July. The number, transportation time and detection time of specimens, and the number of reports of more than 24 h were analyzed by SPSS software.
Results: While 16.84% of people chose nasopharyngeal swabs (NPS) specimens, 83.16% chose oropharyngeal swabs (OPS) specimens to detect SARS-CoV-2 RNA. There were significant upward trends in the percentage of 10 sample pooling (P-10) from April before process re-engineering to July after process re-engineering (p < 0.001). Compared with April, the number of specimens in July increased significantly not only 2 weeks before but also 2 weeks after the outbreak of COVID-19, with an increase of 35.46 and 93.94%, respectively. After the process re-engineering, the number of reports more than 24 h in the 2 weeks before and after the outbreak of COVID-19 in July was significantly lower than that in April before process re-engineering (0% vs. 0.06% and 0 vs. 0.89%, both p < 0.001).
Conclusion: The present study shows that strengthening the cooperation of multi-departments in process re-engineering, especially using the P-10 strategy and whole process informatization can improve the detection capability and efficiency of SARS-CoV-2 RNA specimens.

KEYWORDS
 COVID-19, SARS-CoV-2 RNA, detection capability, detection efficiency, process re-engineering


Introduction

Coronavirus disease 2019 (COVID-19) is an ongoing global pandemic and highly infectious disease, mainly characterized by shortness of breath, fever, and pneumonia, which is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1, 2). SARS-CoV-2 is highly similar to severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV) in genes and protein production levels, but there are still significant differences between them (3). SARS-CoV-2 RNA detection by real-time reverse transcriptase-polymerase chain reaction (RT-PCR) with specimens of nasopharyngeal swabs (NPS) or oropharyngeal swabs (OPS) or other respiratory swabs is one of the commendable measures for curbing the outbreak of COVID-19 (4–6). Early diagnosis of SARS-CoV-2 infection is the most critical step to prevent virus transmission (7, 8). In the fight against COVID-19, China formulated a series of effective management measures, including large-scale screening to ensure that all potentially infected persons are tested, isolated, hospitalized, or treated to control the outbreak of COVID-19 (9, 10).

Through nearly 3 years of prevention and control of COVID-19, our laboratory, like the laboratories in other Level III Grade A hospitals in China, is equipped with sufficiently trained personnel in RNA isolation and PCR analysis who have obtained the PCR work license. The RT-PCR reagents kit and consumable materials used to detect the SARS-CoV-2 RNA provided by commercial suppliers can also basically meet the needs of large-scale detection. However, after the outbreak of COVID-19 in Chengdu in April 2022, due to the difference between the number of specimens for large-scale detection of SARS-CoV-2 RNA and the number of specimens for routine detection of SARS-CoV-2 RNA, some problems were still exposed, which led to the long specimens’ turn-around time (TAT) and some TAT exceeded 24 h.

Several factors may affect the detection capability and efficiency of SARS-CoV-2 RNA in large-scale detection. First, the number of specimens exceeds the test load, which leads to some specimens being unable to complete the test within the specified time. Second, lower matching of information exchange between HIS and LIS and complex specimen turn-around process leads to difficulties in specimen handover and congestion. Third, the problem barcode that cannot be scanned and the problem specimen without a barcode cause work confusion, patient complaints, specimen resampling, etc., which leads to PCR testers spending a lot of time explaining and handling these problems. In addition, the number of hardware including PCR amplification instruments, nucleic acid extractors, etc. for detecting SARS-CoV-2 RNA is not enough, which leads to lower detection capability and efficiency of SARS-CoV-2 RNA.

In order to improve the capability and efficiency of SARS-CoV-2 RNA detection, a new SARS-CoV-2 RNA specimen turn-around process was established to meet both large-scale specimen tests and routine specimen tests by re-engineering with multi-department cooperation. In July 2022, when COVID-19 broke out again in Chengdu, we added some hardware and adopted this new process to classify and detect different medical types of people: A single specimen rapid test was used for patients with fever clinic and emergency, a single specimen routine test was used for people who must perform the test, and Pooling of 10 (P-10) samples strategy was used for people who volunteered to participate in the test. Moreover, informatization was used in the whole process of specimen sampling, specimen transporting, specimen searching, specimen testing, result uploading, etc. This new process has met the requirements of a large number of people with different medical types for detecting SARS-CoV-2 RNA specimens and has greatly solved the problems of different specimen numbers and shortage of medical personnel in the detection of SARS-CoV-2 RNA specimens.



Methods


Sources of data

In April and July 2022, there were two outbreaks of COVID-19 in Chengdu city, and both broke out for the first time on a Friday. The data were retrospectively collected at the Chengdu Women’s and Children’s Central Hospital, School of Medicine, University of Electronic Science and Technology of China, from 18 to 31 March 2022 (Friday to Thursday) to 1–14 April 2022 (Friday to Thursday), 2 weeks before and 2 weeks after the outbreak of COVID-19, and from 1 to 14 July 2022 (Friday to Thursday) to 15–28 July 2022 (Friday to Thursday), 2 weeks before and 2 weeks after the outbreak of COVID-19.

Subject information was obtained from medical staff (doctors, medical assistants, and laboratory technicians including PCR testers, nurses, and transport workers), which includes gender, age, medical type (in-patient, fever clinic, general out-patient, emergency patient, physical examination, and self-service through HIS and Tianfu health platform), name of SARS-CoV-2 RNA test item (single specimen rapid test, single specimen routine test, and mixed specimen test), and specimen type (NPS and OPS). The HIS automatically records the time of the doctor’s order, specimen sampling, specimen transportation, specimen reception, specimen testing, and report dispatch. The specimen TAT was calculated from specimen sampling to report dispatch, the transportation time of the specimen was calculated from specimen sampling to specimen reception, and the detection time of the specimen was calculated from specimen reception to report dispatch.



Study population

The retrospective cross-sectional study was conducted from March 18 to April 14, 2022, and from July 1 to July 28, 2022, at Chengdu Women’s and Children’s Central Hospital, School of Medicine, University of Electronic Science and Technology of China. A total of 359,845 specimens of NPS or OPS from subjects used to detect SARS-CoV-2 RNA were enrolled in this study, including 54,416 specimens 2 weeks before the outbreak of COVID-19 and 78,831 specimens 2 weeks after the outbreak of COVID-19 in April, as well as 73,714 specimens 2 weeks before the outbreak of COVID-19 and 152,884 specimens 2 weeks after the outbreak of COVID-19 in July.

Specimens of subjects with some missing information including age, gender, specimen type, and the time of specimen turn-around process at each step, such as the time of doctor’s order and specimen sampling, were excluded from this study. Besides, environmental specimens for detecting SARS-CoV-2 RNA were also excluded from this study.



The specimen turn-around process before and after re-engineering in April and July

Before the specimen turn-around process re-engineering, the application forms of SARS-CoV-2 RNA test items with the traditional method were ordered by doctors through the hospital information system (HIS), including single specimen rapid test or single specimen routine test. Specimens of NPS and OPS were sampled by nurses, transported by transport workers, and tested by PCR testers. The results of SARS-CoV-2 RNA were automatically uploaded to the Tianfu Health platform in Sichuan, China.

On the basis of the traditional specimen turn-around process, several steps were re-engineered. First, the P-10 strategy (10 samples of NPS/OPS were pooled before the RNA extraction) was used as an additional option to detect the SARS-CoV-2 RNA of people who volunteered to participate in the test, which was ordered by the doctor from SARS-CoV-2 RNA items list in the doctors’ workstation of the HIS. The P-10 strategy was used for mass screening of populations and allowed for rapid and efficient epidemiologic screening while reducing testing costs. The limitation of this strategy was that it may have reduced sensitivity. Second, a large number of P-10 specimens of NPS or OPS containing volunteer information were rapidly sampled by scanning the rapid response code of the Tianfu Health platform (Tianfu Health Code) in Sichuan, China. Third, with the support of the information system, a box of specimens containing multiple specimen tubes with a packaging barcode was quickly transported and received by scanning this packaging barcode. Fourth, the frequency of specimen transportation was increased: specimens of fever and emergency should be delivered at least every 30 min, and routine specimens at least every 2 h. At the same time, the number of hardware for detecting SARS-COV-2 RNA improved: the number of PCR amplification instruments increased from 6 to 10 and the number of nucleic acid extractors increased from 3 with 32 channels to 3 with 32 channels and 3 with 96 channels. In addition, the specimens were monitored through a large screen display with a computer screen, and those specimens that had no results since the beginning of sampling for more than 20 h were marked and tested in time. The specimen turn-around process before and after re-engineering in April and July is shown in Figure 1.

[image: Flowchart comparing the process before and after re-engineering SARS-CoV-2 RNA test procedures. Initially, testing involved HIS barcode sampling and transportation by workers, leading to result dispatch. The re-engineered process introduces Tianfu Health Platform for mixed sampling and packaging, streamlined with LIS, enhancing efficiency. Both processes involve specimen reception and testing by PCR, with results uploaded to Tianfu Health Platform.]

FIGURE 1
 The specimen turn-around process before and after re-engineering in April and July.




Statistical analysis

All analyses were performed using SPSS software version 19.0 (SPSS, Inc., Chicago, IL, United States). Continuous variables were expressed as mean ± standard deviation (mean ± SD) when the data presented in this study showed a normal distribution. The mean ± SD of two specimens was analyzed by the Independent-Sample t-test, and the mean ± SD of more than two samples was compared with the One-Way ANOVA. Continuous variables with skewed distribution were presented as median (2.5th to 97.5th percentiles). The median (2.5th to 97.5th percentiles) of two samples was analyzed using the Mann–Whitney U and the median (2.5th to 97.5th percentiles) of K-independent samples (more than two samples) was compared with the Kruskal-Wallis H test. Categorical variables were presented as a percentage and analyzed using the Chi-Square test. All p-values were two-tailed, and a p-value <0.05 was considered statistically significant.




Results


The main characteristics of subjects 2 weeks before and 2 weeks after the outbreak of COVID-19 in April and July

There was a significant difference in gender proportion and the proportion of women was higher than men (56.38% vs. 43.62%, p < 0.001). In different age groups, the proportion of adults aged 19–60 years was the highest (66.38%), followed by children aged 1–6 years (21.43%), and the proportion of newborns less than 1 month old was the lowest (0.42%). There were significant upward trends in the percentage of self-service volunteers through HIS or Tianfu health platform, as well as mixed specimens from April before process re-engineering to July after process re-engineering, which was 0 and 7.18% in the 2 weeks before the COVID-19 outbreak in April to 1.25 and 11.44% in the two 2 after the COVID-19 outbreak in April, and 3.84 and 14.00% in the 2 weeks before the COVID-19 outbreak in July to 24.47 and 36.35% in the 2 weeks after the COVID-19 outbreak in July, respectively (p < 0.001). The main characteristics of subjects in the 2 weeks before and the 2 weeks after the two outbreaks of COVID-19 are reported in Table 1.



TABLE 1 The main characteristics of subjects 2 weeks before and 2 weeks after the two outbreaks of COVID-19 in April and July 2022.
[image: A data table displays COVID-19 testing and demographics before and after outbreaks in April and July. Categories include gender, age, medical type, and testing methods with percentages for each subgroup. p-values indicate statistical significance, mostly below 0.001, showing notable differences before and after outbreaks.]



The proportion of specimens of OPS and NPS for detecting SARS-CoV-2 RNA

Among the 359,845 subjects, 83.16% of people chose OPS specimens to detect SARS-CoV-2 RNA, while 16.84% chose NPS specimens. The proportion of OPS had a gradual upward trend from 10.46% in the two 2 weeks before the outbreak of COVID-19 in April to 15.16% within 2 weeks after the outbreak of COVID-19 in April to 17.81% in the 2 weeks before the COVID-19 outbreak in July to 39.73% within 2 weeks after the COVID-19 outbreak in July, respectively (χ2 = 31043.44, p < 0.001). The proportion of OPS and NPS in the 2 weeks before and 2 weeks after the two outbreaks of COVID-19 in April and July is shown in Figure 2.

[image: Bar chart showing the proportion of oropharyngeal and nasopharyngeal swabs before and after COVID-19 outbreaks in April and July. Oropharyngeal swabs were used more in both instances, reaching 39.73% two weeks after the July outbreak.]

FIGURE 2
 The proportion of OPS and NPS in the 2 weeks before and 2 weeks after the two outbreaks of COVID-19 in April and July.




Comparison of the number of specimens in the 2 weeks before and after the two outbreaks of COVID-19 in April and July

During the non-epidemic period of the 2 weeks before the outbreak of COVID-19 in both April and July, the daily number of specimens on weekends was smaller than on weekdays, which were 2,601–3,139 (0.72–0.87%) on weekends and 3,168–5,594 (0.88–1.67%) on weekdays in April, and 4,077–4,607 (1.13 -1.28%) on weekends and 4,750–17,328 (1.32–1.76%) on weekdays in July, respectively (χ2 = 141.63, p < 0.001). The detection capability of SARS-CoV-2 RNA has been significantly improved after the process re-engineering, with a maximum of 17,328 specimens detected every day. Compared with April, the number of specimens in July increased significantly not only 2 weeks before (14 days from Friday to Thursday) the outbreak of COVID-19 but also 2 weeks after (14 days from Friday to Thursday) the outbreak of COVID-19, with an increase of 35.46 and 93.94%, respectively (χ2 = 2525.73, p < 0.001). The daily number of specimens in the 2 weeks before and after the two outbreaks of COVID-19 in April and July is shown in Figure 3.

[image: Line graph showing the number of specimens collected over several weeks around COVID-19 outbreaks in April and July. The July outbreak, shown with a dotted line, peaked significantly higher than the April outbreak, represented by a solid line. Both datasets span two weeks before and after each outbreak.]

FIGURE 3
 The daily number of specimens in the 2 weeks before and after the two outbreaks of COVID-19 in April and July.




Comparison of transportation time and detection time of SARS-CoV-2 RNA specimens before and after process re-engineering in April and July

After the process re-engineering, the number of reports more than 24 h in the 2 weeks before and after the outbreak of COVID-19 in July was significantly lower than that in April before process re-engineering (0% vs. 0.06% (33/54416), χ2 = 44.71 and 0 vs. 0.89% (703/78831), χ2 = 1367.54, both p < 0.001). Whether it is 2 weeks before or 2 weeks after the outbreak of COVID-19, the transportation time of single rapid test specimen, single routine test specimen, and mixed test specimen, as well as the detection time of single routine test specimen and mixed test specimen were significantly lower than those in April (p < 0.001). However, there were no significant differences in the detection time of specimens of single rapid test specimen between 2 weeks before the outbreak of COVID-19 in April, 2 weeks after the outbreak of COVID-19 in April, 2 weeks before the outbreak of COVID-19 in July, and 2 weeks after the outbreak of COVID-19 in July (F = 1.93, p = 0.11). The transportation time and detection time of SARS-CoV-2 RNA specimens before and after process re-engineering in April and July 2022 are shown in Table 2.



TABLE 2 Comparison of transportation time and detection time of SARS-CoV-2 RNA specimens before and after process re-engineering in April and July 2022.
[image: Table comparing the transportation and detection times of specimens for COVID-19 tests before and after outbreaks in April and July. It includes data for single rapid tests, single routine tests, and pooling of specimens. Values are presented as means with standard deviations or medians with ranges. Statistical significance is noted, with numbers highlighting significant changes in values when compared to periods before outbreaks. Significance levels (p-values) indicate changes in mean and median values across different test methods and times.]




Discussion

As a result of globalization, many of the outbreaks, including the outbreak of COVID-19, have increased the possibility of a pandemic and would pose a burden on society and health systems. For respiratory viral diseases such as COVID-19, early identification and isolation of positive persons is the most effective way to inhibit further human-to-human transmission and mitigation of disease outbreaks (11, 12). As we all know, when there is an outbreak of COVID-19 in an area, rapid large-scale and accurate detection of SARS-CoV-2 RNA involving all people in this area plays a pivotal role in effectively preventing and controlling the further development of COVID-19 (13–15). However, due to the propagation characteristics of SARS-CoV-2 and the bottleneck for testing the presence of the virus (the limitation of detection capability and efficiency), rapid large-scale and accurate detection of SARS-CoV-2 RNA for all people in many areas cannot be completed in a short time (16, 17).

The diagnosis of SARS-CoV-2 infection can be carried out in three different ways, including the determination of the targeted virus RNA genome, virus antigen, and virus antibody (18–20). Nowadays, the detection of virus RNA by RT-PCR is the most widely used detection technique for confirming SARS-CoV-2 infection. As previously reported in many literature, NPS and OPS were the most widely used upper respiratory tract specimens recommended for diagnosing SARS-CoV-2 RNA with RT-PCR (21–23). There was controversy in the literature about the ability of the two sampling methods to detect viruses (24–27). Due to the convenience and lower discomfort, OPS specimens were preferred in large-scale detection (28), which was also consistent with the data from our study. Our research shows that more than four-fifths of people chose OPS specimens to detect SARS-CoV-2 RNA, while less than chose NPS specimens. The proportion of OPS had a gradual upward trend from 10.46% in the 2 weeks before the outbreak of COVID-19 in April to 15.16% within 2 weeks after the outbreak of COVID-19 in April to 17.81% in the 2 weeks before the COVID-19 outbreak in July, to 39.73% within 2 weeks after the COVID-19 outbreak in July, respectively (p < 0.001).

Besides the OPS or NPS specimen type, there are still several bottlenecks in our laboratory that limit the capability and efficiency of large-scale detection of SARS-CoV-2 RNA for symptomatic and asymptomatic patients. One of the important bottlenecks is that the number of specimens is too large, which exceeds the test load. Therefore, we have added a test item option of P-10 specimens to use for detecting SARS-COV-2 RNA, which is selected by volunteers under the doctor’s order. In addition, P-10 specimens can be quickly sampled by scanning for personal information on the Tianfu Health Code in Sichuan. Our results showed that through process re-engineering, there were significant upward trends in the percentage of P-10 specimens from April before process re-engineering to July after process re-engineering, which was 7.18% in the 2 weeks before the COVID-19 outbreak in April, to 11.44% in the 2 weeks after the COVID-19 outbreak in April, and 14.00% in the 2 weeks before the COVID-19 outbreak in July, to 36.35% in the 2 weeks after the COVID-19 outbreak in July, respectively (p < 0.001). Compared with April, the number of specimens in July increased significantly not only 2 weeks before the outbreak of COVID-19 but also 2 weeks after the outbreak of COVID-19, with an increase of 35.46 and 93.94%, respectively (p < 0.001). The maximum number of specimens detected per day was 17,328. If there is no P-10 specimens option, more hardware and human resources would be invested every day to complete so many tests.

The P-10 strategy saves time and resources but it also has limitations. As various studies showed, test sensitivity was inversely proportional to testing efficiency depending on pool size (29). In 2021, the Department of Medical Affairs and Medical Management of the National Health Commission issued the “Guidelines for the Implementation of All Citizens Novel Coronavirus Nucleic Acid Organization,” which explicitly suggested that the P-10 strategy should be used for large-scale screening of the population. The guidelines clearly stated: (1) pooling of 10 samples strategy: the first round of testing can all be done using the P-10 strategy to screen out infected persons as quickly as possible. Subsequently, the whole population can be screened by nucleic acid testing in accordance with the program of single-collection testing in key populations and high-risk areas.

Another bottleneck in our laboratory is the lower matching of information exchange between HIS and LIS due to the fact that the LIS and HIS software are produced by different software companies. For this purpose, the whole process of informatization was re-engineered through multi-department cooperation. Firstly, we changed the HIS sampling procedure to the LIS sampling procedure, which better matches the follow-up LIS specimens transportation, reception, test, report dispatch, etc., and greatly facilitates the traceability of specimens and the search of problem specimens. Secondly, we carried out packaging management for multi-tube specimens by a packaging barcode and quickly obtained the information of everyone in all packaged specimen tubes by scanning the packaging barcode, which greatly improved the work efficiency. Thirdly, we added a scanning code (LIS barcode or Tianfu Health Code) program at the sampling site, and the sampling time of each specimen was obtained by scanning the code during sampling. At the same time, most problem barcodes that could not be scanned or the problem specimens without barcodes could not enter the laboratory, which helped PCR testers avoid spending a lot of time and effort to deal with these problem barcodes or problem specimens.

In addition, some hardware, such as the number of PCR amplification instruments and the number and channel of nucleic acid extractors, limited the detection capability and efficiency of our laboratory. Before process re-engineering, there were six PCR amplification instruments and three nucleic acid extractors with 32 channels in our laboratory. After process re-engineering, we added four PCR amplification instruments and three nucleic acid extractors with 96 channels. This way, even if some instruments fail, the detection capability and efficiency of SARS-CoV-2 RNA will not be affected. Furthermore, we changed the frequency of specimen transportation. Emergency specimens were transported once within 30 min and routine specimens were transported once within 2 h. When the number of specimens was large, they were transported once within 1 h. At the same time, we added a large screen display to monitor the specimens sampled for more than 20 h without results, which were tested timely because the Tianfu health platform of Sichuan requires that TAT should not exceed 24 h for all SARS-CoV-2 RNA specimens.

In the present study, in the non-epidemic period of the 2 weeks before the outbreak of COVID-19, whether in April or July, the daily number of specimens on weekends was smaller than on weekdays (p < 0.001). In order to reduce the difference in data between weekdays and weekends, we selected the date of the first outbreak of COVID-19 in April and July (both on Friday) as the time node and selected the data 2 weeks before the outbreak of COVID-19 (Friday to Thursday) and 2 weeks after the outbreak of COVID-19 (Friday to Thursday) as the data of this study. Our data showed that through process re-engineering, whether it was 2 weeks before or 2 weeks after the outbreak of COVID-19, the transportation time of the single rapid test specimen, single routine test specimen, and mixed test specimen, as well as the detection time of single routine test specimen and mixed test specimen, were significantly lower than those in April (p < 0.001). Moreover, after the process re-engineering, the number of reports of more than 24 h in the 2 weeks before and after the outbreak of COVID-19 in July was significantly lower than that in April before process re-engineering (0% vs. 0.06% and 0 vs. 0.89%, both p < 0.001).


Limitations

Since this process re-engineering was only a single site study, and the investigation period was short with only 2 weeks before and 2 weeks after the two outbreaks of COVID-19 and the number of specimens was smaller, a larger number of specimens in a multicenter study and longer investigation period are necessary to further confirm the carrying capacity of network and server when a lot of people access Tianfu health platform in a centralized manner in a large-scale detection of SARS-COV-2 RNA.




Conclusion

This study demonstrated that more than four-fifths of people chose OPS specimens to detect SARS-CoV-2 RNA, while less than one-fifths chose NPS specimens. Strengthening the cooperation of multi-departments in the process re-engineering, especially using P-10 specimens and whole process informatization, can improve the detection capability and efficiency of SARS-CoV-2 RNA specimens. Adding a large screen monitor to monitor specimens for more than 20 h without results can effectively prevent specimens from TAT for more than 24 h. We believe that process re-engineering can be used to detect not only SARS-CoV-2 RNA but probably also other pathogenic microorganisms during the outbreak.
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Objectives: This study examines the COVID-19 pandemic’s spatiotemporal dynamics in 52 sub-regions in eight Arctic states. This study further investigates the potential impact of early vaccination coverage on subsequent COVID-19 outcomes within these regions, potentially revealing public health insights of global significance.
Methods: We assessed the outcomes of the COVID-19 pandemic in Arctic sub-regions using three key epidemiological variables: confirmed cases, confirmed deaths, and case fatality ratio (CFR), along with vaccination rates to evaluate the effectiveness of the early vaccination campaign on the later dynamics of COVID-19 outcomes in these regions.
Results: From February 2020 to February 2023, the Arctic experienced five distinct waves of COVID-19 infections and fatalities. However, most Arctic regions consistently maintained Case Fatality Ratios (CFRs) below their respective national levels throughout these waves. Further, the regression analysis indicated that the impact of initial vaccination coverage on subsequent cumulative mortality rates and Case Fatality Ratio (CFR) was inverse and statistically significant. A common trend was the delayed onset of the pandemic in the Arctic due to its remoteness. A few regions, including Greenland, Iceland, the Faroe Islands, Northern Canada, Finland, and Norway, experienced isolated spikes in cases at the beginning of the pandemic with minimal or no fatalities. In contrast, Alaska, Northern Sweden, and Russia had generally high death rates, with surges in cases and fatalities.
Conclusion: Analyzing COVID-19 data from 52 Arctic subregions shows significant spatial and temporal variations in the pandemic’s severity. Greenland, Iceland, the Faroe Islands, Northern Canada, Finland, and Norway exemplify successful pandemic management models characterized by low cases and deaths. These outcomes can be attributed to successful vaccination campaigns, and proactive public health initiatives along the delayed onset of the pandemic, which reduced the impact of COVID-19, given structural and population vulnerabilities. Thus, the Arctic experience of COVID-19 informs preparedness for future pandemic-like public health emergencies in remote regions and marginalized communities worldwide that share similar contexts.
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 Arctic, COVID-19 pandemic, vulnerability, public health, indigenous, vaccination


1 Introduction

In late December 2019, a cluster of pneumonia-like cases was reported in Wuhan, the capital of Hubei Province, China (1, 2). The etiological agent in those cases was a novel coronavirus, known as SARS-COV-2, a group of RNA viruses that causes mild to severe respiratory infections in humans (1, 2). Despite the effort to contain the local outbreak in Wuhan, the virus spread quickly in other parts of mainland China and then the rest of the world, infecting more than 118,000 individuals in 114 countries and killing over 4,200 people just in the first 2 months of the outbreak (3, 4). The exponential spread of acute respiratory disease (popularly known as COVID-19) due to the SARS-COV-2 virus and the disease’s wider geographic diffusion led the WHO to declare COVID-19 a global pandemic on March 11, 2020 (2, 4). Over time the virus has mutated into many variants. Among them, WHO designated the Alpha, Beta, Gamma, Delta, and Omicron parent lineage as variants of concern based on their high transmissibility and virulent nature that can undermine the effectiveness of public health and social measures, including vaccines and therapeutics (5). Because of these variants, the whole world, including remote regions like the Arctic, experienced numerous epidemiological waves of infections and deaths (6–8). As of June 21, 2023, more than 768 million cases and 6.9 million deaths, globally, have been confirmed due to the pandemic (9). Whereas total excess deaths (defined as the difference between the observed numbers of deaths in specific time periods and expected numbers of deaths in the same time period) associated with COVID-19 for 2020 and 2021 was approximately 14.9 million, with 84% of those excess deaths occurring in the Americas, Europe and Southeast Asia (10, 11).

The first confirmed COVID-19 case in the Arctic was reported in February 2020 (12). To control the initial outbreak from spreading rapidly, most Arctic countries (excluding Russia and Sweden), introduced and strictly imposed COVID-19 public health containment measures during the first year of the pandemic (12–14). As the pandemic progressed and restrictions loosened, the Arctic also endured a significant burden of morbidity and mortality (8). As compared to the first year, in the second year of the pandemic, the Arctic reported a 205.8 and 334.8 percent increase in confirmed cases and deaths, respectively, (8). The Arctic COVID-19 epidemiologic curve shows at least four distinct waves identified as the first, second, Delta, and Omicron waves by Petrov et al. (15) resulting in over 2 million confirmed cases and approximately 28,000 deaths (16). Each wave’s temporal trend, magnitude, and severeness differed noticeably across the Arctic regions, while later waves were more aggressive; both Delta and Omicron parent lineage was more contagious and took more life in the Arctic than earlier strains of the virus (8, 15).

Drawing from historical experiences with previous pandemics (such as the 1918 flu, smallpox, tuberculosis, and the 2009 H1N1 flu), it becomes evident that Arctic residents are highly vulnerable to adverse COVID-19 outcomes (13, 17–20). Epidemiologically speaking, a wide array of determinants escalates the risk of severe COVID-19 infection and elevated mortality rates in the Arctic (21, 22). These include insufficient civic infrastructure (e.g., transportation, housing, sewage systems, healthcare facilities, etc.,), resource-dependent economies and healthcare systems, geographical barriers, the lingering legacy of colonialism, and a decade of marginalization (19, 22–24). Due to these vulnerabilities, Arctic residents, particularly the Indigenous population, shoulder an inequitable burden of chronic health conditions, such as diabetes, cardiovascular disease, and respiratory illnesses which have further amplified their susceptibility to severe COVID-19 health consequences (19, 21, 22, 25).

To date, however, it has been documented that even though vulnerable, Arctic communities (e.g., Alaska, Northern Canada, and Greenland) have curbed the expected dire epidemiological impacts (8, 15). By employing their ancestral knowledge, collective wisdom, and lessons from past pandemic experiences (21, 26, 27), the Arctic communities, especially Indigenous communities, have implemented proactive initiatives (such as community-wide lockdowns, stringent travel protocols, and rigorous adherence to COVID-19 guidelines) to limit the outbreak of the virus and to protect their vulnerable members (24, 28, 29). These initiatives have been found to be coupled with extensive awareness and vaccination campaigns, involving collaboration among different stakeholders like government officials, community leaders, NonGovernmental organizations (NGOs), and the general public (26, 30–33). Additionally, traditional healing practices, herbal medicines, and culturally appropriate interventions were found to be incorporated into Indigenous healthcare (24, 34, 35). Indigenous communities’ proactive leadership, grounded in the principle of self-determination in addition to customary practices, and Indigenous knowledge systems not only saved many lives but also highlighted the necessity and importance of healthcare approaches that are culturally attuned and responsive (20, 28, 36, 37).

The distinct combination of remoteness, vulnerable populations, and the Arctic communities’ resilience has rendered it a significant focal point in COVID-19 research (20, 37, 38). This focus aids in comprehending pandemic dynamics and pinpointing effective response strategies. Consequently, it informs preparedness for future pandemic-like public health emergencies, both within Arctic communities and other remote regions sharing similar contexts globally. Acknowledging this, this study aims to comprehensively examine the spatiotemporal epidemiological dynamics of the COVID-19 pandemic across 52 Arctic sub-regions, spanning the timeframe from February 2020 to February 2023. Another objective of this research is to elucidate public health lessons, most particularly the potential influence of vaccination coverage during the initial phases of the pandemic on the subsequent trajectories of COVID-19 outcomes within the specific delineated subregions. This holds particular significance as the swift deployment of vaccines and mass vaccination have proven crucial in mitigating the potential repercussions of the COVID-19 pandemic in some Arctic jurisdictions, such as Alaska, Northern Canada, and Greenland, given Arctic communities were among the first places in the world to experience large-scale vaccination efforts (20, 29, 39).

The analysis of the epidemiological dynamics of a pandemic provides important insights into its outbreaks, case distribution over time, and among diverse regions or populations, enabling us to draw inferences about its magnitude, severity, and geographic pattern. This epidemiological information, combined with vulnerability and resilience assessments, is pivotal in devising effective containment and preventive health strategies (20). This further aids in anticipating healthcare requirements based on characteristics of vulnerable populations and long-term disease complications, as well as in resource allocation and the implementation of interventions as needed.

Numerous researchers have acknowledged the impact of the pandemic on Arctic communities (12, 15, 20, 40), including (29, 41, 42); nevertheless, none of their studies have comprehensively explored the epidemiological data of COVID-19 through the full three years of the pandemic. Petrov et al. (12, 15, 40) conducted an analysis of three COVID-19 waves and their outcomes across the eight aggregated Arctic regions. Their findings indicated that COVID-19 infections and mortality in these regions remained lower than at respective national levels. Tiwari et al. (20) also assessed the COVID-19 epidemiological outcomes concerning Alaska within the framework of pandemic vulnerability and resilience and showed that communities with greater resilience exhibit lower cumulative death rates per 100,000 individuals and a decreased case-fatality ratio. Similarly, Noahsen et al. (29) assessed the influence of a rigorous COVID-19 public health strategy in Greenland, implemented until risk groups were immunized. Their study found that non-pharmaceutical interventions (NPIs) effectively curtailed the widespread transmission of the SARS-CoV-2 virus, resulting in low COVID-19 mortality rates. In contrast, a study conducted by Krieger et al. (42) in Arkhangelsk, Northwest Russia, detected no connection between adhering to NPIs and contracting the virus during the pandemic’s initial year. Furthermore, Barik et al. (41) scrutinized the COVID-19 situation in the Arctic and Subarctic regions.

Though these studies have great significance, they have a few limitations. For instance, Noahsen et al. (29) and Krieger et al. (42) focused solely on the initial year of the pandemic (2020 to 2021). The COVID-19 health outcomes data employed in the Barik et al. (41) study is representative of the national level and lack differentiation between the Arctic and Subarctic levels. Similarly, Petrov and his colleagues’ studies of the COVID dynamics across the aggregated Arctic regions did not capture the differences at the sub-regional level (8, 12). In response to these constraints, this study advances upon existing Arctic COVID-19 public health research by investigating the temporal dynamics of COVID-19 outcomes within a more refined spatial context, encompassing 52 sub-regions. Furthermore, we broaden our analysis to encompass COVID-19 vaccination dynamics and its influence on the outcomes of the pandemic.



2 Data and methods


2.1 Spatial coverage

For this study, spatial units of analysis encompass eight Arctic countries and 52 sub-regions of eight Arctic countries including Canada, the Kingdom of Denmark (Greenland and Faroe Islands), Finland, Iceland, Norway, Sweden, Russia, and the USA. The geographical boundaries of this study region (see Figure 1) closely follow the Arctic boundary established by the Arctic Human Development Report (43) and redefined by Jungsberg et al. (44).
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FIGURE 1
 Study area.




2.2 Data sources

We developed a web-based information system called the Arctic Covid tracker (16) that automatically collected and disseminated information regarding COVID-19 epidemiological outcomes in the Arctic regions from various reliable sources. The Coronavirus Resource Center at Johns Hopkins University1 was the data source for Northern Canada, Greenland, Faroe Islands, Iceland, and the United States (Alaska), while the Public Health Agency of Sweden2 was for Northern Sweden, the Finnish Institute for Health and Welfare3 was for Northern Finland, the Government of the Russian Federation4 was for Russian Arctic and Verdens Gang5 was for Northern Norway. The COVID-19 data were extracted at 17:00 GMT daily from each mentioned source, then stored in a database and published daily via the Arctic COVID-19 dashboard.6

The collected database represents the best available data for the Arctic. Although different jurisdictions may have differences in data collection and reporting strategies, which could introduce bias in the results, the quality of the collected data at both national and regional levels (with a possible exception for Russia) adheres to the standards commonly used in Europe and North America (45, 46). Some sources, such as the Coronavirus Resource Center at Johns Hopkins University, have implemented additional quality control measures (47).

The database’s temporal coverage stretches from February 21, 2020, when the first COVID-19 case was reported in the Arctic, to February 2023, although the quality of data declined after summer 2022 due to inconsistency or halt in reporting in some jurisdictions.

Similarly, another web-based system called the ArcticVax tracker (48) was developed to collect and communicate COVID-19 vaccination information for 42 Arctic sub-regions. The vaccination data for Sweden’s Arctic regions (i.e., Västerbotten & Norrbotten) were collected from the Public Health Agency of Sweden. For other Nordic Arctic regions, finer-scale vaccination data were either unavailable or reported in different metrics. In addition, Finland reported the COVID-19 deaths in different spatial units. Therefore, our statistical analysis was confined to the subset of 44 regions that have complete COVID-19 outcomes and vaccination data.



2.3 Method and variable definitions

In this study, the COVID-19 pandemic’s spatiotemporal dynamics and health consequences are assessed using three key epidemiological variables: confirmed cases, confirmed deaths, and case fatality ratio (CFR) (49). Confirmed COVID-19 cases are individuals, whether symptomatic or asymptomatic, detected with the SARS-CoV-2 virus in their clinical specimen (50). Confirmed COVID-19 deaths are the count of fatalities resulting from a clinical illness due to the SARS-CoV-2 virus (50). Case Fatality Ratio, in this study context, is the proportion of individuals dying from COVID-19 among all those diagnosed with the disease within the given time frame. To explore and compare trends in the COVID-19 outcomes, either cases or death or CFR, across the Arctic sub-regions, we analyzed their cumulative and 7-day moving average rates (i.e., rates equivalent to per 100,000 population for cases and deaths, and per 100 for CFR) over the designated period.

The vaccination trends for COVID-19 within Arctic regions were examined based on the percentage of fully vaccinated individuals. The definitions of “fully vaccinated” may vary across different Arctic jurisdictions. Nevertheless, in most of these regions, the term “fully vaccinated” typically denotes individuals who have received at least two doses of an mRNA vaccine (such as Moderna and Pfizer), or one dose of the Johnson & Johnson vaccine, or equivalent vaccinations to attain full protection against severe clinical illness or death caused by COVID-19 infections (51). Owing to the declining efficacy of vaccines against emerging COVID-19 strains (like the Delta variant) (51, 52), several jurisdictions now stipulate additional doses to fulfill the criteria for being “fully vaccinated.” However, it’s worth noting that the data employed in this study may not encompass these recent recommendations.

Some Arctic regions became among the first parts of the world to administer mass vaccination as early as December 2020. This effort, along with other factors, has been considered instrumental in weakening the impacts of the pandemic in remote Arctic communities (37). To examine the effectiveness of the early vaccination campaign on the later dynamics of COVID-19 outcomes in these subregions, we conducted simple correlation and regression analysis. We assessed dependent variables, including CFR and cumulative deaths per 100,000, for specified periods, i.e., January 2021–July 2021 and January 2021–July 2022, using the percentage of fully vaccinated individuals in January 2021–July 2021 as a predictor for these outcomes.




3 Results


3.1 Overall pandemic outcomes

The examination of key pandemic variables reveals a significant and varied impact of the pandemic across the Arctic regions in terms of morbidity and mortality (Table 1).



TABLE 1 Key COVID-19 pandemic outcomes by Arctic region and country (as of February 28, 2023).
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As of February 28, 2023, the Arctic experienced 22,183.8 positive cases and 242.6 fatalities per 100,000 population. Several regions, including Iceland, the Faroe Islands, and Alaska demonstrated cumulative case numbers higher than the Arctic average mostly due to the spread of various COVID variants, particularly Delta and Omicron later in the pandemic, along with the relaxation of preventive measures (such as travel protocols, contact tracing, mask mandates, and social distancing, among others). Northern regions of Canada, Norway, and Russia reported comparatively lower confirmed cases during the 3 years of the pandemic, although the underlying reasons may differ, ranging from lower infection rates to potential underreporting. The most elevated mortality rates were observed in Northern Russia (290.1 per 100,000), Northern Sweden (245.2), and Alaska (209.7). High mortality rates are also correlated with elevated Case Fatality Ratios (CFR) in these regions. While the CFR for the Arctic as a whole stood at 1.1%, it was 1.5% in Northern Russia, 0.9% in Northern Sweden, and 0.5% in Alaska. Higher CFR would be expected in the Arctic due to limited accessibility to healthcare facilities, the presence of vulnerable populations (such as individuals with preexisting health conditions), and potential difficulties or inconsistencies in implementing effective containment and healthcare measures. Notably, however, across all Arctic regions, the CFR remained below the national levels of their respective countries, an important fact that has been highlighted in the literature as a sign of resilience to the pandemic (8, 15, 37).



3.2 Five waves of COVID-19 in the Arctic

As shown in Figure 2, the pandemic progressed in the Arctic through multiple “waves,” marked by surges in infection and deaths followed by significant declines sustained over specific periods. Notably, the pandemic had a relatively delayed onset in numerous Arctic regions, with the initial wave becoming apparent only in the summer of 2020 (40). This lag could be attributed to the remote nature of Arctic areas and stringent preventative policies implemented in some jurisdictions (28, 29, 36, 53). During the fall of 2020, most Arctic regions experienced a second wave in which they encountered a peak in COVID-19 infections and deaths in mid-December 2020, followed by a decline in the early months of 2021. From July to December 2021, the third wave due to the Delta variant gained momentum (8), resulting in record-high fatalities across all Arctic jurisdictions that surpassed those observed in both preceding and subsequent waves. Following shortly was the fourth wave caused by the Omicron variant which outstripped previous infection rates in the Arctic. This specific wave led to significant outbreaks in regions like the Faroe Islands and Iceland, both of which had experienced fewer COVID-19 cases during the earlier waves. However, the Omicron wave did not entail a significant increase in COVID-19 mortality (Figure 2). The fourth wave receded by the summer of 2022. A new resurgence in positive cases (the fifth wave) occurred during the fall of 2022 as multiple regions eased COVID-19 health measures. The uptick in infections during the fall highlights the ongoing existence of the COVID-19 pandemic in the Arctic.
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FIGURE 2
 Daily confirmed COVID-19 cases and deaths (7-day moving average) (February 20, 2020- February 28, 2023).


Figures 3–6 present a more disaggregated spatiotemporal view of the COVID-19 pandemic by plotting COVID-19 cases, deaths, and CFR across 52 regions and 36 months. The first graph (Figure 3A) depicts daily COVID-19 cases and is designed as a “heat map” with cooler colors corresponding to fewer cases per 100,000 and warmer colors indicating more case rates. The five waves are well identified in many or most Arctic regions, although considerable regional differences are also evident. Everywhere the onset of the pandemic was delayed (40). The earliest wave took place in Alaska and Sweden in the summer of 2020. The Delta and Omicron waves are very vivid, and the latter is observable in almost all regions. It is also characterized by the largest number of cases per 100,000. In Russia, this and other waves appeared to be slightly delayed (by about 2 weeks). The fifth, summer 2022 wave, has been substantial in Alaska, Finland, and Iceland, and, to a lesser extent, in Arctic Russia.
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FIGURE 3
 Confirmed daily COVID-19 cases per 100,000 (A) (left) 7-day moving average and (B) (Right) Cumulative Confirmed COVID-19 cases per 100,000 (February 20, 2020- February 28, 2023) Warmer colors correspond to more cases and cooler colors to fewer cases per 100,000.
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FIGURE 4
 Confirmed COVID-19 deaths per 100,000 (A) (left) daily (7-day moving average) and (B) (right) cumulative in 52 regions (February 20, 2020- February 28, 2023). Finland aggregates fatalities by hospital districts, which differ from regions used for aggregating cases. Death rates for Finland are not reported.


[image: Heat map displaying data across multiple regions from February 2020 to May 2023. Regions are listed vertically; dates horizontally. Color gradient indicates data value, with a range from purple (0) to red (25). A black band labeled "No Data" obscures part of the center.]

FIGURE 5
 Case Fatality Ratio (February 20, 2020- February 28, 2023); Finland aggregates fatalities by hospital districts, which differ from regions used for aggregating cases. Death rates for Finland are not reported.


[image: Scatter plot displaying cumulative COVID-19 deaths per 100,000 versus cumulative cases per 100,000 for various regions. Each region is represented by a color-coded dot: Alaska (U.S.), Canada, Faroe Islands, Greenland, Iceland, Norway, Russia, and Sweden. Most regions cluster near the origin, indicating low case and death rates. A few regions like over at 46 show higher values, indicating more severe impact. A legend on the right classifies regions by color.]

FIGURE 6
 Regional typology of the COVID-19 outcomes as of July 31, 2020.


Figure 3B demonstrates the dynamic of cumulative COVID-19 cases. Although cases grew in all regions, the trend has been uneven both with respect to the start of a noticeable increase in recorded infections and in terms of subsequent rapid growth associated with COVID-19 waves. Notably, in some areas, the elevated levels of COVID-19 emerged earlier (e.g., parts of Alaska and Russia), while in others the start of the pandemic was much later (e.g., Nunavut, northern Finland, and Norway). The impacts of the Delta and Omicron waves are also evident, especially in regions where massive COVID-19 spikes took place in early 2022, such as the Faroe Islands.

Regional patterns of COVID-19 mortality are illustrated in Figure 4. Russian Arctic regions and some Alaska boroughs demonstrated the highest cumulative death rates per 100,000 (Figure 4B). Elevated rates early in the pandemic were observed in northern Sweden (Västerbotten and Norrbotten). The seven-day average death rate (Figure 4A) is more difficult to interpret, but it indicates a general rise in Russian regions during the pandemic waves, in particular, Delta and Omicron, as well as shows highly variable dynamics in Alaska subregions partially due to small population numbers.

Finally, CFR (Figure 5) in the Arctic has a typical pattern of high values right after the onset of the pandemic in a given region with subsequent subsidence as time elapsed - a picture typical for most regions of the world (54–56). The decline in CFR is especially significant during and after the Omicron wave. There is a well-noticeable spike in CFR in northern Sweden in the Spring–Summer of 2020 most likely attributable to relaxed anti-COVID-19 policies and lack of NPIs at the time (57). High CFRs are also seen across the Russian Arctic in 2021.



3.3 Regional typology of COVID-19 dynamics

To further examine the dynamics of the COVID-19 pandemic over time, we combinedly assessed the two key indicators, cumulative COVID-19 cases and deaths per 100,000 across the Arctic at three given points in time (July 31, 2020, July 31, 2021, and July 31, 2022) using the four-quadrant typology (i.e., High-High, High-Low, Low-High, and Low-Low). Each Arctic region was classified into quadrants (Figures 6–8) using quantiles, effectively pinpointing high- and low-risk zones. This exploratory technique helps in comprehending the intricate interplay between the effectiveness of COVID-19 public health interventions and the differing degrees of COVID-19 outcomes observed among Arctic regions.


3.3.1 Low cases-low deaths cluster

This quadrant characterizes regions with relatively low rates of COVID-19 cases and deaths. During the early stages of the pandemic (see Figure 6), most Arctic regions did not witness COVID-19-related infections and deaths. However, Iceland, the Faroe Islands, Northern Norway, and Northern Finland did experience higher early incidence. Still, stringent quarantines and other protective measures were effective in preserving lives, resulting in no reported deaths in these regions. Northern Russia, Northern Sweden, and Alaska all experienced prolonged initial waves of infections, which subsequently led to increased mortality rates largely attributed to the implementation of relatively lax or inconsistent public health measures (57, 58).

Greenland and Canadian Arctic jurisdictions, including Yukon, Northwest Territories, and Nunavut, reported relatively low rates of COVID-19 cases and few deaths over the course of all 3 years (Figures 6–8) of the pandemic. These regions effectively implemented preventive and containment strategies, such as isolation, quarantine, travel restrictions, and mass vaccination campaigns, to minimize the pandemic’s impact (28, 29, 36, 53). In addition, there was relatively little COVID-19 impact in Indigenous boroughs of Alaska, including the North Slope, Northwest Arctic, and Nome, during the pandemic’s initial year, with few cases and isolated deaths. However, after the summer of 2021 (Figures 7, 8), there was a significant increase in caseloads in these regions (except Northwest Arctic) with occasional spikes in fatalities.

[image: Scatter plot showing cumulative deaths per 100,000 versus cumulative cases per 100,000 across various regions, with points colored by region: Alaska, Greenland, Iceland, Russia, Canada, Faroe Islands, Norway, and Sweden. The chart includes a legend indicating color codes for each region. Regions like the Faroe Islands (number 32) and Komi (number 5) are outliers.]

FIGURE 7
 Regional typology of the COVID-19 outcomes as of July 31, 2021.


[image: Scatter plot showing cumulative COVID-19 cases versus death rates per 100,000 for various regions, indicated by numbered points. The x-axis represents cumulative cases, the y-axis death rates. Regions include Alaska (USA), Canada, Greenland, Iceland, Russia, Faroe Islands, Norway, and Sweden, differentiated by color. A legend identifies each region by number and color.]

FIGURE 8
 Regional typology of the COVID-19 outcomes as of July 31, 2022.




3.3.2 High cases -low deaths cluster

Cumulatively, this quadrant depicts regions with higher COVID-19 case rates and corresponding lower death rates. During the initial year of the pandemic (as of July 31st, 2020), Faroe Islands, Nenets, and numerous coastal Alaska regions such as Dilinham, Wrangell, Chugach, Copper River, Bristol Bay & Lake, and Peninsula, as well as Aleutians West, fell into this category (Figure 6). These regions encountered an early onset of the pandemic with escalating infections. Despite the high case numbers, the implemented COVID-19 containment measures, including stringent lockdowns and quarantines, have likely been effective in reducing the death toll. Even after the gradual easing of restrictions, Aleutians West and Bristol Bay, and Lake & Peninsula, have persisted as cold spots for deaths throughout the pandemic (i.e., in the years 2021 and 2022) (Figures 7, 8). This persistence may be attributable to their effective healthcare response, encompassing timely testing, meticulous contact tracing, and a successful vaccination campaign that has averted severe outcomes.



3.3.3 Low cases - high deaths cluster

This quadrant characterizes regions with a relatively low number of reported COVID-19 cases per 100,000 but a relatively high number of fatalities. Over the progression of the pandemic, most regions of the Russian Arctic have fallen into this category (Figures 7, 8). Some of these regions, including Magadan, Kamchatka, Komi, Krasnoyarsk, Murmansk, Khanty-Mansiysk, and Yamal-Nenets, continued to experience higher fatalities, despite a decline in reported new cases after first year (Figures 7, 8). Elevated death rates in Northern Russia could stem from inconsistent quarantine measures, constrained healthcare capacities, and restricted availability and uptake of vaccines in remote areas. Similarly, a few Alaskan jurisdictions, such as Petersburg, Matanuska-Susitna, and Yakutat & Hoonah-Angoon, also saw higher mortality despite having a low to moderate infection rate over 3 years (Figures 6–8). In Northern Norway, regions like Nordland, and Troms and Finnmark witnessed a sudden rise in mortality rates during the initial year, which significantly decreased following the implementation of an aggressive prevention policy. Norway initially eased prevention measures in the summer of 2021, but later reinstated most of these measures (59), probably leading to lower cases and mortality rates per 100,000 after the summer of 2021 (Figure 7). In Northern Sweden, Västerbotten observed relatively lower-case rates at the outset of the pandemic, but high death rates until the summer of 2021. Following a robust second wave with a relatively high CFR, Sweden enacted COVID-19 measures and restrictions in January 2021 (60), likely resulting in reduced deaths in Västerbotten (unlike in Norrbotten) compared to the second wave. These lower rates persisted into the third year of the pandemic, accompanied by a decrease in cases per 100,000 (Figure 8).



3.3.4 High cases -high deaths cluster

Iceland, Norrbotten, many Alaska regions such as Fairbanks North Star, Juneau, Anchorage, and Yukon-Koyukuk, and all regions in the Russian Arctic (except for Nenets and Chukotka) initially reported a significant number of COVID-19 cases and fatalities (Figure 7). Many of these regions possess densely populated urban centers, leading to elevated transmission rates and severe outcomes. Norrbotten continued to experience relatively high death rates per 100,000 during the second and third years of the pandemic (Figures 8, 9). Iceland implemented stricter prevention measures in both the private and public spheres during the spring of 2021 (61), followed by variable prevention measures based on epidemiological trends and mass vaccination campaigns throughout the year, resulting in decreased death rates after 2021 (Figures 8, 9). Several southern Alaska regions, the Northwest Arctic and Southeast Fairbanks, reported elevated rates of infections and deaths during the second year and later in the pandemic (Figures 7, 8). These can be attributed to the relaxation of COVID-19 restrictions, varying enforcement of public health interventions, and slower growth in vaccine uptake (12).

[image: Line graph showing the percentage of fully vaccinated people from March 2021 to February 2023 in several regions: Greenland, Sweden, Alaska, Iceland, Norway, Northern Russia, Finland, Northern Canada, and the Arctic. Most regions reach over 70 percent, with Northern Canada peaking the highest. The Arctic shows a lower overall trend.]

FIGURE 9
 The percentage of fully vaccinated individuals among the total population. Finland, Norway, and Sweden are depicted using countrywide data.





3.4 Spatiotemporal dynamics of vaccination in the Arctic

As of September 2022, nearly 70% of Arctic residents had received full vaccination per the criteria set forth by their respective jurisdictions. However, the spatial and temporal patterns of COVID-19 vaccine uptake exhibited variations. Alaska and Northern Canada initiated their vaccination campaigns as early as December 2020. By May 2021, Northern Canada had achieved a vaccination rate of 50%. Similarly, by May, more than 60 percent of adults (i.e., aged 16 years and older) residing in certain Alaskan boroughs, including Aleutians East Borough, Skagway Municipality, Sitka City and Borough, and Yukon-Koyukuk Census Area, had received at least one vaccine dose (48). Notably, Alaska and northern Canada, represent cases of very early and massive vaccination efforts, often co-managed by the public and tribal health authorities (30, 37).

In Alaska, although vaccination rates were initially very robust and rapid, there was a swift drop off in uptake during the subsequent months. Conversely, there was a delay in vaccine rollout in other Arctic regions; however, these regions (with the exception of Northern Russia) promptly increased vaccination rates, achieving a coverage level of 60–70% by the end of 2021. Northern Russia’s vaccination campaign progressed slowly and faced limited success, partially due to increased vaccine hesitancy (62) and resistance (63). It could be argued that rapid adoption of vaccines can be part of a robust response to the pandemic in remote areas. Previously, we argued that the remoteness of Arctic regions carries both a “blessing” associated with a delayed onset of the pandemic, and a “curse” embedded in the higher vulnerability of remote places to the pandemic (27). In this context, an early mass vaccination campaign can be an effective solution to moderate the curse by vaccinating ahead of a major COVID-19 wave, thus lessening the overall pandemic impacts, especially mortality. Therefore, one can look for a relationship between early vaccination rates and pandemic outcomes in remote areas where vaccines were distributed in advance of other places.



3.5 Impact of early vaccination on pandemic outcomes

To investigate the potential impact of initial vaccination coverage on subsequent COVID-19 outcomes (cases, deaths, and CFR) within Arctic regions, we conducted a linear regression analysis. We analyzed only regions (n = 44) with complete data for all considered variables. Prior to conducting the regression, we performed Pearson correlation calculations to discern any possible associations between the percentage of fully vaccinated individuals and COVID-19 outcomes. Our analysis encompassed cumulative data for the percentage of full vaccination spanning the period from January 2021 to July 2021 (early vaccination period), as well as COVID-19 outcomes, (i.e., cumulative cases, and deaths per 100,000 and the CFR in percent), for two distinct temporal intervals: January 2021 to July 2021 (period concurrent with first 6 months of vaccinations) and January 2021 to July 2022 (i.e., 18 months after the start of mass vaccinations). During this latter period, characterized by the dominance of the Delta and Omicron variants, more than 2,042,163 new cases were recorded, representing a substantial 583.3% increase. Hence, when analyzing the correlation between vaccination rates and mortality at different times, another factor to consider is the waves were caused by different variants, each having its intrinsic mortality rate.

For both temporal intervals (Table 2), there was a statistically significant negative association between fully vaccinated individuals (%) and cumulative deaths per 100,000 and the CFR (%). Notably, these associations strengthened significantly over time (r = −0.68 and − 0.73). Regarding COVID-19 cases, the relationship between cumulative cases per 100,000 and the percentage of fully vaccinated individuals during the period, from January 2021 to July 2021, was found to be nonsignificant. However, over the period from January 2021 to July 2022, this relationship has been moderately positive. These results implied that despite the surge in infection rates, earlier vaccination coverage exhibited significant efficacy in mitigating severe subsequent COVID-19 outcomes, particularly mortality and CFR, in the Arctic.



TABLE 2 Pearson correlation coefficients.
[image: Table showing correlation coefficients between COVID-19 outcomes and full vaccination rates from January 2021 to July 2021, and January 2021 to July 2022. For cumulative cases per 100,000, coefficients are 0.11 and 0.46. For cumulative deaths per 100,000, they are -0.48 and -0.68. For case fatality rate (CFR), coefficients are -0.55 and -0.73. Asterisks denote statistical significance at 5, 1, and 0.1 percent levels with 44 observations.]

The correlation results were further confirmed by the regression analysis (see Tables 3, 4). During the period from January 2021 to July 2021, the observed effect size of the vaccination rate on the cumulative death rate per 100,000 individuals appeared to be small in magnitude (almost none) yet statistically significant (Table 3). However, when we conducted a regression analysis involving the cumulative mortality rates spanning from January 2021 to July 2022 and initial vaccination coverage, the impact appeared notably stronger and statistically significant. In simpler terms, a mere 1 % rise in the fully vaccinated population led to a corresponding decrease in mortality by 3.10 per 100,000 individuals in the near future. Additionally, the initial vaccination coverage seemed to provide a more effective explanation for the variability observed in the cumulative death rate per 100,000 individuals during the latter period compared to the earlier one. This improvement was reflected in the Adjusted R-squared value, which increased from 21.6 percent to 45.3 percent.



TABLE 3 Simple linear regression analysis between COVID-19 vaccination and death rates.
[image: Table showing regression analysis for fully vaccinated population (%) as a predictor of cumulative deaths per 100,000 across two periods: January 2021 to July 2021 and January 2021 to July 2022. Estimates, confidence intervals, and significance levels are provided for intercepts and regression coefficients. The 2021 period has an intercept estimate of 0.06 with a confidence interval of 0.04 to 0.09, and the 2022 period has an intercept estimate of 270.85 with a confidence interval of 220.54 to 321.15. Statistical significance is denoted with asterisks.]



TABLE 4 Simple linear regression analysis between COVID-19 vaccination and CFR rates.
[image: Table showing regression analysis of fully vaccinated population percentages on case fatality rate (CFR) over two periods. For January 2021 to July 2021, the intercept is 2.84 (CI 1.94-3.74) with a regression coefficient of -0.04 (CI -0.06 to -0.02), R-squared is 0.300/0.283. For January 2021 to July 2022, the intercept is 1.90 (CI 1.51-2.29) with a regression coefficient of -0.03 (CI -0.04 to -0.02), R-squared is 0.527/0.516. Statistical significance is indicated at the 5, 1, and 0.1 percent levels. N = 44.]

A similar trend was observed for the CFR (Table 4). Earlier vaccination efforts appeared to result in a reduction of CFR during the later period. Specifically, CFR decreased by 0.03 percent with each 1 % increase in the fully vaccinated population. Furthermore, the adjusted R-squared value reached 51.6 percent, indicating that earlier vaccination accounted for nearly half of the variation observed in the later CFR.




4 Discussion and conclusion


4.1 Regional dynamics and ‘models’

Over 3 years starting from February 2020 the global community, including the Arctic, has felt the epidemiological impact of COVID-19 and its various variants. This study indicates that the Arctic has witnessed five distinct waves of infections and fatalities due to the outbreak of the SARS-COV2 virus and its mutated strains, with Alpha, Delta, and Omicron and its subvariant BA.5 (i.e., fifth wave) having higher prevalence during this timeframe. When comparing these strains, we found that the Delta wave was more severe, bringing more deaths in the Arctic that led to higher CFRs while Omicron resulted in the highest surge in positive cases, resulting in a steep rise in recorded infections but fewer deaths and declined CFR.

The examination of reported COVID-19 cases and fatalities from 52 Arctic subregions reveals that the pandemic’s severity exhibited substantial spatial and temporal variations. A common trend was the delayed start of the pandemic in the Arctic - a result of its remoteness. An ability and desire to hold off the pandemic’s offset have certainly given Arctic regions an advantage, despite their well-recognized vulnerability (21, 24, 26). A few regions managed the pandemic well: Greenland, Iceland, Faroe Islands, Northern Canada, Finland, and Norway witnessed isolated spikes of cases at the onset, which were swiftly contained with minimal or no fatalities. Most of these regions landed in the “low cases and low deaths” cluster of the regions - and represent the most successful model of dealing with the pandemic. Northern Russia, Northern Sweden, and Alaska showed different, but generally less successful models with more negative COVID-19 dynamics. Death rates in Northern Sweden and Northern Russia were generally high, with explosive surges in cases and death rates following the first and second waves. During the Delta Wave, the Arctic region saw the highest mortality rates, again with Northern Russia, Northern Sweden, and Alaska emerging as the leading regions in this regard. The Omicron variant and its subvariant waves resulted in substantial outbreaks in regions such as the Faroe Islands and Iceland.



4.2 Global and local public health lessons

Throughout the pandemic, however, mortality rates and CFR in most northern regions remained (apart from Russia) lower than those in the southern parts of their respective countries. In this respect, the Arctic’s pandemic response experience provides important lessons for informing public health interventions in remote regions across the globe. The combination of remoteness, proactive public health measures informed by prior pandemic experiences, and Indigenous knowledge enabled certain communities with high socioeconomic and health vulnerabilities to navigate the early stages of the pandemic effectively and be better prepared for the arrival of COVID-19 (24, 27, 39). Implementing early preventive measures that were culturally appropriate, such as placing the highest priority on protecting vulnerable elders from infectious disease, providing health education campaigns in native languages using tribally relevant imagery and themes, providing COVID-19 vaccination programs through fly-in/fly-out village nursing programs, and utilizing public outreach campaigns through popular local radio stations and social media sites were critically important in many of these Arctic Indigenous communities (8, 64, 65).

The remote geography of the Arctic and stringent preventive measures early in the pandemic delayed its onset in most of its regions (40), although it did not entirely avert the significant outbreaks of cases after the Fall of 2020 when public health and social measures were implemented inconsistently across the Arctic and globe (8, 12). Thereafter, most remote Arctic communities faced strenuous challenges in responding effectively to the rapidly dispersing pandemic due to constraints stemming from inadequate healthcare resources and limited infrastructures (8, 66).

Despite a rapid increase in infection rates mirroring those of their respective nations, most Arctic regions consistently maintained a low CFR, attributed possibly to the success of mass vaccination campaigns, as suggested by the analysis undertaken in the paper: regions with higher vaccination rates early in the pandemic tended to have lower mortality and CFR. Indeed, some remote Indigenous regions in Alaska and Northern Canada were among the first locales around the world where vaccines were widely distributed. Vaccination initiatives were widely embraced and adopted even in the face of a historical context marked by instances of coerced medical experimentation and abuse in these regions (8, 67).

The key lesson that the global public health community can learn from the Arctic Indigenous Peoples in the context of the COVID-19 pandemic is the significance of Indigenous self-determination in healthcare, community engagement, and Indigenous knowledge, which empowered these communities to establish their own strategies, campaigns, and priorities for addressing the crisis (24, 26, 33, 37, 64). Indigenous knowledge and the continuation of on-the-land practices, which encompass a wide range of traditional activities and customs, constitute an indispensable facet of Indigenous communities’ way of life, fostering their physical, mental, and spiritual well-being while also promoting cultural resilience and sustainability (32, 53). These underscore the significance of healthcare approaches that are culturally sensitive and adaptive which could potentially serve as a valuable instrument in post-COVID-19 rehabilitation and future pandemic preparedness (27, 28, 36, 37).

Learning from the Arctic may provide important insights for dealing with future pandemics in remote areas and Indigenous homelands. The relative geographic isolation of Arctic indigenous communities, which can be helpful in first delaying the arrival of infectious diseases into these communities, can sometimes create challenges later in receiving high-level treatment for these conditions in advanced cases. Thus, the Arctic’s relative success in addressing COVID fundamentally reinforces the urgency of enhancing remote-area public health services, improving access to medical care in underserved areas, bridging socioeconomic gaps, and closing Indigenous health disparities in the Arctic and around the world.



4.3 Limitations and future directions

There is no doubt that the epidemiological data and analysis presented in this study are pivotal in the realm of public health, providing essential guidance for disease surveillance, the formulation of preventive strategies, healthcare resource allocation, and rigorous research endeavors. This study, thus, aids policymakers, healthcare practitioners, and researchers with the knowledge required to make well-informed decisions aimed at enhancing the health and overall well-being of populations. However, the data and analyses conducted in this study have a few limitations. This study relied on publicly accessible datasets that could be susceptible to underreporting, misreporting, and inconsistencies. Though this could potentially introduce a degree of bias into the findings, the data integrity at both the national and regional levels conform to the standards typically employed in Europe and North America. Furthermore, in an effort to partially alleviate these data concerns, this paper computed cumulative rates and moving averages that reflect longer-term trends rather than short-term pandemic events. In our statistical analysis, we did not incorporate control variables, potentially leading to less efficient parameter estimates. Consequently, this implies that there may be some degree of uncertainty associated with our estimated parameters. Finally, the data analyzed in this paper did not elucidate distinctions in COVID-19 outcomes between the Arctic Indigenous populations and its non-Indigenous residents. Therefore, it is recommended that potential disparities in the impacts of COVID-19 among these populations be investigated as part of future research endeavors.

While the World Health Organization declared an end to the global Public Health Emergency for COVID-19 on May 5, 2023 (68), it is estimated that at least 65 million people experienced post-COVID-19 conditions (i.e., long COVID-19) within the initial 3 years of the pandemic (69). A multinational study by Shen et al. (70), which included 64,880 adult participants from Iceland, Sweden, Denmark, and Norway, suggested an elevated prevalence of some physical symptoms among individuals who experienced a severe acute illness, during a period extending beyond 2 years after the diagnosis of COVID-19. However, the health consequences of long COVID-19 infection at both individual and community levels in the Arctic regions are still not well comprehended. This situation presents a critical avenue for continued monitoring, shaping informed public health measures, and conducting future research.
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Introduction: The COVID-19 pandemic has caused widespread morbidity, mortality, and socio-economic disruptions worldwide. Vaccination has proven to be a crucial strategy in controlling the spread of the virus and mitigating its impact.
Objective: The study focuses on assessing the effectiveness of COVID-19 vaccination in reducing the incidence of positive cases, hospitalizations, and ICU admissions. The presented study is focused on the COVID-19 fully vaccinated population by considering the data from the first positive case reported until 20 September 2021.
Methods: Using data from multiple countries, time series analysis is deployed to investigate the variations in the COVID-19 positivity rates, hospitalization rates, and ICU requirements after successful vaccination campaigns at the country scale.
Results: Analysis of the COVID-19 positivity rates revealed a substantial decline in countries with high pre-vaccination rates. Within 1–3 months of vaccination campaigns, these rates decreased by 20–44%. However, certain countries experienced an increase in positivity rates with the emergence of the new Delta variant, emphasizing the importance of ongoing monitoring and adaptable vaccination strategies. Similarly, the analysis of hospitalization rates demonstrated a steady decline as vaccination drive rates rose in various countries. Within 90 days of vaccination, several countries achieved hospitalization rates below 200 per million. However, a slight increase in hospitalizations was observed in some countries after 180 days of vaccination, underscoring the need for continued vigilance. Furthermore, the ICU patient rates decreased as vaccination rates increased across most countries. Within 120 days, several countries achieved an ICU patient rate of 20 per million, highlighting the effectiveness of vaccination in preventing severe cases requiring intensive care.
Conclusion: COVID-19 vaccination has proven to be very much effective in reducing the incidence of cases, hospitalizations, and ICU admissions. However, ongoing surveillance, variant monitoring, and adaptive vaccination strategies are crucial for maximizing the benefits of vaccination and effectively controlling the spread of the virus.
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Introduction

Spurred by the spread of new variants of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), the coronavirus infectious disease 2019 (COVID-19) pandemic has evolved along a unique trajectory. From mid-2020 to late 2021, since the emergence of Alpha to Omicron variants, the world has witnessed the appearance of newer variants of SARS-CoV-2 resulting in exponential spread and increased mortality. In July 2020, the first variant named EU2 (mutation S:447 N) was identified in western Europe, which showed an increased capability to infect (1, 2). Subsequently, several variants of concerns (VOC) were identified such as B.1.1.7 (Alpha) in the UK (September 2020) (3), B.1.351 (Beta) in South Africa (December 2020) (4), P.1 (Gamma) in Brazil (January 2021) (5), and the B.1.617 (Delta) variant in India (January 2021) (6). It is notably evident that the mortality rate due to the COVID-19 disease surged in the countries where the newer variants were discovered (7–10). The B.1.1.7 (Alpha) variant has been linked with an increased risk of transmissibility, hospitalization, and death (8, 11–14). The B.1.351 (Beta) variant was estimated to be 50% more transmissible than all other pre-existing variants (15) and showed increased immune escape capabilities (16). The higher incidence of COVID-19 cases in the younger age groups in the Amazonas (Brazil) may be understood in context of the changes in the pathogenicity of the P.1 variant (17). Initial results have also supported significant increase in fatalities among young and middle-aged individuals with the P.1 (Gamma) mutant (18). A significant rise in the daily infection rate was reported in the state of Maharashtra in India congruent with the appearance of the B.1.617 (Delta) variant (19).

The governments of countries worldwide implemented and followed the non-pharmaceutical interventions (NPI) suggested by the World Health Organization (WHO) to contain the spread of the global pandemic. Yet, the second wave in 2020 unleashed a deadly outbreak globally and emphasized the importance of an effective and reliable vaccination regimen to control the ongoing pandemic during that time. By the year 2021, about 18 vaccines were available globally against COVID-19 which were approved by at least one country. Additionally, there were more than 125 vaccine candidates and numerous ongoing vaccine trials (20, 21). The United Kingdom was the first country to initiate the COVID-19 vaccination program following the emergency use authorization of the Pfizer-BioNTech (22). Other nations also rolled out their vaccination programs in quick succession. With the accelerated pace of vaccine development, several vaccines received approval after demonstrating significant efficacy in respective clinical trials (23, 24).

The mRNA-based Pfizer-BioNTech COVID-19 Vaccine (Comirnaty) and mRNA-1273 (Moderna), the adenovirus-based Gam-COVID-Vac (Sputnik V) and Oxford–AstraZeneca COVID-19 vaccine (marketed as Covishield and Vaxzevria), and the inactivated virus-based Covaxin and Sinopharm COVID-19 vaccine (BIBP vaccine) are among the approved vaccines against COVID-19. With the increasing rates of vaccination and increased availability due to additional authorization of newer vaccines, there is a need to understand the potential impact of vaccination on the COVID-19 positivity rates region wise. Several studies have been reported in the past year on the impact of vaccination on the overall attack rates, hospitalizations, and deaths. Vilches et al. reported Pfizer-BioNTech and Moderna vaccines reduce deaths by 31.5 and 31.9%, respectively, compared to no vaccination (25). The effect of mRNA vaccination in long-term care facility (LTCF) resident have observed and it is indicated that 70% vaccinatinated population resulted in reduced mortality and infection rate by about 75%, while the detectable transmission was reduced by 90% (26). It has been also reported that an mRNA COVID-19 vaccine significantly reduces disease progression to requirements of mechanical ventilation or even death (27). Studies have shown that countries with predominately vaccinated older adult population, predominantly among the older adult population, had a major shift in the age distribution of COVID-19 related deaths (28). These studies consistently support a global pattern of risk reduction among the vaccinated population as compared to unvaccinated populations (27).

Further, it is essential to determine the impact of vaccination so that the viral disease spread and transmission risk of SARS-CoV-2 can be monitored (29). Although the available vaccines significantly reduce the rates of hospitalization, they do not provide complete protection against SARS CoV-2 infection, since several cases of infection in vaccinated individuals have been reported and the effect of vaccination in preventing new infections in the general community is under consideration (22, 30).

The primary objective of this study was to examine the effect of COVID-19 vaccination on the positivity rates, rates of hospitalization, and the requirements of ICU care. The study is performed by considering the fully COVID-19 vaccinated population until 20 September 2021 in various countries.



Data and methods


Study design

This is a global retrospective study based on the COVID-19 management data from the first positive case reported until 20 September 2021. The data analysis workflow is shown in Figure 1.
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FIGURE 1
 Data analysis workflow.




Data source

The dataset used in the study was obtained from Our World in Data (31). Only countries that had completed the second dose of vaccinations were included in the study design. The available data were extracted (on daily basis) for the reported factors, i.e., (i) new COVID-19 cases, (ii) new tests, (iii) new hospitalizations per million, and (iv) new ICU patients per million. The daily data of the Delta variant were collected from the Global initiative on sharing all influenza data (GISAID) database (32) that provides rapid and open access to epidemic and pandemic virus data including genetic sequences and related clinical and epidemiological data associated with the human and viruses.



Statistical analysis

The primary focus of the study was to analyze the percentage of the fully vaccinated population per 100 in each country. The daily positivity rate, which served as the primary outcome, was defined as the confirmed daily new COVID-19 cases divided by the total number of tests conducted on a particular day in a given country. Additionally, the incidence of the Delta variant was calculated by dividing the number of samples that tested positive for the Delta variant by the total number of samples tested on that specific day in each country. For analysis purposes, the data for the positivity rates, hospitalized cases per million, and ICU hospitalized cases per million were prepared on a daily basis. Time series analysis of daily positivity rates, hospitalized cases, ICU hospitalized cases with respect to daily vaccinations per 100 was performed by using the Gapminder Offline tool (33). The analysis included data from the day when the second dose of vaccination began, extending until the latest available data for each respective country. We have also looked into the incidences of Delta variants across the globe to check whether there is any correlation to the failure in positivity rate reduction for certain countries despite the increased rate of vaccination. Time series analysis of the daily positivity rate in relation to the daily data on Delta variants was conducted using the Gapminder Offline tool (33). To visualize in the graphical user interface, one needs to choose color and size options according to their preferences.




Results and discussion

To monitor the effectiveness of vaccination, the available data are presented in three parts, with detailed analyses presented in both image and video formats for: (i) fully vaccinated populations vs. Covid-19 positivity rates (Figure 2),1 (ii) fully vaccinated populations vs. hospitalizations per million (Figure 3),2 and (iii) fully vaccinated populations vs. ICU patients per million (Figure 4).3 The findings (as depicted in Figures 2–4) suggest a marginal negative association such that as vaccination rates have increased over time, positivity rates, hospitalizations, and ICU admissions have decreased simultaneously, with a few exceptions noted (Figure 5).4 As observed in Figure 5, the positivity rate increased when the Delta variant became a concern in the depicted countries (the United Kingdom, Germany, Italy, Ireland, etc.). However, there may be other reasons for the unexpected rise in the positivity rate (life expectancy, comorbidity like diabetes prevalence, smokers, etc.) that are not accounted for in the present study.

[image: Set of eight scatter plots illustrating changes over time from Day 1 to Day 180. Each plot shows the relationship between the positivity rate and the number of people fully vaccinated per hundred. Data points are represented as colored circles, with varying sizes and positions. Most data points cluster in the lower range of the positivity rate axis, with gradual changes across days.]

FIGURE 2
 Time series analysis between positivity rates vs. the percentage of the population fully vaccinated per 100 across the world. The X-axis represents the COVID-19 positivity rate with a range of 50 whereas the Y-axis shows the number of fully vaccinated people per 100. Each bubble corresponds to a country with bubble size representing the population. The bubbles are color-coded by country (i.e., fluorescent green: India, rust: USA, purple: United Kingdom, pink: Indonesia, yellow: France, blue: Turkey and so on). The visualization link to generate this figure is https://ccc.icmr.org.in/delta/positivity/.


[image: Scatter plots in eight panels show the relationship between hospitalized patients per million and people fully vaccinated per hundred over time. Panels are labeled Day-1, Day-15, Day-30, Day-60, Day-90, Day-120, Day-150, and Day-180. Bubbles of varying sizes and colors represent data points across these days, indicating trends in vaccination and hospitalization rates.]

FIGURE 3
 Time series analysis between hospitalized patients per million vs. the percentage of the population fully vaccinated per 100 across the world. The X-axis shows the hospitalization rate per million with a range of 1,400 whereas the Y-axis represents the COVID-19 vaccination rate per 100. Each bubble is a country with the bubble size representing the population. The bubbles are color-coded by country (i.e., blue: USA, purple: Canada, red: Spain, yellow: France, rust: United Kingdom and so on). The visualization link to generate this figure is https://ccc.icmr.org.in/delta/hospitalization/.


[image: Eight scatter plots show ICU patients per million versus people fully vaccinated per hundred over time. Each plot represents different days: Day 1, Day 15, Day 30, Day 60, Day 90, Day 120, Day 150, and Day 180. Colored circles vary in size, indicating different datasets, illustrating trends in vaccination rate and ICU occupancy.]

FIGURE 4
 Time series analysis between ICU patients per million vs. the percentage of the population fully vaccinated per 100 across the world. The X-axis represents the ICU patients per million (ranging from 0 to 180) and the Y-axis indicates the persons fully vaccinated per 100 (range 0–80). Each bubble represents a country with its size representing the population and the bubbles are color-coded by country (i.e., green: USA, blue: Czechia, purple: Canada, red: Italy, yellow: Germany and so on). The visualization link to generate this figure is https://ccc.icmr.org.in/delta/icu/.


[image: Eight bubble charts compare the Delta Variant's positivity rate across days: 1, 15, 30, 60, 90, 120, 150, and 180. Each panel shows bubbles of varying sizes and colors, indicating different data points with changes over time.]

FIGURE 5
 Time series analysis between the Delta variant vs. positivity rates across the world. The X-axis represents the positivity rate and the Y-axis indicates the incidence of the Delta variant. Each bubble represents a country with its size representing the population and the bubbles are color-coded by country (i.e., fluorescent green: India, blue: Pakistan, purple: United Kingdom, red: Japan, yellow: France, pink: Thailand, rust: Vietnam, peach: Indonesia and so on). The visualization link to generate this figure is https://ccc.icmr.org.in/delta/delta/.



Vaccination vs. COVID-19 positivity

The analysis of fully vaccinated populations vs. COVID-19 positivity rate is presented in Figure 2, where each bubble represents a country and the bubble size represents the population. The bubbles are color-coded by country. The results obtained indicate that prior to vaccination the positivity rate is fairly high (>30%) for Nepal (44%), Mexico (41%), Paraguay (38%), and Albania (31%). To further analyze the impact of vaccination, countries were divided into three groups based on their positivity rates prior to the vaccination campaigns. The first group comprises countries where the positivity rates were higher than 30% before vaccination [Nepal (44%), Mexico (41%), Paraguay (38%), and Albania (31%)]. Within 1 month of vaccination, the COVID-19 positivity rate was found to be drastically reduced to 0.4% for Albania and in Nepal shrunk by 20% where it reached 24%. For Nepal, the positivity rate further continued to decrease and reached 11% after 90 days of vaccination. Similarly, a lowering of the positivity rate from 41 to 27% was reflected after 30 days of vaccination in Mexico. A further reduction in the positivity rate for Mexico was observed to continue until 110 days of vaccination and hit 16%. However, after 110 days of vaccination, the Delta variant became a concern in Mexico and the positivity rate gradually started increasing. The positivity rate continued to increase until 96 days, and thereafter was observed to be under control since by that time the percentage of the fully vaccinated population reached 27%. For Paraguay, 30 days after vaccination, a slight (4%) decline in the positivity rate was reflected that showed further steady decline reaching down to 2% after 174 days of vaccination.

The second group contains those countries where the positivity rates were between 25 and 30% before vaccination and include Indonesia (29%), Costa Rica (28%), Ecuador (27%), Tunisia (26%), Iran (25%), and Slovenia (25%). For Indonesia, within 90 days of vaccination, the positivity rate declined to 9%. However, after 90 days of vaccination due to the Delta variant effect, Indonesia again witnessed the positivity rate increasing while only 4% population of Indonesia was fully vaccinated at that point. At the 138th day, the positivity rate came under control and started decreasing continuously. For Ecuador, the positivity rate declined consistently from the start of vaccination and reduced to 10% after 150 days of vaccination as the vaccination rate is very high in Ecuador and 54% of the population are fully vaccinated to date. A slight decrease in the positivity rate was observed for Iran (4%) while only 14% of the Iranian population was fully vaccinated. A mild decrease of 14% in the positivity rate was observed in Tunisia after 126 days of vaccination as the vaccination rate was moderate in Tunisia (26%). In Slovenia, the positivity rate declined continuously from the day vaccination started and reduced to less than 2% after 171 days of vaccination since the vaccination rate was high in Slovenia and 46% of the population of Slovenia was fully vaccinated at that time. After 171 days, the positivity rate again showed signs of increment in Slovenia due to the emergence of the Delta variant.

The remaining countries fall under the third group where the positivity rate was below 25% before vaccination. Within the first 15 days, the United Arab Emirates reached close to a 70% vaccination rate. Bangladesh and India had vaccination rates under 3% and the positivity rates showed an increase on days 71 and 81, respectively. From 81 days after vaccination, India started showing a decline in the positivity rate without a noticeable change in the vaccination rate until 112 days. The positivity rate showed an increase for Japan irrespective of the increase in vaccination rate from 111 to 148 days. Thereafter, Japan decreased in positivity rate as the vaccination of the population continued.



Vaccination vs. hospitalization

The analysis of fully vaccinated populations vs. hospitalized patients per million is presented in Figure 3, where each bubble represents a country and the bubble size represents the population. The bubbles are color-coded by country. In the early stages of vaccination, the hospitalization rates were high, but with the increases in the vaccination rates, the hospitalization rates decreased simultaneously (Figure 3). In the first 15 days after the start of vaccination, the hospitalization rate was above 600 per million for Czechia, Portugal, Slovenia, Spain and Lithuania, where only less than 2% of total population was vaccinated for these countries. Within a span of 30 days, the vaccination rate increased and the hospitalization rate reduced by half for Lithuania, Slovenia, and Spain (Figure 3). The reductions in the rates of hospitalization continued for the next 30 days, but thereafter were interrupted by the emergence of non-parental COVID-19 variants after 60 days of vaccination; thus, a slight rise in hospital rates was observed for Lithuania and Slovenia. But within next few days (i.e., in 20 days), the vaccination rates had increased and the hospitalization rates showed a decline. For Bulgaria, Hungary, and Poland, which were the top three among all countries reported with hospitalization rates above 800, they exhibited a steady surge in hospitalization until 80 days after vaccination. But the rate of hospitalization decreased later when the vaccination rates increased in these countries also. Ninety days after vaccination, almost all the countries reflected a reduction in the hospitalization rates because of the improved vaccinated percentage of the populations. For certain countries that included Croatia, Denmark, Finland, Ireland, Israel, Norway, Portugal, and the UK, the hospitalization rates reduced drastically to below 50 per million. A reduction in hospitalizations to below 200 per million was observed for Austria, Belgium, Canada, Cyprus, Czechia, Estonia, Hungary, Lithuania, Poland, Slovakia, Spain, Switzerland, and the USA. The reduction in hospitalizations continued and it was noticed that after 120 days of vaccination, the hospitalization rates reduced to the point of 200 per million for France, Italy, Latvia, and Slovenia as well. Nevertheless, after 180 days of vaccination, the US, Bulgaria, and Lithuania showed a slight increase in hospitalization rates.



Vaccination vs. ICU

The analysis of the fully vaccinated populations vs. ICU patients per million is represented in Figure 4, where each bubble represents a country and the bubble size represents the population. The bubbles are color-coded by country. Prior to vaccination, the ICU patients per million were higher than 80 for Czechia, Slovenia, and the US. Initially, the vaccination rate was low for Czechia. After 60 days of vaccination, below 4% of the population was fully vaccinated, resulting in the ICU patient rate increasing drastically for Czechia; but after that, Czechia showed a drastic reduction in ICU patients (from 190 to 87.6) as the vaccination rate doubled. Immediately after the start of vaccination in Slovenia, ICU patients decreased, but after 60 days, the trend was impacted by the emergence of non-parental COVID-19 variants and ICU patients increased (Figure 4). Within a short span of 30 days, the increment in ICU patients came under control for Slovenia as the vaccination rate increased and ICU patients decreased simultaneously. For the first 60 days, after vaccination, the US showed a slight increment in the vaccination rate, and as expected the ICU patient rate declined accordingly. Thereafter, for the next 30 days, the ICU patient rate did not change much as the vaccination rate almost doubled (12.5–24.5) for the US. After 90 days of vaccination, except for Canada, as expected, the countries began moving to the left of the X-axis as the vaccination rates increased. Canada did not show a significant change in vaccination rate, and there was a slight increase in ICU patients for a short span of time, although later on, the vaccination rate increased, and the ICU admission of patients decreased. For Denmark, Finland, Ireland, Israel, Portugal, Spain, and the UK, the ICU patients per million were reduced to 20 (Figure 4). The reduction in ICU admission of patients continued and, after 120 days of vaccination, the ICU patients per million was reduced to 20 for Austria, Czechia, Estonia, Germany, Italy, Romania, Switzerland, and the US. After 150 days of vaccination, Bulgaria had the least vaccinated population but still the rate of ICU admissions was under 20. The rest of the countries had vaccination rates above 25 and ICU patient rates below 20. After 180 days of vaccination, ICU patient numbers showed an increment for the US even after over 40% of the population being fully vaccinated.




Conclusion

COVID-19 outbreaks brought about significant global morbidity and mortality, as well as diminishing the economic and social well-being of individuals and communities. In spite of these devastating effects, the majority of the population remains susceptible to SARS-CoV-2 infection (34). Thus, vaccine development has been a high priority. The extent and speed of vaccine development efforts have been exceptional, and highly protective vaccines have been distributed all over the world. Our findings reveal that COVID-19 vaccines, even if they granted limited protection against infection, could essentially mitigate the future outbreaks, hospitalizations, and ICU admissions. However, it is necessary to further evaluate the success of vaccination programs over a long period of time to test their effectiveness in general. For our study, vaccination was only evaluated on the basis of confirmed cases. Even though the positive impact of vaccination in reducing in COVID-19 cases has been noted, exceptions were found for certain countries in certain time frames. In further studies, it is warranted to incorporate more variables, or for studies to be conducted with larger cohorts.

Given the limited population-level immunity to COVID-19 (35), vaccination plays a major role in providing preventive measures to reduce the disease burden and alleviate future attacks. Our study indicates that vaccination has a substantial impact on reducing the incidence, hospitalizations, and ICU admissions related to COVID-19. Our findings support the WHO recommendations (36), highlighting that a targeted vaccination strategy can efficiently mitigate disease burden and the economic impact of COVID-19. However, this impact is attained in the context of continued public health efforts and is not possible without a keen focus on the other aspects of infection prevention and control measures such as the use of masks, hand hygiene, testing, contact-tracing, and the isolation of infected cases. If current vaccination programs are accompanied by relaxation of other measures, much higher vaccine coverage will be necessary with a substantially higher distribution capability. Nonetheless, our findings are an encouraging signal of the potential benefits of vaccination against COVID-19.
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The COVID-19 pandemic, with its vast impact illustrated by 770 million confirmed cases and 6.9 million deaths as of September 21, 2023, has exposed a critical challenge: the infodemic. Effective communication and health literacy are pivotal in addressing this crisis. This article emphasizes the urgency of combating health misinformation, highlighting its tangible impact on public health and social well-being. Trustworthy sources, especially government agencies and public health officials, played a central role in shaping public behavior. Clear, accurate, and consistent messaging became vital. Health literacy, a fundamental determinant of pandemic response, empowered individuals to understand and act upon health information. Approximately 36% of adults exhibited basic or below-basic health literacy skills, emphasizing its crucial role. Improving health literacy emerged as a strategic imperative, enabling informed choices and proactive health protection. The pandemic underscores the vital role of effective communication and health literacy in combating health misinformation, fostering informed decision-making, and safeguarding public health.
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Introduction

The COVID-19 pandemic has not only brought unprecedented health challenges but has also spotlighted the pivotal role of effective communication and health literacy in navigating the infodemic—a relentless flood of information, ranging from accurate to misleading (1). In this comprehensive article, we embark on a journey to unravel the intricate connection between these two fundamental elements and put forth a series of policy recommendations, firmly rooted in credible sources, to emphasize the pressing need for combating health misinformation during public health crises.

The global COVID-19 pandemic, declared by the World Health Organization (WHO), emerged as an unparalleled global challenge, transcending borders and affecting every facet of society. As of 21st September 2023, the virus has infected 770,778,396 confirmed cases of COVID-19, including 6,958,499 deaths (2), underscoring the urgency of effectively addressing not only the virus itself but also the vast sea of information and misinformation accompanying it.

Amidst the relentless spread of the virus, another epidemic, known as the “infodemic,” (3) swiftly took hold. This digital pandemic, fueled by the proliferation of information channels, inundated the public with a bewildering array of facts, speculations, and falsehoods. Navigating this treacherous landscape became as crucial as adhering to health guidelines, as misinformation and confusion threatened lives and strained healthcare systems.

At the heart of this complex challenge lie two indispensable elements: effective communication (4) and health literacy (5). The former dictates how information is disseminated, understood, and acted upon, while the latter empowers individuals to critically engage with and apply health information to make informed decisions.

As we embark on this exploration, it becomes evident that the fight against health misinformation is not just an abstract concept but a tangible imperative with far-reaching implications for public health social cohesion, and individual well-being. By delving into the intricate relationship between effective communication and health literacy and by aligning our strategies with evidence-based policy recommendations, we endeavor to equip societies with the knowledge and tools needed to conquer the infodemic and emerge from this global challenge stronger and more resilient than before.



The COVID-19 pandemic: a global crisis

The COVID-19 pandemic, declared by the World Health Organization (WHO) on March 11, 2020, represents one of the most significant global health crises of our time. This declaration had a profound impact on the world as it signaled the gravity of the situation. To truly understand the magnitude of this crisis, it is essential to delve into the details, supported by appropriate data.

	a. Global spread of COVID-19: The COVID-19 virus, caused by the novel coronavirus SARS-CoV-2, exhibited an unprecedented ability to spread rapidly across international borders. As of March 11, 2020, when the pandemic was officially declared, the virus had already infected over 118,000 people in 114 countries, with more than 4,000 fatalities reported worldwide. This data, compiled by the WHO, underscored the virus’s exceptional transmission rate (2).
	b. Seismic shift in the battle against COVID-19: The global pandemic declaration marked a transition from viewing the outbreak as local to recognizing it as a worldwide health emergency. It highlighted the virus’s global presence, emphasizing the need for coordinated international responses.
	c. Vulnerabilities in healthcare systems: The rapid virus transmission exposed global healthcare vulnerabilities. Hospitals worldwide were overwhelmed, especially in countries like Italy, Spain, and the United States, where ICU occupancy rates reached critical levels during the initial wave.
	d. In Italy, ICU bed occupancy rates exceeded 85%, notably in Lombardy, placing immense pressure on healthcare workers and resources. This emphasized the urgent need for preparedness and surge capacity in healthcare systems (6).
	e. Response mechanisms and preparedness: The pandemic declaration spurred a global reevaluation of response strategies. Governments and health organizations swiftly implemented measures to mitigate the virus’s spread. Countries bolstered testing capabilities, conducting millions of tests weekly to identify and isolate cases promptly. This proactive approach, vital in preventing transmission, was evident in data from the COVID-19 Testing Database (7). Governments enforced lockdowns and social distancing, supported by data modeling studies. Research in journals like Nature Human Behavior showcased the effectiveness of these interventions, emphasizing their role in reducing virus transmission (8).
	f. Economic and social impacts: The pandemic’s repercussions extended beyond healthcare, causing widespread economic contractions. Lockdowns led to job losses and business closures, with a global decline in working hours equivalent to 495 million full-time jobs in Q2 2020, as per the International Labor Organization (9). School closures disrupted education and affected mental well-being. UNICEF data highlighted the struggles faced by families adapting to remote learning and essential service closures (10).

The COVID-19 pandemic’s effects persist, shaping ongoing vaccination efforts and responses to new virus variants. Discussions about global preparedness for future pandemics continue, underscoring the complexity of addressing global health crises.

Figure 1 shows a detailed flow chart illustrating the intricate process of information flow during a pandemic, emphasizing the crucial stages of detection, verification, and strategic management. It begins with the detection of information from various channels, followed by decision points for employing detection mechanisms, leading to either verified information or the potential spread of misinformation. The suggested management phase highlights strategies such as communication and public awareness campaigns. The flow chart emphasizes the cyclical nature of information flow with a feedback loop and continuous adaptation, ultimately leading to the end of the information flow.

[image: Flowchart depicting information processing stages: Start Point Information Channels, Detection Mechanisms (fact-checkers, AI), Start Point Information Channels, Verified Information, Misinformation, Suggested Management (communication strategies, public awareness), and Feedback Loop (continuous monitoring and adaptation of strategies).]

FIGURE 1
 Infodemic information flow chart: detecting, verifying, and managing information during a pandemic.




Navigating the emotional landscape: global impacts of COVID-19 misinformation on public well-being

The spread of misinformation, especially during public health emergencies like the COVID-19 pandemic, can have significant emotional impacts on populations across the globe. A growing body of research has explored the psychological effects of misinformation and its ability to evoke strong emotional responses from individuals.

Studies conducted in the United States during the pandemic reveal high levels of anxiety, depression, and anger linked to the consumption of misinformation regarding COVID-19 (11, 12). Exposure to conspiracy theories and false claims induces feelings of powerlessness, confusion, and distrust in authorities, deteriorating mental wellbeing (13). Online misinformation provokes moral outrage, particularly content that politicizes health protocols like masking and vaccination (14).

In Europe, belief in misinformation correlates with increased pandemic-related stress and reduced compliance with preventive behaviors, jeopardizing public safety (15). Experimental studies demonstrate that misinformation elicits anger, leading people to engage in risky actions like protests against pandemic restrictions (16). False claims regarding vaccine side-effects generate anxiety that deters vaccination intent, despite assurances from health authorities (17).

In Africa, misinformation paints the pandemic as a “hoax,” reducing vigilance and protective actions (18). Conspiracy theories linking COVID-19 to 5G technology have spread fear, driven attacks on cell towers, and eroded trust (19). Similarly, misinformation has provoked panicked reactions in Latin America, including gasoline riots in Mexico following false claims that fuel could combat the virus (20).

The negative emotional responses resulting from misinformation are significant barriers to effective pandemic response globally. Public resentment, suspicion, and defiance induced by false claims can jeopardize adherence to protective behaviors (21). Targeted misinformation campaigns aimed at inciting turmoil have been linked to extremist actions like hate crimes against Asian communities during COVID-19 (22).

Addressing the intersection between misinformation and emotions is critical when communicating health information during crises. Strategies should account for the psychology underlying how people react to and spread false claims (23). Promoting media literacy and developing targeted digital interventions can counteract misinformation and mitigate associated public distress (24). Ultimately, evidence-based communication that builds public trust and resilience is essential for navigating health emergencies in an age of rampant misinformation.



Effective communication: a global necessity

Early in the COVID-19 pandemic, clear and accurate communication emerged as crucial. It became evident that conveying trustworthy information was pivotal for public understanding, cooperation, and adherence to safety guidelines.

	a. The role of trustworthy sources: Amid the COVID-19 crisis, individuals sought trustworthy information. Government agencies and public health officials became key sources of authoritative guidance. Data from the Pew Research Center highlighted the significant reliance on these official channels, reaffirming public trust during a time of uncertainty (25).
	b. Official sources as pillars of public trust: During the pandemic, reliance on public health officials and government agencies was not just preference—it symbolized trust. Trust in authoritative sources became pivotal, shaping public behavior. People adhered to safety measures and guidelines when information came from credible channels. This trust extended to actions like social distancing and mask wearing, as revealed by Pew Research Center data, underlining the impact of trust on public response (25).
	c. The implications for effective communication: Insights from Pew Research Center’s data emphasized effective communication’s pivotal role during the pandemic (25). Government agencies and health officials were entrusted not just with accuracy but also transparency, addressing concerns, and adapting to new data. Additionally, the findings highlighted the necessity of a unified messaging approach. Inconsistencies in messaging eroded trust and cooperation (11). Governments and health organizations thus collaborated closely, ensuring a cohesive, consistent message for the public.
	d. The power of trustworthy communication: Data from Pew Research Center’s early pandemic surveys emphasized the symbiotic link between effective communication and public trust. Credible information shaped public behavior, fostering adherence to safety measures (25).



Understanding the problem: the role of health literacy

The challenge surpassed effective communication alone, highlighting the pivotal role of health literacy. Proficiency in accessing, comprehending, and applying health information, collectively known as health literacy, became crucial in responding effectively to the crisis.

a. Data from the National Assessment of Adult Literacy (NAAL): Assessment of Adult Literacy (NAAL) in the United States emphasizes the urgency of addressing health literacy. The assessment revealed a concerning reality: nearly 36% of adults possessed only basic or below-basic health literacy skills (26). This statistic serves as a crucial wake-up call, underscoring the imperative need to recognize and prioritize health literacy as an intrinsic and non-negotiable element within public health efforts (26). In a world inundated with health-related information, health literacy becomes the compass guiding individuals through the complex landscape. It equips them with the tools to decipher intricate medical terminology, critically evaluate health advice, and make informed decisions about their well-being.

b. The vital role of health literacy: Health literacy proved pivotal during the COVID-19 pandemic, influencing how individuals perceived the virus, evaluated information credibility, and embraced protective measures. Higher health literacy correlated with better adherence to guidelines, informed vaccination decisions, and engagement in behaviors that mitigated the virus’s spread.

c. Elevating health literacy as a public health imperative: Data from the NAAL highlights a crucial truth: health literacy is not optional but a foundational element of effective public health (26). In navigating the COVID-19 pandemic and future health crises, enhancing health literacy is imperative. It enables individuals to proactively engage in their health, fostering a society that is prepared, informed, and resilient against intricate health challenges.



The crucial link between health literacy and behavior change

Health literacy is more than comprehending health information; it empowers individuals to make informed choices about their well-being. A WHO report underscores health literacy’s critical role in shaping individual behavior, especially in adopting vital preventive measures like vaccination and strict adherence to safety guidelines. These actions are fundamental in our joint efforts against health misinformation (26).

	a. The essence of health literacy: Health literacy goes beyond comprehension; it involves critically evaluating information, weighing the risks and benefits of health choices, and taking proactive steps for better health outcomes. In a world flooded with health information, those with high health literacy can navigate this complex landscape effectively.
	b. The WHO’s insightful report: The World Health Organization’s report emphasizes the crucial link between health literacy and behavior change, highlighting its significance in combating health misinformation (27). Individuals with higher health literacy not only comprehend health information better but also are also more likely to act upon it. This leads to a greater inclination to adopt preventive measures like vaccination, essential in reducing the risk of contagious diseases.
	c. The role of health literacy in the pandemic response: During the COVID-19 pandemic, the connection between health literacy and behavior change was evident. Individuals with higher health literacy were more likely to adhere to safety measures like mask-wearing, social distancing, and hand hygiene. Additionally, they were more receptive to vaccination as a crucial strategy to combat the virus (28).
	d. Empowering the individual: Health literacy empowers individuals to navigate the complexities of health information, enabling them to make informed decisions aligned with their well-being. In a world inundated with health misinformation, health literacy acts as a protective shield, offering the knowledge and confidence needed to discern between accurate and inaccurate information.
	e. The vital nexus: The crucial connection between health literacy and behavior change stands as a cornerstone in our battle against health misinformation. It emphasizes that health literacy is not merely a passive trait but an active force propelling individuals toward informed choices and decisive actions for their health. Acknowledging and promoting health literacy, as emphasized by the WHO, is not just a public health necessity; it is a fundamental strategy to empower individuals and strengthen our collective defenses against health misinformation in our complex, interconnected world (27).



Behavioral models: shaping perceptions and actions

Understanding how individuals perceive and respond to health-related information is a multifaceted endeavor, often informed by various behavioral models. These models serve as valuable frameworks for comprehending the intricate interplay between knowledge, perception, and behavior in the context of health. One such influential model is the Health Belief Model, widely utilized in public health, which provides key insights into the factors influencing individuals’ health-related decisions and actions (29).


The health belief model

A Foundation in Public Health: The Health Belief Model (HBM) postulates that an individual’s perception of the threat posed by an illness, coupled with their assessment of the benefits and barriers associated with preventive actions significantly shape their health-related behavior (29). This model acknowledges that individuals weigh the perceived risks of an illness against the perceived benefits of taking preventive measures when making health-related decisions.




The complexity of behavioral change

Changing behavior is a complex and multifaceted endeavor that demands a nuanced approach, characterized by patience, time, and the implementation of comprehensive strategies. A study published in the Journal of Epidemiology and Community Health sheds light on the intricate nature of behavior change, emphasizing that it is an incremental process that necessitates continuous education and reinforcement. In this context, health promotion activities must extend beyond the mere dissemination of information and embrace practical approaches that seamlessly integrate health-promoting behaviors into individuals’ daily lives (30).

a. The nature of behavior change: Behavior change is a journey rather than a momentary event. It involves altering ingrained habits and adopting new, health-enhancing practices. This process can be arduous and is often marked by setbacks and relapses. Understanding the gradual nature of behavior change is crucial for designing effective interventions and initiatives.

I. Practical approaches for integration: Incorporating health-promoting behaviors into daily life is paramount for sustainable change. It involves more than simply imparting knowledge; it requires creating an environment that fosters and supports these behaviors (31).



Setting-based approaches for behavioral change

Educational institutions and community settings have a profound influence on individuals, particularly during their formative years. It is in these environments that habits and behaviors, including those related to health and hygiene, are often instilled. Data from the Global Initiative for Children’s Surgery (GICS) provide compelling evidence of the transformative power of teaching health and hygiene practices to children (32). Early education in essential practices such as hand hygiene, cough etiquette, and physical distancing not only has immediate benefits but also lays the foundation for lifelong health behaviors (33).

	a. The impact of early education: Education is a potent tool for empowering individuals with the knowledge and skills needed to make informed decisions about their health. When imparted from an early age, this education can have a profound and lasting impact.
	b. Fostering lifelong health behaviors
	I. Hand hygiene: Teaching children the importance of regular handwashing with soap and water instills a habit that can significantly reduce the risk of infections. Moreover, this practice often becomes second nature and persists into adulthood, contributing to better overall health.
	II. Cough etiquette: Educating children about covering their mouths and noses when coughing or sneezing not only prevents the spread of germs but also promotes a sense of responsibility for the well-being of others. These lessons in empathy and hygiene can have far-reaching effects.
	III. Physical distancing: Early education about the benefits of maintaining physical distance in crowded settings can promote a sense of personal space and awareness of the importance of reducing disease transmission. This awareness can extend into adulthood, influencing behavior in various social contexts.
	c The role of educational institutions: Educational institutions, including schools and early childhood education centers, serve as fertile ground for imparting health education. Incorporating health and hygiene education into the curriculum not only equips students with essential life skills but also establishes a culture of health-consciousness within the institution.
	d Community settings as reinforcement: Community settings complement the efforts of educational institutions by reinforcing health messages and practices. Local community organizations, clubs, and programs can provide additional opportunities for children to engage with health education and put it into practice in real-life scenarios.



National health programs: a vehicle for behavioral change

National health programs wield significant influence in shaping the health landscape of a country. These programs not only provide essential healthcare services but also serve as platforms for targeted behavioral change interventions among adults.

a. The significance of national health programs: National health programs are instrumental in addressing a wide range of health concerns, from communicable diseases to non-communicable conditions. These programs have the infrastructure and reach to engage with diverse segments of the population, making them ideal vehicles for implementing behavioral change interventions.

b. India’s national tuberculosis elimination program (NTEP): The NTEP in India serves as a noteworthy example of how national health programs can promote behavioral change. Tuberculosis (TB) remains a significant public health challenge in India, and the NTEP has been at the forefront of efforts to combat the disease (34).

c. Educating patients about preventive measures: One of the key components of the NTEP’s strategy involves educating TB patients about preventive measures. Patients undergoing TB treatment are not only provided with medical care but are also educated about practices such as respiratory hygiene, cough etiquette, and the importance of completing their prescribed treatment regimen (34).

d. The role of health literacy: Central to the success of such interventions is the enhancement of health literacy among patients. Patients need to understand not only the nature of their condition but also the preventive measures they can take to protect themselves and others from infection. Health literacy equips individuals with the knowledge and skills to make informed decisions about their health (34).

e. Extending the model to other health concerns: The success of the NTEP’s efforts in educating TB patients about preventive measures serves as a model that can be applied to other health concerns. Similar initiatives can be implemented for diseases such as HIV/AIDS, vector-borne illnesses, and non-communicable diseases like diabetes and hypertension.

f. The broader impact: Behavioral change interventions within national health programs have a ripple effect. When individuals are educated about preventive measures and adopt healthier behaviors, it not only benefits them individually but also contributes to community-wide health improvements. Reduced disease transmission, lower healthcare costs, and improved overall well-being are some of the far-reaching outcomes.



Public awareness and health-promoting behaviors

	a. Public spaces, ranging from restaurants to party venues, serve as significant arenas for promoting health behaviors. Within this domain, the hospitality sector plays a pivotal role in enforcing and championing health-promoting practices. A study published in the International Journal of Hospitality Management offers compelling evidence of how the hospitality sector can be an effective advocate for practices such as handwashing and physical distancing, showcasing the sector’s potential to contribute to public health in meaningful ways (35).
	b. The influence of public spaces on health behaviors: Public spaces are where people congregate and interact, making them influential settings for shaping health behaviors. These spaces offer a unique opportunity to instill and reinforce practices that contribute to individual and community health. The choices made within these settings can have a significant impact on the well-being of patrons and the wider population.
	c. The hospitality sector as a driver of health behaviors: The hospitality sector, comprising restaurants, party venues, and related establishments, holds a particular position of influence within public spaces. These settings can actively promote and enforce health-promoting practices, making them more than just venues for leisure and entertainment (35).



The need for a comprehensive approach

In the face of health crises, swift technological solutions such as vaccines and diagnostic tests are undoubtedly essential tools. However, a report from the World Health Organization (WHO) emphasizes the critical need for comprehensive, long-term strategies to address the broader context of public health (36). Health promotion activities, driven by health literacy, require time, patience, and collaboration across sectors. This comprehensive approach recognizes that while immediate responses are vital, sustainable solutions demand a multifaceted and enduring commitment.

a. The role of swift technological solutions: Swift technological solutions like vaccines and diagnostic tests play an indispensable role in controlling the spread of diseases during acute situations (37). They provide immediate relief by identifying cases, isolating infected individuals, and immunizing populations. These tools are essential in preventing widespread outbreaks and saving lives in the short term.

b. The imperative for comprehensive, long-term strategies: While swift technological solutions are crucial for containing acute crises, they are not standalone remedies. The WHO report highlights that focusing solely on immediate responses without addressing the underlying factors contributing to public health challenges is inadequate. Instead, it calls for comprehensive, long-term strategies that address the broader determinants of health (37).

	c. The role of health promotion activities: Health promotion activities are integral components of these comprehensive strategies. These initiatives aim to empower individuals and communities with the knowledge, skills, and resources they need to make informed decisions about their health. Health promotion encompasses a wide range of activities, from educating the public about disease prevention to promoting healthy behaviors and lifestyles (36, 37).
	d. The importance of health literacy: At the heart of effective health promotion activities lies health literacy. Health literacy is the ability of individuals to access, understand, evaluate, and apply health information to make informed decisions about their health. It is a fundamental aspect of enabling people to take control of their well-being and participate actively in disease prevention and health promotion (1).
	e. Multisectoral collaboration: Collaboration across sectors is another crucial aspect of comprehensive, long-term strategies. Public health is influenced by a multitude of factors, including education, housing, employment, and socioeconomic status. Effective strategies require coordination among various sectors to address these determinants of health comprehensively.



Multi-sectoral collaboration: the missing link

Effectively controlling infectious diseases demands more than isolated efforts, it necessitates a collaborative approach that harnesses the collective expertise of professionals across various fields.

a. The complexity of infectious disease control: Infectious diseases, whether emerging or established, often present multifaceted challenges that transcend the boundaries of a single discipline. Addressing these challenges effectively requires an integerated and interdisciplinary approach. The CDC’s data reveals that outbreaks frequently demand the convergence of expertise from diverse fields, each contributing unique insights and strategies (38).

b. Collaborative synergy in action: Collaboration among experts from these diverse fields can yield powerful results (39).


Policy recommendations for improvement

Policy recommendations from various sources stress the urgency of addressing health literacy:

	a. Incorporate health literacy into education: Integrating health literacy into school curricula can equip future generations with the skills needed to critically assess health information. This proactive approach fosters a culture of health literacy from an early age.
	b. Promote digital health literacy: Given the digital landscape’s significance, promoting digital health literacy is crucial. People must be adept at navigating online health resources and recognizing trustworthy sources.
	c. Tailored communication: Policymakers should prioritize tailoring health communication to diverse populations, accounting for varying levels of health literacy. Communication materials should be clear, accessible, and culturally sensitive.
	d. Health literacy assessment: Conducting regular assessments of health literacy levels within communities can inform targeted interventions and ensure that resources are directed where they are most needed.
	e. Public-private partnerships: Collaboration between public health agencies, educational institutions, healthcare providers, and the private sector can amplify efforts to improve health literacy.
	f. Establish interdisciplinary task forces: Governments should establish interdisciplinary task forces during public health crises. These task forces should bring together experts from various fields to develop comprehensive strategies for disease control. Clear lines of communication and shared responsibilities can enhance coordination and response effectiveness.
	g. Establish health and safety standards: Policymakers should implement and enforce health and safety standards within public establishments. This includes requirements for hand hygiene, sanitation, and physical distancing. Incentives and recognition programs can encourage compliance among businesses, ensuring the safety of patrons.




Conclusion

Building a health-literate society: addressing the challenge of health misinformation necessitates a dual approach that combines effective communication with a focus on health literacy. The lessons learned from the COVID-19 pandemic call upon policymakers to prioritize these strategies as part of a broader public health agenda. By building a health-literate society that can critically engage with health information, policymakers can effectively combat misinformation, promote informed decision-making, and ultimately improve the health and well-being of their populations.
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Objectives: The COVID-19 pandemic imposed an enormous disease and economic burden worldwide. SARS-CoV-2 vaccination is essential to containing the pandemic. People living with HIV (PLWH) may be more vulnerable to severe COVID-19 outcomes; thus, understanding their vaccination willingness and influencing factors is helpful in developing targeted vaccination strategies.
Methods: A cross-sectional study was conducted between 15 June and 30 August 2022 in Shijiazhuang, China. Variables included socio-demographic characteristics, health status characteristics, HIV-related characteristics, knowledge, and attitudes toward COVID-19 vaccination and COVID-19 vaccination status. Multivariable logistic regression was used to confirm factors associated with COVID-19 vaccination willingness among PLWH.
Results: A total of 1,428 PLWH were included, with a 90.48% willingness to receive the COVID-19 vaccination. PLWH were more unwilling to receive COVID-19 vaccination for those who were female or had a fair/poor health status, had an allergic history and comorbidities, were unconvinced and unsure about the effectiveness of vaccines, were unconvinced and unsure about the safety of vaccines, were convinced and unsure about whether COVID-19 vaccination would affect ART efficacy, or did not know at least a type of domestic COVID-19 vaccine. Approximately 93.00% of PLWH have received at least one dose of the COVID-19 vaccine among PLWH, and 213 PLWH (14.92%) reported at least one adverse reaction within 7 days.
Conclusion: In conclusion, our study reported a relatively high willingness to receive the COVID-19 vaccination among PLWH in Shijiazhuang. However, a small number of PLWH still held hesitancy; thus, more tailored policies or guidelines from the government should be performed to enhance the COVID-19 vaccination rate among PLWH.
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1 Introduction

It has been approximately 3 years since the coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which has imposed an enormous disease and economic burden worldwide. Although herd immunity could also be established through natural SARS-CoV-2 infection, it may have devastating consequences for humans (1). A mass COVID-19 vaccination is conducive to induced herd immunity, decreasing morbidity and mortality (2) and is also one of the most cost-effective health interventions to control the COVID-19 pandemic (3, 4). Many clinical trials and real-world studies have shown that COVID-19 vaccines have favorable safety and immunogenicity and are obviously effective in preventing SARS-CoV-2 infection and improving severe disease outcomes in the general population (5–9).

Immunosuppressed individuals may be at higher risk of severe COVID-19 outcomes (10). The human immunodeficiency virus (HIV) primarily attacks the CD4+T cells of the human immune system, resulting in weakened defenses against many infections and virus-related cancers (11). Previous studies have reported that, compared with HIV-negative individuals, people living with HIV (PLWH) have an increased risk of becoming ill with COVID-19 (12), intubation, and in-hospital death rates (13, 14), especially in those with unsuppressed HIV viral replication or lower CD4+T cell counts (15, 16). Moreover, a systematic review indicated that the COVID-19 pandemic impeded access to follow-up, care, and treatment services for PLWH (17), which may result in a greater mental and disease burden for PLWH. Hence, the timely and effective implementation of public health measures to control COVID-19 could be of great benefit to PLWH.

While COVID-19 vaccination is crucial to prevent the severity and lethality of the disease caused by SARS-CoV-2 infection and control the outbreak (4, 18), achieving a high level of vaccination coverage also requires consideration of people’s willingness to be vaccinated, in addition to assessing the effectiveness and safety of the vaccine. Based on previous research, 68.4% of the global population is willing to receive the COVID-19 vaccination (19), and the acceptance of the COVID-19 vaccine varied extensively among different countries, ranging from 54.85% in Russia to 88.62% in China (20). Among PLWH, studies in China (which included eight cities but not Shijiazhuang) (21) and in the Middle East and North Africa region (22) have shown that the proportion of people willing to receive the COVID-19 vaccination was 57.2 and 64.6%, respectively. Therefore, to achieve early herd immunization, it is important to understand people’s willingness to receive the COVID-19 vaccination.

As the closest provincial capital city to the Chinese capital, Shijiazhuang has an important strategic position. There are no relevant studies to evaluate COVID-19 vaccination willingness among PLWH in Hebei Province. Based on the above considerations, this study aimed to investigate COVID-19 vaccination willingness and influencing factors among PLWH in Shijiazhuang so as to make tailored vaccination strategies for this special population.



2 Methods


2.1 Study design, setting, and participants

A cross-sectional study was conducted in the Fifth Hospital of Shijiazhuang (a tertiary referral university hospital for treating SARS-CoV-2 and HIV infections) between 15 June and 30 August 2022. All the individuals were recruited through convenience sampling. PASS 11.0 was used to calculate the minimum sample necessary, assuming a significance level of 0.05 and an allowable error of 2%, with a willingness rate (90%) of COVID-19 vaccination among PLWH (which was higher than previous studies from China (23) and the United States (24)) and a rate (20%) of invalidity considered, resulting in a minimum sample size of 1,142.

Eligible participants would be informed of the study’s purpose, risks, and benefits before completing the questionnaire, and then they would be surveyed via face-to-face interviews or an online investigation platform named Wenjuanxing (www.wjx.cn). As compensation, participants had the opportunity to get a gift worth approximately 25 RMB. The study protocol was approved by the Medical Ethics Committee of the Fifth Hospital of Shijiazhuang and Peking Union Medical College Hospital, and the need for informed consent was waived.

The eligibility criteria were as follows: (1) has a confirmed HIV infection and has been receiving the antiretroviral therapy (ART) regimen; and (2) has consented to participate in the survey. Participants would be excluded if (1) they were under 18 years old; (2) they had been infected with SARS-CoV-2; (3) they were under 180 s to complete the survey for the online version (which we judged to be the minimal reasonable time to complete the questionnaire); (4) they was more than one response per participant; and (5) they provided incorrect COVID-19 vaccination information. The official information about the COVID-19 vaccination of each patient from the CDC is double-checked with the answers from PLWH’s questionnaire. We regarded the unmatched ones as invalid questionnaires and excluded them from enrollment of this study; (6) the relevant HIV infection information of PLWH was not retrieved from the China Information System for Diseases Control and Prevention.



2.2 Questionnaire data sources and measurement

The questionnaire was self-designed based on previous studies (23, 25) and was endorsed by a panel of six experts with medical backgrounds. It involved five sections: socio-demographic characteristics, health status characteristics, HIV-related characteristics, knowledge, and attitudes toward COVID-19 vaccination and COVID-19 vaccination status.

Socio-demographic characteristics were collected, including age, sex, height, weight, ethnicity, marital status, education level, occupation, monthly income, and area of long-term residence. Health status characteristics included present health status, comorbidities, and previous allergic history to food/drug/vaccine/other. HIV-related characteristics were gathered from the Acquired Immune Deficiency Syndrome (AIDS) Comprehensive Prevention and Control Data Information Management System of the Chinese Center for Disease Control and Prevention (CDC), including the route of HIV transmission, last CD4+/CD8+T cells, time living with HIV, the stages of HIV infection, and the symptoms associated with HIV infection in the last 3 months. To evaluate the knowledge and attitudes toward COVID-19 vaccination, we collected beliefs about vaccine effectiveness and safety, understanding of domestic COVID-19 vaccine types, concerns about the impact of COVID-19 vaccination on ART efficacy, and the situation for proactively consulting vaccination information through medical staff. For COVID-19 vaccination status, participants were asked to answer “whether you have been vaccinated or not, the exact time and brand of each vaccine, and the local or systemic adverse reactions after vaccination within 7 days.” Finally, to assess vaccination willingness, we asked participants, “are you willing to receive COVID-19 vaccine?”



2.3 Bias

There was a potential bias because some of our PLWH patients had already received the COVID-19 vaccination before participating in this cross-sectional study.



2.4 Study size

A total of 1,577 questionnaires were collected, leaving an analytic sample of 1,428 (the valid response rate was 90.55%). The selection process for valid questionnaires is shown in Figure 1.

[image: Flowchart detailing the filtering process of completed questionnaires starting with 1,577 responses. Participants under 18, taking under 180 seconds (70 total), those infected with SARS-CoV-2 (14), or who repeatedly participated (54) are excluded, resulting in 1,439 eligible questionnaires. Further exclusions are made for incorrect COVID-19 vaccination data (2), lack of HIV-related data (3), and missing CD4/CD8+T cell counts (6), leaving 1,428 participants for analysis.]

FIGURE 1
 Flow chart for participants selected in the survey.




2.5 Quantitative variables and statistical methods

According to COVID-19 vaccination willingness, all participants were divided into “willing” or “unwilling” to receive the COVID-19 vaccination group. The continuous variables were summarized as median and interquartile range (IQR) and tested by the Mann–Whitney U-test. The categorical variables were expressed as frequencies and percentages and compared by the chi-square test.

Subsequently, multivariable logistic regression was conducted to confirm factors associated with COVID-19 vaccination willingness among PLWH. The variables identified from the univariate analysis (p < 0.05) were further analyzed in the adjusted logistic regression model. The aforementioned variables associated with COVID-19 vaccination willingness were presented with crude and adjusted odds ratios (ORs) with 95% confidence intervals (CIs). A two-tailed p-value less than 0.05 was considered statistically significant. Statistical analyses were performed using SPSS version 25.0 (IBM, New York, United States), and the bar diagram and pie chart were visualized by GraphPad Prism 9.0 (San Diego, California, United States).




3 Results


3.1 Socio-demographic characteristics

Among 1,428 PLWH, 90.48% (1,292/1,428) were willing to receive the COVID-19 vaccination. The participants included 1,330 males (93.14%), with a median age of 40.39 years (IQR 31.78–52.18). The socio-demographic characteristics showed no statistical difference between those who are willing and unwilling to receive the COVID-19 vaccination group in the majority of variables, including age, body mass index (BMI), ethnic minorities, education level, occupation, and area of residence. However, the proportion of females, marital status (single, divorced, or widowed) and less than 5,000 RMB in monthly income was higher in the unwilling to accept the COVID-19 vaccination group (p < 0.05) (Table 1).



TABLE 1 Socio-demographic characteristics of all participants.
[image: A table showing demographic characteristics of participants regarding their willingness to receive the COVID-19 vaccination. It includes data on age, sex, BMI, ethnic minorities, marital status, education level, occupation, monthly income, and area of residence. The table compares these variables among all participants, those willing to receive the vaccine, and those unwilling, with accompanying p-values to indicate statistical significance.]



3.2 The health status characteristics and HIV-related characteristics

The health status characteristics and HIV-related characteristics were analyzed in the PLWH who are willing and unwilling to accept the COVID-19 vaccination. Compared with the group willing to accept vaccination, the proportion of the PLWH with fair or poor health status, allergic history, and comorbidities was high in the group unwilling to accept vaccination (p < 0.001). The other variables did not differ between the two groups (Table 2).



TABLE 2 Health status characteristics and HIV-related characteristics of all participants.
[image: A table presents data about HIV-positive individuals' willingness to receive COVID-19 vaccination. It compares health status, allergic history, comorbidities, HIV transmission mode, stages of HIV infection, and related symptoms between willing (N=1,292) and unwilling (N=136) participants. P-values indicate statistical significance, with notable differences in health status and allergic history, both showing p-values of <0.001. CD4+ and CD8+ T cell counts, time living with HIV, and transmission modes show less significant differences.]



3.3 The knowledge and attitudes toward COVID-19 vaccination

For PLWH in this study, the most sources of COVID-19 vaccine information were government agencies (50.42%), followed by television or radio (40.20%), social media (35.64%), and medical staff (32.42%), while only a small percentage of information came from friends and families (18.42%) and others (16.45%).

In addition, when comparing the attitudes toward COVID-19 vaccination between the willingness and unwillingness to accept vaccination groups, we observed a significantly higher willingness to accept COVID-19 vaccination in PLWH who believe the vaccine is effective and safe and those who know at least one type of domestic COVID-19 vaccine (p < 0.001). However, PLWH who believe that vaccination will affect ART efficacy had a lower willingness to receive the COVID-19 vaccination (p < 0.001). There was no statistical difference in the attitude toward taking the initiative to consult the medical staff about the COVID-19 vaccination between the two groups (p > 0.05) (Table 3).



TABLE 3 Knowledge and attitudes toward COVID-19 vaccination of all participants.
[image: A table comparing perceptions of COVID-19 vaccination among 1,428 participants, divided into those willing (1,292) and unwilling (136) to receive the vaccine. The categories include beliefs about vaccine effectiveness, safety, its effect on ART efficacy, consultation through medical staff, and awareness of domestic vaccine types. Notably, 84.94% of all participants believe in the vaccine's effectiveness, while 83.75% believe it is safe. The p-values indicate statistically significant differences in opinions between groups, except for consulting information through medical staff (p-value: 0.806).]



3.4 The factors associated with the willingness to receive the COVID-19 vaccination

A total of 10 variables (p < 0.05) were presented in the multivariable logistic regression analyses. The results showed that PLWH were more unwilling to be vaccinated for those who were female (aOR 2.15, 95% CI 1.02–4.56) or fair/poor health status (fair: aOR 1.77, 95% CI 1.09–2.87; poor: aOR 3.01, 95% CI 1.03–8.86), those who had allergic history (aOR 2.07, 95% CI 1.25–3.45) and comorbidities (aOR 2.18, 95% CI 1.28–3.71), those who were unconvinced and unsure about the effectiveness of vaccines (unconvinced: aOR 6.71, 95% CI 2.01–22.46; unsure: aOR 2.62, 95% CI 1.48–4.63), those who were unconvinced and unsure about the safety of vaccines (unconvinced: aOR 6.01, 95% CI 1.63–22.17; unsure: aOR 4.38, 95% CI 2.49–7.69), those who were convinced and unsure about that COVID-19 vaccination will affect ART efficacy (convinced: aOR 25.42, 95% CI 9.64–67.01; unsure: aOR 7.56, 95% CI 3.25–17.59), those who do not know at least a type of domestic COVID-19 vaccine (aOR 3.59, 95% CI 1.85–6.97) (Table 4).



TABLE 4 Factors associated with the willingness to receive the COVID-19 vaccine.
[image: Table displaying crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) and p-values for various socio-demographic and health-related characteristics affecting willingness to receive COVID-19 vaccination. Key variables include sex, marital status, monthly income, health status, allergic history, comorbidities, beliefs about COVID-19 vaccination efficacy and safety, and knowledge of domestic vaccines. Each variable is compared against a reference group. Notable findings include significant ORs for sex, health status, allergic history, and beliefs about vaccination, with p-values indicating statistical significance.]



3.5 The status and safety of the COVID-19 vaccination

In a total of 1,428 PLWH, 1328 (93.00%) have received at least one dose of the COVID-19 vaccine, and the largest proportion (68.00%) have received inactivated vaccines. After being vaccinated against COVID-19, 213 PLWH (14.92%) reported at least one adverse reaction within 7 days (Figure 2). The most common local and systemic adverse reactions were local pain (12.06% first dose, 11.80% second dose, and 10.72% third dose) and fatigue (8.04% first dose, 2.41% second dose, and 3.49% third dose), respectively, and no serious adverse events have been reported (Figure 3).

[image: Chart A is a pie chart showing vaccination doses among 1,428 people: 7% none, 0.91% one dose, 8.54% two doses, and 83.54% three doses. Chart B is a bar chart displaying vaccine types: 68% inactivated vaccine, 29.74% recombinant protein subunit vaccine, 0.60% adenovirus vector vaccine, and 1.66% mixed vaccination.]

FIGURE 2
 Status of COVID-19 vaccination. (A) Proportion of the different doses for COVID-19 vaccination (n = 1,428). (B) Status of vaccination with different types of COVID-19 vaccines (n = 1,428).


[image: Bar charts display the incidence of local and systemic reactions to vaccine doses. Chart A shows higher incidence of local pain after any dose, especially the first and second. Chart B indicates fatigue is the most common systemic reaction, particularly after the third dose. Blue represents the first dose, red the second, and green the third.]

FIGURE 3
 Safety of COVID-19 vaccination. (A) Incidence of local and systemic adverse reactions reported within 7 days after each dose of COVID-19 vaccine in PLWH (n = 213). (B) Incidence of systemic adverse reactions reported within 7 days after each dose of COVID-19 vaccine in PLWH (n = 213).





4 Discussion

Vaccination is one of the most effective measures to end the COVID-19 pandemic. According to an expert recommendation on COVID-19 vaccination for PLWH released from China in July 2021, PLWH could also be vaccinated after their HIV-related condition was assessed (26). In addition, authoritative guidance for COVID-19 and people with HIV developed by the Guideline Working Groups of the National Institutes of Health (NIH) Office of AIDS Research Advisory Council (27) suggested that PLWH, regardless of CD4+T cells or viral load, should receive COVID-19 vaccination since the potential benefits outweigh the potential risks. Even so, 31.6% of PLWH reported COVID-19 vaccination unwillingness worldwide (19). Therefore, it is important to understand the willingness of PLWH to receive the COVID-19 vaccination and the factors influencing it.

In the present study, we found a high willingness for COVID-19 vaccination (90.48%) among PLWH in Shijiazhuang, which was almost consistent with the finding in Turin, Italy (92.4%) (28). However, it was significantly higher than that of the general adult population in China (60.4 and 82.6%) (29, 30) and around the world (68.4 and 71.5%) (19, 20). This proportion was higher than that of PLWH in China (57.2%), the United States (83.8%) (24), South Africa (57%) (31), and Northern Nigeria (46.2%) (32). In summary, this study reflected that COVID-19 vaccination willingness among PLWH is relatively high in Shijiazhuang, China. The results of this study should be viewed with caution. We conducted this study on 15 June 2022, which was 17 months later than the launch of the national free vaccination policy (33). At this time, studies in China and Brazil have shown a comparable immune response and safety between PLWH and healthy individuals in response to inactivated COVID-19 vaccine (23, 34), and similar results were also observed in adenovirus vector and messenger RNA (mRNA) COVID-19 vaccines (35, 36), which may be one of the reasons affecting the higher willingness to COVID-19 vaccination. In addition, the propaganda of government agencies plays an important role as it contributes the highest percentage (50.42%) of information sources in COVID-19 vaccines, according to our findings.

The results of multivariable logistic regression analyses indicated that some variables in socio-demographic characteristics, health status characteristics, and knowledge and attitudes toward COVID-19 vaccination were significantly associated with vaccination willingness. For example, the female PLWH had lower COVID-19 vaccination willingness than the male, which was consistent with a prior study in older PLWH (≥50 years) in the Coachella Valley (37). PLWH with fair/poor health status, an allergic history, and comorbidities also reported lower willingness, which suggests that poor health conditions are likely to affect PLWH’s willingness to be vaccinated. A study of the PLWH in French reported that those who are worried about their health status and underlying diseases were more likely to accept COVID-19 vaccination (38). Another study in China also found that PLWH with comorbidities were more willing to be vaccinated (39). An earlier study (from Wuhan, China) showed that PLWH with comorbidities had a higher willingness to receive the COVID-19 vaccination (39), which was diametrically opposed to the results of our study. The reasons for this phenomenon may be related to the late date of our study and the different geographical areas.

In addition, knowledge and attitudes toward COVID-19 vaccination were important factors influencing COVID-19 vaccination willingness. PLWH who were unconvinced and unsure of the effectiveness and safety, those who are convinced and unsure about whether COVID-19 vaccination will affect ART efficacy, and those who do not know at least a type of domestic COVID-19 vaccine had lower COVID-19 vaccination willingness, which is consistent with the findings in China (23, 40), the United States (41), and France (38). The phenomenon is common because vaccine-specific issues are the most frequent determinants of unwillingness to be vaccinated. In addition to COVID-19 vaccines, similar phenomena also existed in other types of vaccines served among PLWH. A study in France has shown that fear of expected effectiveness and adverse effects were the most frequent reasons for refusing vaccination for Streptococcus pneumoniae, influenza, tetanus, and chronic hepatitis among PLWH (42). This suggests that subjective attitudes among PLWH have a strong influence on willingness to be vaccinated because our research found that none of the HIV-related characteristics had a significant effect on the COVID-19 vaccination willingness, including time living with HIV, mode of HIV transmission, clinical stage, the symptoms associated with HIV infection the last 3 months, and the last CD4+/CD8+cells. Therefore, in order to further improve COVID-19 vaccination coverage, it is necessary not only to strengthen research on the efficacy and safety of vaccines but also to emphasize the publicity and popularization of knowledge about vaccination among PLWH.

According to the finding, 93.00% of PLWH have received at least one dose of the COVID-19 vaccine, which is higher than that among PLWH in the United States (64%) (43) as well as in the Middle East and North Africa region (19.3%) (19). The vaccination rates are not comparable between regions due to the fact that the above study was conducted in early 2021. Previous studies have proven that COVID-19 vaccines have a good safety profile among PLWH (44, 45), and similar results were obtained in our study.

This study has several limitations. Because the cross-sectional study design was unable to determine causality, we can only describe associations between COVID-19 vaccination willingness and influencing factors. We recruited an opportunistic sample, which may affect the generalization performance. In addition, information bias is inevitable because part of the data was obtained through online methods, and the health status of patients is subjectively judged by patients themselves according to their own physical conditions, which have not been collected using validated measures. The in-person questionnaire may put limits on the “sincerity” of the answers, but we did not analyze whether there are any differences in willingness according to the way of survey administration. Nevertheless, rigorous data examination was set to exclude ineligible participants and ensure data quality. Another limitation of our study is that we neglected to design-related questions to assess the psychological state of the subjects, which is also a strong predictor of vaccine hesitancy. COVID-19 vaccination willingness will be changing over time due to the multiple influencing factors, so a study considering more aspects will be performed to certify our result.



5 Conclusion

In conclusion, our study showed that PLWH in Shijiazhuang reported a relatively high willingness to receive the COVID-19 vaccination. There is a lower willingness to receive COVID-19 among PLWH who are female or have a fair/poor health status, those who have an allergic history and comorbidities, those who are unconvinced and unsure about the effectiveness and safety of COVID-19 vaccination, those who are convinced and unsure about whether COVID-19 vaccination will affect ART efficacy, and those who do not know at least a type of domestic COVID-19 vaccine. Consequently, more tailored policies or guidelines from the government should be implemented to enhance COVID-19 vaccination coverage among PLWH.
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1 Introduction

Since the first outbreak in December 2019 in Wuhan, China, the highly contagious Coronavirus Disease 2019 (COVID-19, caused by the SARS-CoV-2 virus) spread quickly worldwide and became a pandemic (1). In Australia, over 4 million cases were identified, resulting in ~6,000 deaths (2). The burdens to the healthcare systems and people's wellbeing are also increasing due to the negative outcomes of post-COVID conditions (3).

In confronting this pandemic, COVID-19 vaccines were rapidly developed to mitigate the negative health impact of SARS-CoV-2, primarily by reducing hospitalization and mortality rates (4). The subsequent vaccination rollouts have shown remarkable effectiveness with decreased hospital admission rates, serious illness, and death. Despite these encouraging results, vaccination hesitancy, referring to the refusal or delay in accepting vaccines despite available supplies and services (5), was posing significant issues to COVID-19 control strategies in many countries. While this had already emerged long before, it has become a critical challenge to establishing herd immunity (6), increasing the risks for new outbreaks and negative outcomes for vulnerable populations (i.e., immunocompromised or comorbid patients).

Optimistically, in Australia, data from the Vaccine Hesitancy Tracker signaled a slowing fall from 30 to 10% in the proportions of reluctant adults (7). However, with the necessity of booster doses to enhance protections against emerging variants, around 25% of Australians were hesitant (7). This can lead to adverse consequences due to COVID-19 burdens. Vaccine hesitancy may also disproportionately influence underrepresented and minority groups (i.e., Aboriginal and Torres Strait Islander people) (8), whose vaccination rates are lower than the general population (9). More concerningly, unpublished data recorded only 48% of intended vaccination in Australian pregnant women (10), one of the vulnerable populations to COVID-19, which increases their risks of hospitalization, critical illness, or even mortality. Since hesitating to get vaccinated could soar overall rates of hospitalization, the resultant cost of hospital care for COVID-19 can also put Australian public hospitals in financial crisis (11), as one preventable case is estimated to save 68,000–104,000 AUD (12). While these data implicate possible impacts of vaccine hesitancy, there is a limitation of lacking confirmed evidence from population-based studies, which can diminish the importance and underestimate the severity of this concerning affair. Given the potential burdens of COVID-19 vaccination hesitancy, this should be regarded as a public health issue in Australia.



2 Causes of vaccination hesitancy

Certain works have aimed to identify the causes of this condition, especially regarding the COVID-19 pandemic. There were two most common models that characterize the determinants of vaccine hesitancy, the 3Cs model (5) and its extended version, the 5Cs model (13). The former—including confidence, complacency, and convenience—addresses building trust in vaccines, improving accessibility, and combating the perception that vaccine-preventable diseases are no longer a threat (5). The latter replaces convenience with constraints and added two more factors of risk calculation and collective responsibility (13). One thing to note here is all the listed determinants can imply both risk factors and enablers of vaccine hesitancy depending on the way people perceive these aspects. In the Australian setting, the main model-based drivers of COVID-19 vaccination hesitancy are confidence and complacency (14).


2.1 Confidence

Confidence is defined as “trust in (i) the effectiveness and safety of vaccines, (ii) the system that delivers them, including the reliability and competence of the health services and health professionals, and (iii) the motivations of policy-makers who decide on the need of vaccines” (15). In most cases, confidence is deemed as a risk factor for vaccine hesitancy, as without trust in the three listed aspects, people are likely to develop negative attitudes toward vaccination. This was partially confirmed with a relatively strong association between trust barriers and vaccine hesitancy (OR = 1.70, 95% CI: 1.11–2.60) (16). However, trust is a matter of gaining, not being granted. Amid the COVID-19 pandemic, there have been various misleading contents (i.e., rumors, misinformation, conspiracy theories) worldwide (17), including in Australia (18, 19). Despite no supporting evidence, these fear-based contents can drive people toward negative attitudes (20), contributing to the vaccine hesitancy. The critical point here is to identify where these false claims stem from. Tracing back to when new findings of COVID-19 vaccines' safety were published, non-expert viewers were very likely to be afraid of the jabs due to some reports about unverified serious adverse effects of the available vaccines (18). Without proper perception, the general population would be misled by self-serving conspiracists exploiting the science of COVID-19 vaccines (21). Therefore, the root cause of lacking people's trust is that governments, in Australia or worldwide, need effective measures to address the spread of misinformation about COVID-19 vaccination.



2.2 Complacency

Complacency “exists where perceived risks of vaccine-preventable diseases are low and vaccination is not deemed a necessary preventive action” (15). Similar to confidence, in Australia, complacency is majorly considered a risk factor for vaccine hesitancy (14), possibly due to prospective results in the first year of the pandemic (i.e., modest disease burden, relatively low level of cases and deaths) (22). A study in 2021 partly verified a strong relationship between attitudes of low risk from COVID-19 and vaccine hesitancy (OR = 2.02, 95% CI: 1.58–2.59) (16). It is reasonable for people who do not feel the threats from COVID-19 to hesitate or even neglect vaccination (23). However, the fact of low infection rates and risks at the start of the pandemic in Australia cannot conclude the mild nature of COVID-19. Various factors were attributable to these temporary outcomes, including modifiable (i.e., virus variants, face mask, social distancing, lock-down) and unmodifiable ones (i.e., geographic isolation). Given the proper initial prevention measures of the Australian government (24), people may not realize how contagious new COVID-19 variants might be and how important getting booster vaccination is. During the Omicron emergence, it was critical to identify why people were not aware of the booster jabs' necessity. Omicron is an extremely contagious variant (25), causing the daily new cases to rocket over a few months (26). Nevertheless, many people thought of this as a mild infection (25), without knowing the potential risks due to the widespread of Omicron. If they had fully perceived the risks of post-COVID conditions (27) or the emergence of more dangerous variants following Omicron (28), perhaps they would not have hesitated for any booster dose of COVID-19 vaccines. Thus, the potential root cause of complacency is the lack of providing updated and reliable knowledge in a widely accessible way to keep the general population informed of their decisions.



2.3 Limitations of 3Cs and 5Cs models

Despite being valuable models in analyzing vaccine hesitancy, both the 3Cs and 5Cs models have a limitation in predictive validity (13), meaning they were not validated to predict the vaccination behavior in the future. Additionally, as these models were developed in high-resource settings, they might not be completely applicable to underrepresented settings (i.e., Aboriginal and Torres Strait Islander). Apart from the model-based determinants, the relationships between the root cause of the factors and the issue of vaccine hesitancy have not been thoroughly evaluated in confirmatory studies.




3 Discussion


3.1 Prevention level and strategy type

Overall, the main causes of both confidence and complacency in Australia can be generalized to a nationwide information crisis, where evidence-based information is not as favored as false claims and irrational rumors. Based on this, the most appropriate prevention level is primordial, which aims to establish and maintain environmental, economic, social, and behavioral conditions that “minimize hazards to health” (29). The first reason is, as the initial stage, the primordial level better prevents the information crisis, as it seems easier to control rumors when they are not spread away. Following that, reliable information under expert interpretation could be advocated and accessed widely by the general public, leaving very limited chance for misleading news to appear. Another reason is that primordial prevention primarily targets the total population (29), allowing a rapid and broad effect with minimal costs. Although this would also mean high-risk groups may not be specifically targeted, and individual-level effectiveness in these groups is less likely to be achieved, given the strengths of primordial prevention, this seems to be the most prominent approach in the Australian setting.

Following primordial prevention, governmental policy-based strategies should be a reasonable approach in this case. With a widely-orientated policy, the effectiveness of primordial interventions could be maximized, i.e., through enforcing a strict and heavily-fined ban on spreading unverified news about COVID-19 vaccines. While this sounds extreme and restricts the freedom of speech, its benefits should outweigh the risks, especially when Australia was sometimes on the verge of uncontrolled outbreaks with exploding daily cases (30).



3.2 Incorporation into guiding principles

Within the context of COVID-19 vaccination hesitancy in Australia, firstly, it is important to thoroughly understand how exactly all the known determinants of vaccine hesitancy affect individual's behaviors. This will lead to more precise interventional policies that focus on the root causes of the issue (31). Additionally, as policies can have a broad effect on the population, practice based on sound evidence should also be implemented. In this way, the perspectives of stakeholders could be incorporated to address the needs and extent of effectiveness of the policy (31).

Moreover, peoples' and governments' responses to COVID-19 and other infectious diseases, e.g., influenza, are different. The unique effect of COVID-19 comes from a combination of lockdown/quarantine, massive rates of hospitalization and mortality within a short period, and various variants with various virulences. Therefore, while the strategies to prevent vaccination hesitancy in other vaccine-preventable diseases can be potentially applied for COVID-19, the principles and actual policies should have been specifically tailored for this global pandemic.
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Background: Reevaluating response plans is essential to ensuring consistent readiness and resilience to the COVID-19 pandemic. The “During Action Review” and Tabletop (DART) methodology provides a retrospective and prospective assessment to inform the adaptive response. Israel introduced COVID-19 vaccinations in December 2020 and was the first country to implement booster vaccination to address waning immunity and surges caused by new variants. We assessed Israel’s readiness and resilience related to COVID-19 response while capturing the pre-vaccination and vaccination periods.
Methods: A DART analysis was conducted between December 2020 and August 2021 among experts involved in the management of the COVID-19 pandemic in Israel. During the retrospective stage, a role-based questionnaire and discussions were undertaken in a participant-led review of the response, focusing on epidemiology and surveillance, risk communication, and vaccines. The prospective stage included tabletop exercises to evaluate short to long-term simulated scenarios.
Results: Participants emphasized the pivotal role of Israel globally by sharing experiences with the pandemic, and vaccination. Perceived strengths included multi-sectoral collaboration between the Ministry of Health, healthcare providers, academia, military, and others, stretching capacities, expanding laboratory workload, and establishing/maintaining surveillance. The vaccine prioritization plan and strong infrastructure, including computerized databases, enabled real-life assessment of vaccine uptake and impact. Challenges included the need to change case definitions early on and insufficient staffing. Quarantine of patients and contacts was particularly challenging among underprivileged communities. Risk communication approaches need to focus more on creating norms in behavior. Trust issues and limited cooperation were noted, especially among ethnic and religious minorities. To ensure readiness and resiliency, participants recommended establishing a nationally deployed system for bringing in and acting upon feedback from the field, especially concerning risk communication and vaccines.
Conclusion: Our study appraised strengths and weaknesses of the COVID-19 pandemic response in Israel and led to concrete recommendations for adjusting responses and future similar events. An efficient response comprised multi-sectoral collaboration, policy design, infrastructure, care delivery, and mitigation measures, including vaccines, while risk communication, trust issues, and limited cooperation with minority groups were perceived as areas for action and intervention.
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1 Introduction

The COVID-19 pandemic caused a substantial global burden, including over 770 million cases and 6.95 million deaths by August 2023 (1). Mitigation measures in the first year, before COVID-19 vaccines became available, relied on non-pharmaceutical interventions, including lockdowns, contact tracing and isolation, canceling mass gatherings, and imposing wearing of face masks in public spaces, which varied in effectiveness (2–7). These measures were swiftly enforced and frequently altered, which might have affected the public trust in policymakers, resilience, and compliance with these measures (8–11).

When the first wave of the COVID-19 pandemic struck, strengths and gaps in readiness became quickly apparent. Therefore, understanding the impact of COVID-19 on health and societies, especially in the early phases before the vaccination era, is crucial to reflect on the lessons learned and anticipate potential future scenarios.

Tools such as the World Health Organization (WHO)‘s Intra-Action Reviews retrospectively assess response capabilities during a response (12). To understand how well prepared a country will be for future health emergency scenarios, tabletop exercises (TTXs) bring response organizations together to prospectively identify strengths and gaps in readiness (13). Knowledge learned through After Action reviews of real-life and TTXs have been used to update planning documents and improve response to COVID-19—even as events are unfolding (14–17). There are advantages of conducting evaluations using participatory methodologies, mainly ensuring that those directly involved in response lead in its evaluation and in identifying appropriate solutions to benefit the community involved (18, 19).

In Israel, COVID-19 preparedness began before the WHO declared a pandemic; by the end of January 2020, a national emergency was declared (20). In February–March 2020 restrictions on international travel and mass gatherings were enforced, and community transmission of SARS-CoV-2 was established later, in March 2020. The first national lockdown was imposed between March 17 and April 19, 2020, resulting in “converting the curve” and lifting the restrictions thereafter (20). However, a marked surge led to a second lockdown during September–October 2020 (20). Israel was among the first countries to introduce COVID-19 vaccination in December 2020 using the BNT162b2 mRNA vaccine, in parallel to a lockdown implemented between December 27, 2020, and February 7, 2021 (20–22). The COVID-19 vaccination campaign in Israel led to rapid and high vaccine uptake, which was highly effective in preventing COVID-19-related hospitalizations and deaths (23, 24). However, in the early stages of the COVID-19 vaccination campaign, uptake was lower among residents of low versus high socioeconomic status communities and among the Arab and ultraorthodox Jewish populations compared to the general Jewish population (20, 21). The aim of the current study was to implement the During Action Review and Tabletop (DART) participatory approach for evaluating Israel’s COVID-19 surveillance response, vaccine deployment capabilities, and risk communication. The rationale for focusing on these topics was that they cover essential public health responses.



2 Methods


2.1 Study population and design

Israel is a high-income country among OECD members (25, 26). As of the end of 2020, Israel’s population comprised of 9.28 million people; 74% Jewish, 21% Israeli Arabs, and ~ 5% of other ethnicities (27). About 12% of the total population belongs to the ultraorthodox Jewish (religious) population. These groups differed by the COVID-19 incidence and mortality rates, COVID-19 vaccine uptake, and SARS-CoV-2 testing (20).

The Ministry of Health (MOH) is the main regulator of the healthcare system in Israel. A universal healthcare insurance law has been implemented since 1995 (28), which provides all citizens with a “basket” of universal health services including primary prevention, immunizations, outpatient and inpatient services through four Health Maintenance Organizations (HMOs), and high access to healthcare (28).

The management of the COVID-19 pandemic in Israel was led by the MOH, involving cross-ministry teams and collaboration across healthcare providers, government, civil society, academic organizations, and the private sector. It addressed all the complexities related to containment of the virus transmission, treatment of COVID-19 patients, expanding testing capacities, enforcement of regulations, and restrictions, purchasing medical equipment and vaccines, establishing and maintaining the infrastructure needed for mass vaccination, electronic systems to enable real-life evaluation of the infection spread and vaccine uptake and impact, and more (29). The existing National Emergency Authority was not activated during the COVID-19 pandemic, rather the management of the pandemic was led by the MOH, which had Coronavirus czar, who was responsible on national and sub-national policy, in addition to ad-hoc and well-established consultants/working groups/teams on all aspects of the pandemic such as the Epidemic Management Team (EMT) and the National Immunization Technical Advisory Group (NITAG). The founding of the “Alon Headquarters” in August 2020 is an example of cross-discipline collaboration between MOH and the Home Front Command of the Israel Defense Force (IDF). The “Alon Headquarters” assisted in conducting the epidemiological investigations and contact tracing, as well as digital surveillance for contact tracing, and enforcement of self-isolation. Moreover, the Ministry of Defense assisted in purchasing medical equipment in the early phases of the pandemic and supported communities under lockdown, while elite intelligence bodies provided complementary expertise (29, 30). The national emergency medical, disaster, ambulance and blood bank service (Magen David Adom—MDA), also played a major role in supporting the pandemic management, such as establishing SARS-CoV-2 testing facilities, conducting testing at home for quarantined individuals and vaccinating the population (29, 31–34). The cross-sector collaborations between governmental and academic institutions generated high-quality research regarding Israeli’s experience with COVID-19 pandemic which assisted other countries in decision-making (35).



2.2 Data sources

We used publicly available anonymized aggregate data on COVID-19 in Israel, including SARS-CoV-2 testing, number of cases, hospitalizations, and related deaths, as well as COVID-19 vaccine uptake, to describe the context of the study.

We also utilized reports obtained in the framework of a DART exercise, as previously described (36), conducted during the second and third waves of the pandemic, capturing both the pre-vaccination and the early vaccination eras in Israel. The DART assessment was conducted among experts in public health and health professionals who were directly involved in the management of the pandemic.



2.3 DART approach

A five-step DART approach was utilized to allow for participant-led prospective and retrospective evaluation (36). The key features of DART methodology are that it is a flexible and modular approach, follows one health approach where applicable, it is co-developed with in-country leadership, it is scenario-based and participants-led assessment (36). In the DART assessment of Israel, experts opted to focus on surveillance, risk communication, and vaccines, which are limited to human health, but still, we took a multisector approach. Clinical care response and maintenance of essential health services were not covered in this DART evaluation.


2.3.1 Step 1: the development of a “during action” review questionnaire and discussion

We developed an initial open-ended questionnaire to gather information from participants in critical response roles, using the modular DART questionnaire templates related to the following roles: Epidemiology, Surveillance, and Communications. Questions were modified to address specific issues, concerns, and operations in Israel. We approached experts in public health, health professionals, and researchers who took a role in the efforts of COVID-19 pandemic management and invited them to participate in the DART assessment. Those who agreed were asked to fill in a role-based questionnaire. Completed questionnaires were analyzed and comprised the basis for a facilitated, two-hour, participant-led discussion to identify priority strengths and gaps in the response up to that date. During the discussion, participants also noted the most concerning future scenarios for how the pandemic may unfold; these findings were used to inform the TTX design (Step 2).



2.3.2 Step 2: designing the “tabletop exercise” (TTX)

Design began with a Concept and Objectives meeting in which objectives for the TTX were developed using data collected in Step 1 regarding critical gaps in response capabilities and future scenarios of concern. Based on input from Step 1, it was determined that this TTX focuses on three response roles: Epidemiology and Surveillance, Behavior, and Risk Communication, as well as Vaccines and Mitigation Measures. Role-based scenarios were designed to include the following concerns identified in Step 1: future waves with ineffective vaccines due to new strain emergence and transmission, vaccine hesitancy, new pandemics or concurrent major outbreaks, natural disasters, political situations, long-term impacts of social isolation, recession impacting supply availabilities and compliance with non-pharmaceutical and personal protection measures. These scenarios also reviewed capability needs identified during Step 1, including logistics and coordination, adaptive management, addressing health disparities/concerns of minority communities, and community wellbeing and compliance.

The TTX incorporated multiple role-based scenarios in “phases” looking at different advance time-frames: one near-term scenario happening three months later, September 2021, and another scenario occurring in December 2023. Between each phase, participants answered assessment questions: “What did you feel most prepared for?,” “What did you feel least prepared for?,” “What actions could be taken today to strengthen your ability to respond to this scenario?” and “Did the scenario highlight or bring to mind any other potential scenarios to plan for in the future?”



2.3.3 Step 3: conducting TTX using STARTX

The multiplayer, multi-scenario TTXs were conducted remotely online in June 2021 using the Scenario-based Tool for Assessing Readiness through Tabletop Exercises (STARTx) (37). TTXs were designed to be completed asynchronously over one week to allow for those actively engaged in a response to complete when available to do so. Participants were asked to answer questions as they would during the actual response, based on current plans and protocols. The TTX was conducted in Hebrew and included two scenarios to assess readiness for challenges that might occur in the pandemic in September 2021 and December 2023 (Boxes 1, 2).


BOX 1. Main points of Scenario 1—September 2021.
	• All social restrictions lifted, increase in travel and international visitors.
	• Vaccine uptake leveled off at 61% with high rates of non-masking indoors, with concerns rising about increasing re-infection among those infected last year.
	• Vaccine hesitancy is rising in adults; low rates of parents plan to vaccinate their children.
	• New, more infectious strain has led to an increase in severe breakthrough cases among the vaccinated. Children appear to be more likely to become ill with the new strain.
	• Vaccine rates have also stayed low within a few minority communities; social media reports that COVID-19 restrictions have been enforced more heavily in these communities, and now refuse to cooperate with epidemiological investigations for fear that the information will be used to generate further charges against them.
	• Wildfires pose a threat to case identification and response.




BOX 2. Main points of Scenario 2—December 2023.

• COVID-19 has become endemic, moving around the population much like the common cold.

• SARS-CoV-2 has shown a substantial ability to mutate, leading to numerous known variants globally, many of those strains have been confirmed to be circulating in Israel.

• Annual booster shots for COVID-19 have become common, although rates of vaccination with boosters have been lower than with the original COVID-19 vaccine. Because there is no international agreement on which variants should be included, the contents of each year’s booster vary by manufacturer and country. 5% of cases remain serious among the general population; 3% among those fully vaccinated still result in hospitalization and/or death.

• Long COVID has led to years-long disabilities including difficulty concentrating, shortness of breath, and fatigue leading to many having to leave the workforce.

• A severe influenza season is already underway in much of the world, and flu rates have been picking up dramatically in Israel. Low influenza rates in previous years caused the influenza vaccination rate to drop below 20%. Vaccination campaigns are underway but have been hampered by a sense of complacency and a mistaken belief that the COVID-19 booster also provides protection against influenza.

	• A new variant has emerged that is both more transmissible and pathogenic with risk of severity and death much more than that of the original SARS-CoV2 strain; even higher among those with comorbid influenza.
	• Existing vaccines are only 20% effective against this variant, but manufacturers are developing a new vaccine for it, tentatively scheduled for distribution beginning in February of 2024.
	• Due to the great success of the previous COVID-19 vaccine efforts, health officials are confident in their ability to quickly obtain a high vaccination rate.
	• Other countries have already implemented a return to pandemic-style lockdowns, leading to loud outcries among the Israeli public against returning to lockdown. Some local leaders have responded by pledging that they would refuse to shut schools or businesses again. Images of burning medical masks have become common in people’s feeds as a symbol against a return to lockdown. Among certain communities, there are active misinformation campaigns suggesting that the government is exaggerating the severity of the new strain to have an excuse for controlling the movements and activities of the population.
	• Heavy rains, flash-flooding pose impacts to effective response.




2.3.4 Step 4: TTX after action review

Once the TTX was completed, a draft of the TTX ‘After Action Review’ (AAR) report downloaded from STARTx was sent to participants to share each role-based scenario and responses from each participant. Sharing the AAR allowed all participants to have a common operating picture since they were each playing pieces of the scenario unique to their roles. During the AAR discussion, participants identified overarching needs and recommendations for strengthening capabilities to improve future resiliency and readiness.



2.3.5 Step 5: final and comprehensive assessment report

Participant findings were collated into a comprehensive assessment report.




2.4 Ethics approval

Only anonymized aggregate data were used in this study, which was approved by the Ethics Committee of Tel Aviv University.




3 Results

Like other countries, multiple COVID-19 waves occurred in Israel, caused by various variants, highest incidence observed during the Omicron wave (Figures 1–3). Figure 4 shows the expansion of COVID-19 testing during various waves. In the first year of the pandemic, three lockdowns were imposed in Israel, a policy that was replaced by booster vaccination to mitigate disease surges caused by the Delta and Omicron variants in the second year of the pandemic (Figure 1).
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FIGURE 1
 Daily incidence rates of overall SARS-COV-2 infection, Israel, March 2020–September-2023.


[image: Line graph showing the number of hospitalized COVID-19 patients with mild, intermediate, and severe conditions from March 2020 to September 2023. Peaks are visible in late 2020, mid-2021, and early 2022. The mild cases (blue) and severe cases (gray) show notable fluctuations, while intermediate cases (orange) remain relatively stable.]

FIGURE 2
 Number of hospitalized COVID-19 patients in Israel, March 2020–September 2023.


[image: Line graph depicting the number of COVID-19 deaths over time from March 2020 to September 2023. The graph shows several peaks, with the highest occurring in early 2022. The total deaths recorded are 12,645.]

FIGURE 3
 Number of COVID-19 deaths in Israel-March 2020–September 2023.


[image: Bar graph showing the number of PCR and official antigen tests conducted from March 2020 to September 2023. PCR tests (in blue) and antigen tests (in orange) are shown, with peaks around early 2022.]

FIGURE 4
 Number of daily SARS-CoV-2 tests, March 2020-Septmber 2023, Israel.



3.1 The “during action” review questionnaire and the tabletop exercise

The DART assessment was undertaken from December 2020 to August 2021, in which eight experts participated. Their field of expertise included public health, epidemiology, infectious diseases, vaccinology, risk communication, and nursing.


3.1.1 Strengths in readiness and resiliency

DART demonstrated numerous strengths in the Israeli response.


3.1.1.1 Vaccination campaign

At the time of the retrospective during action review, it was noted that the vaccine campaign had made tremendous progress since the questionnaire (vaccine coverage was approximately 25%, the most of any country in the world at that time). Participants highlighted the leadership role Israel has played globally in sharing data related to COVID-19 mitigation and response, particularly the vaccination campaigns.

Participants noted vaccine distribution was based on an effective prioritization plan formulated by an expert committee. The universal health care also aided the prioritization and identification of target group; healthcare is not considered a privilege but rather a right in the country. In addition, the existing and newly added systems also contributed to success in implementing the vaccination schedule by the HMOs and other organizations. Healthcare workers, among the first receiving the vaccine, served as role models for the rest of the population. Vaccine adverse effects were tracked through a well-developed digital communication system. Different vaccine manufacturers were approached to expand access to vaccines as needed.



3.1.1.2 Communication

An initial effective risk communication by MOH was noted as a key success in the response to the vaccination campaign. Transparency and availability of information were perceived as beneficial. The risk communication strategy required a comprehensive approach. Effective coverage included multiple methods such as television advertising, radio, and online outlets, including social media. Social media messaging has focused on using humor to engage younger audiences—which was highlighted as both a strength and an area to improve.



3.1.1.3 Epidemiology and surveillance

With all Israelis covered by a national registry that was created to manage the epidemic, the MOH had the digital abilities to allow for effective surveillance in the response. Surveillance data were reported daily and shared with the public and media. The fact that they have been able to identify new variants showed the strength of detection within the surveillance system, and laboratory capacities.

Additional strengths included: adapting existing system for tracking other infectious diseases to tracking COVID-19, trace back and investigation (epidemiological investigation findings informed operational decision-making to increase the protection of healthcare workers and contact tracing within 24–48 h), case definitions based on international guidelines, routine screening for healthcare workers in internal medicine and geriatric wards and institutions [e.g., ‘Senior Shield’ operation (31, 32, 38)], mitigation measures (quarantine for exposed and suspected cases, masks required in public places, recommendations of avoidance of public gatherings, vaccine purchase agreements with multiple manufacturers) and transferring logistic responsibilities to the IDF Home Front Command to break chain of infection.

Regarding community support and resiliency, while capacities have been stretched, the participants highlighted bringing in the military, local pharmacists, and others to assist in epidemiologic investigations. By working with universities, private laboratories, and other facilities beyond classical public health laboratories, the response increased testing capabilities markedly. Additionally, strong commitment from the public health and medical communities, openness to the adoption of new technologies, and increasing lab capacity and resilience of the population accustomed to emergencies, were perceived as strengths by the various experts.

The tabletop exercise highlighted the role Israel played in sharing data with the world to inform response, especially regarding their early and efficient vaccine administration.




3.1.2 Challenges in the response to date

During the initial phases of the pandemic, Israel faced the challenges of surveillance, with changing case and exposure definitions, and symptoms. Isolation for large families and among the poor made control difficult, compounded by the risks of asymptomatic infection. The response was hindered at times by a lack of sufficient staffing; however, as noted above, the military and others were trained and brought in to address needs from logistics to epidemiology. COVID-19 burden on understaffed hospitals may have left other non-COVID patients neglected. Future scenarios demonstrated a need to develop a plan to address surge needs when either a vaccine-resistant variant overwhelms capacity or when floods, fires, or concurrent outbreaks stress the health and public health systems. The TTX portion highlighted the lack of sufficient epidemiology and critical care capacity during high morbidity concurrent incidents such as fires, influenza, floods, or new variants (Figure 5).
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FIGURE 5
 (A) Summary of after-action review of factors that contributed most of readiness. (B) Summary of after-action review of challenging factors toward readiness.


Initial risk communication had differing reviews among participants; one noted that a fear-based approach led to public distrust and cynicism. As the pandemic shifts from acute to chronic, participants advised that risk communication approaches need to focus on helping create norms in behavior. Including military risk communication experts in future messaging development was also recommended. After working through future scenarios in the TTX, participants expressed concern regarding how to best address public indifference and complacency, particularly in the later months and years of the pandemic. The scenarios also demonstrated challenges in reaching minorities and in building the trust needed for effective risk communication.

Throughout the pandemic and in the future scenarios projected, participants noted trust issues and lack of cooperation make it hard to track cases and vaccinate minority groups. Language barriers further complicated outreach to these communities.

Political interference in professional decision-making was noted as an obstacle to effective response at times. Economic impacts and pandemic fatigue lowered the resiliency of the general population to the ongoing surges (8).




3.2 Recommendations


3.2.1 Priority action items

Priority Action Items focused on what participants called the “root solutions”: vaccination and behavior. These included (1) vaccinating those who are not vaccinated, providing booster vaccination to those over 60 years of age, and incorporating family physicians to stop new disease waves, and (2) including training on response and vaccines in medical schools and continuing education for physicians to improve communication with the public (3) reverting to a “traffic light” or staged plan, such as was used early in the pandemic, which would be informed by public health professional guidance.



3.2.2 Policy

Participants noted that it would be critical to ensure that decision-makers understand that preparedness and behavioral change require a deep understanding of how people understand signs of risks and how they respond to them. To address this, participants recommended more rapid processing of data and trends for the purpose of making optimal policy modifications. Participants also stated it is important that the position and role of the public health professionals be maintained to inform policy and empower the standing of professional recommendations to reduce conflict between politicians and public health professionals.



3.2.3 Plans

In terms of preparedness planning, participants recommended that response plans be developed consisting of several stages, which would be determined according to incidence data and guidance by public health professionals—such as the “stop light” models. Participants also recommended that implementation plans focus on public cooperation regarding enforcing guidelines to reduce morbidity.



3.2.4 Protocols

The review found that during times of high incidence during the pre-vaccination era, school closures and switching to remote learning would be effective, along with limitations on gatherings, encouraging mask usage, and limiting flights from countries with high levels of new variants. Pre-alignment with pharmaceutical companies for the option of additional mass purchases of vaccines with a quick supply turnaround to prevent shortage, was also recommended.



3.2.5 Addressing public indifference, complacency, noncompliance, misinformation

Communication emerged as a critical area of need in this assessment. Recommendations included having professionals communicate messages to the public, developing a national plan for handling false information, and establishing nationally deployed mechanisms to receive feedback from the field. Timing of communication was identified as a key factor. Specifically, participants advised that establishing communication with the public occur as soon as possible to explain the need for vaccines. As physicians were perceived to be trusted sources, improving their knowledge of vaccinology and vaccines was highlighted as a recommendation. Participants identified a need to focus on norms and normative behavior rather than continually changing laws and guidelines, or developing sanctions.

The assessment highlighted how communication and trust building was a unique challenge when working with minority subpopulations. Recommendations to address this gap included ensuring that professionals, including physicians, were well-trained about vaccines and risk communication, engaging community leaders, and utilizing culturally tailored communication. Participants also recommended preparing and evaluating the efficacy of advocacy in increasing vaccination among subpopulations.




3.3 Data sharing to strengthen regional and global resilience

The global crises caused by the COVID-19 pandemic highlighted the importance of harmonized and collaborative work by disease surveillance networks within and across countries. Data sharing as well as sharing of experiences and mitigation measures was pivotal to strengthening both regional and global resilience and readiness. Accordingly, the platform of existing regional and global networks was utilized to achieve this goal. The Middle East Consortium for Infectious Disease Surveillance (MECIDS), a non-governmental organization comprising leading public health officials and academics from Israel, Jordan, and the Palestinian Authority, provided a trusted platform to enhance regional collaboration when facing the COVID-19 pandemic, while considering the needs of all partners. MECIDS played a significant regional role in the exchange of knowledge and data sharing of COVID-19 surveillance and laboratory detection methods among public health experts from Jordan, the Palestinian Authority, and Israel. Knowledge and data exchange included providing professional updates on the status of the pandemic status in each country, exchange of experience related to COVID-19 vaccination, training health professionals in COVID-19 related epidemiology and laboratory aspects, education of the public regarding SARS-CoV-2 and its transmission as well as preventive measures including vaccines. At the global level, the experience accumulated by MECIDS from its significant regional engagement was shared with similar CORDS networks (Connecting Organizations for Regional Disease Surveillance, a network of networks) coordinated by Ending Pandemics (United States), across East and West Africa, Europe and East and South Asia. CORDS network activities included monthly joint meetings and discussions as well as regular webinars which served as important means of exchanging in-depth experiences acquired during the pandemic.




4 Discussion

We described the main COVID-19 pandemic control measures implemented in Israel, and using the DART approach, we assessed Israel’s readiness and resiliency between December 2020 and August 2021, capturing the pre-vaccination era, early vaccination period and readiness for potential future complications that COVID-19 may pose.

Our study focused on public health aspects, mainly epidemiology/surveillance, vaccines, and risk communication. Notably, experts emphasized the pivotal role of Israel globally by sharing experiences related to COVID-19 vaccination impact and effectiveness, as reflected by numerous scientific publications from Israel (20–24, 31, 32, 35, 38, 39), as well as the intensive meetings, webinars and training conducted jointly with regional and global partners such as MECIDS and CORDS. Experts’ perceived strengths of Israel’s COVID-19 response included multi-sectoral collaboration between the MOH, healthcare providers, academia, and other organizations, stretching capacities, expanding laboratory workload, establishing/maintaining surveillance, designing and implementing the vaccine prioritization plan. The experts further mentioned the strong infrastructure, including electronic health records, that resulted in a successful vaccination campaign, rapid vaccine deployment, high uptake and rapid impact on morbidity and mortality (21–24, 40, 41). These elements were shown to be important in preparedness for other emerging infectious diseases, such as the 2009 H1N1 pandemic (42, 43). The WHO also identified these elements as major areas for action to strengthen health systems, as demonstrated in the “six-building blocks” framework: service delivery; health workforce; information; medical products, vaccines, and technologies; financing; and leadership and governance (44). Haldane et al. (45), in their assessment of health systems in managing the COVID-19 pandemic in 28 countries, identified four elements of resilience that characterized highly effective country responses, including the activation of comprehensive responses, adapting capacity within and beyond the health system to address the needs of communities; preserving functions and resources within and beyond the health system to maintain care delivery of services, and lessening vulnerability (45). The experts’ perceived strengths of Israel’s response to the pandemic fall within these elements. Our findings were also confirmed in a literature review demonstrating that surveillance, risk and vulnerability assessments, prediction and decision-making, alerts, and early warnings are critical components of epidemic detection and early warnings, as well as control and preparedness-preventive strategies (46).

Israel’s response to the COVID-19 pandemic in the early phases was rapid and successful as reflected by relatively low mortality and incidence rates, and “averting the curve.” This is likely attributed to the implementation of multiple interventions, including various limitations on international travel imposed early during 2020, extensive contact tracing and self-isolation (quarantine) program, enhances surveillance, canceling mass gatherings, school closures and strict lockdowns (20, 47, 48). These activities enabled the healthcare system, time to prepare for the treatment of COVID-19 patients (47). Israel was among the first countries the introduce the COVID-19 vaccines once they became available in December 2020 following a well-defined prioritization plan. The implementation of the COVID-19 vaccination program was also successful, resulting in high vaccine uptake and effectiveness. The high access to vaccines, well-developed healthcare and logistic infrastructure, coupled with strong collaboration between the MOH and healthcare providers, good advertising campaign, likely contributed to the success of Israel’s response during the vaccination period (21, 22).

The experts in our study noted that expanding surveillance and laboratory capacities was a main strength that enabled the detection of new variants of concern. This is in line with the WHO efforts to enhance the use of genomic surveillance as a pandemic preparedness and response tool. Indeed, in many countries, SARS-CoV-2 genomic sequencing capability increased markedly within a short period (49). Eventually, these efforts led to the WHO’s establishment of The Global Genomic Surveillance Strategy for Pathogens with Pandemic and Epidemic Potential 2022–2032 in March 2022 to provide greater coherence to support genomic surveillance (49).

Other resilience and readiness evaluations focused on hospitals’ capacities to deliver care (50), the resilience of healthcare workers (51) or building information technology systems in hospitals (52). These domains and those capitalized in our study are vital for a comprehensive country-level readiness assessment. Interestingly, the cross-sectoral government-academic collaboration, integrating academic research in outbreak response, was also highlighted as a major strength in other settings (53).

The main challenges that were noted by the experts in Israel’s COVID-19 response included frequent case definition changes early on, insufficient human resources, especially healthcare workers, limited cooperation by some ethnic and religious minorities, difficulty enforcing quarantine for patients and contacts in underprivileged communities, weaknesses in risk communication approaches and trust issues in policy makers. These findings reflect vulnerability in adaptability to control measures enacted by public health authorities and posed pressure on various sectors of the healthcare system, and differentially affected certain population groups during the pandemic. A study conducted among US residents of the Gulf South who experienced the COVID-19 pandemic alongside climate-related disasters showed that individuals who spoke English as their primary language, had higher education and higher levels of resilience, were found to have a significantly better pandemic preparedness, which also correlated with disaster preparedness (54). A study from Belgium explored information needs, coping mechanisms with COVID-19 mitigation measures, and their effect among racialized/ethnic minority communities (55). Findings from this indicated a need for tailored and timely information and that an insufficiency of official public health messages uncovered a negative impact of mitigation measures on citizen’s livelihoods as well as a distrust in authorities (55). Community-based initiatives blunted this impact using culturally tailored intervention and outreach activities (55). These shared findings suggest a pivotal role of social determinants in the COVID-19 pandemic. Therefore, integrating social sciences in epidemic preparedness and response is likely warranted (56), to strengthen individual and community levels of resilience.

Vulnerability and resilience represent two related complementary approaches describing systems and actors’ responses to change and shock (57). Notably, the DART methodology captured well both aspects in Israel’s early response to the COVID-19 pandemic. As such, DART methodology can be useful either as a stand-alone tool or a complimentary tool for the assessment of health systems’ response to the pandemic and future emergencies, such as the Health System Response Monitor (HSRM), which was established by the WHO European Regional Office and the European Commission (58). The HSRM analysis also demonstrated a range of health system challenges and weaknesses across Europe, showing that countries prioritized policies on investing in public health, supporting the workforce, maintaining financial stability, and strengthening governance in their response to the COVID-19 pandemic (58).

DART’s approach allowed the experts to make recommendations that were designed to ensure continued improvement in readiness and resiliency. The main recommendations were expanding COVID-19 vaccination, including booster vaccination and engagement of family physicians to mitigate potential new waves. Participants also recommended establishing a nationally deployed system for bringing in and acting upon feedback from the field, especially regarding risk communication and vaccines. These recommendations were communicated with the MOH and stakeholders involved in the response to the COVID-19 pandemic and were mostly considered in adapting the country response. The continued partnership between the MOH and the academia, characterized by mutual interests of enhancing resilience and control of the pandemic and, is important to address future public health emergencies.

Our study has several strengths. DART allowed retrospective and prospective assessment of Israel’s readiness and resilience to cope with COVID-19. In-depth insights were gained from multiple role actors who had served in various roles in the management of the pandemic in Israel. We followed a flexible approach in both selecting the main themes for evaluation and providing sufficient time for the experts to complete the various aspects of the assessment. Collectively this resulted in a real-life reliable, and comprehensive evaluation and recommendations.

Our study has several limitations. Our DART assessment covered mainly the first year of the pandemic, thus, it might not fully capture all the strengths and limitations of Israel’s response to the pandemic. Nonetheless, our analysis captured the main periods of the pre-vaccination era, the first vaccination campaign, and touched the booster vaccination periods, thus ensuring a lengthy assessment of various aspects of the response. Moreover, the future scenarios exercise was well-designed and predicted well the emergence of new variants of concerns and events that could be stressors to mitigation efforts of the pandemic. DART assessment required the participation of experts who played a role in managing the pandemic. This was challenging since experts were busy with day-to-day management activities. To address this concern, DART allowed flexibility and provided sufficient time to complete all elements and generate a comprehensive assessment and recommendations.

In summary, the DART assessment demonstrated the strengths of Israel’s COVID-19 resilience and preparedness response and identified gaps that should be strengthened in future emergency events. An efficient response was characterized by being multidisciplinary, including multi-sectoral collaboration, policy design, infrastructure, care delivery, and mitigation measures, including vaccines, while risk communication, trust issues, and limited cooperation with minority groups were perceived as areas for action and intervention. Enhancement of regional resilience activities and global partnerships should be maintained.
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Introduction: India launched the COVID-19 vaccination drive on 16th January 2021 by vaccinating the adult population above 18 years of age. This was followed by the introduction of an additional precaution dose. As on 18th October 2022, 1,02,66,96,808 (1.02 Billion) first dose and 94, 95, 39,516 (949 Million) second doses of COVID-19 vaccine were administered. However, when compared to the uptake of the primary doses, the precaution dose uptake lagged behind with only 21,75, 12,721 (217 million) doses administered. Even though, the uptake of the primary doses remained optimal, irrespective of different interventions by the Government of India, the uptake of the precaution dose remained poor. In this context, the Ministry of Health & Family Welfare wanted to understand the facilitators and Barriers for precaution dose uptake among adults so that future immunization campaigns could address these issues.
Methods: An exploratory qualitative study was conducted to assess the facilitators and barriers for COVID-19 precaution dose uptake at community level across 6 different states in India. From each of the states, two districts with the highest and lowest rates of COVID-19 vaccine precaution dose uptake were selected. In each of these districts, 2 block Primary Healthcare Centres (PHCs), one with high and one with low uptake were identified. Within these block PHCs, a PHC field area with high and low precaution dose uptakes was identified. From the identified sites a minimum of four IDIs, four FGDs were conducted among the community members. KIIs of the State Immunization Officers, District Immunisation Officers, PHC Medical Officers, healthcare workers like Accredited Social Health Activist/Auxiliary Nurse Midwife were also conducted. The data was audio recorded and it was transcribed, translated and analysed using framework approach.
Results: It was observed that rise in COVID-19 cases prompted the community to take the precaution dose, this along with the cost of hospitalization and the number of productive days being lost as a result of being infected resulted in vaccine uptake. The fear of non-availability of COVID-19 vaccines latter on also prompted people for vaccine uptake. While the barriers were, poor accessibility to vaccination centers, long hours of travel, poor road connectivity and lack of transportation facilities. However, the most prominent barriers observed across all study sites was that a sense of pandemic fatigue and complacency had developed both among the providers as well as the beneficiaries. Other barriers include differences in vaccination schedules and longer duration between the primary doses of some vaccines. Media was identified to be both a barrier and facilitator for Covid-19 Precaution dose uptake. Even though media played an important role in disseminating information in the beginning of the campaign, it was soon followed by the circulation of both misinformation and disinformation.
Discussion: The study identified that dissemination of accurate information and community involvement at each stage of planning and implementation are crucial for the success of any campaign. Efforts should be constantly made to address and re-invent strategies that will be most suitable for the needs of the community. Therefore, in order to ensure successful vaccination campaigns, it is crucial that along with political will it is also important to have a decentralized approach with inter-sectoral coordination with different stakeholders such as healthcare workers, community members and the different departments such as the local self-governments, education department, law & order department etc. These lessons learnt from COVID-19 vaccination campaigns must not be forgotten and must be applied in future vaccination campaigns and while framing public health policies.
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Introduction

India launched one of the world’s largest COVID-19 vaccination drive on 16 January 2021 with the aim to vaccinate the adult population above 18 years of age within the shortest duration of time (1). Following the introduction of the primary doses, India further expanded the vaccination campaign in the first and second quarters of 2022 to immunize children above 6 years of age and provide an additional precautionary or third vaccine to adults who had completed primary immunization with two doses. Vaccination is being offered through a large network of COVID-19 vaccination centers (2,44,310) across the country. Implementation of a vaccination campaign of this magnitude was posed with several challenges, including community mobilization, supply-chain constraints, cold chain augmentation, training of more than 2.6 lakh vaccinators, ensuring optimum utilization of available vaccines and reaching out to hard-to-reach/marginalized populations (2). All the records were centrally captured in the COWIN electronic database, which was developed for the purpose of delivering COVID-19 vaccination. CoWIN, the “Covid Vaccine Intelligence Network,” is an Indian government web portal for COVID-19 vaccination registration, which is owned and operated by India’s Ministry of Health and Family Welfare (3). Irrespective of the challenges, the COVID-19 vaccination was executed with remarkable efficiency and speed.

As on 18 October 2022, 1,02,66,96,808 (1.02 Billion) first doses and 94,95,39,516 (949 Million) second doses of the COVID-19 vaccine were administered. However, compared to the uptake of the primary doses, the precaution dose uptake lagged behind, with only 21,75,12,721 (217 million) doses administered (4). An umbrella review conducted among healthcare workers worldwide revealed that the frequent reasons for hesitancy were sociodemographic factors such as gender, age, ethnicity, occupational factors, and vaccine-related factors such as concerns about the vaccine’s safety, efficacy, side effects, rapid development, testing, approval, and distribution. Other factors such as social pressure, collective responsibility along with distrust factors with inadequate information, and exposure to misinformation all contributed to vaccine hesitancy (5). While a qualitative study conducted in Namibia revealed that fear of death due to COVID-19, availability of COVID-19 vaccines, and influence of family and peer pressure were all identified as facilitators for the uptake of COVID-19 vaccines. The need for a vaccination certificate at workplaces and for international travel requirements were the measures proposed to increase the COVID-19 vaccine uptake (6).

Three months after the launch of the precaution dose, the government launched the “COVID-19 Vaccine Amrit Mahotsav” campaign on 15 July 2022 to boost the uptake. Under the campaign, free precaution doses were provided at all government-operated COVID vaccination centers for persons aged 18 years and above for 75 days (from 15 July to 30 September 2022) (7). Several advocacy campaigns were undertaken through electronic and print media, youth groups and NGOs, and community leaders. Irrespective of these measures, it was observed that the uptake of COVID-19 precaution dose remained very low when compared to the uptake of the first and second COVID-19 vaccination doses.

As per the WHO’s Strategic Advisory Group of Experts on Immunization (SAGE) working group, vaccine hesitancy has been defined as a delay in acceptance or refusal of vaccination despite the availability of vaccination services. Vaccine hesitancy has been found to be a complex and context-specific phenomenon that varies with time, place, and vaccine types. It is found to be influenced by factors such as complacency, convenience, and confidence (8). In the case of the COVID-19 vaccination drive in India, it was observed that the uptake of the first and the second doses of the vaccines in adults has been optimal; however, the uptake of precautionary dose remained to be poor irrespective of various efforts of the Government of India. There are many speculations regarding the factors associated with this low uptake; however, systematic scientific evidence is lacking in this context from India.

This study was undertaken with the aim to understand the facilitators and barriers to the uptake of the COVID-19 precaution dose across different states of India. The present study aimed to qualitatively explore the different stakeholders’ perspectives regarding COVID-19 precaution dose and identify vaccine hesitancy, if any, toward the precaution dose so that appropriate recommendations may be made for making policy-related decisions.



Methodology

An exploratory qualitative study was conducted to assess the facilitators and barriers to COVID-19 precaution dose uptake at the community level. The study was conducted across six different states in India, selected from different zones to get a representative sample. The study was conducted in Uttar Pradesh (UP), Tamil Nadu (TN), Maharashtra, West Bengal (WB), Assam, and Chhattisgarh in the North, South, West, East, North-East, and Central India. The study was conducted at the selected sites by six research institutes of the Indian Council of Medical Research (ICMR) across the country and was coordinated centrally by ICMR Headquarters located in New Delhi, India. The study site investigators were ICMR scientists who were trained in qualitative research. Approval of the institutional ethics committee was obtained from all six institutes before study initiation. A multistage purposive sampling method was used to select the study sites in consultation with state immunization/district immunization officers in each state. From each of the states, two districts with the highest and lowest rates of COVID-19 vaccine precaution dose uptake were purposively selected. Based on the precaution dose coverage at the time of the initiation of the study in January 2023, the state immunization officers identified the districts as the highest and lowest precaution dose coverage districts. They then directed the investigators to select them as study sites. In each of these districts, two block primary healthcare centers (PHCs), one with a high uptake and one with a low uptake, were identified. Within these block PHCs, one PHC field area with high and one.

PHC field area with low precaution dose uptakes were identified. The details of the selected study sites are shown in Table 1.



TABLE 1 Details of study sites selected for the study.
[image: Table showing high and low performing districts with precaution dose uptake and PHC details across six Indian states. Uttar Pradesh has Basti (54%) as high and Gautam Buddha Nagar (25.4%) as low. Tamil Nadu features Nilgiris (33%) high and Coimbatore (14.23%) low. West Bengal shows East Midnapore (41.20%) high and South 24 Parganas (15.63%) low. Maharashtra has Gadchiroli (30%) high and Buldhana (5.3%) low. Assam shows Majuli district (27.53%) high and Udalguri district (5.19%) low. Chhattisgarh's high is Kanker district (98.78%), low is Baloda Bazar (28%). PHC details for each district are included.]

At these identified study areas, trained investigators first approached the community members to collect their perspectives. Investigators invited and ensured representation from all genders, differently abled/vulnerable/special groups, and formal or informal leaders (such as sarpanch, panchayat members, and school teachers) as was feasible at the study sites.

From each of the high uptake and low uptake PHC field areas, a minimum of four in-depth interviews (IDIs) were conducted (two each from those who had taken and not taken the precaution dose, respectively) to ensure equal representation from both groups. A minimum of four focus group discussions (FGDs) were conducted at both the high- and low-uptake PHC field areas (separate FGDs for male and female participants) at each state.

Key informant interviews (KIIs) of the PHC Medical Officers and healthcare workers, such as Accredited Social Health Activists/Auxiliary Nurse Midwife (ASHA/ANMs) who were actively involved in the delivery of the COVID-19 precaution dose, were also conducted. At the district level, the District Immunization Officers (DIOs) were selected for KIIs as they were primarily coordinating the activities of the COVID-19 precaution dose vaccination services. At the state level, the State Immunization Officers (SIOs) were also interviewed. Even though the data were collected from both the beneficiaries and healthcare providers, the study aimed to capture the facilitators and barriers from the perspectives of the beneficiaries only. The strategy for the selection of the participants is shown in Figure 1.

[image: Flowchart depicting a multistage purposive sampling strategy for selecting study sites in India. It includes high and low uptake districts, with primary healthcare centers (PHCs) and field areas. Six states are involved: Uttar Pradesh, Tamil Nadu, Maharashtra, West Bengal, Assam, and Chhattisgarh, representing different zones. Qualitative techniques include key informant interviews and in-depth interviews with various stakeholders.]

FIGURE 1
 Strategy used for selection of study participants.


After obtaining relevant permissions, the KIIs, IDIs, and FGDs were audio recorded. In addition, field notes were also taken during the interview. The KIIs, IDIs, and FGD guides were prepared after extensive formative research. The guides were prepared based on the “Vaccine Hesitancy Determinants Matrix” developed by the SAGE Working Group on vaccine hesitancy. This comprehensive matrix was developed after reviewing various models and much discussion about factors that can influence hesitancy. A commissioned systematic review of determinants and a working group’s Immunization Managers Survey on hesitancy did not uncover any new determinants that were not already included in the matrix. The Vaccine Hesitancy Determinants Matrix displays the factors influencing the behavioral decision to accept, delay, or reject some or all vaccines under three categories: contextual, individual and group, and vaccine/vaccination-specific influences (8). Therefore, this comprehensive matrix was used to develop the IDI/FGD/KII guides to assess the factors influencing the behavioral decision to accept, delay, or reject the precaution dose of the COVID-19 vaccine.



Analysis

At all sites, the audio files were first transcribed verbatim by the project team, which was then translated from the local language to English for uniformity. The framework approach for thematic analysis was used for data analysis. A code book was generated at each site manually while inductively going through the transcripts. Using the common code book, all transcripts in each site were coded and were then grouped together as themes under specific domains. Using the common framework provided by the coordinating site, each of the sites populated the data into the framework with summarized pieces of data in the form of quotes to enable a process of cross-comparison between different sites. The compiled data were analyzed, and conclusions were drawn.



Results

A total of 52 IDIs, 69 KIIs, and 48 FGDs were conducted across all six states. Even though a minimum of 11 KIIs, 8 IDIs, and 8 FGDs was planned to conducted at each site, they were encouraged to conduct more number of IDIs or FGDs if data saturation was not achieved. The mean age of the participants ranged from 18 years to 72 years across sites. The study design ensured equal gender distribution in both IDIs and FGDs. The participants of FGDs and IDIs consisted of a variety of people ranging from illiterate to those with primary, secondary, high school, and even graduation levels of education. It consisted of people from all spheres of life, including students, homemakers, unemployed, retired, unskilled workers such as manual laborers and farmers, and skilled workers such as carpenters and businessmen. The various themes identified under the domain facilitators and barriers for the improvement of precaution dose uptake are mentioned below, the details of which are diagrammatically represented in Figure 2.

[image: Diagram showing factors influencing COVID-19 vaccine uptake. Barriers include lack of trust, false myths, and complacency. Facilitators include age, rise in COVID-19 cases, and vaccine availability. Some factors, like media role and vaccine cost, act as both barriers and facilitators.]

FIGURE 2
 Facilitators and barriers for precaution dose uptake.



Facilitators for precaution dose uptake


Age

Age was found to be an influencing factor for vaccination uptake. In most states, older individuals were more inclined to take the vaccine due to higher risk, while in the state of Chhattisgarh, vaccination uptake was higher in the age group of 18 to 44 years and lower in the age group of 60 years and above. It was either because of their strong traditional beliefs against vaccination or because some found it challenging to reach the vaccination centers.

 
“In our childhood days, we never had any vaccines and we still survived”—Male aged 74 years, IDI, non-vaccinated.






Gender

Even though it is often believed that women would be lagging in vaccine uptake due to multiple reasons, such as the decision-making process and accessibility to healthcare systems, it was found that vaccine uptake among female participants was found to be better than male participants in Chhattisgarh.



“The women in our locality reached out to me to get vaccinated. We went together as a group to the PHC and got ourselves vaccinated”—Female aged 46 years, FGD, vaccinated.

 

Male daily wage earners from low-performing districts stated that vaccination was a waste of time and waiting at centers resulted in the loss of wages. They considered vaccination as non-urgent and showed a sense of reluctance and procrastination to be vaccinated.



Rise in COVID-19 cases

The state health officials were of the opinion that the increase in COVID-19 cases across different states in India as well as globally also prompted the community to take the vaccine.



“Recently there were talks about the rise in numbers in China. During that time there was surge in vaccine demand and whatever vaccines were available got exhausted so rapidly that we did not have to do anything”—State Immunization Officer, KII, vaccinated.

 




Fear of COVID-19 and mortality caused due to it



“I was admitted with COVID-19 for 11 days alone and took more than 40 injections. I was about to die. So, not to get COVID-19 again, I have taken all 3 doses of the vaccine”
—
Female, FGD participant, vaccinated.

 

Fear of the COVID-19 disease and deaths caused by it during the first and second waves of the pandemic still persisted in the minds of the people at selected sites in Tamil Nadu, Maharashtra, Assam, Uttar Pradesh, and West Bengal. Some people felt that, by taking the third dose, they were completing the full course of vaccination and would be completely protected. They hoped that they would not have any recurrences and that, even if they got infected, the severity would be limited. Additionally, some of the participants feared the financial burden that they would have to bear if they got infected with COVID-19 since the treatment was costly and they would have to lose their daily wages because of it.



Availability, affordability, and accessibility of COVID vaccine

At some of the sites (Maharashtra and Chhattisgarh), special efforts were taken by the medical officers and their teams to deliver the vaccine at a time and place that was most convenient for the people. Outreach vaccination camps were conducted at construction sites, paddy fields, etc.


“We arranged vaccination either early morning or late evening, to encourage more people to get vaccinated without losing their daily wages”—Medical Officer belonging to a high performing district & PHC, KII.
 

In Chhattisgarh, due to its hard terrain, people were hesitant to travel to the health center. Many of those who took the primary doses were reluctant to travel again for the precaution dose due to the distance. Hence, the village administrative agency (panchayat) organized free transportation services for the beneficiaries to commute for vaccinations.


“The Sarpanch arranged vehicles for them to reach the vaccination center such as pickups or tractors. Because of this, huge number of people would come in vehicles”—Medical Officer, belonging to high performing district & PHC, KII.
 

The provision of free vaccines in the government health system while payment is a requirement at the private hospitals motivated them to get vaccinated. An IDI participant from a low-performing district who is vaccinated stated the following: “If money had to be paid, then not everybody would take the vaccine. We are poor people. How could we be able to get vaccine by paying for it?”

Additionally, the cost of vaccination was reportedly used by health officials as a motivating element to persuade people to get vaccinated in Chhattisgarh. They claimed that, when people began to show reluctance, the administrative department announced that the vaccine would be charged after a specified time frame. As a result, it compelled a lot of individuals to get vaccinated.



“When the third dose was ready for use, the collector issued a letter that, after a certain number of days, the vaccines will be available upon payment. The rates were decided that one dose will cost Rs 800 or Rs 1,000 for Covaxin and Covishield. This had a huge impact on people. They understood that, they will not get the free vaccine latter, then why not take the third dose before that?”—Medical Officer, belonging to a high performing district & PHC, KII.

 


Influencers and initiatives for awareness creation

The study identified a series of influencers ranging from ASHAs, ANMs, medical doctors, family, friends, neighbors, local non-governmental organizations, and women self-help groups to district collectors, politicians, and film stars. In Maharashtra, Assam, UP, Chhattisgarh, and TN, the ASHAs and ANMs went house-to-house to motivate people. This provided an excellent opportunity for the community members to discuss with the healthcare workers about the vaccine and their misconceptions, fears, anxiety, and doubts that they had regarding the vaccine. This personal attention created a lot of confidence among them, resulting in vaccine uptake: “ASHAs and ANMs played an important role in creating awareness among public by their household visits” District Health Officer, high performing district.

In addition to providing vaccines and identifying and tracking the target group, the ASHAs mobilized the community for vaccination sessions. At different sites, they were assisted by other influencers such as doctors, school teachers, headmasters, village heads, and religious leaders. They were all respected and trusted by the community. The religious places and schools contributed as sites for vaccination and dissemination centers, respectively. One respondent stated the following: “When we visited the temple they used to announce to get ourselves vaccinated. This motivated us to get vaccinated”—Male participant from a high performing district who has taken the precaution dose, IDI.

In Tamil Nadu, villagers were motivated to take the vaccine when they saw famous personalities such as film stars and local, regional, and national leaders take the vaccine. “After watching the actors and Prime minister getting vaccinated, we got it too”—Male participant of an FGD from a low performing district who has taken the precaution dose.

The district collector (DC) too was identified as an influencer who created awareness and also motivated the different departments, such as education, police, agriculture, health, and others, to take the vaccine. The DC ensured that employees in different departments were vaccinated and they would disseminate information to others.



Inter-sectoral coordination

Inter-sectoral coordination among the public health system, local administrative bodies, media, and local stakeholders played a very important role in improving vaccination coverage, especially in the state of Maharashtra. The Panchayat Raj system not only facilitated the implementation of the vaccination program but also increased its outreach through community mobilization.



“Support of administrative bodies, panchayat raj in reaching the grass root level and helping the health system to conduct the vaccination camps was very important” shared the District Health Officer of a high performing district in Maharashtra.

 

In sites with high coverage, it was observed that extensive pre-planning and micro-planning were conducted with the involvement of different sectors. Moreover, the “political will” supporting COVID-19 vaccination played a crucial role.




Trust/confidence in the healthcare system and government

One of the major factors that favored the uptake of COVID-19 vaccine was the trust that people have in the healthcare system. This trust was achieved not by mere force but rather by the dedication of the healthcare workers. In a country where most of the population lacks adequate health literacy, healthcare workers play an imperative role in guiding the health-seeking behavior of common people. Healthcare workers were actively involved in driving out people’s fear regarding vaccination misconceptions and advised them not to worry whenever they experienced minor side effects post-vaccination. The healthcare workers accepting accountability for adverse events following vaccination was a key element in encouraging people to get the dose. A participant stated the following:



“In AIIMS hospital, in order to convince the people to get vaccinated, the doctor even assured that if anything happens, they will take the whole responsibility of their family”—Female participant from a high performing district who has taken the precaution dose.

 

The community’s trust in the government vaccination system also played an important role in the vaccination campaign. Female participants of an FGD in Maharashtra stated that they trusted not only the health system but also the local government so much that they were even willing to take up a fourth dose of the COVID-19 vaccine if it comes in future.


Mandatory vaccination certificates and policies

Mandatory vaccination certificates for travel and availing government schemes were noted by the respondents as one of the factors for improving vaccination coverage. One key informant from Maharashtra who took the precaution dose stated that the following:



“Incidence of COVID-19 was high and people were denied ration (food supplied by public distribution centers) and to travel by bus without vaccination certificates. So, people were getting vaccinated in order to avail ration, to get the bus pass because vaccination certificate was made compulsory.”

 

The community members claim that the “no ration” policy and the inability to travel to other districts without vaccination certificates instilled fear in them and forced them to get vaccinated even against their will at times. One of the participants remarked the following:



“We had no other option. It was told that if we do not take it, we will not get ration. It was coercion, if we did not comply.” Male participant from Chhattisgarh a low performing district who has taken the precaution dose.

 

Another participant stated that they were “forced” to get vaccinated since it was the company’s policy that all must be vaccinated:



“The company is demanding that the third vaccine should be taken, only then I can pass through the gate. So, I have taken it”—Male FGD not taken a precautionary dose.

 

Since the precaution dose was not mandatory, it was observed that most people were not willing to take it. Hence, the question of whether it needs to be made mandatory was raised, and there were mixed responses. Some felt that it was a personal choice based on individual assessment of the risks and benefits associated with it, while others felt that it should be mandatory because it is in the best interest of the community as a whole. However, according to the state immunization officer, it was important to give the right information to the community and help them make the decision for themselves:



“We should tell people about the need for vaccination and if not taken what will be the ill effects of that. If we are able to give complete information, then people will definitely take the vaccine. Even if they do not take the vaccine, then it is their personal choice. It is necessary that we give full information for them to make the right decision.”

 



Peer pressure

Peer pressure played an important role in vaccine uptake. It was found to work well among the youths in colleges and the villagers. When they saw their neighbors take the vaccine and after listening to their experiences, some of the villagers got motivated to take the vaccine and also complete the vaccination schedule. As stated by a female participant who had taken the precaution dose during an FGD, “There [sic] was competition in the society to take vaccines. We used to think that all members living next door have taken the vaccine, we still have 2 members unvaccinated in our family. We also should complete vaccination of our family immediately.”



Cost of out-of-pocket expenditure for COVID-19 treatment

On the flip side, when health providers explained the risk of infection by not taking the vaccine and the associated treatment costs, some beneficiaries decided that the benefit of avoiding out-of-pocket health expenses outweighed the benefit of not taking the vaccine.



“People thought that if they got infected, they will have to get admitted, loose their daily wages and even spend money for their treatment. So, people decided to take the vaccine”—Female participant from a high performing district who had taken precautionary dose, IDI.

 



Special initiatives

It was observed that, since health is a state subject, in states such as Chhattisgarh, Assam, and Tamil Nadu, special initiatives were carried out to increase vaccine uptake.

In the high uptake district of Majuli in Assam, the Chief Minister implemented the “Har Ghar Dastak,” a mass campaign for increasing vaccine coverage through house-to-house visits.

“The Cabinet Ministers along with senior officials visited their respective districts for supervising the district administration for ensuring the successful implementation of “Har Ghar Dastak”—Medical officer. However, in the Udalguri district, this approach was unable to reach out to all the beneficiaries.

In Assam, mobile units for vaccination were deployed to ensure that no one was left out. Moreover, the vaccination programs were planned in a strategic manner by inviting eligible individuals in groups to avoid long queues. In addition, vaccination was linked with other government schemes and services, such as the food security scheme, where all family members had to be vaccinated in order to claim their food rations. Meanwhile, in Majuli District, a mandate was made for shopkeepers and customers that every shopkeeper must be vaccinated to open their shops, and the customers need to be vaccinated in order to purchase from the shops. This mandate created fear and prompted people to get vaccinated.

In Tamil Nadu, the district authorities appreciated the primary health centers that achieved 100% coverage with the second dose. This motivated them to maintain the same momentum for the precaution dose as well.



“In the district, our block won the award for achieving 100% vaccination, and the collector presented us with a shield and trophy. We felt that our efforts were not a waste, and in our block death rates were reduced compared to others”—Medical officer of a low performing PHC, KII.

 

In a high-performing district of Chhattisgarh, various initiatives were taken to remind people of their precaution dose dates.



“We used to maintain a register. If a person walked in to enquire, his phone number would be recorded and we would contact him whenever he was due. Also, a reminder slip was given at the time of their primary doses and we asked them to keep it till their next dose”—District Immunization Officer of a high performing district, KII.

 

The other initiatives conducted were organizing awareness camps at night, reminder calls for vaccination, writing slogans on walls, conducting rallies, measuring vital parameters such as blood pressure and blood sugar level before administering vaccines, and sharing positive experiences with community members.




Both facilitator and barrier


Role of media

It was observed that the community was influenced by different types of media, such as newspapers, mobile apps, TV, and public information systems, but the major source of influence was identified to be social media. In all the sites, the response toward the impact of media on vaccine uptake was mixed. On the one hand, Social media was used as a source to disseminate information regarding the vaccine and its availability and types of vaccine at the different vaccination sessions. However, on the other hand, it aided in spreading rumors, myths, and fear in the community. Hence, it was identified to be both a facilitator and a barrier.

Apart from these effects, the media has also helped in building trust among the public regarding the safety and effectiveness of the vaccines.


“Watching the news on TV that actors, ministers, PM, and CM were getting vaccinated convinced us that the vaccine is safe”—Male FGD participant who had taken the precaution dose from a high performing district.
 

Television and WhatsApp were identified as important tools for the dissemination of information due to wide outreach.



“Every house has a TV. Television awareness reaches even those houses where health workers fail to reach”—Female of an FGD from a low performing district who has taken the precaution dose.



“In a WhatsApp message, VHN sister told me about the vaccine availability and vaccine camp location”—38-year-old IDI female participant who has taken the precaution dose from a low performing district.

 

Social media was also used as a tool for community mobilization. People of all ages posted the vaccination picture on their social media posts, and many others were actually motivated by it.



“As soon as we got vaccinated, we posted the picture on Facebook and WhatsApp as a status update. Seeing this many of our friends got vaccinated”—Male who has taken precaution dose belonging to high performing district, FGD.

 

It was observed that, initially, there were no challenges, but, as time progressed, rumors or unfavorable information regarding the vaccine’s side effects began to circulate and gain attention on social media, notably WhatsApp.


“In beginning there was nothing, no hesitation. It was something in middle, i.e., in between one and a half to two months later, there were antisocial elements, through WhatsApp that entered percolated into our district as well as other districts and then, problems started.” District Immunization officer of a high performing district, KII.
 

Some media outlets sensationalized adverse reactions, leading to confusion and mistrust among the public. The common rumors were that the vaccine resulted in decreased immunity and long-term side effects such as heart attack, paralysis, kidney problems, early aging, infertility, and impotency after vaccination. Some even claimed that there was no disease called COVID-19, and the pandemic was all fabricated.



“There were things on WhatsApp… like you will not be able to have children after taking the vaccine or you might even die”—Female participant of an IDI from a high performing district who has not taken precautionary dose.

 

On the converse, the media’s emphasis on the rapid spread of the COVID-19 infection and the lack of hospital beds also fueled people’s fears of contracting the disease and dying, which persuaded them to get the vaccination as a precautionary measure. The state and local health departments took a variety of initiatives to dispel the rumors, including immunizing health workers first in front of community members to set an example, forming a social media group with village leaders and youths to discuss and debunk myths, making public announcements through street plays, and distributing pamphlets, microphone announcement, and publicizing vaccination schedules to the community via social media and newspapers.



“We immunized some of the health care staff in front of common public and demonstrated that nothing happened. Also, we made several What’s app groups with elders, sarpanch and youths. If they had any misconception, we clarified”—Medical officer of a high performing PHC in a high performing district, KII.

 

However, participants who had not received the precautionary dose noted the absence of aggressive advertising during the third COVID-19 vaccination dose via the media or other forms of communication. The only means to be notified of the third vaccination dose was via a notification on mobile devices and through lay health workers.



“The third dose was not taken seriously. There was no media advertising for it”—42-year-old male participants from low performing district who had not taken the precaution dose, IDI.



“No sir, there is no coverage on any of the news channels. The PHC officials kept me updated time to time. The media did not advertise that much about it”—27 Year-old male who had taken the precaution dose from a low performing district.

 




Previous experience

Previous experiences with vaccination, whether good or bad, influenced the decision-making process and hence acted as both a facilitator and a barrier. The positive experience of the previous doses of vaccination by self, family, or significant others is a powerful facilitator for the uptake of precaution doses.

Many of the non-vaccinated interview participants expressed their concern that bad experiences among their friends and relatives in terms of side effects such as pain and fever, followed by loss of productivity for 2 to 3 days, were the reasons for them to not take the vaccine. Moreover, in the present scenario, where there is minimal or no COVID transmission, they are not ready to undergo the process of vaccination again. Hence, since the perceived risks overweighed the perceived benefits, they avoided taking the precaution dose.



“I feel that I am not active like before, I took the COVID vaccine. As there are no COVID cases, I do not want to take the risk again”—Male participant who has not taken precaution dose, IDI.

 


Health conditions

It was observed that having co-morbidities was found to be both a facilitator and a barrier. Having a co-morbidity put them at a higher risk and motivated them to get vaccinated, while, on the other hand, it created hesitance among others. Having surgery or being pregnant were found to be factors that delayed the uptake of the precaution dose.



“I took two doses after which I underwent operation, which is why I could not get third dose. I was informed to take but I got operated so did not take”—55-year old female.

 



Cost of vaccine

In a country like India, where a majority of the population lives on limited resources, the affordability of vaccines is a great challenge. Hence, vaccines being provided by the public healthcare system free of cost is a great boost for vaccine uptake.



“If the vaccine was chargeable, we could not afford the cost of vaccine. Since, the government made the vaccine free for public we took it”—Female IDI participant from a high performing district who has taken precaution dose.

 

However, the free supply of vaccines was also found to have a negative side since it created suspicion among the people regarding its quality. They felt that the government’s free supply of vaccines may not be of good quality, and those provided by private facilities were more effective. Health workers were of the opinion that people might disregard the efforts of the public healthcare system and that the whole vaccination drive could end in a disaster. They felt that it was their duty to educate the public and make them understand that there is no difference in the vaccines provided by the public and private facilities. However, irrespective of these barriers, the majority of people interviewed had trust in the government’s healthcare system and the vaccination policy. Irrespective of their culture, religion, and community, they all believed in the immunization program of the government. Even though, in general, people never questioned openly about the quality of vaccines, they did have their doubts in this regard. However, the free availability of vaccines was considered to be more as a facilitator rather than as a barrier.



“Some people in our area told that vaccine given in the government facilities could be less effective since it is given free of cost. But I do not believe it. Whatever government provides will only be good”—Male IDI participant who took the precaution dose.

 




Barriers to precaution dose uptake


Lack of trust in modern medicine

People’s belief in modern medicine played a big role in vaccine acceptance. Certain sections of the population lacked faith in modern medicine, and hence, they were hesitant to use all vaccines, including COVID-19. One such community was the tribal community of Semmedu in Tamil Nadu, which was not even willing to take up the primary doses of the COVID-19 vaccine. This community was not interested in vaccination from the start, and it took a collaborative effort by the panchayat, revenue, police, and health department to convince them to take the primary dose of COVID-19. As one ASHA worker stated following:



“Some even climbed up the tree to avoid vaccination. Later we convinced them. Village Administrative Officer, police, block medical officer and we all went to talk to them. We even told them they would not get their ration if they did not get the vaccine”—ASHA worker, vaccinated and belonging to a low performing district, KII.

 

Similarly, hesitancy was also observed toward the precaution dose. Hesitancy when coupled with the complacency that developed at all levels in the health system during the time of precaution dose introduction, it was observed that the system did not make significant efforts to ensure the precaution dose uptake by the tribal community.



Lack of awareness/importance regarding the vaccine

Lack of awareness, especially regarding the importance of vaccines and its impact on the community’s wellbeing, was identified as a barrier. As stated by a vaccinated respondent, “some of the community members are not aware about the importance of vaccine and how it works,” the concept that vaccines do not prevent the disease but only prevents severe infection and death is unknown to most people. Therefore, there is a need to create awareness about the vaccine, how it works, the dosing schedule, where it is available, and how it would benefit the community. In the FGD conducted in the low uptake district of Assam, most of the members responded that they did not take the precautionary dose as they were not informed and were not aware that the vaccines were being provided in the village. This was the situation in UP as well. As some of the participants stated that the following: “Many people do not know that there is a booster dose”—34 year old Male.



False myths, beliefs, and rumors regarding the vaccine

The spread of false rumors and myths in the villages by word of mouth created apprehension, fear, and mistrust in the minds of the people. The most common rumors circulating was that if one got vaccinated, it would lead to infertility, impotency, overall reduction in immunity, increased occurrence of morbidities, and long-term side effects such as myocardial infarction, stroke, renal failure, early aging, and mental disorders. The circulation of rumors and myths was found to be more among the minority population and also among sects of the community that were religiously or politically afflicted, especially in the state of UP. Moreover, among men, there was a hesitation to get vaccinated as there was a rumor that, if one took the vaccine, they would not be able to consume alcohol.




Fear of side effects/adverse events related to the vaccine

People who had any side effects with the first two doses were largely hesitant to take the precautionary dose. Most of the women interviewed complained about body pain and back ache from the time of getting vaccinated till date. This has impacted their day-to-day chores and child care.

News of sudden death among famous personalities following vaccination also created fear and resistance. In Tamil Nadu, the death of the famous actor Vivek resulted in fear in the minds of the people.



“Actor Vivek’s death was caused by COVID vaccine and this terrified us”—Female FGD participant from a high performing district who has not taken a precautionary dose.

 


Personal and community’s experiences/beliefs and attitudes

The role of personal beliefs, irrational fear, and community’s beliefs also played an important role in vaccine uptake. The health officials from Chhattisgarh described an incident in which communities barred them from entering villages and prevented them from carrying out the vaccination drive:



“There is a village nearby, there they completely denied entry. Some function was going on in the village. They said you can check BP, sugar as well as malaria but we are not ready for this [COVID vaccine]”—District Immunization Officer of a high performing district, KII.

 



Pandemic fatigue leading to the normalization of the pandemic

At all sites, it was observed that people expressed a sense of pandemic fatigue. They were all trying to normalize it by stating that COVID-19 is no more a pandemic. This perception of the villagers hindered vaccine uptake, and a medical officer of a low-performing PHC stated the following:



“People think that there is no more COVID-19. So, why to get 4–5 days fever after taking precaution dose unnecessarily. Even the focus on vaccination drive is diluted.”

 

A similar point was also mentioned by a male participant in an FGD who belonged to a low-performing district who had not taken the precaution dose stated the following:



“I have taken both 1st dose and 2nd dose…but… I do not feel the need for the 3rd dose ….even channel news, newspapers mentioned that the spread of Corona has reduced now…so thought that two doses will be enough…and so ignored the booster dose.”

 

The news about relaxing the restrictions imposed due to the COVID pandemic led to an enhanced false sense of security against COVID among villagers. The focus of the public health system was diverted to their routine activities while reducing the number of COVID-19 cases.



Complacency

One of the reasons for the community being complacent was that the disease caseload had decreased, and so had the severity. In addition to decreased caseload, people were getting re-infected even after taking the vaccine, and since it was not compulsory, people did not feel the need to get vaccinated. Moreover, some of the participants felt that they were already being protected with the two doses. They felt that the precautionary dose was not provided like the first and second doses of the COVID-19 vaccine along with the pro-active participation of different departments. Hence, they felt a precaution dose was not a necessity.

It was observed that, over the course of the precaution dose, the complacency of family members and significant others affected the uptake of the vaccination by others. It was also observed that, if the influential local leaders felt that the vaccine was not necessary, it reflected in all the arrangements/efforts to conduct a vaccine campaign. Hence, complacency was felt not only among the beneficiaries but also among the local leaders and other stakeholders as well. As complacency gradually emerged in the community in view of the reduction in the cases and deaths, the general uptake level of precaution dose decreased.



“Even, he (pointing to the panchayat leader) is not serious this time in arranging vaccine camps. But, he did a fantastic job during second COVID wave”—Female participant who had not taken the precaution dose from a low performing district, IDI.

 




Geographical barriers

Respondents stated that there are some difficult-to-reach areas where road networks are narrow and only two-wheeler vehicles can travel, while other areas are located across the river, making it difficult for people to reach the vaccination site. Furthermore, during the rainy season, the road’s condition deteriorates, preventing many people from visiting the vaccination point. On the other hand, in Chhattisgarh, there are Naxalite areas where transportation is inadequate and health workers are afraid to go.



“Some areas in the interior were hard to reach and we had to cross the river and then there were some places where one had to go either on bike or on feet. Also, there were lack of transport facilities in the Naxalite area and people were afraid to go there”—Medical officer of a low performing district, KII.

 


Vaccine stock-outs

At certain sites (Chhattisgarh, UP), participants complained that precaution dose vaccines were not available at all at the PHCs or, at times, the number of beneficiaries was more than the available vaccine doses. Stock-out positions led to people refraining from getting vaccinated.



Long waiting hours due to multi-dose vial

Another barrier mentioned by beneficiaries was the long wait time at the healthcare facilities. Since a single vial contains 10 or 20 doses, beneficiaries were asked to come in groups of 10 or to wait for 10 people to arrive. Beneficiaries frequently reported returning without being vaccinated. As a result, many of them were hesitant to come back to the center.



“it is not like that vaccination will get completed in five minutes. We have to come in a group of ten-fifteen people, then it takes two to three hours… so sometimes if 10 people are not available there, then we have to return unvaccinated”—Male FGD participant from a low performing district who had not taken a precautionary dose.

 



Differences in vaccination schedule

According to health officials from Chhattisgarh, differences in vaccination schedules based on the vaccine brand influenced precautionary dose uptake. In the case of Covaxin, there was a 28-day interval between the first and second doses, while for Covishield, the interval between doses was 12–16 weeks. Since the third dose was given 9 months after the second dose, those who had taken Covaxin completed their schedules faster than those who had taken Covishield. As a result, many people demanded Covaxin to finish their schedule faster. Delaying or missing the second dose also affected the precaution dose uptake.



“I could not understand but most of the people wanted Covaxin. When I tried to enquire I found that because the two doses of Covaxin was only 28 days apart people preferred it thinking their schedule will complete soon and they will be protected. While for Covishield there was a long gap between two doses and they would have to wait long for taking the precaution dose in order to complete the schedule”—Medical officer of a high performing district, KII.

 



Preference for specific vaccines

Even though no specific concerns about pharmaceutical companies were voiced by participants, they, however, expressed concerns about the efficacy of Covaxin and Covishield.


“In the PHC most of the people got covishield, covaxin came later. As people used to say that covaxin is not that much effective, I found covishield more effective”—Male IDI participant from a low performing district who had taken the precaution dose.
 

Many of the beneficiaries, according to health officials, requested Covaxin because there were minimal or no reported side effects as opposed to Covishield, which had the most common side effect of fever.



“Sir, they used to ask for Covaxin because they did not get fever after that. But for Covishield, they used to have fever for 4–5 days. So they wanted to get vaccinated with Covaxin”—ANM of a high-performing district, KII.

 





Discussion

The study was able to identify various facilitators and barriers for precaution dose uptake by the community across different states of India. It was observed that some factors played the role of both a facilitator and a barrier. Understanding these factors is crucial for decision-making so that appropriate targeted interventions/initiatives can be launched to overcome these barriers and increase vaccine uptake.

It was observed that the increase in COVID-19 cases prompted the community to take the precaution dose; the COVID-19 case increases along with the cost of hospitalization and the number of productive days being lost as a result of being infected resulted in vaccine uptake. Mertens G et al. have shown that fear of COVID-19 was a significant predictor for willingness for vaccination against COVID-19, even when measured after controlling for anxious personality traits, infection control perceptions, risks for loved ones, self-rated health, media use, and demographic variables (9). The fear of COVID-19 coupled with fear of non-availability of COVID-19 vaccines later on also prompted people for vaccine uptake.

A wide range of influencers spanning from ASHA workers and local leaders such as village heads and panchayat members to district collectors were identified. It was observed that community ownership was crucial for the success of COVID-19 vaccination campaigns. This has been true for routine immunization as well. Literature has shown that, to improve vaccine acceptance among communities, a bottom-up approach to planning and program implementation by community involvement is crucial for the success of any vaccination program (10).

Accessibility to vaccination centers in the rural and tribal areas due to long hours of travel, poor road connectivity, and lack of transportation facilities were all identified as barriers. This finding was similar to a district-level analysis of COVID-19 vaccine coverage, where it was observed that districts where higher concentrations of marginalized communities lived had much lower vaccination rates (11). However, special initiatives were taken to ensure equitable access by the local panchayat and healthcare system, such as creation of mobile units, conducting camps in the evenings or in places nearest to where people lived. Irrespective of these efforts taken, it was observed that it lacked uniformity.

It was observed that more than the vaccine’s safety and efficacy, the trust in the healthcare system and the government’s political commitment were identified as facilitators for vaccine uptake. However, in other parts of the world, such as the USA, the strongest factors associated with and indicative of vaccine willingness were the COVID-19 vaccine’s safety and efficacy and the belief that, by taking the vaccine, they were protecting themselves and others (12).

One of the most prominent barriers observed across all study sites was that a sense of pandemic fatigue and complacency had developed both among the providers as well as the beneficiaries. Pandemic fatigue is defined as the demotivation to follow recommended protective behaviors that gradually emerge over time, and it is often affected by a number of emotions, experiences, and perceptions. It is manifested by an increasing number of people not sufficiently following recommendations and restrictions, decreasing their efforts to keep themselves informed about the pandemic and having lower risk perceptions related to COVID-19. Fatigue and complacency occurred as a result of the longevity of the pandemic (13). With the decrease in the number of cases, the perceived threat decreased in the minds of the people, and they started to “normalize” the pandemic. Perceived threat, coupled with personal, social, and economic losses suffered due to pandemic lockdowns or restrictions, further resulted in complacency. It was not only experienced by the community but also by the healthcare providers and administrators. Perceived threat was manifested by the re-direction of funds and control activities toward other priority diseases other than COVID-19.

The community wanted to move ahead with life, and they felt that they were sufficiently protected with two doses of the vaccine and that the third dose was unnecessary. With the emergence and evolution of the omicron sublineages, the severity of the diseases in terms of morbidity and mortality also decreased, which also resulted in the reduction of fear, further leading to complacency. Complacency coupled with the news of strokes, heart attacks, and sudden death among famous personalities following vaccination, along with the circulation of false myths and rumors in the media, all prevented precaution dose uptake. The COVID-19 “infodemic” complicated the process of searching for and accessing reliable information due to its overabundance, of which some are true, some false, or even misleading. It has been shown that misinformation and disinformation have resulted in the reduction of vaccine acceptance in the community (14).

Personal past experiences with the primary doses and their interaction with the health system shaped their decision-making process. They were also influenced by the community’s experience with COVID-19 vaccination. The occurrence of immunization stress-related responses (ISRRs) consisting of a range of symptoms and signs arising around immunization that are related to “anxiety” and not due to the vaccine product or due to its quality or error in the immunization program was also identified as a barrier (15). Therefore, there is a need to implement prevention strategies which should include proactive communication, management of social media, and creating in-clinic environmental strategies. These strategies should include active screening to identify those with an increased risk of ISRR, high levels of needle fear, or history of vasovagal reaction. Age-appropriate pain management strategies should be made available for all recipients. Following screening, targeted interventions should be provided for those experiencing ISRR, such as muscle tension for vasovagal reactions, reducting vaccine recipients’ fear, increasing comfort, and avoiding the contagion of fear and misinformation (16).

Differences in vaccination schedules and longer duration between the primary doses of some vaccines resulted in the delay of the uptake of precaution doses. Moreover, preferences for specific vaccines were also identified as barriers at selected sites. Initially, only homologous booster vaccines were permitted, and this too acted as a barrier to precaution dose uptake. Timely approval of heterologous precaution dose introduction would have facilitated much higher uptakes for precaution dose (17). Moreover, in the recent meeting held in March 2023, WHO’s Strategic Advisory Group of Experts on Immunization (SAGE) stated that, since most people have been vaccinated or immunized or both, the precaution dose may be reserved for people at high risk only. Hence, countries should consider their specific context while deciding whether to continue vaccinating their low-risk groups without compromising on the routine immunization status (18). Studies have shown that the side effects following vaccination by specific vaccines resulted in people either differing or delaying the next dose (19). Even though the CoWIN platform provided an opportunity to register, select, and choose their preferred vaccination center, some people still preferred to wait till their vaccine of choice was made available at the vaccination sites closest to their homes, resulting in a delay in uptake (20).

Evidence has shown that vaccine uptake increases when cost is removed as a barrier (21). Therefore, to ensure that cost does not act as a barrier, the Government of India provided vaccines through its public health systems freely. Through the 75-day long “COVID Vaccination Amrit Mahotsava,” over 15.92 crore precaution doses were administered. Even though this campaign led to an improved coverage from 8 to 27% (22) the uptake still remained low, showing that cost alone is not the single most factor affecting decision-making. A nation-wide cross-sectional study was carried out across different states in India to identify the sociodemographic determinants of willingness and extent to pay for the COVID-19 vaccine. The study revealed that the majority of the participants stated that they were willing to pay only up to 50% of the cost of the COVID-19 vaccine, and income was observed as a precursor predictor for their willingness to pay. It was also observed that being single, belonging to the higher-income group, and having a less family size were found to be having significantly higher odds of willingness to pay for the COVID-19 vaccine (23). Other barriers are as follows: poor access to vaccination sites in the form of lack of transportation, bad roads worsened with the rainy season, and lack of caretakers to accompany the older persons to the health facilities, especially those living in the rural/tribal areas or in the outskirts. Studies have shown that there is a link between population density and vaccination site accessibility. Neighbourhoods in ‘sparse’ or ‘dispersed’ settings are typically found to experience poorer accessibility in the form of greater average journey times, poor connectivity resulting in inequalities. (24) This coupled with long waiting hours at the vaccination sites and sometimes even having to return couple of extra times to pool minimum number of beneficiaries in order to avoid vaccine wastage was also identified as a barrier (25). However, it was observed that this rule was not being followed at most places, resulting in long waiting periods and people becoming hesitant to vaccination.

Media was identified to be both a barrier and a facilitator for COVID-19 precaution dose uptake. Even though the media played an important role in disseminating information in the beginning of the campaign, it was soon followed by the circulation of both misinformation shared by people who did not intend to mislead others and those who shared disinformation, which was deliberately created and disseminated with malicious intent. This was spread through both social media and other channels, and it affected people’s confidence in the COVID-19 vaccine. It was observed that misinformation often arises when there are information gaps, and it is human nature to seek reason and fill in these gaps. Both misinformation and disinformation circulated focussed on vaccine development, safety, effectiveness, and COVID-19 denials (26), which was found to affect vaccine confidence, resulting in low vaccination uptake rates. Hence, there is an urgent need to address these issues by monitoring the different media, listening, analyzing the reasons why misinformation is circulating in the community, and planning appropriate messaging strategies.

A major limitation of the study was that, it only recorded the facilitators and barriers for precaution dose from the client’s perspective, and the barriers and shortcomings from the providers’ side were not captured, which was because this study was carried out to get a purview into the community’s perceptions and needs for increasing their uptake of the precaution dose, so the policymakers could plan necessary interventions to increase the same. The strengths of the study include the fact that it was conducted across the six different zones of India and that it captured the perspectives of people from all walks of life. The study identified that dissemination of accurate information and community involvement at each stage of planning and implementation is crucial for the success of any campaign. Policymakers and program managers, while implementing such mass vaccination campaigns, should constantly be aware of the community’s needs, gaps in vaccine delivery, and information voids that result in vaccine hesitancy. Efforts should be constantly made to address and re-invent strategies that will be most suitable for the needs of the community. Even though special initiatives were launched in certain states to reach the unreached, it was observed that these initiatives were not uniform.

Therefore, to ensure equitable access to vaccines in the future, a detailed micro-planning exercise with a special focus on mapping, tracking, and follow-up of vulnerable populations, such as migrant population and slum dwellers, needs to be carried out. Innovative initiatives such as mobile vaccination clinics need to be sent to hard-to-reach areas to ensure that no one is left behind. Incentives may be provided for outreach workers who carry out community mobilization and also for healthcare providers who are working in hard-to-reach areas. The behavior change communication campaigns are as important as vaccination campaigns. Hence, every opportunity is used to create awareness regarding the benefits of vaccination using innovative techniques and the appropriate use of social media. It is also crucial that the message that the COVID-19 vaccine prevents mortality and severe morbidity and does not prevent re-infection must be clearly conveyed to the community. Along with media, the role of healthcare workers and the community were found to be crucial for increasing vaccine confidence. Therefore, to ensure successful vaccination campaigns, it is crucial that, along with political will, it is also important to have a decentralized approach with inter-sectoral coordination with different stakeholders such as healthcare workers, community members, and different departments such as the local self-governments, education department, and law and order department. Targets for vaccination coverage are often set by the health department. However, if these targets are jointly discussed and the local self-government is involved in the process of target setting from the very beginning along with the health system, it would lead to ownership of the program and better coordination. Therefore, these lessons learned from COVID-19 vaccination campaigns must not be forgotten and must be applied in future vaccination campaigns.
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The COVID-19 pandemic exposed gaps in global health governance, catalyzing proposals for a new WHO pandemic treaty. This paper investigates China’s stance on the treaty, recognizing it as reflective of many developing countries’ concerns, through a qualitative analysis of its interventions during the treaty’s drafting and negotiations and an examination of historical and geopolitical factors. Findings reveal China’s emphasis on respecting state sovereignty, differentiated obligations for developing nations, preventing stigma, and concrete capacity building—concerns shared across the Global South. Its posture balances pragmatism and principle, reflecting differentiated responsibilities as a major power and developing country along with philosophical divergences from Western legal thinking. While endorsing global cooperation, China insists on voluntary terms without impinging on policy space. Implications suggest that accommodating China’s concerns about invasive compliance mechanisms and inequitable burdens through flexible provisions can shape the treaty’s acceptance and architecture. Creative solutions reconciling sovereignty and collective action combined with concrete equity measures and depoliticized cooperation will determine the treaty’s success. China’s major role indicates its endorsement, representative of the Global South’s voice, is essential for an impactful pandemic treaty and reformed global health governance.
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1 Introduction

The COVID-19 pandemic, which brought the world to an unprecedented standstill, unveiled substantial gaps in global health governance architecture (1–4). This prompted global leaders to consider innovative legal instruments to manage future pandemics more effectively (5, 6). Amidst this backdrop, the proposition of a pandemic treaty surfaced as a beacon of hope (7). Envisioned to harmonize international efforts against future health crises, its origins can be traced back to the initiative of Charles Michel, the President of the European Council, in November 2020 (8). This proposition soon gained traction, culminating in the World Health Organization (WHO) positioning itself as a conduit for the treaty’s realization (9). By March 2021, a coalition of world leaders rallied behind the cause, advocating for a pandemic treaty under the aegis of the WHO (6). To transform this vision into reality, the World Health Assembly (WHA), in December 2021, initiated the Intergovernmental Negotiating Body (INB), tasking it with the drafting and negotiation of a WHO instrument on pandemic prevention, preparedness, and response (10).

Embarking on this mission, the INB has convened multiple times since late 2021, shaping the contours of the proposed treaty (11). This iterative process has witnessed the creation of the Conceptual Zero Draft (12), the Zero Draft (13), and the Bureau’s text (14). With an aim to deliver its final proposed text to the WHA in May 2024 (15), the INB is actively seeking inputs and navigating complex negotiations (16). Yet, as the INB set forth to shape the treaty’s blueprint, it became evident that the road to a universally accepted treaty was riddled with divergences (17–20). From the very inception of the treaty’s idea to its meticulous drafting, nations grappled with a spectrum of views (21–23), reflecting the intricacies of their national interests, economic stakes, and political aspirations (24–30). These differences have sparked debates around pivotal issues, such as the authority vested in the WHO, equitable access to medical countermeasures, and the fiscal viability of health systems (21).

Amidst this global discourse, China’s stance emerges as pivotal yet underdiagnosed. Contrary to its increasingly assertive role in global health governance (31–33) and international law (34–37), China was conspicuously absent from the pioneering group endorsing the treaty (6, 38). A statement from China’s Ministry of Foreign Affairs ahead of a vote at the WHA on whether to establish a binding treaty or convention articulated China’s position (39). The spokesperson of the Ministry elucidated that “China has always been committed to pandemic preparedness and response and is open to any effort and measure that can help strengthen global solidarity and coordinate responses to future pandemics. We stand ready to maintain communication and coordination with all parties on formulating a pandemic treaty. We hope that the relevant process will move forward within the framework of the UN and the WHO to ensure universal participation of all member states, avoid politicization and stigmatization, and make sure the process will not be used as a tool.” (39) Such a statement that stopped short of an overt endorsement of the treaty, combined with minimal coverage of the ensuing INB’s endeavors in China’s official media, paints a picture of caution. This discernible restraint raises a compelling question: What is China’s stance on the proposed pandemic treaty, and what underlying factors and considerations shape this position?

To address this question, this paper employs a dual analytical approach. The first prong utilizes a rigorous qualitative methodology to examine China’s expressed perspectives from primary data of the INB meetings. An extensive review was conducted of publicly accessible webcasts for all INB sessions to date (as of October 2023). Within these videos, every statement made by Chinese delegates was identified and transcribed verbatim initially in Chinese. To enhance accuracy, the Chinese transcripts were then translated into English and cross-validated against official English interpretations. The resulting textual corpus was compiled into a dataset of China’s interventions across the INB negotiations.

A systematic qualitative coding process was applied to analyze this dataset (40). An initial round of open, inductive coding extracted an extensive set of codes capturing key aspects of China’s discourse. Axial coding then categorized these codes into salient thematic clusters based on semantic relationships. Main themes included sovereignty, global cooperation, compliance, information sharing, and more. Finally, a deductive analysis utilized the finalized coding scheme to elucidate China’s views within each theme systematically. The second analytical prong examines the historical and geopolitical context underlying China’s stance. The analysis delves into China’s past global health engagements, legal philosophy, and prevailing geopolitics as crucial touchpoints to discern strategic motivations. Together, the two prongs synthesize China’s expressed views with historical-geopolitical factors to offer a comprehensive perspective (41).

Accordingly, the ensuing sections unfold as follows: Section 2 presents a thematic analysis of China’s INB interventions, drawing on the qualitative data to elucidate its expressed views. Section 3 interprets the motivations and considerations influencing its stance based on historical engagements, legal approach, and geopolitical context. Section 4 discusses the implications of China’s position and provides recommendations for accommodating its concerns in the treaty framework and broader global governance. Finally, the conclusion synthesizes key points and reflections to offer a comprehensive understanding of the multiple factors molding China’s posture on the proposed pandemic treaty. It is important to clarify that this paper is not intended to support or oppose China’s posture on the pandemic treaty. Instead, it is to offer critical insights and principles that could inform the current and future negotiations and diplomacy.



2 Deciphering the dialogue: China’s expressed views in the pandemic treaty negotiations

The INB meetings represent a pivotal forum where nations directly voice their perspectives, concerns, and recommendations on the contours and contents of the treaty (21). China’s interventions (Table 1
) in these discussions offer a unique window into its current thinking and priorities. While not definitive, they provide tangible insights into its stance. Bearing this in mind, an examination of China’s expressed views across the INB meetings reveals several salient themes that illuminate its position.



TABLE 1 Overview of China’s interventions on the proposed WHO pandemic treaty.
[image: A table showing China's positions or proposals on various content areas related to a treaty, alongside examples of original text. Content areas include: legal nature and basis of the treaty, scope and relationship with IHR, national sovereignty, differentiated obligations, information sharing, global cooperation, and compliance mechanisms. Each area lists China's proposals and corresponding example texts from INB2 Day 1 or Day 2, discussing issues such as treaty binding nature, state sovereignty, capacity strengthening, and cooperative mechanisms.]


2.1 Clarifying legal scope and status

A core theme in China’s interventions is urging clarity on the legal nature and scope of the proposed pandemic treaty early in the process. In multiple INB meetings, China has stressed the need to decide whether the treaty will be legally binding or a non-binding cooperation framework. For instance, in INB2, the Chinese delegation stated, “the nature of the international instrument should be clarified as soon as possible. Whether it should be a framework convention containing only guidance in principle, or a regulation with a detailed and implementable actions” (INB2 Day 1).

The question of binding status has legal implications regarding which WHO Constitution provision the treaty could be adopted under - Article 19 for conventions or Article 21 for regulations. China has repeatedly called for clarifying this, saying in INB2 “whether the treaty is to be developed under Article 19 or 21 of the Constitution, the nature of the international instrument should be clarified as soon as possible” (INB2 Day 1).

Beyond binding status, China has insisted on delineating the pandemic treaty’s scope and relationship with the parallel International Health Regulations (IHR) amendment process. It wants to avoid duplication and inconsistencies between the two instruments. In INB4, China requested effectiveness in avoiding “overlaps and, especially, conflicts” with the IHR revisions (INB4). This emphasis reflects China’s overarching concern about precisely defining the treaty’s legal nature and scope early on before specifics are negotiated.



2.2 Respect for national sovereignty

The second salient theme is China’s unyielding advocacy for firmly cementing state sovereignty and authority over public health governance in the treaty. In INB2, China stated, “Member States have the right to manage and regulate their public health measures” (INB2 Day 1). In INB3, it called for treaty formulations “respecting sovereignty” of states (INB3 Day 1).

China has repeatedly cautioned against external oversight mechanisms that could infringe on national sovereignty. On compliance, it noted in INB3 that “relevant mechanisms and measures should respect national sovereignty” (INB3 Day 2). Regarding investigations, it is remarked in INB5 that “when WHO decides to conduct investigations in affected areas, it must do so respecting national sovereignty, based on national needs, and with the consent of the country” (INB5).

Furthermore, China has proposed modifications to language that could potentially impose expansive obligations on states. In INB3, it suggested changing the text requiring states to not “cause damage” to others to the softened phrase “should duly consider the interests of other countries” (INB3 Day 2). These statements demonstrate China’s insistence on firmly anchoring state consent and sovereignty in the treaty rather than ceding discretion.



2.3 Differentiated obligations

The data also reveals that China consistently advocates differentiated obligations calibrated to countries’ economic development levels and capacities. In INB2, China called for “improving the capacity of developing countries” for pandemic preparedness and response (INB2 Day 1). It has stressed that developed countries should furnish more support to developing nations. In INB5, China endorsed “concrete mechanisms to build developing countries’ capacities” such as technology transfer and financing (INB5).

China has cautioned against unrealistic obligations on poorer countries. In INB3, it noted oversight mechanisms should account for “the pronounced capacity issues of developing countries” (INB3 Day 2). This emphasis on differentiated commitments tailored to countries’ capacities reflects China’s overarching concern about equity and avoiding undue burden on the developing world.



2.4 Information sharing with protection against stigma

China has consistently advocated for sharing pandemic outbreak information and pathogen samples to enable risk assessments and vaccine development. However, it has also cautioned against stigmatizing countries that report novel pathogens, which can deter transparency. In INB2, China remarked that “information and pathogen sharing are important for Member States to better understand the situation, conduct risk assessments, and respond accordingly” but also raised “tackling stigmatization” of reporting countries as a key principle (INB2 Day 1).

China has also underscored aligning regulations on sharing biological materials with the Convention on Biological Diversity (CBD) and Nagoya Protocol principles of equitable benefit sharing. In INB3, it stated, “sharing of pathogens and genetic sequences should be in line with domestic and international legal frameworks” like CBD (INB3 Day 2). Overall, China supports global outbreak information sharing with protections against stigma and in line with other instruments.



2.5 Global cooperation on flexible terms

The data reveals that China is endorsing global coordination and collaboration against pandemics, but within the bounds of national sovereignty and based on voluntary cooperation rather than invasive legally binding mechanisms. In INB5, China remarked that “enhancing coordination, collaboration, and cooperation between countries is crucial for pandemic control” but emphasized that WHO investigations require “consent of the country” (INB5).

Regarding compliance, China noted in INB3 that oversight mechanisms should “emphasize state-led and state-consented principles, avoiding invasive mechanisms” (INB3 Day 2). In INB3, it favored the flexibility of “allowing contracting parties to make reservations” to widen participation (INB3 Day 3). These statements reflect China’s overarching preference for non-binding global cooperation on flexible terms over strong enforcement provisions that restrict policy space.



2.6 Accounting for limited capacities

A final theme is China urging compliance and accountability mechanisms in the treaty that account for limited developing country capacities. In INB3, it stated that oversight mechanisms should “take into account the pronounced capacity issues of developing countries” (INB3 Day 2). It has consistently cautioned against unduly invasive external enforcement measures, noting in INB5 the need to avoid “invasive compliance mechanisms” (INB5).

These concerns reflect China’s insistence that the treaty reasonably accommodates development gaps and constraints on poorer countries’ capacities rather than taking a punitive approach towards non-compliance. It worries about punitive enforcement against developing states.




3 Underlying currents: unpacking the reasons behind China’s stance on the proposed pandemic treaty

China’s perspective on the proposed pandemic treaty reflects a confluence of historical experiences, philosophical orientations, economic capacities, and geopolitical considerations that shape its stance. An examination of these underlying factors provides insights into China’s intricate balancing act between pragmatism and principle as it navigates the treaty negotiations.


3.1 Diverging legal philosophies and priorities

China’s legal and philosophical traditions diverge markedly from Western legal thinking, stemming from its distinct historical and cultural lineage (37, 42, 43). Central to this is China’s emphasis on state sovereignty and freedom from external constraints that could impinge on its policy maneuverability (44, 45). China prioritizes its sovereign discretion over binding international legal obligations that could limit its flexibility (46, 47). This foundational principle manifests in its posture on the pandemic treaty, evident in its insistence on voluntary cooperation instead of stringent, legally binding enforcement mechanisms.

China’s general approach to international agreements and engagements reveals its preference for political commitments that preserve latitude over rigid treaties. Its deals under the Belt and Road Initiative, for example, frequently adopt informal Memorandums of Understanding rather than strict, binding contracts (47). Even its “mask diplomacy” during the early pandemic relied predominantly on informal arrangements rather than formal treaties (48). This modus operandi underscores China’s cautious stance on the pandemic treaty, as it seeks to first assess the implications for its sovereignty and policy space before acceding to binding provisions.

To a large extent, China’s legal philosophy is steeped in a cultural tradition that emphasizes social harmony and moral suasion over rigid laws and harsh punishments (49). It shares more similarities with Confucian relational models than Western rule of law concepts (50). China puts greater stock in building interpersonal relationships, mutual understanding, and voluntary cooperation to resolve disputes (51). This contrasts with the Western proclivity for impersonal institutions, codified rules, and coercive enforcement mechanisms (52). These divergent legal mentalities could shape China’s insistence on voluntary participation over punitive measures in the pandemic treaty.



3.2 Different capabilities and responsibilities

China’s stance may also stem from its self-perception as a developing country with differentiated responsibilities compared to Western powers (53). While acknowledging its major power status, China remains conscious of its domestic development challenges (54). Vast disparities persist, for instance, between its advanced urban centers and impoverished rural hinterlands (55). China consistently advocates for obligations commensurate with respective capabilities in global agreements, mirroring these internal imbalances (56).

Despite making economic progress, China’s financial capacity for foreign aid remains modest compared to some developed economies. Its pledge of around $3 billion over three years for pandemic response and recovery in developing nations (57) pales beside the scale of relief enacted by wealthier countries. The United States alone has passed laws dedicating approximately $4.5 trillion towards its domestic and international COVID-19 response as of early 2023, with $4.2 trillion already expended (58). With a GDP per capita of over $12,000, China ranks 63rd globally (59), a position that still lags behind most developed economies. Mindful of these fiscal and development constraints, China continues to exhibit wariness about over-committing to expansive global accords that could impose obligations exceeding its current material capacities (60). When engaging with proposed international agreements like the pandemic treaty, it seems unsurprised that China may want to avoid being bound to treaty commitments that surpass its financial and institutional abilities to fulfill at the present moment.

In many international organizations, including the World Trade Organization (WTO), China continues to categorize itself as a developing country (61). This self-identification significantly shapes its posture on global agreements, driving its pursuit for differentiated responsibilities rather than equal obligations (62). This stance is also evident in its advocacy for carve-outs and graduated expectations in the pandemic treaty. While its economic and geopolitical prominence is rising steadily (63), China remains conscious of its developmental shortcomings and is unlikely to relinquish the flexibilities afforded to the developing world readily (64).



3.3 Unfair stigmatization and politicization

The politicization and stigmatization surrounding the COVID-19 pandemic (65, 66) may also have impacted China’s treaty approach. China feels it has been unfairly scapegoated for the outbreak (67). Accusations of cover-ups and negligence, along with the label “China virus,” have bred resentment. Such rhetoric has fueled racist attacks against Chinese people overseas (68). Calls for politically motivated probes into the virus’s origins further heighten distrust and politicization from China’s vantage point (69).

Consequently, China’s emphasis on avoiding politicization, stigmatization, and instrumentalization in the pandemic treaty text reflects these grievances (39). It seeks to preempt any attempts to single out or unfairly assign blame on China through the treaty’s provisions. Having faced the brunt of politicized narratives, China grows wary of clauses that could engender similar mistreatment.

China believes the pandemic rhetoric reveals the West’s plot to undermine its power and prestige. Terms like “China virus” or “Wuhan virus” are seen as deliberate ploys to disparage China and shift blame (69). Demands for compensation from litigious Western politicians [(e.g., 70)] exacerbated these fears of directed vilification. The initial push for the treaty by Western powers rekindled suspicions of an orchestrated effort to pin responsibility on China. Its defensive stance stems from apprehensions that the treaty could formalize such recrimination.



3.4 Western-centric global governance

Historically, China has felt sidelined within global governance architectures centered around Western interests. It perceives many existing regimes as Western-dominated, catering to Northern agendas while disregarding Southern priorities (71). During negotiations for the IHR, for instance, language barriers, technical complexities, and other factors marginalized China (72) as well as other Asian countries (73). Its interests were not adequately represented in a process steered by Western powers (73).

The initial pandemic treaty spearheaded by the EU and G7 revived these concerns about Western-centric governance (23, 29). It is thus reasonable to believe that China fears the treaty could impose inequitable expectations on developing nations without addressing their constraints. Correspondingly, its demands for capacity building, technology transfer, and financial support in its interventions in the INB meetings are no more than a reflection of the anxieties about Northern-driven formulations ignoring Southern needs. In this sense, these argued suspicions of China could be perceived as stemming from a sense of exclusion from setting global rules that it nonetheless must abide by. After all, it is a fact that multilateral institutions like the World Bank and WTO were molded by Western powers with minimal Chinese input (52). As China’s power expands, therefore, it increasingly chafes under systems designed without its participation (36, 74); and the pandemic treaty seems to offer an avenue to rectify perceived imbalances in global governance.




4 Implications and ways forward

The analysis presented in Section 3 of this paper elucidates the underlying reasons for China’s stance on the pandemic treaty—a stance that, to a considerable extent, mirrors the experiences and concerns of developing countries as well (18, 23, 28, 29, 75). After all, China’s stance does reflect perspectives shared by many developing nations based on the regional consultations of INB’s process of developing a pandemic treaty (76). For instance, Nigeria’s push for enforceable equity [(76): Annex p.2], Brazil’s sovereignty safeguarding [(76): Annex p.3], and India’s preference for national autonomy over global mandates [(76): Annex p.4] collectively resonate with China’s approach. This confluence of interests, coupled with a shared desire for technological collaboration voiced by the Americas [(76): Annex p.3], underscores a common wariness among these developing countries about the treaty’s potential for political exploitation and stigmatization. In effect, these shared perspectives are rooted in historical challenges, socio-economic disparities, and a desire for more equitable participation in global health governance (77). As such, the implications of China’s position outlined in this section are not unique to China alone but resonate with a collective voice emanating from the Global South.

This commonality will inevitably influence the treaty’s architecture, acceptance, and subsequent implementation. The Bureau’s text, with its various options for certain provisions, reflects the ongoing divides between state discretion and global cooperation. These divergences echo China’s emphasis on state sovereignty and differentiated responsibilities, akin to the concerns of other developing nations over stigmatization and Western-centric global governance models. The intricate balance between sovereignty principles and collective obligations, as highlighted in the Bureau’s Article 17 (14), emerges as a pivotal tension in the ongoing negotiations. China’s potential leaning towards options that prioritize its guiding principles might dictate the very design and structure of the treaty, setting a precedent for other developing countries. This suggests a possible shift toward a framework that is more cooperative than coercive, emphasizing mutual assistance, capacity-building, and technology transfer as underscored in Article 11 (14).

Furthermore, China’s significant influence, especially among nations of the Global South, could play a determining role in the treaty’s acceptance and ratification. Its endorsements, or lack thereof, combined with its advocacy for flexibility, could shape the trajectory of global acceptance. As such, it is essential that the treaty incorporates provisions like Article 6 (14), which promotes preparedness, readiness, and resilience, aligning with the needs and capabilities of developing nations.

Looking ahead, the broader implications of China’s stance extend beyond the treaty’s ratification. Its approach, if integrated into the treaty’s fabric, could redefine the contours of global health governance. While this could usher in a more collaborative era, emphasizing capacity-building and technology transfer, there are also concerns. China’s inherent wariness of external oversight might lead to a treaty with reduced emphasis on stringent monitoring and compliance as outlined in Article 8 (14). This balancing act between accommodating China’s concerns and ensuring global adherence to commitments will be central to the treaty’s effectiveness.

With these overarching considerations in mind, the following delve deeper into specific implications and potential recommendations, shedding light on the complex interplay of China’s position, the treaty’s provisions, and the broader landscape of global health governance.


4.1 Sovereignty concerns require innovative accommodations

The Bureau’s text reveals clear fault lines around state sovereignty versus external oversight, reflecting China’s apprehensions. Article 8 enables external assessments of national pandemic preparedness through peer reviews (14), which could be perceived as infringing on China’s jurisdiction without its consent. Similarly, Article 22 proposes an Implementation and Compliance Committee to probe non-compliance issues (14), potentially impinging on sovereign authority over governance matters.

Thus, we suggest that creative technical and legal solutions are necessary to assuage these concerns. Peer reviews in Article 8 could be reimagined as voluntary collaborations rather than mandatory assessments. Oversight bodies like Article 22’s committee may adopt non-adversarial procedures and alternative dispute settlement options like inter-state negotiations. Allowing reservations, delayed entry into force, interim targets, or staged commitments could reconcile principles of sovereignty with binding obligations. Advancing collective interests requires accommodating the discretion concerns of China and other developing countries through elective and gradual measures, rather than rigid review mechanisms.



4.2 Equity appeals require concrete commitments

China’s calls for differentiated obligations, reflecting the development levels, necessitate substantive capacity-building and technology transfer pledges, as articulated in Article 17 (14). Without these, China might not commit to binding pandemic response requirements that surpass its current capabilities.

Yet the Bureau’s text, particularly Article 3 (7) (14), lacks concrete mechanisms beyond affirmations of equity. We, therefore, recommend that the treaty should incorporate actionable provisions for needs-based flexibility to motivate China and similarly situated countries. This could include staged implementation pathways, reduced reporting burdens, and binding commitments from developed states on financing, technology transfer, local manufacturing, and technical assistance, as suggested in Article 19 (14). Ensuring equitable representation for the Global South in oversight bodies is also critical. Thus, more than aspirational equity, China and other developing countries require tangible provisions to augment their capabilities.



4.3 Overcoming skepticism requires genuine multilateralism

China’s skepticism towards Western-dominated agendas poses a risk to unified action. Contentious issues, such as the pandemic’s origins, fuel China’s mistrust of investigations within its borders without explicit consent, as would be required by Article 15 on declaring pandemics (14). To this end, we believe that preventing the politicization of global health matters requires fostering China’s confidence in principled multilateralism.

Additionally, initial advocacy for a treaty by Western actors may reignite China’s apprehensions of Northern dominance cloaked in cooperation. Thus, Article 20’s Conference of Parties (14) must provide the Global South with a greater voice to avoid China’s defensive disengagement. In sum, a genuine multilateralism that accommodates China’s interests is fundamental to collective resolve.



4.4 Health security requires corresponding investments

China has consistently highlighted the need to strengthen health systems and improve pandemic preparedness and response capacities, especially in developing countries. However, the current draft treaty’s provisions lack specific commitments or mechanisms to actualize these goals. It is our view that in order to align better with China’s priorities, the treaty should embed concrete capacity-building mechanisms and commitments from the Global North. This includes needs-based financing, staged capacity targets, mandatory technology transfers, and local manufacturing investments, as exemplified by China’s support for Article 11 (14). Moreover, resilience necessitates investments beyond biosecurity. China’s endorsement of the One Health approach [(14): Article 5], addressing societal, environmental, and economic factors, indicates the need for the treaty to commit to upholding labor rights, food security, gender equality, and environmental sustainability.




5 Conclusion

This paper has delved into China’s intricate balancing act in navigating the proposed pandemic treaty negotiations. Several key findings emerge through an integrated analysis of China’s expressed views during INB meetings and the historical, philosophical, and geopolitical factors shaping its stance.

Firstly, respect for state sovereignty permeates China’s posture, reflecting its anchoring legal principles and wariness of external constraints. This manifests in its insistence on voluntary cooperation over invasive compliance mechanisms and differentiated obligations attuned to developmental contexts. However, creative technical and legal solutions like elective reviews and interim targets could bridge China’s sovereignty concerns with collective interests.

Secondly, China’s self-assigned identity as a developing country colors its differentiated responsibilities demand. Cognizant of domestic disparities and aid constraints, it rejects uniform obligations and seeks policy space protections. Yet, with rising capacities, it may be compelled to assume more responsibilities befitting its major power status. This requires nuanced obligations reflecting both principles and pragmatism.

Thirdly, inequitable pandemic experiences reinforced China’s suspicions about Western-dominated governance. Coupled with its accumulating influence, China advocates for greater representation and rebalancing. But with divergent worldviews at play, it must also proactively address apprehensions its ascent sparks in the West. Reconciling perspectives will enable legitimate global leadership.

Fourthly, beyond political wrangling, China endorses initiatives that concretely assist developing nations. Its emphasis on needs-based flexibility and capacity building underscores a development-centered outlook. Constructively channeling its aspirations to uplift the Global South into the treaty’s architecture could catalyze progress.

Fifthly, despite tensions, China’s enthusiastic INB participation reveals its recognition of collective interests at stake. But mistrust risks impeding cooperation. Confidence-building through consistent transparency and principled multilateralism is imperative. Moreover, China’s endorsement would imbue the treaty with legitimacy.

In essence, accommodating China’s interests within overarching global health goals is paramount for an impactful pandemic treaty. This requires nuanced obligations, concrete support, representational reforms, depoliticized cooperation, and integrated worldviews. However, limitations remain in this analysis. Firstly, the lack of access to closed INB drafting group discussions inhibits a comprehensive perspective. China’s unpublished interventions on specific provisions remain obscured. Secondly, minimal interventions from other nations prevent comparative analysis. Broader developing country views could illuminate areas of alignment or divergence with China. Thirdly, China’s public statements may diverge from its private negotiating positions, a discrepancy this paper cannot unpack.

Nonetheless, the synthesis of available evidence offers salient insights and principles to guide future negotiations and diplomacy. As debates continue, constructive engagement with China’s complex considerations, rather than rebuke, promises the most tenable path to global health progress. No doubt, additional research accessing confidential negotiations and expanding the analytical aperture to the developing world’s perspectives can further enrich understanding and discernment.
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In Aotearoa/New Zealand (NZ), the Indigenous Māori population have been more severely impacted than non-Māori throughout the COVID-19 pandemic, and less well served by NZ’s COVID-19 response. This case-study describes an innovative Indigenous-led service delivery model, which was designed and implemented to improve the case and contact management of Māori with COVID-19 in Auckland. We outline the context in which the conventional public health case and contact management was failing Māori and the factors which enabled Indigenous innovation and leadership. We describe the details of the model and how the approach fundamentally differed to the conventional approach to care. Qualitative and quantitative data on impact of the model are shared, along with the key barriers and enablers in the implementation of the model. The Māori Regional Coordination Hub (MRCH) model offers a valuable alternative to the conventional public health case and contact management approach, and this case study highlights lessons which may be applicable to improving the design and delivery of public health services to other Indigenous and marginalized groups.
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1 Introduction

Like many Indigenous groups worldwide (1–3), Māori in Aotearoa/New Zealand (NZ; representing 17% of the total population of 5.1 million) (4) have been more severely impacted than non-Māori from COVID-19. The age-standardized Māori hospitalization rate for COVID-19 is 2.3 times higher than people of “NZ European or Other” ethnicity (5). Māori are also 2.0 times more likely to die from COVID-19 (5), and Māori aged under 60 years are 3.7 times more likely to die from COVID-19, than people of “NZ European or Other” ethnicity (6).

Multiple social and health inequities place Māori at higher risk of COVID-19 transmission and more severe health consequences (7). Māori have on average the poorest health status of any ethnic group in NZ (8–10) yet Māori receive less access to, and poorer care throughout, the full spectrum of health care services from preventative to tertiary care (9, 11). Māori experience a higher burden of socioeconomic deprivation (9), household overcrowding, and higher rates of multiple co-morbidities at younger ages than non-Māori. However, only about a quarter of the higher age-adjusted COVID-19 mortality risk for Māori is explained by socioeconomic deprivation. After adjusting for factors such as sex, age, ethnicity, hospital-identified comorbidity and vaccination status, Māori still have 2.0 times the COVID-19 mortality of “NZ Europeans or Others” (6).

Health equity for Māori is a legislated responsibility of the government health system (12, 13). This focus reflects Te Tiriti o Waitangi, NZ’s foundational document which provides constitutional and legal obligations for the government to ensure equity for Māori. These Indigenous rights are also enshrined in the UN Declaration on the Rights of Indigenous Peoples (14). Despite NZ achieving lower mortality from COVID-19 than many countries, there is clear evidence that the public health response was less effective for Māori than non-Māori. An urgent inquiry by the government’s Waitangi Tribunal1 in 2021, found several aspects of the response disadvantaged Māori (15) and constituted significant breaches of Te Tiriti o Waitangi. This included the vaccination strategy, where the government rejected advice from its own officials to adopt lower age eligibility for Māori, and an overly rapid withdrawal of the government’s key COVID-19 protection measures before agreed vaccination coverage were met (15). Lower vaccination rates for Māori, and a rapid withdrawal of public health protections, exacerbated the disproportionate risk of COVID-19 for Māori, particularly during the Delta wave in late 2021, when NZ first experienced widespread community transmission.

This case-study describes development of the Māori Regional Coordination Hub for COVID-19 (MRCH) in the greater Auckland region. This innovative Indigenous-led service model was designed to improve case and contact management of Māori with COVID-19 in late 2021. This paper outlines the context in which the conventional public health case management was failing for Māori, and the factors which enabled Indigenous leadership. We describe details of the model, and how it fundamentally differed to the conventional approach. Qualitative and quantitative data on impact of the model are shared, along with key barriers and enablers we faced.

This account is positioned within a Kaupapa Māori research framework that: includes Indigenous Māori leadership and control of the contextual and data analysis, avoids victim-blame or cultural deficit positioning, privileges Māori/Indigenous experiences as participants within the processes that are being described and aims to support transformational change for health services to better meet Māori needs and aspirations (16).

We present this model as an Indigenous alternative to the conventional public health case and contact management approach, and highlight lessons which may be applicable to improving the design and delivery of public health services for other Indigenous and marginalized groups.



2 Evolution of COVID-19 response for Māori in Auckland

Indigenous-led innovations were rapidly implemented in Auckland, NZ’s largest city with a population of 1.65 million, shortly after the COVID-19 Delta wave commenced in mid-August 2021. Until this time, NZ’s elimination strategy for COVID-19 had successfully prevented widespread community transmission of the virus. By 1st August 2021, NZ had only seen 26 deaths from COVID-19 and just over 2,500 cases in total (17), most of which were detected and quarantined at the border. The arrival of the Delta strain led to a community outbreak in Auckland which was quickly outpacing the capacity of public health measures. This occurred at a time when most Māori were unprotected by vaccination, as NZ’s staged roll-out of COVID-19 vaccination to the general adult population only commenced on 28th July 2021, starting with people 60–64 years of age (18). Vaccination proceeded quickly, but by the peak of NZ’s Delta wave in November 2021 (19), only 77% of eligible Māori had received their first vaccination dose, compared to 94% of non-Māori, non-Pacific people (18).

Government public health measures in place at the time included region-wide restrictions on public movement except for essential purposes, mandatory face-masking in indoor public settings, mandatory home isolation for close contacts, and 14 day quarantine in government facilities for all positive COVID-19 cases (20). Laboratories automatically notified public health services of all positive COVID-19 results, and public health services then contacted each case by telephone to undertake contact tracing and case and contact management. The greater Auckland region was made up of three district health boards (DHBs), which jointly established a regional emergency structure, the Northern Region Health Coordination Centre (NRHCC), to coordinate the pandemic health response regionally. The region was served by a single public health service—the Auckland Regional Public Health Service (ARPHS).

Earlier in the pandemic in May 2020, the NRHCC Māori health team leads worked with ARPHS to improve the public health management of Māori COVID-19 cases, contacts and whānau (families). Initially this work focused on helping the (mostly non-Māori) public health professionals think through the questions and issues that might be relevant to ensure effective and efficient case and contact management for Māori. A Māori COVID case review in August 2020 produced further improvement recommendations for ARPHS and NRHCC to implement.

However, with the arrival of the Delta wave, weaknesses in the effectiveness of the public health case and contact management approach for Māori became more apparent. COVID-19 PCR testing was provided free of charge at a range of mass community testing centers, and existing health facilities. Once positive COVID-19 cases were notified to ARPHS, public health staff phoned the person to let them know their positive result and conducted an interview. This interview sought to identify high-risk events/settings and close contacts and asked about the household’s urgent welfare requirements for isolation. This interview followed a standardized script, commencing with a lengthy privacy disclosure statement, and was administered by mostly non-Māori staff. ARPHS would then arrange for the case to be transferred to quarantine (initially all cases were placed at government facilities, with a shift to most cases isolating at home as caseload increased), which was managed by another service. ARPHS had a team of Māori staff who were not authorized as contact tracers but were typically brought in to repair relationships when initial contact with Māori cases deteriorated. To be effective, this public health approach depended upon:

	• Equitable access to COVID-19 health information and testing.
	• Rapid processing of COVID-19 tests.
	• Sufficient ARPHS staff to contact cases in a timely manner.
	• Cases being contactable by phone.
	• Culturally safe staff who could build rapport and trust over the phone.
	• An efficient system to transfer cases to a safe place of isolation.
	• Adequate welfare and clinical support to meet households’ needs while in isolation.

Barriers and delays existed for Māori at each of these steps, and weaknesses became more apparent as the caseload increased. Backlogs at all stages of the pathway meant it was sometimes several days before cases were informed they had COVID-19, with further delays for transfer to quarantine or receipt of urgent food/welfare support. In the Delta wave, approximately 50% of the COVID-19 cases were Māori and the outbreak became concentrated in some of the most socially disadvantaged Māori groups, including Māori previously poorly engaged with by health and other agencies. Where cases had telephones, they were often suspicious of unsolicited calls and disengaged if the initial contact was inadequate. These whānau were often in precarious health and social situations and not well placed to isolate safely, either at home or in quarantine facilities.

Given these challenges, ARPHS engaged senior external Māori public health physicians to provide support. This led to ARPHS sharing management of some complex Māori cases with Māori community health providers, with oversight from ARPHS. However, these community providers were not set up to manage all aspects of public health management and this hybrid approach failed to achieve the seamless, whānau-centered approach that was needed. The Māori expertise encouraged ARPHS to set up a Māori mobile team, Pae Ora Mobile (POM) in September 2021, to better respond to ‘hard-to-reach’ Māori whānau. This shift essentially flipped the traditional case interviewing approach, by taking a ‘whakawhanaungatanga (building relationships) and manaaki (caring for people) first’ approach to the engagement. In contrast to the traditional approach which sought to first elicit critical information about the case’s movements and contacts, culturally appropriate POM staff engaged in relationship building and took food parcels to cases’ homes as a first contact, ensured basic needs were met and established a level of trust, before seeking to elicit information relevant for contact tracing. POM staff were able to connect whānau with other trusted providers for follow-up care, or where this was not possible, become the default provider for COVID-19 testing (which was important to remove barriers for whānau who had difficulties getting to a testing center), clinical referral and isolation needs. In partnership with local mana whenua (Māori who have historic and territorial rights over the land) a second POM team with Ngāti Whātua ki Ōrakei was set up in November 2021.

As case numbers further increased during the Delta wave, delays across the COVID-19 pathway intensified. Once Auckland COVID-19 case numbers hit over 100 cases per day, the previous approach to case management became unsustainable and changes were required. The response to date had prioritized the assessment of public health risk, adding further delays to welfare and clinical needs being identified and met. The experiences of the POM team emphasized that caring for Māori with COVID-19 required simultaneously responding to the clinical, welfare and public health needs, in a culturally safe way, with minimal handovers. This point was further highlighted in late 2021 with a number of deaths (not necessarily from COVID-19) at home of people who were in COVID-19 home isolation, and increasing problems with government quarantine facilities being inappropriate settings for people with complex mental health, addiction and social needs. This prompted a call from Māori health experts advising ARPHS to shift from prioritizing case and contact tracing toward an overall focus on ‘saving Māori lives’.



3 Establishment of the Māori regional coordination hub

In response to these pressures, and to ensure an effective response for Māori with COVID-19, the Chief Executives of the DHBs who chaired the NRHCC, accepted a proposal from Māori experts to establish a Māori Regional Coordination Hub (MRCH) in December 2021. The MRCH model was proposed by the Māori leadership of the POM team and external Māori public health experts, and representatives from Ngāti Whātua ki Ōrakei. A project establishment team was set up within NRHCC, reporting directly to the General Manager, Māori Health for Auckland and Waitematā DHBs. An initial Māori workforce was seconded from ARPHS, Māori providers and externally recruited. To ensure Māori leadership over the model, MRCH reported directly to the NRHCC Director of Māori and was supported by a governance group consisting of senior Māori health and public health experts. The MRCH was operational within 3 weeks of inception.

The MRCH model consisted of a centralized Māori-led hub, with the following key components:

• A single place where all Māori COVID-19 cases in the Auckland region were notified.

• Culturally-safe staff undertook combined assessment of public health, clinical and welfare needs, using an evidence-informed (21) Māori screening assessment.

	• An electronic triage system, scoring dimensions of both clinical and social risk, to prioritize capacity so the most high-risk people were assessed first.
	• End-to-end visibility of cases throughout the COVID-19 pathway to ensure people were safely managed.
	• Linked with a network of Māori community providers to deliver the most appropriate, holistic care for whānau (range of solutions for different needs).
	• Minimized the number of providers/transfers involved in care, and maintained oversight to ensure no Māori fell through the cracks.
	• Māori-led solution compliant with government’s obligations under Te Tiriti o Waitangi, co-designed with Māori and mana whenua.
	• Māori governance, including Māori public health and health service delivery experts.



4 What MRCH did

MRCH handled the receipt, desktop triage, initial assessment and referral of all notified Māori COVID-19 cases in the Auckland Region (Figure 1). Cases underwent automated desktop triage based on:

	1. Clinical risk—based on a custom-made score developed by NRHCC to identify risk factors, available in clinical databases, associated with higher risk of COVID-19 hospitalization (e.g., chronic kidney disease, immunocompromise, polypharmacy, obesity, cancer, lung disease, unvaccinated, diabetes, heart disease, age).
	2. Social risk/indicators of disengagement—building upon a set of variables developed by the POM team, to identify Māori with high levels of social need (e.g., NZ Deprivation score (22), not enrolled with primary care).
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FIGURE 1
 Pathway of core functions of MRCH.


Cases were classified as either high, medium or low risk on each of these scores, and considered high risk if they received a “high” score on either scale. Triaged cases then received a culturally appropriate phone contact from the MRCH team. During the Delta wave, the MRCH team sought to contact all Māori cases (high, medium and low risk) by telephone within 24 h of notification, with mobile outreach from team if needed to establish contact.

A key difference between the MRCH model and the mainstream approach, was that MRCH simultaneously assessed clinical, public health and social needs. This was important, given the high levels of poverty, comorbidity, household overcrowding and unmet social need among Māori, which made mandatory home isolation especially precarious. The most life-threatening needs for whānau were often not specific to COVID-19, but related to pre-existing chronic conditions, mental health issues or addictions. Being unable to leave home was especially dangerous for whānau without food stockpiles at home, or reliant on prepaid electricity, or without mobile phone credit to call for help if needed or experiencing conflict in the home. Interviewers used a screening assessment tool specifically developed by MRCH, based on a Māori approach to clinical interviewing (21), which prioritizes establishing relationships and providing welfare, before delving into more clinical questioning. Clinical oversight of cases managed by MRCH was facilitated via the employment of MRCH-specific clinicians (including general practitioners, nurse practitioners and hospital specialists). There was also some mobile capacity within the MRCH team, to provide emergency welfare directly to whānau unable to be reached by an alternative Māori provider.

The MRCH response shifted as the nature of the pandemic changed. Just before the COVID-19 Omicron wave arrived in January 2022, MRCH leadership proactively developed a plan to respond to whānau needs in the changing situation. This included identifying more proactive activities to prepare Māori, including Māori communications, and distributing basic health kits, including disposable masks, Rapid Antigen Tests (RATs) and symptomatic treatments. Unfortunately, this MRCH advice was not utilized, and resources were not made available for these activities to occur. The MRCH leadership team also predicted that the team’s human resource would not be able to match the expected demand in an Omicron wave. Workforce needs were escalated to NRHCC leadership, and MRCH leadership prioritized team operations so that on a given day at least those Māori cases designated as medium or high risk would receive a phone contact.

In response to pressures during the height of the Omicron wave, which saw a peak of 1,645 Māori cases notified to MRCH per day, further adjustments had to be made to ensure the team provided the best service with available capacity:

	1. The screening assessment tool was shortened to a “power screening assessment” tool—enabling staff to complete more assessments within a given day while still assessing critical factors related to clinical, welfare and public health needs. The approach to triage scoring remained unchanged.
	2. On days when the numbers of high/medium risk Māori cases were too great for MRCH to contact within the day, a switch to “safety check” calls was made—deferring the screening assessment to ensure that all new cases were contacted to establish that they were safe and there were no life-threatening health or social needs requiring immediate action.

MRCH worked directly with a network of 12 Māori community providers to ensure that Māori with COVID-19 had urgent clinical, welfare and public health needs met. All providers offered welfare/social support and five also offered clinical care.



5 Assessment of MRCH impact


5.1 Quantitative data

Between December 2021 and October 2022, MRCH managed over 46,000 cases, 23% of whom were high or medium risk, and made approximately 8,000 referrals to Māori providers for wrap-around clinical and social care. Over 97% of MRCH cases identified as Māori, and 7.8% were not enrolled with primary care. The daily case numbers varied significantly, as shown in Figure 2, and MRCH managed a peak of 1,645 cases on a single day at the beginning of March 2022. Not all cases were Māori, as a key principle of MRCH was to care for the entire household, and some Māori whānau have members of other ethnicities. Data are not available for the entire period, but between June–October 2022, over 87% of MRCH high risk cases and 89% of medium risk cases received a phone assessment within 24 h of notification. While approved for a quota of 41 full time equivalent (FTE) staff, MRCH functioned with a maximum FTE capacity of 21.2 FTE. The Delta outbreak was producing less than 10 cases per day by late January 2022.
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FIGURE 2
 Total daily MRCH cases, December 2021–October 2022, by risk score and ethnicity. These case numbers will under-report the true number of cases referred to and assessed by MRCH, as any cases transferred by MRCH to other facilities (e.g., hospital) will be counted under that final facility, not the point of initial assessment. NMNP = people of non-Mäori and non-Pacific ethnicity (mostly NZ Europeans).


MRCH played a key role in providing access to COVID-19 anti-viral medications. Across Northern NZ, MRCH consistently achieved higher rates of dispensing than conventional services. Figure 3 shows the percentage of eligible people who received COVID-19 anti-viral medication, through each of the NRHCC COVID-19 service arms. By comparing difference between the percentage eligible and percentage dispensed across time, it can be seen that MRCH performed better than the other service arms—consistently meeting the ‘minimum’ criteria with no downwards trend. In terms of workload, a high percentage of the MRCH patient cohort needed anti-viral medication—of all patients notified to MRCH, around 10% under the initial eligibility criteria, and 20–30% under the current eligibility criteria, needed anti-viral medication.
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FIGURE 3
 Difference between percentage of clients eligible, and percentage of clients who were dispensed COVID-19 anti-viral medications, for MRCH and other Auckland regional providers. Notes: A positive % on the y-axis means that the amount of anti-virals dispensed is above the percentage eligible (based upon PHARMAC’s single eligibility criteria), and a negative value indicates a dispensing rate lower than percentage of the population eligible, Ideally, the line in this graph would not drop below zero, indicating that dispensing levels, at a minimum, match the levels of population need. PaRCH, Pacific Regional Coordination hub, which is a COVID-19 hub for Pacific Peoples, inspired by the MRCH approach.




5.2 Qualitative data

In addition to COVID-19 specific needs, MRCH found that Māori households frequently presented with unmet needs, including for:

	• Food, money, and utilities (electricity, phone and internet),
	• Basic supplies for cooking and warmth (functional stove, blankets, clothing),
	• Safety (violence in home),
	• Housing/homelessness
	• Baby and child requirements (nappies, formula, education/entertainment needs),
	• Personal care needs (e.g., incontinence pads and menstrual supplies),
	• Animal welfare (e.g., pet food, emergency care when owners moved to another facility)
	• Inadequately managed comorbidities (including mental health, addictions, diabetes, cancer and other serious long-term conditions)
	• Essential medications (for pre-existing or long-term conditions),
	• Essential medical devices (e.g., asthma inhalers),
	• Healthcare (e.g., no GP, awaiting hospital appointments or surgical intervention, recent discharge from hospital requiring post-discharge care, acute non-COVID issues requiring hospitalization).
	• Preventative health needs (e.g., vaccination, pregnancy).

As a service funded for COVID-19, MRCH staff assessed and met the COVID-19 needs of cases and their households (including monitoring for deterioration, arranging anti-virals, oximeters, PCR/RAT testing, vaccination), as well as addressing unmet health and social needs to keep Māori whānau safe and alive while isolating at home. MRCH, and the network of providers, assessed and managed the needs of the entire household. This was essential given the high proportion of Māori with precarious health and social situations, for whom the requirement to isolate at home for 7–14 days posed significant additional risk to their wellbeing. MRCH also provided additional community activities (e.g., Māori community vaccination days, provision of RATS, engagement with ‘hard to reach’ whānau and their respected leaders).

Through the entry point of COVID-19, MRCH was able to not only help address whanau’s critical immediate needs, but also help connect and advocate for Māori with other health and social providers. This included helping whānau enroll with permanent primary care providers, and arranging acute specialist hospital review for non-COVID-19 problems. MRCH encountered many Māori whānau needing health support from a range of services, who frequently found the experience of trying to access care disempowering, confusing and racist. Consequently, many whānau were falling through the cracks and MRCH helped navigate the complex matrix of services. This highlighted that, beyond COVID-19, there is an ongoing need for integrated, wrap-around culturally appropriate services to help Māori successfully access healthcare services they require.




6 Discussion

MRCH provided a unique contribution to the COVID-19 response for Māori in the Auckland Region. It was a Māori-led service, which sought to ensure all Māori with COVID-19 in Auckland had their needs (regardless of the type of need) assessed and met, in a culturally appropriate and timely way, focusing on those most at risk first. There have been several key lessons and issues arising from the establishment of MRCH, which are useful to highlight.

	a. A “clip-on” approach to address weaknesses of conventional service vs. using Indigenous expertise to design an appropriate model from scratch
	We wish to highlight a fundamental difference in approach to addressing unmet Māori needs between the MRCH model and the conventional public health response. When failures for Māori were observed at ARPHS, the approach was to bring in extra Māori staff as ‘clip-on’ cultural navigators to help deliver the conventional service/policy to Māori. Public health practice in NZ is grounded strongly in British colonial understandings and approaches. A failure to acknowledge this in-built bias meant that the fundamental approach to case and contact management was never up for debate or question—the focus was on how to achieve better Māori compliance with this conventional approach. This service-focused approach is fundamentally different from the POM and MRCH approach, led and designed by Māori, which started from a focus on Māori and designed the service to best meet Māori needs. Māori community (rather than just health professional) expertise was valued and incorporated into the MRCH model, including training non-clinical Māori staff as contact tracers (rather than using this expertise as cultural support for non-Māori staff).
	b. Friction and resistance were encountered to power-sharing with Māori
	Friction arose during the establishment of POM and MRCH, between the Māori leadership and the conventional organizations. This tension related to different worldviews, and different understandings of Indigenous leadership, partnership and power-sharing. While initially inviting in Indigenous expertise and being supportive of service changes, ARPHS continued to try and maintain control over the POM approach. There was a fundamental tension between this “governing of Indigenous governance” and enabling true power-sharing and Indigenous leadership. This was also expressed through ARPHS applying a higher degree of scrutiny to Māori-led solutions such as POM, than to the performance of the conventional service, including using a NZ European lens to evaluate Indigenous models. These tensions highlight why MRCH needed to be established independent of ARPHS. Unresolved tensions also compromised the ability for MRCH expertise to be viewed as partners in co-designing and improving (rather than just operationalizing) the broader public health response for Māori in the Auckland Region.
	c. Crisis offered opportunities and challenges for Indigenous-led innovation
	Our experience is that government health agencies share power with Māori reluctantly and only when facing significant risk of failure. In the 2021 Delta wave, conventional public health approaches were losing control of COVID-19 spreading among Māori communities, and this crisis created a willingness to support Indigenous-led solutions that is not normally present. However, innovating in a crisis also presented its own challenges. The rapidly evolving pandemic meant that service models were never static, and staff had to adapt rapidly. This rapid development meant that approaches had little time for testing or evaluation, and operational capacity was frequently overwhelmed. Achieving adequate staffing levels was an ongoing challenge. Reasons for this included shortages of staff with necessary attributes and recruitment delays. There were also contractual barriers, including short-term contracts and remuneration that was not competitive, especially for staff with specialized Māori expertise. MRCH staff retention was also affected by a lack of investment in staff professional development and capacity building, differing expectations of how a Māori service should operate, and continued uncertainty about the longevity of the model and thus security of employment. This highlights that providing certainty and staff development are still crucially important even in a crisis.
	d. Data systems unable to answer key equity questions for Māori
	Information systems for COVID-19 case management were being built and refined as the pandemic evolved. Software used to capture COVID-19 information was not designed to monitor performance on equity, and service-level reporting focused heavily on activity measures (e.g., numbers of cases under the care of each service) but did not enable any assessment of completeness, equity or quality of these services for Māori. This limits the degree to which we can answer key questions about MRCH, and limits the government’s ability to monitor whether the COVID-19 response was adequate to meet Māori needs and its obligations under Te Tiriti. Key questions we would ideally, but are unable to, answer include:
	a. Did all Māori cases in Auckland actually get referred to MRCH?
	b. Was MRCH able to contact all high and medium risk Māori cases, at all and within the targeted 24 h timeframe (this data is only available from June 2022)?
	c. Was the triage system effective at successfully identifying those Māori cases most at risk (e.g., how many Māori triaged as low risk died, needed hospital or had urgent social needs?) The decision by MRCH to only contact high or high/medium risk cases was purely based on capacity and there is a need to monitor whether this was a safe level of service for Māori.
	d. Was there sufficient provider capacity to manage referrals from MRCH, and were these responded to in a timely way?
	e. How many Māori under the care of MRCH died and was there anything that could have been done to improve the care in those cases?
	e. Government policy changes impacted the ability for MRCH to keep Māori safe
	The ability of MRCH to keep Māori safe was heavily influenced by government decisions about the broader pandemic response. In response to the Omicron wave in early 2022, the government made policy changes which shifted toward increased personal self-reliance. This included a shift to self-testing and self-reporting, requiring cases to complete a lengthy online form to notify their positive COVID-19 result. This introduced additional access barriers for Māori and may have made it less likely that all Māori cases with COVID-19 were tested or notified (a prerequisite for MRCH engagement). In early 2022, there was also a policy change in how welfare was provided for COVID-19 cases, whereby the Ministry of Social Development (MSD) received and managed all welfare referrals directly, bypassing MRCH. This created serious concerns for whānau, many of whom reported to MRCH staff that they had significant distrust/poor experiences with MSD. At the height of the Omicron wave, MSD took 5–6 days to process welfare referrals, while at peak caseload MRCH providers took less than 48 h. Māori providers learned an extensive amount through providing welfare support to isolating whānau throughout the pandemic, and this policy change ignored those important learnings.
	f. Difficulty in being recognized as a unique model, and erosion of core components over time
	The MRCH model was distinctly different to the other community care models for COVID-19 provided by NRHCC. To protect the Indigenous governance of the model, MRCH had independent lines of accountability directly to the NRHCC Māori lead and did not report to the conventional organizational leadership for COVID-19 community care. This was important and appropriate for a Māori-led service, but we encountered misunderstanding of the MRCH service delivery model within the NRHCC itself, and with other partners including the Ministry of Health. MRCH service level data was often compared or reported alongside data for other populations groups, which were not comparable as the service provided was fundamentally different. It also led to contested ownership of the MRCH model in the retelling of NZ’s COVID-19 story. While mainstream agencies played an important role by enabling and supporting a Māori-led approach, the development and implementation of the MRCH model cannot be claimed by ARPHS, NRHCC or the Ministry of Health.

As the pandemic subsided, interest in supporting innovation dissipated. In addition to fulfilling a valuable role in keeping Māori in Auckland safe from COVID-19, the MRCH model offers a valuable alternative to the conventional public health approach. It is a Treaty-compliant approach which enables Māori to exercise sovereignty and self-determination over their public health response and care. This case-study raises an important question of how health systems can maintain and build upon innovation borne out of crises, especially approaches to reach Indigenous and marginalized groups, rather than reverting to an inequitable status quo.



7 Conclusion

MRCH was designed by Māori health leaders in Auckland in December 2021, in recognition of the inequitable COVID-19 burden, with the paramount objective of “saving Māori lives.” The model reached a highly vulnerable population, demonstrated by the high levels of clinical and social risk, and eligibility for anti-viral medication. This innovative Māori-led solution informed the development of the national triage tool for COVID-19 and service delivery approaches to provide better COVID-19 care for Māori across the country. This model required managerial courage and a willingness to share power with Māori to enable innovation. The MRCH model of care is not unique to COVID-19 and could be applied to a range of other clinical/social entry points, to improve the way government health and social services meet the needs of Māori. This case-study highlights lessons which may be applicable to improving the design and delivery of public health services to other Indigenous and marginalized groups.
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Footnotes

1   The Waitangi Tribunal is a standing commission of inquiry, which makes recommendations on claims brought by Māori relating to legislation, policies, actions or omissions of the Crown that are alleged to breach the promises made in the Treaty of Waitangi, New Zealand’s founding document.
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Objective: Children who start in day-care have 2–4 times as many respiratory infections compared to children who are cared for at home, and day-care staff are among the employees with the highest absenteeism. The extensive new knowledge that has been generated in the COVID-19 era should be used in the prevention measures we prioritize. The purpose of this narrative review is to answer the questions: Which respiratory viruses are the most significant in day-care centers and similar indoor environments? What do we know about the transmission route of these viruses? What evidence is there for the effectiveness of different non-pharmaceutical prevention measures?
Design: Literature searches with different terms related to respiratory infections in humans, mitigation strategies, viral transmission mechanisms, and with special focus on day-care, kindergarten or child nurseries, were conducted in PubMed database and Web of Science. Searches with each of the main viruses in combination with transmission, infectivity, and infectious spread were conducted separately supplemented through the references of articles that were retrieved.
Results: Five viruses were found to be responsible for ≈95% of respiratory infections: rhinovirus, (RV), influenza virus (IV), respiratory syncytial virus (RSV), coronavirus (CoV), and adenovirus (AdV). Novel research, emerged during the COVID-19 pandemic, suggests that most respiratory viruses are primarily transmitted in an airborne manner carried by aerosols (microdroplets).
Conclusion: Since airborne transmission is dominant for the most common respiratory viruses, the most important preventive measures consist of better indoor air quality that reduces viral concentrations and viability by appropriate ventilation strategies. Furthermore, control of the relative humidity and temperature, which ensures optimal respiratory functionality and, together with low resident density (or mask use) and increased time outdoors, can reduce the occurrence of respiratory infections.
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 infectious transmission prevention; primary prevention; indoor air quality; aerosols; influenza; respiratory syncytial viruses; common cold; COVID-19


1 Introduction

Infections account for around 50% of all sick leave, and acute respiratory infections are by far the most dominant cause (1–3). Adults experience on average between 2 and 4 annual infections of the respiratory tract and children between 4 and 8 (4) – especially children in day-care centers (DCCs) experience many infections in the first 6–12 months after they start (5). In Sweden about 95% of the episodes of children’s absence from DCCs are attributed to infectious diseases (6) and about 75% concerns various upper respiratory tract symptoms (7).

In DDCs in Denmark each child up to about 3 years has 23.7 sick days per year on average while children from about 3 years up to 6 years have 11 sick days per year on average (8).

A Scandinavian study found that 27% of days with infectious symptoms resulted in absenteeism from DDCs (9), so a large proportion of infected children continue to attend DCC. Overall, children attending DCC have more days of absence for sickness compared to children in family care, and this is most pronounced for younger children under the age of 3 years (10). Whether the total number of infections throughout life is higher when one has attended DCC is debatable (11).

In Denmark, DCCs are important to consider in relation to infection prevention, as around 86% of all children aged 1 year attend a public DCC or a state-supported private DCC (12). The total number of employees converted to full-time employees in public and private DDCs were in 2021 61,439 (13). Staff in DCCs, schools, and health sectors are frequently in contact with other people, and the massive exposure to infectious agents poses potential health implications for adult caretakers and parents of children attending DCCs. Research has shown that work in DCCs increases the risk of hospitalization due to pneumonia (14). Moreover, recent findings by Bonde et al. (15) reveal that childcare workers in Denmark faced an elevated risk of contracting COVID-19 during the pandemic, like that of healthcare workers. Notably, employees in DCCs and teachers exhibit one of the highest sickness absence rates in Denmark, with an average of 13.5 sick days per year compared to approximately 8 days per year for all employees (16). Thus, respiratory tract infections result in significant costs to society in the form of need for health care, productivity losses, poorer service and personal costs.

Various infection prevention measures may be used to reduce the spread of viruses and thus reduce illness and sickness leave. The COVID-19 era has given us new knowledge, not only about the corona virus and its variants, but also concerning transmission and prevention measures. This includes the virus’ ability of survival in the air and on surfaces, the excretion of small infectious droplets (aerosols) by various activities and the importance of temperature, humidity and targeted hygiene. This should be assessed for better prevention measures in DCCs, schools and other societal contexts with high occupant density.

The economic and health potential would be substantial if the recurrent respiratory infections can be reduced. This review addresses the following scientific questions: which respiratory viruses are the most significant in DCCs and similar indoor environments? What do we know about the transmission route of these viruses? What evidence is there for the effectiveness of different non-pharmaceutical prevention measures?



2 Methods

We performed a narrative review on respiratory infections and measures for mitigating transmission and disease with special focus on children and employees in day-care. Literature searches with different terms related to respiratory infections in humans, mitigation strategies, viral transmission mechanisms, and with special focus on day-care, kindergarten or child nurseries, were conducted using the PubMed database and Web of Science until august 2023. Searches with each of the main viruses (rhinovirus, respiratory syncytial virus, influenza virus, coronavirus, and adenovirus) in combination with transmission, infectivity, infectious spread were conducted separately supplemented through the references of articles that were retrieved.

Examples of the search criteria were:

	• (viral OR virus) AND infections[tiab] AND respiratory[tiab] AND (children[tiab] OR infants[tiab]) AND prevalence[tiab] (969 results in Pubmed)
	• (“Respiratory Tract Infections/epidemiology”[Mesh] OR “Respiratory Tract Infections/microbiology”[Mesh] OR “Respiratory Tract Infections/prevention and control”[Mesh] OR “Respiratory Tract Infections/transmission”[Mesh] OR “Respiratory Tract Infections/virology”[Mesh]) AND child daycare Centers[mesh] (376 results in Pubmed)
	• ((RSV OR RS-virus) OR influenza virus OR coronavirus OR rhinovirus OR adenovirus) in combination with transmission, prevention or seasonality.
	• Infections AND respiratory AND (daycare OR “day-care” OR kindergarten) (1,106 results in pubmed) in combination with one of the following terms: transmission, ventilation, “indoor air,” hygiene, “hand washing,” aerosols, humidity.

The search strategy was restricted to articles published in English or Danish. Potential articles were screened by title and abstract, and if relevant, the full text was assessed. Articles resulting from these criteria and relevant references cited in those articles were reviewed. All titles were screened by LA, and selected articles were read by LA and at least one other co-author. Inclusion criteria comprised relevant studies contributing to answering the formulated research questions and where the studies were assessed as being of acceptable quality and in peer reviewed journals. Both original studies and review articles were examined. Most emphasis was placed on systematic reviews, meta-reviews and scientific knowledge based on several sources. Where different studies show divergent scientific outcomes, a balanced description has been attempted cf. “best-evidence synthesis” approach (17) to minimize author’s bias. The article is structured according to the guidelines (Scale for the Assessment of Narrative Review Articles) for a narrative review described by Baethge et al. (18).



3 Results

The COVID-19 pandemic has shown the need to invest in infection prevention and the value of applying a range of strategies to reduce risk of transmission. In order to provide qualified strategies, knowledge of transmission routes, characterization of the most significant and abundant respiratory viruses, the impact of the indoor environment, and the seasonal patterns of the infection is of decisive importance.


3.1 Transmission route

The transmission of virus from an infected person to a recipient occurs primarily via the following pathways:

• Indirect transmission via physical contact with large aerosols (droplets) deposited on surfaces (fomites) and subsequent transfer to the recipient’s mucosae in the respiratory system primarily via hands or fomites.

	• Airborne via large aerosols from the mouth of an infected person to the mouth, nose or eyes of the recipient.
	• Inhalation of aerosols generated and released during breezing, speech, coughing and sneezing.

Emerging research, prompted by the COVID-19 pandemic, indicates that the primary mode of transmission for many respiratory viruses is through the air, in the form of tiny droplets known as aerosols or microdroplets (19). The term “aerosol” includes a diverse range of droplets and particles spanning a broad diameter spectrum, ranging from less than a nanometer to several hundred micrometers.

Human activities such as breathing, coughing, sneezing, or talking and singing result in the generation of aerosols by wind shear forces in the respiratory system. Variations in aerosol size arise due to differences in air pressure and velocity within distinct sections of the respiratory tract. The content of potential infectious virus depends, among other factors, on where the droplets originate in the respiratory tract.

In indoor environments, the transmission of infectious agents among a population, such as individuals in a DCC, is complex and may be influenced by several factors: I. The type of virus and its potential for airborne transmission (location and reproduction in the respiratory system and survival in aerosols); II. Concentration levels in respiratory system and aerosols; III. Size distribution of virus containing aerosol; IV. Characterization of the environment (temperature, humidity); V. Ventilation and air circulation pattern and VI. The number of virus shedding persons, their aerosol generating activities and exposure time.

The behavior of aerosols is primarily determined by the size of particles. Particles with diameters under 5 μm can linger in the air indefinitely under typical indoor conditions unless they are dispersed by air currents, ventilation, human movement, door openings, or body heat (20, 21). Aerosols with diameters <5 μm readily penetrate the airways down to the alveolar space, while particles with diameters <10 μm easily penetrate below the glottis. Large aerosols (droplets) with diameters greater than 20 μm exhibit a more ballistic trajectory, primarily governed by gravity, making them unable to follow the inhalation airflow streamlines due to their size. The Infectious Diseases Society of America (IDSA) suggests defining ‘respirable particles’ as those with a diameter of 10 μm or less and ‘inspirable particles’ as those with a diameter between 10 μm and 100 μm, with the majority being deposited in the upper airways (22).

In real-life scenarios, the relationship between aerosol size and infectivity forms a continuum, influenced by factors such as gravitational settling rate, transport, dispersion in turbulent air jets, viral load, viral shedding, and virus inactivation (23). Aerosols released into the air rapidly evaporate resulting in smaller particles. Depending on temperature, airflow, and humidity and the remaining salt and protein residue (dissolved substances) they can stay airborne for hours (24, 25).

Whether the infection is carried in small or large aerosols, the primary risk of aerosol transmission lies in proximity to infected individuals, as infectious virus particles in aerosols are diluted through ventilation and natural decay in the environment. This has been described as confusing and for many years has led to a lack of recognition that transmission through the air is the dominant route of transmission for respiratory viruses (26).

The airborne transmission of virus-containing saliva aerosols is a well-known mechanism for several respiratory viruses, including influenza (27), RS-virus (28, 29), rhinovirus (30) and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (19, 31). A study showed that most particles (87%) with influenza virus RNA were smaller than 1 μm (32), see Table 1 for an overview.



TABLE 1 Principal respiratory viruses.a
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Different respiratory activities generate different sizes and numbers of aerosols. Breathing produces smaller particles than speaking and singing, suggesting that the use of the voice may carry a higher risk than simple breathing. The effects of the strength of the voice can be a factor of 20–30 increase in mass concentration of small aerosols (35).



3.2 Most important viruses

Several types of viruses can cause infections of the respiratory tract. Some are primarily infections of the upper airways, while others exhibit a greater predilection for the lower respiratory tract. Further, the transmission route, dose and airway functionality of the recipient, can influence the type and outcome of the infection. A further complication is that multiple viruses are often present in a respiratory disease course and asymptomatic persons are often carriers of the virus (36, 37).

In a large study from Scotland, analyzing 44,230 episodes of respiratory illness during 2005 to 2013, it was found, that five viruses were responsible for about 95% of respiratory infections: rhinovirus (RV), influenza virus (IV), respiratory syncytial virus (RSV), adenovirus (AdV) and coronavirus (CoV) (33). In a prospective cohort study of 119 children for 115 child years (mean age 10 months) attending day-care in the United States the most significant viruses were RSV, RV and AdV. These three viruses accounted for 67% of the viral infections (37).


3.2.1 Rhinovirus (RV)

RVs are the leading cause of the common cold and significant contributors to exacerbations in chronic obstructive pulmonary disease (COPD) and asthma. They prompt more annual consultations than any other viral or bacterial respiratory source (4, 38–40). The manifestations of RV infections encompass mild upper respiratory tract illnesses (URTI) to more severe lower respiratory tract illnesses (LRTI). RV infections can additionally play a role in the development of otitis media and sinusitis (41). Repeated occurrences of RV infections in the early years of life may increase the risk of chronic respiratory conditions, such as asthma, later on (42).

RVs belong to the Enterovirus genus of the Picornaviridae family. There are more than 160 known genotypes of RVs (43). The virus is small (approximately 30 nm) and lacks a lipid envelope. The capsid proteins of the virus exhibit a high degree of heterogeneity, leading to a wide range of antigenic diversity (44).

RVs circulate consistently throughout the year, frequently reaching peak prevalence in the autumn and spring seasons. A prospective study of children attending DDC in the United States found no seasonal pattern of RV detection among children with respiratory tract infections (37).

In a study, it was observed that RVs were the predominant viruses in asymptomatic adults, constituting approximately 50%, with a notable prevalence during the summer months (45). Likewise, in children, it was observed that RV was the most prevalent virus, accounting for 71% of cases (46). A notable observation in Brazilian children was that, amid the COVID-19 lockdown and social distancing measures, the prevalence of the majority of respiratory viral pathogens was exceptionally low. However, RV persisted as the primary virus co-circulating with SARS-CoV-2 (47).

Given that the primary mode of RV transmission occurs indoors through the air, preventive strategies can center on enhancing ventilation, managing occupant density, and implementing measures to minimize aerosol generation and concentration while maintaining healthy airways. It is probable that, in certain environments, the contamination of hands might also play a role in the transmission of RVs (30). RVs are non-enveloped viruses, and ethanol sanitizers are less virucidal compared to organic acids (48).



3.2.2 Respiratory syncytial virus (RSV)

RSV is the primary singular factor contributing to respiratory hospitalization in infants and stands as the second leading cause of mortality from lower respiratory infections worldwide (49, 50). RSV is very contagious, with nearly all children exhibiting signs of infection by the age of 2 (51). RSV infections lead to hospitalization in 0.5 to 1.0% of infected infants (52) and may be associated with the onset of wheezing and asthma in small children (53, 54). In addition, RSV is a frequently encountered cause of acute respiratory tract infections in adults (29) and resulting in a substantial economic burden on healthcare systems, governments, and society (55, 56).

RSV is an enveloped virus of medium size (120–300 nm) with a negative-sense, single-stranded RNA genome (15–16 kb). It belongs to the Pneumoviridae family and the Orthopneumovirus genus. There are two major antigenic groups, A and B (57, 58). Natural infection with RSV does not confer enduring immunity; as a result, reinfections are prevalent throughout an individual’s life. (59).

The incubation period for RSV infection is 2 to 8 days. RSV may remain confined to the upper respiratory tract, leading to symptoms like cough and runny nose, but more than 50% of initial infections in infants may progress to affect the lower respiratory tract several days later (60).

RSV circulates normally during the winter season, with its highest incidence typically occurring between December and January. A prospective study of children attending DDCs in the United States found RSV most often detected during fall and winter among children with respiratory tract infections (37). Typically, one of the two genotypes (A and B) tends to dominate in a given season, with an annual alternation or co-circulation (61). In some countries at northern latitudes, biennial variation with alternating severe and mild winter peaks have been observed (62). Therefore, a child born during a high-burden RSV season faces a hospitalization hazard 1.68 times higher than that of a child born in a low season (63).

The conventional understanding is that RSV transmission occurs through large aerosols (droplets) from infected individuals, entering mucous membranes of the eyes or nose through close contact or self-inoculation via touching contaminated surfaces (64). However, in recent years the spread of infection by inhalation of aerosolized airborne particles containing RSV has been increasingly acknowledged as a significant route of transmission, and the conclusion of the often-cited study from 1983 (64) that RSV transmission is more efficient at close range, favors both direct transmission and aerosol transfer (65). Studies have revealed that a substantial quantity of aerosolized particles containing infectious RSV can be detected in the vicinity of infants infected with RSV (28, 66), indicating the potential for aerosol transmission of the virus.

Amid the COVID-19 pandemic, a significant reduction in RSV infections (up to 70–90%) has been observed globally, likely attributed to containment measures like lock-down, face masks, hand hygiene, and social distancing. Primary prevention, limiting exposure to infectious agents, emerges as the most effective strategy in curbing the contagion and spread of SARS-CoV-2. It’s worth noting that handwashing agents containing detergents or alcohol are highly effective in eliminating RSV, while chlorhexidine without alcohol is not effective (67). Interestingly, it was found during the COVID-19 lockdown, that re-opening of schools was the predominant risk factor for RSV rebound. In addition, high temperature was demonstrated to decrease the risk for RSV (every 5°C increase reducing the risk by 37%) (68).



3.2.3 Influenza virus (IV)

The 1918 influenza (Spanish Flu) killed 50–80 million people worldwide during three major waves (69). Since then, we have had three major influenza pandemics caused by emerged subtypes (Table 2). Influenza manifests as an acute respiratory illness marked by the abrupt onset of high fever, cough, headache, malaise, and upper respiratory tract inflammation. Individuals of all age groups are affected by influenza, with the highest occurrence seen in children. The most severe disease manifestations are observed in children, older adults, and individuals with preexisting health conditions.



TABLE 2 Influenza pandemics.
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Epidemics lead to localized increases in infection rates, while pandemics are epidemics that extend globally. The persistent burden of seasonal influenza is substantial. A recent report estimates that 3–11% of individuals in the United States suffer from influenza each year (73). Additionally, influenza may contribute to 10–12% of total work-related sick leave (74, 75).

The Influenza virus is a member of the Orthomyxoviridae family, and within Influenza A viruses, subdivisions are based on antigenic characterization of the hemagglutinin (HA) and neuraminidase (NA) surface glycoproteins protruding from the virion. Sixteen HA and 9 NA subtypes are known (76). Two genetically and antigenically distinct lineages of influenza B viruses are found in humans. Influenza viruses have lipid-envelopes and contain eight RNA segments. Antigenic shift, facilitated by the segmented influenza virus genome, leads to a sudden and complete alteration of RNA-segments and HA and/or NA genes. This phenomenon, exclusive to influenza A viruses, is enabled by coinfection in animal reservoirs (aquatic birds and swine), allowing gene segment exchange between different subtypes. Antigenic shift can give rise to a virus for which the population lacks sufficient immunity.

Viral shedding of influenza in asymptomatic individuals has been observed in a comprehensive study conducted in Hong Kong. The proportion of asymptomatic cases ranged from 6 to 20%, depending on the influenza A virus subtype involved (77). In a systematic review, the combined estimate of the asymptomatic fraction among cases confirmed through virology was 16% (78). This implies that the influenza virus can be transmitted from infected individuals to their close contacts, even when there are no apparent clinical symptoms.

The relative importance of the different modes of transmission remains uncertain. However, as early as in 1941 it was demonstrated, that influenza virus could spread between cages in a ferret model, and Andrewes and Glover conclude: “Infection occurs over a distance of over 5 ft. in almost still air; it can even travel upwards and infect a normal ferret in a cage several feet above an infected animal. Good ventilation seems to interfere with the chances of infection” (79). There has been an increasing body of evidence supporting the potential for small aerosol transmission in recent years (80–82). Several studies have demonstrated the release of influenza RNA in the exhaled breath of individuals naturally infected with influenza (32, 83, 84). An example of airborne transmission of influenza virus (H3N2) was described in 1979, when an airplane with 54 people on board was delayed on the ground for 3 hours with inoperative ventilation. Within 72 h, 70% of the passengers became ill (85). Therefore, the most probable transmission mechanism is that both contact through hands and airborne routes are feasible, with the importance of each route varying in different situations.

Based on the correlation between temperature and relative humidity and transmissibility, Lowen and Palese hypothesized that transmission of influenza virus occurs through aerosols during winter season in temperate climates, but by direct contact transmission in tropical regions (86).

Protective measures, such as maintaining hand hygiene and using tissues for coughing and sneezing, are commonly advised during influenza epidemics and pandemics, although there is limited evidence supporting their effectiveness (87). The survival of the virus on human hands appears to be a critical factor in fomite transmission and numerous studies affirm that influenza viruses are rapidly inactivated on human hands. (88, 89).



3.2.4 Coronavirus (CoV)

Coronaviruses are widely present viruses known to infect both humans and animals. They were initially identified in humans through research on the common cold in the 1960s. Before the current pandemic with the variant: severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), human coronaviruses, such as HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1 were well known. These non-severe strains cause seasonal infections with symptoms like “common cold.” Like other respiratory viruses, CoVs have been associated with otitis media (for a review see (90)). Coronaviruses are estimated to cause 15% of adult common colds. In temperate climates, HCoV-OC43 and HCoV-229E are predominantly observed in winter and have been associated with exacerbations of asthma and COPD in both children and adults (48).

Exposure is widespread during early childhood, and it is estimated that 90% of adults are seropositive for one or more CoV species (91). A study in Norway demonstrated that CoVs occurred in 1 of 10 hospitalized children with respiratory tract illnesses (RTIs) and the authors conclude that CoVs are associated with a substantial burden of RTIs in need of hospitalization (92).

In strong contrast to the non-severe strains, severe acute respiratory syndrome coronavirus-1 (SARS-CoV-1), Middle East respiratory syndrome coronavirus (MERS-CoV) and SARS-CoV-2, which have emerged over the past 20 years, are more pathogenic (see Table 3 for overview).



TABLE 3 Major human corona strains.
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An epidemic of SARS-CoV-1 occurred in spring of 2003 in East and Southeast Asia. Ultimately the pandemic spread to more than 20 countries and caused approximately 8,100 cases with 774 deaths (93). It seemed that young children experienced a less severe version of the illness (94).

The first case of MERS-CoV was identified in a patient in Jeddah, Saudi Arabia, in June 2012 (95). By 2019, 2,500 cases had been documented in 27 countries, resulting in 858 deaths with an estimated mortality rate of about 34% (96).

The still ongoing pandemic with SARS-CoV-2 causes major economic and health challenges in many countries worldwide.

The coronaviruses are enveloped, RNA viruses with a large genome (93). Human CoVs are zoonotic pathogens found in many animal species and may or may not cause disease symptoms in their hosts. The CoVs are divided into 4 genera of which the genera Alpha- and Betacoronaviruses mainly infect mammals (97). Coronaviruses undergo frequent genetic recombination, and if animals harbor different strains, this can lead to the evolution of new variants. It appears that such events have created SARS-CoV-2 (97).

It is assumed that transmission of the non-severe strains occurs via inhalation of aerosols or hands and fomite contact. Children can shed CoVs for longer periods after infection; however, data are limited. CoV infection due to the non-severe variants may occur year round with the highest incidences in winter and spring in temperate climates (48, 98).

In a large study, from the United States covering years 2014–2021, Shah et al. found that season onsets occurred October–November with peaks in January–February for the non-severe human coronaviruses. Most CoV detection (>93%) was within the defined seasonal onsets and offsets (99). Likewise, a study of hospitalized children in Norway showed that all CoV subtypes were primarily detected in winter, from November through March (92).

In 2003 a large outbreak of SARS-CoV-1 took place in a residential building complex with 19 buildings in Hong Kong. In total 331 cases were registered, and it was concluded that: “…airborne spread was the most likely explanation…,” and the virus may have spread over 200 meters. The index case apparently “shed” the virus through feces that were suspended in air, or aerosolized, by hydraulic action resulting in spread via the piping system (100, 101).

Overall, an increasing amount of knowledge documents that the most important route of transmission for SARS-CoV-2 is via the air in the form of large or small aerosols (82). Only relatively few people can infect many people with SARS-CoV-2 and only under the right circumstances (102). These individuals shed large amounts of infectious virus for a presumably short period during their illness. This has been seen in the so-called superspreader events, where a single person has infected numerous others in a few hours. These incidents have all been indoors and the infection seem to be spread via aerosols (103). For example, at one choir practice an individual infected 53 of 61 participants in a few hours (104). In another case, a person, dressed as a legendary figure for Christmas, infected 127 people at a nursing home in Belgium, and the authors conclude that airborne transmission was the most plausible explanation (105).

A recent systematic review found a lack of evidence demonstrating the recovery of viable virus from contaminated surfaces (fomites) suggesting that the risk of transmission of SARS-CoV-2 through fomites is low (106). Further, Weber and Stilianakis conclude: “…that virus inactivation on human hands could be a significant bottleneck, limiting fomite transmission risk of enveloped respiratory viruses” (107).



3.2.5 Human adenoviruses (AdVs)

Human adenoviruses have the potential to induce a variety of symptomatic and asymptomatic infections that impact the respiratory tract, eyes, and gastrointestinal tract. During acute illness, adenoviruses may be excreted in substantial quantities in various bodily fluids, such as feces, oral secretions, and respiratory tract secretions. Globally, 5–10% of respiratory tract infections in children are ascribed to AdV (108, 109). Adenovirus infections frequently manifest in children aged between 6 months and 5 years; they are seen as febrile infections in the upper respiratory tract (110), for a review see (111).

One of the most common types (type 4) has been described to cause acute febrile illness, cough, hoarseness, sore throat, and constitutional symptoms (112). Children attending DCCs have been found to be a year-round reservoir of AdV and other viruses, and AdV was shed by 6% of the children (0–6 years). Interestingly, the likelihood of AdV shedding was tenfold higher among children who had received antibiotic treatment in the preceding 2 months (113).

Adenoviruses are members of the genus Mastadenovirus in the Adenoviridae family. Adenoviruses are non-enveloped and range in size from 65 to 80 nm in diameter (114). Today, about 100 AdV types that infect humans have been described (115), and grouped into seven species (AdV-A to -G). The tissue-specificity of the virus determines the manifestations of the infection. Various species have the capability to infect the conjunctiva, upper and lower respiratory tracts, and the gastrointestinal tract (108). Adenoviruses mostly cause self-limiting respiratory, gastrointestinal (GI), or conjunctival disease. Adenoviral respiratory infections are seen all year round, but have a highest incidence in late winter, spring and early summer (116).

The evidence for which transmission routes are the most significant under different conditions is scarce and presumably different for different species and mutants. A study of conjunctivitis with a strain of adenovirus demonstrated that the spread of infection was discontinued following infection control comprising, inter alia use of a surface disinfectant (0.5% sodium hypochlorite) that inactivates AdV (117). Inhaling small doses of AdV in aerosols led to the development of acute febrile respiratory illness, occasionally accompanied by pneumonia (118), consequently it was suggested, that purification of air in barracks rooms and other places with high occupant density, should diminish the spread of these infections (112). In an outbreak caused by AdV in a Military Hospital in Texas, it was concluded that droplets (large aerosols) were involved in the transmission of the virus (119). The virus can persist on environmental surfaces for prolonged durations and exhibits resistance to numerous disinfectants; nonetheless, it is deactivated by heat, formaldehyde, 95% ethanol, and bleach (111, 120, 121). The risk of respiratory pathogen infections is elevated by factors like the absence of preexisting immunity and crowding conditions. Environments where these factors exist include staff and children in DCCs (115).




3.3 Preventive measures relevant in day-care institutions

The extensive new knowledge that has been generated in the corona era has the potential to help prioritize the most cost-effective prevention measures in, for example, DDCs, schools and other societal contexts with high occupant density. Especially knowledge about the indoor air as a key transmission route may lead to a paradigm shift in the prevention of the spread for corona and the other respiratory viruses. Here, we present an overview of the evidence for the various preventive measures (Table 4).



TABLE 4 Non-pharmaceutical infection-reducing preventive measures in day-care centers.
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3.3.1 Preventive measures related to building


3.3.1.1 Ventilation

Airborne transmission of virus-containing aerosols is the dominant route of respiratory infectious diseases, such as COVID-19, influenza, and RV (19, 30, 122). Obviously, indoor air quality is essential for the prevention of potential transmission of disease. Ventilation can dilute the aerosol concentration in the air; filtration and, e.g., UV-C disinfection can add to the removal of potential pathogenic virus, and environmental factors like humidity and temperature can influence the survival of the virus in the air and modify the susceptibility of the recipient and the generation of exhaled aerosols/droplets from infectious persons (123, 124).

The infectious dose (number of viable virus particles required to induce an infection) depends on the specific virus variant and have been shown in some cases to be influenced by aerosol size (19). The goal is to reduce the concentration of aerosols containing infectious virus as much as feasible. Hence, enhancing the ventilation in a room or building offers a means to decrease exposure. Precautions should be taken, however, especially with the supply of dry cold air like during the winter season or from a heating and air conditioning system (HVAC), which may compromise the airways’ functionality, see below.

Ventilation involves the exchange of indoor air with fresh outdoor air. In certain situations, ventilation is employed to regulate the indoor thermal conditions, which includes temperature and air humidity, through the addition or removal of moisture, as well as by providing heating or cooling. Room ventilation can be natural or mechanical, often in combination with heating and air conditioning system configuration. The efficiency is measured in air changes/h (ACH). In addition, the ventilation can be supplemented with various types of filtrations (e.g., high efficiency particulate air (HEPA) cleaning units). The ACH can be in the range of less than 2 to over 6 in a well-ventilated room. A simulation study showed a 5% reduction of exposure per unit increase in ACH and that the addition of HEPA air cleaners significantly decreased exposure to aerosols (125).

We identified only two studies that compared ventilation effectiveness with prevention of respiratory infections in day-care settings. In a Danish study, Kolarik et al. (126) found that the total number of respiratory infections decreases by 12% every time the air exchange was increased by one ACH. In a study from Finland, otitis media was significantly reduced for young children in DCCs with mechanical ventilation compared to DCCs with only natural ventilation (127). However, there are methodological bias in both studies. In the Danish study, the children’s sickness absence was not measured in the same year as the ventilation efficiency, and in the Finnish study, the ventilation quality was only assessed qualitatively and not measured.

We identified several studies that have focused on schools and college residence halls, which in some respects can be compared to DDCs (128, 129). In a real-life situation, the risk of COVID-19 infections was significantly reduced among students in United States by improved ventilation. Schools that enhanced their ventilation systems experienced a 39% reduction in COVID-19 incidence, in contrast to schools that did not implement these preventive measures. Ventilation strategies comprised methods to dilute exposures by opening windows, opening doors, or using fans, or in combination with filtration methods with or without ultraviolet germicidal irradiation (48% lower incidence) (128).

In a recent extensive intervention-cohort study conducted in Italy, it was observed that classrooms equipped with mechanical ventilation systems experienced a relative risk reduction of at least 74% in student infections with SARS-CoV-2 compared to classrooms relying solely on natural ventilation (130).

Similarly in office buildings in the United States an apparent reduction of 35% in sick leave rates was associated with increased ventilation – 24 L/s per person compared to 12 L/s per person (131). Moreover, studies conducted in army barracks, jails, hospitals, and office buildings have shown that key building-related factors include ACH and the rate of air recirculation. Low ventilation and increased air recirculation enhance the potential for virus spread (132).

It is obvious that if you can remove, by ventilation or filtration, or inactivate the infectious particles in the air, you can reduce the risk of infection. On the other hand, ventilation may also result in transmission between rooms, e.g., in cruise ships and hospitals, (e.g., 133). A recent systematic review concludes that viruses are inactivated by UV radiation (134). Naturally, potential adverse effects resulting from the use of UV radiation as a method of disinfection should also be carefully evaluated.



3.3.1.2 Temperature and air humidity

Temperature and air humidity have been shown in several studies to affect both the survival of viruses and the recipient’s susceptibility to infection, (e.g., 123). It seems, that viruses with lipid envelopes are more stable in low relative humidity (RH), whereas viruses without a lipid envelope are more stable in higher RH (135). Viruses with lipid envelope include influenza, RS- and coronaviruses, and they are therefore more stable in dry air (i.e., < 40% RH); whilst viruses such as rhinovirus and adenoviruses are more stable in humid air. Another general observation is that viruses typically demonstrate increased stability at lower ambient air temperatures (e.g., (136)), therefor virus present in aerosols may remain viable longer in cold air (although, high temperature increases the evaporation rate forming smaller aerosols). Conditions like this may appear in modern buildings conditioned with cold and dry air (24). New research shows that a large proportion of the droplets will quickly dry out and shrink into a small core (e.g., (122, 136)), which can remain floating for hours and spread over large distances indoors (i.e., available to be inhaled by and to infect other recipients). Here, temperature and air humidity are of great importance for how quickly the large droplets dry into small aerosols (19, 122, 136).

Thus, in view of the seasonal dependence of infection in the northern hemisphere with high incidence in the winter season [e.g., Wang et al. (19)], the positive effects of ventilation should be assessed against the negative effects of exposure to dry (cold) air. These negative effects are: 1) more stable virus (at least those possessing lipid envelope) and increased transmission and infectivity; 2) impaired airway functionality (mucociliary clearance and immune response) increasing the susceptibility of the virus recipient; 3) increased generation of virus droplets/aerosols in the airways of infected people; and, 4) faster evaporation of water to smaller aerosols, preventing sedimentation and increasing the floating time, as well as by high temperature (19, 122, 123, 136).

Raising indoor air humidity to counteract dry conditions could serve as a non-pharmaceutical approach to reduce the risk of infection. Maintaining relative humidity levels between 40 and 60% seems to be optimal for health, work performance, and minimizing the risk of infection (137). Studies implies that humidification may reduce absence from work. However, the epidemiological evidence of lower absenteeism is uncertain as concluded in a systematic review based on four out of the six controlled intervention studies (138). Evidence from experimental studies, however, is not included in this review. Elevation of the RH in preschool classrooms has elegantly demonstrated infection reduction in an intervention study by Reiman et al. (139). Regulating air humidity to around 45% RH during the cold season significantly decreased airborne influenza virus levels compared to control classrooms. Additionally, classrooms with increased humidity experienced lower pupil absenteeism.

Experimental studies revealed increased influenza virus transmission in low air humidity and low temperature conditions. Specifically, using a guinea pig model demonstrated highly efficient transmission at 5°C compared to 30°C. Dry conditions (20 and 35% RH) were more conducive to transmission than humid conditions (50% RH and 80% RH) (140).




3.3.2 Preventive measures related to organization


3.3.2.1 Social distance

Social distance is a continuum from complete isolation to close contact with many people (also called physical distance). The effectness of social distance to reduce the probability of spreading an infection depends on several factors. First, the nature of the infectious agent. As a large body of data suggests that the dominant route of transmission for most respiratory viruses is via large and small aerosols (103, 141–143), distance and barriers between the infected person and the recipient are obviously important. Secondly, as reviewed in the previous paragraph, environmental factors like ventilation, humidity and temperature influence the likelihood of viral transmission in the indoor setting (144, 145). A mathematical model involving physical distance and ventilation efficiency concludes that increased physical distance (e.g., halving occupant density) will result in a significantly reduced infection rate (20–40%) during the first 30 min (146).

Where aerosol-mediated transfer is the dominant route of transmission, the size and initial speed of the aerosols are of critical importance for their fate in the air, as well as the distance traveled by the aerosols and the change in size due to evaporation, which is influenced by ambient temperature and RH.

Hedin et al. found that more than 50 children in the DCC was of significant importance for sickness absence among the children (6), and in a study from United States the strongest predictor of illness risk was the number of other children in the room (147). A Danish study comprising about 900 children (< 3 years) in 24 different DCCs showed that children-age and the time they have been enrolled in the institution correlated with number of absence days due to illness. The overall illness was found to be 19.5 days per child per year. In addition, the size of the common area in the institution was of significance. For every increase of square meter per child the number of days absence due to illness was reduced with 10.8% (148).



3.3.2.2 Exclusion/quarantine

A Japanese study compared an intervention group of employees who were asked to stay at home if household members had influenza-like-illness (ILI) symptoms during the 2009 to 2010 H1N1 influenza pandemic with a control group of employees who were not asked to stay at home. Employees were instructed to remain at home until 5 days after the household member(s) demonstrated resolution of symptoms or 2 days after the fever subsided. This quarantine/physical distancing intervention led to a reduction in influenza transmission to co-workers compared with workers in the control group. Yet, individuals who remained at home with their infected family members had a higher likelihood of contracting the infection (149).

Many countries have recommendations to exclude children from DDCs while they have respiratory symptoms (150). This makes sense, as respiratory infections are apparently most contagious in the first days after symptom onset. However, we have not identified studies that can quantify the evidence for this measure and exclusion of children with respiratory infections is only partly effective in reducing transmission as virus may be shredded several days before and after the presentation of symptoms, and many viruses can cause asymptomatic infections.



3.3.2.3 Physical distance and larger and smaller aerosols

Many respiratory viruses, including SARS-CoV-2 and influenza virus, spread from an infected person to susceptible individuals via airborne aerosols. These aerosols span a wide range of sizes from smaller than 1 μm to 1 mm. Gravitational forces, drag forces, and evaporation control the transmission of respiratory aerosols. The larger aerosols will settle on surfaces (the fomites route of transmission) (151, 152).

As the risk of transmission of SARS-CoV-2, and likely most other respiratory-viruses, through fomites is low (106, 153), the focus will be on aerosol transmission. A model for direct transmission (larger aerosols) has been developed based on aerodynamics and including data on aerosol sizes, evaporation and viral load. The risk of infection was found to be influenced by both environmental conditions and the nature of respiratory activities, indicating the absence of a universally safe distance (154). Further, Ma et al. developed a model for direct transmission and “contacting distance” based on data from Wuhan beginning of year 2020 for the spread of SARS-CoV-19. Contact distance refers to “the extent to which people experience a sense of familiarity (nearness and intimacy) or unfamiliarity (fairness and difference) between themselves and people belonging to different social, ethnic, occupational and religious groups from their own.” According to the model, individuals should maintain a minimum distance of 1.7 meters. This is not a safe distance, but a distance that results in a basic reproductive number (R0) less than 1, meaning that the epidemic will die out (155). However, this model does not consider smaller aerosol transmission, which is highly important in indoor settings. Furthermore, high protein contents in the aerosols, important for the evaporation kinetics, have not been included in the modeling.

There is compelling evidence indicating that the predominant factor in the transmission of COVID-19, and likely numerous other respiratory viruses, is the indoor spread through small aerosols generated by speaking or breathing (20, 141, 156, 157). Respiratory aerosols, originating in the lungs and other parts of the respiratory systems, consist of ≥95% water at the time of their initial generation. The rate of aerosol dehydration depends, apart from the content of salts and proteins (25), on size, RH of the surrounding air and its temperature, but most aerosols will shrink to less than one third of initial size within a few seconds (122, 136).

Adherence to the “Six-Foot Rule” (recommendation from many authorities) would limit large-aerosol transmission but offer little protection of small-aerosol transmission. There was no significant difference in the number of COVID-19 cases among students or staff in districts that implemented a 3-foot minimum physical distancing policy compared to those with a 6-foot minimum distancing policy (158).

In summary, physical distancing decreases exposure from pathogens in small aerosols as well as in large particles, although small particles have a greater floating/spreading time.




3.3.3 Preventive measures related to behavior

Behavior can have a major influence on the spread of infection. During the corona era, we have placed particular emphasis on hand hygiene, surface cleaning, and considerate coughing and sneezing etiquette, among various other measures. New knowledge has shown that respiratory activity, such as physical activity, talking and singing is important for the excretion of potentially infectious aerosols. The most important behavioral aspects in relation to DCCs are reviewed below.


3.3.3.1 Hand hygiene

Hand hygiene has been known in the prevention of the spread of infectious diseases since the eighteenth century (159). However, there is large variation in the effect of hand hygiene. Hand hygiene may consist of washing with soap and water or using hand sanitizer or substances that are more aggressive in various formulations. Hand hygiene has been found to be more effective against gastrointestinal viruses and bacteria that infect via the fecal-oral route, than against respiratory viruses such as corona-, influenza-, and rhinovirus, whose primary route of transmission is airborne infection via aerosols (160–162).

Only a few studies have examined hand hygiene routines in community settings with emphasis on respiratory infections. A recent British study found that regular handwashing (6–10 times per day) was associated with significant lower risk of coronavirus infection, but no dose–response effect of handwashing was found (163). On the contrary, a study conducted in Sweden during the pandemic influenza season from September 2009 to May 2010 found no substantial decrease in acute respiratory infection rates among adults with an increased frequency of daily hand-washing (164).

In a recent systematic review, it was found that comparing hand hygiene intervention with a control group resulted in a 16% reduction in the number of individuals with respiratory infections in the hand hygiene group (settings comprised schools, childcare centers, homes, and offices) (165). However, when focusing on laboratory-confirmed influenza-like illness, the intervention showed little or no difference. Nevertheless, the aggregated data suggested that hand hygiene may reduce respiratory illness by 11%, though with high heterogeneity (165).

Another systematic review with focus on the effect of using hand sanitizer (rinse-free hand wash) among children found that rinse-free hand wash may reduce absenteeism caused by acute respiratory illness about 20% (166). Azor-Martinez et al. (167) successfully conducted an intervention study on children at the age of 0–3 years in DCCs in Spain. They documented a reduction of 23% in episodes of respiratory infections following a comprehensive intervention program comprising training of children, staff and parents using hand sanitizer (70% ethanol) 6–8 times a day over 8 months. The intervention group using soap and water had a non-significant reduction of 6%. In a study of Swedish children in DCCs Lennell et al. found a 12% reduction of absenteeism due to infections in the intervention group using hand sanitizer (70% ethanol) after regular hand washing compared to the group using only soap and water (168). The intervention ran over 30 weeks, included instructions, and monthly visits by a nurse to check that the instructions were followed. Disinfection of hands was estimated to be 2–6 times per day.

A similar study of pupils (age 5 to 15 years) in Danish schools was not able to demonstrate a difference between intervention group and control group in the same year. In this study, the intervention group was instructed to use hand sanitizer (87% ethanol) 3 times during school days and received instructions in proper use of hand disinfection (169). Also, a study conducted in Iceland failed to show a significant decrease in the incidence rates of illnesses associated with comprehensive hygiene intervention in DCCs over a period of 2.5 years. The interventions focused on both hand and environmental hygiene, among other elements, education, hand washing training, and the staff and preschool children were provided with and encouraged to use hand disinfectant (85% ethanol) in addition to hand wash. The authors state that the ineffective hygiene intervention in reduction of febrile, respiratory, or gastrointestinal illnesses, most likely was due to the “high standard of baseline hygiene practices at the DCCs” in Iceland (170). Likewise, a study in the Netherlands showed no evidence for an effect of the intervention, comprising education and high focus on hand hygiene, including hand ethanol-based sanitizer, on the incidence of episodes of diarrhea and common cold (171).

In a comprehensive Finnish intervention study, which encompassed various components such as hand washing, training in environmental hygiene, emphasis on ventilation, and isolation of children with symptoms of communicable diseases, a 26% reduction in absenteeism due to infections was observed among under 3-year-olds, but not among older children (172).

A randomized, controlled trial of children in child-care found that the ability of infection control techniques (training of child-care staff about transmission of infection, handwashing, and aseptic nose wiping) to reduce episodes of colds was limited to children 24 months of age and under (173). Furthermore, a comprehensive review established that “hygiene is particularly effective in DCCs with low standards of hygiene” (174).

Hence, to sum up the effect of hand hygiene as a non-pharmaceutical intervention for the prevention of respiratory viruses depends on several factors. Which virus we are focusing on, and the way the hand wash and/or sanitizer is carried out (duration and frequency). In addition, it is of great importance from which basic level the intervention starts, i.e., whether there is a high incidence of infectious diseases. Several studies suggest that interventions are more effective on younger children. Overall, it is not unrealistic that many DCCs will be able to achieve a reduction in the number of sick leave days among children and staff due to acute respiratory infections in the order of 10% by an ongoing hand hygiene program with good compliance.



3.3.3.2 Hygiene practices (cleaning of toys etc)

Fomite mediated transmission can be an important pathway for some viral diseases. This route of transmission includes self-inoculation of viruses in the mouth, eye or nose after contact with contaminated surfaces. However, so far we lack convincing evidence of its significance for respiratory infections. Many studies have demonstrated isolation of viral RNA from surfaces for several days and some report viral viability in cell culture or other assays. Survival of the virus on surfaces may be influenced by environmental factors such as temperature, humidity, exposure to UV, and surface characteristics (175). A study revealed that SARS-CoV-2 experienced faster decay on nonporous surfaces when either humidity or temperature was elevated (176). Casanova et al. previously showed that surrogates for coronavirus (transmissible gastroenteritis virus (TGEV) and mouse hepatitis virus (MHV)) maintained viability for over a week on steel plates at 20 and 80% RH and 20°C. In contrast, at 50% RH, the viable virus decreased to less than 1% after 2 days (177).

A model of fomite transmission has been developed assuming that this transmission route contribute significantly. According to the model, in certain office settings, fomite transmission could be disrupted by hourly cleaning and disinfection, especially when coupled with reduced shedding. However, this approach would prove insufficient for DCCs and schools (178). This find is substantiated as an intervention study in 12 day-care nurseries in Denmark conclude that “Although cleaning and disinfection of toys every 2 weeks can decrease the microbial load in nurseries, it does not appear to reduce sickness absence among nursery children” (179). Finally, a recent systematic review concludes that the lack of evidence suggests that the risk of transmission of SARS-CoV-2 through fomites is low (106).



3.3.3.3 Aerosol modifying activities

Various respiratory activities such as breathing, speaking, singing, coughing, sneezing, etc., contribute to the formation of aerosols with infectious content. The number of exhaled aerosols differs considerably between individuals and can vary from 20 particles per liter of exhaled air to several thousand (180). The particles are formed by inhalation and released by the subsequent exhalation and can carry viruses out of the lungs of infected persons (180). The deeper the expiration the larger the number of released particles during the following exhalation. Using a standardized breathing maneuver, Bake et al. observed significant inter-individual variation in the quantity of particles in exhaled air, averaging 10,000 particles/L. Additionally, the particle size distribution showed a slight shift towards larger particles with increasing age and lung size (181).

The number of aerosols generated during speech correlates with the loudness, ranging from 1 to 50 aerosols per second (182). These aerosols remain suspended in the air for extended periods of up to 9 h for SARS-CoV-2 (183) with a half-life of about 1 hour (184). The fate of the aerosols is determined by their size (i.e., generation and evaporation kinetics) and airflows until removed by ventilation or inhalation. Bazant and Bush have developed a guideline for indoor airborne transmission of SARS-CoV-2 based on mathematical modeling of viral spreading. Using the model, they infer that “the safe time after an infected individual enters a classroom, with 20 persons, is 1.2 h for natural ventilation and 7.2 h with mechanical ventilation” (assuming a “quiet classroom” with resting respiration). Further, they find that risk of infection increases linearly with the number of people in a room and duration of the presence. The overall take home message from their elaborate work is that, to reduce the risk of infection, it is advisable to avoid prolonged stays in densely populated areas. Rooms with ample volume and high ventilation rates are considered safer.

The likelihood of virus transmission is elevated when individuals have an elevated respiration rate, leading to increased pathogen output, as seen during activities such as exercise, singing, or shouting (156). These recommendations are probably valid for most respiratory viruses.

Data indicates that speaking and singing exhibit similar particle size distributions. Nonetheless, the loudness of vocalization can result in a 20–30 times increase in mass concentration of small aerosols, ranging from the quietest to the loudest volume. Breathing produces fewer and smaller particles than singing and speaking (35). Underpinned by the observation that engaging in karaoke (singing in the company of others, often in small rooms) involves an increased risk of spreading infections viruses (185). A study by Hersen et al. (186) showed that exhaled breaths from subjects with symptoms of respiratory infections contained more small aerosols (particles <1 μm) than exhaled breaths from healthy subjects.



3.3.3.4 Physical exercise

Exercise can lead to a ventilation increase exceeding tenfold. A noteworthy study revealed a 132-fold increase in aerosol particle emission from rest to maximal exercise. This study was done on healthy subjects, and therefore we do not know the potential concentration of a pathogen in the exhaled aerosol particles and whether the risk of infection increases correspondingly with the number of aerosols (187).



3.3.3.5 Toilet flushing

A recent systematic review concludes that toilet flushing can “result in widespread bacterial and/or viral contamination in washrooms” (188). Despite the potential for microbial aerosolization due to toilet flushing, no evidence of airborne transmission of respiratory pathogens was found in public restrooms. Similarly, Jones et al. review shedding of SARS-CoV-2 in feces and urine and its potential role in disease transmission. The conclusion is that even though fecal shedding of the virus can persist for several weeks, the likelihood of SARS-CoV-2 being transmitted via feces or urine appears much lower, in comparison to enteric viruses (e.g., norovirus) due to the lower relative amounts of virus present in feces/urine (189).



3.3.3.6 Other measures

Other measures related to behavior that influence the risk of infection indoors may include practicing natural ventilation by opening windows and doors and spending as much time outdoors as possible (e.g., on the playground or on outings). In a Danish overview study, different evidence was found that children’s sickness absence was reduced by increased time outdoors and by fewer children per square meter. It was calculated that the number of sick days per child decreased by 10.8% for every square meter the group room area was increased per child (190). But there may be several factors that, in addition to infection with respiratory infections, affect these observations.





3.4 Seasonality

Seasonality describes variations in virus prevalence at regular intervals throughout the year. From a preventive perspective, knowledge of when a respiratory virus is expected to increase in prevalence will be of great value. In recent years, we have gained an increased knowledge of the mechanisms behind seasonal dependence. Three mechanisms have been proposed to elucidate the seasonality of respiratory viruses [reviewed in Moriyama et al. (123)]: (i) virus survival and transmissibility in relation to humidity and temperature; (ii) changes in human behavior (e.g., more indoor in winter, less air circulation, holiday gatherings etc.); and (iii) the impact of changing temperature and humidity on host defense mechanisms (i.e., airway functionality).


3.4.1 Virus stability and transmissibility

Transmission of respiratory viruses occurs primarily through aerosols. The water content in these potentially infectious aerosols reduces due to evaporation once these aerosols have been exhaled into the surrounding air. This process is determined by the temperature and relative humidity of the surrounding. Larger aerosols deposit fast on surfaces due to gravity, whereas smaller aerosols have the capacity to persist in the air for hours and travel over more extensive distances.

Typically, viruses responsible for seasonal surges in the winter months in temperate regions exhibit greater stability and transmissibility in animal models under conditions of low temperature and humidity (191). Many studies have currently examined the influence of climate on the transmission and mortality rates of the ongoing SARS-CoV-2 pandemic, and the majority of them have found a correlation between increased SARS-CoV-2 transmission and low temperature and relative humidity (192, 193). Further, both SARS-CoV-2 and RV replicates more efficiently at the cooler temperature found in the upper respiratory tract (30, 87). For RSV it was found that every 5°C increase in temperature was linked to a reduced risk of 37%, although the mechanisms behind this observation have not been clarified (68); elevated temperature will decrease the viability, but at the same time increase the evaporation to smaller aerosols, which will float longer.



3.4.2 Human behavior

The cold winter season in temperate climates can cause people to prioritize indoor activities, which can lead to crowding and increased virus transmission. In a large study of the adult urban population in seven European cities it was found, that on average people spend 90% of their time indoors (195). In general, the number of person-to-person contacts is greater on workdays than on holidays, suggesting that most viral transmissions occur on the job. However, travel and gatherings during holidays may lead to new contacts, thereby introducing infectious virus into new communities (196). The lower temperature may also give rise to reduced ventilation and opening of windows for reasons of heating costs resulting in increased infection risks. The use of HVAC systems, on the other hand, may introduce cold dry air during high temperature episodes, favoring the viability of enveloped viruses; likewise, ventilation with cold and dry outdoor air during winter will introduce heated air with low absolute humidity.



3.4.3 Impact on host defense mechanisms

There is a growing focus on the influence of environmental conditions on the host’s antiviral defense mechanisms [reviewed by Moriyama et al. (123)].

The mucus lining in the upper airways acts as an initial barrier, trapping viruses before cell infection. Dry air hinders mucus flow, leading to delayed virus clearance, loss of cilia, and epithelial cell detachment, weakening the primary defense against viral infection in lower humidity conditions.

Cumulatively, the data suggest that low humidity and temperature play pivotal roles in the seasonality of epidemic human respiratory viruses. These conditions boost virus viability and transmission, create favorable indoor environments for viral spread, and hinder host cell immune responses.





4 Discussion and conclusion

The number of respiratory infections in a population will depend on the season, the circulating viruses, the environment and the preventive measures implemented locally and in the community. It seems that a handful of viruses account for most of the infections we experience in everyday life and in DCCs.

In Denmark and the other Nordic countries, children spend a large part of their time in DCCs, leading to a dramatic increase in the number of infections among children, especially during their first period. Moreover, employees working in DCCs experience high rates of absenteeism due to illness. The extensive financial and personal consequences of these infections affect not only the institutions and society but also the children and their parents.

Viral respiratory infections are the predominant cause of both children’s and employees’ illness. For many years, preventive measures have focused on hand and general hygiene as it has been the widespread perception that the primary route of transmission for the most common respiratory viruses is via hands and surfaces.

If you want to uncover a virus’ transmission pathway, you must design experiments that document this pathway and exclude others. Alternatively, one must be able to interrupt a given route of infection by a well-known mechanism. These scientific experiments are difficult to carry out in practice and many of the studies on which we base our knowledge go back many years, to a time when the detection and characterization of viruses was in its infancy.

There is no doubt that an infection can be induced by injecting live viruses into the nasal mucosa or through the eyes, but how realistic is this route if it requires fresh wet snot in large quantities? Modern techniques have supported the fact that many viruses remain infectious on non-porous surfaces for hours so the focus on good cleaning and hygiene must be considered an essential prevention measure.

There is also no doubt that many viruses can infect through the air. Early experiments with guinea pigs showed that the infection could be transmitted between cages several meters away. For viruses such as measles and rubella and the tuberculosis bacterium, it has been well known that the dominant route of transmission has been through airborne aerosols. The COVID-19 era has given us new knowledge, about not only the corona virus and its variants, but also concerning how these viruses are transmitted and which prevention measures are most efficient. Among other things, the virus’ ability of survival in the air and on surfaces, the excretion of small infectious aerosols by various activities such as breathing and talking, and the importance of temperature, humidity and targeted hygiene.

In particular, the airborne infection, which is difficult to control, has become increasingly important in the scientific literature. The focus has been on coughing and sneezing forming a large amount of large aerosols (droplets), which are excreted at high speed. While it was previously believed that large droplets would quickly settle and have limited range, recent research has shown that a substantial portion of these droplets can dry out and shrink into smaller aerosols, capable of remaining airborne for hours and spreading over significant distances indoors. Temperature and humidity play a vital role in the drying process and survival (decay).

Furthermore, activities like singing, speaking, and even normal breathing can release a considerable number of small aerosols that may contain infectious viruses. Notably, super-spreading events, where a few individuals infect a large number of people, have been linked to airborne transmission, as observed in previous outbreaks such as the SARS epidemic in 2003, MERS, Influenza, and the current COVID-19 pandemic (103, 197).

With the new knowledge and insight that a larger part of the infection of the most common respiratory viruses takes place via the air, one can approach prevention and reduction of infection more qualified. Improving air quality becomes a key preventive measure, achieved by reducing the occupant density or increasing air exchange through measures like opening windows, enhancing ventilation systems, or spending more time outdoors. Additionally, maintaining a specific level of humidity is important for the infectivity of viruses. Studies have shown that viruses with lipid membranes, including influenza-, corona-, and RS-virus, are most rapidly inactivated at a relative humidity (RH) of 40–60%.

However, it is important to note that most viruses can be transmitted before symptoms appear, and some infected individuals may remain asymptomatic throughout the course of the infection. Furthermore, evidence suggests that a small number of individuals contribute to the majority of infection spread, as observed in super-spreading events (198).

The duration of contact between an infectious individual and a susceptible recipient, as well as activities that generate aerosols, play a critical role in the likelihood of transmission. Understanding that loud singing and speaking significantly increase the number of potentially infectious aerosols in the air can help inform necessary precautions.

Increased knowledge of the seasonal patterns of respiratory viruses allows for more targeted prevention efforts. Understanding which viruses are most likely to be prevalent at a given time can guide the selection of appropriate disinfectants, ventilation strategies, or more comprehensive prevention measures. It has long been recognized that outbreaks of influenza, RS-virus, and human coronaviruses primarily occur during the winter season in temperate climates. Other respiratory viruses, such as adenoviruses and RVs, exhibit higher activity during spring or fall but can cause infections throughout the year depending on subtype and societal circumstances. For instance, the reopening of schools after COVID-19 lockdowns was found to be a significant risk factor for the rebound of RS-virus, and RV activity tends to increase when holidays end.

Furthermore, the ongoing COVID-19 pandemic has highlighted the constant emergence of new variants with different properties, particularly in RNA viruses. These changes can impact receptor binding and the affected areas of the respiratory tract. Additionally, they can influence the viral shedding from infected cells and the virus viability in the air or on surfaces.

The worldwide implementation of measures to control the spread of COVID-19 has proven effective, not only in reducing the transmission of SARS-CoV-2 but also in mitigating the spread of several other respiratory viruses. In Denmark, for example, the winter of 2020–2021 witnessed a significant decrease in influenza, RS-virus, and other respiratory infections. However, striking the right balance between preventive measures and the occurrence of respiratory diseases remains a challenge for societies. Understanding the transmission routes of respiratory viruses is crucial in making informed decisions and prioritizing prevention measures based on economic evaluation. Giving special attention to younger children, particularly in DCCs, may help reduce the overall burden on society. Studies have shown a particular increased rate of SARS-CoV-2 transmission among children aged 0 to 2 years at the beginning of winter, suggesting that preventive measures in this specific age group are of particular importance (199).

Until real-time monitoring of airborne viruses becomes technically and economically feasible (200), measuring indoor CO2 concentration can serve as a proxy for assessing the risk of indoor infection with respiratory viruses. Increased levels of CO2 indoors are typically associated with human exhalation, breathing, talking, and singing. An elevated CO2 level compared to outdoor levels can indicate a higher probability of inhaling breath exhaled by infected individuals, thereby increasing the risk of infection (201). By employing cost-effective and user-friendly CO2 monitors, it becomes feasible to evaluate the potential for airborne transmission in a room and implement preventive measures like enhancing ventilation, mask-wearing, or minimizing exposure time to infected individuals (202). In light of the recognition that the primary respiratory viruses spread through the air in small and large aerosols, recommendations from authorities in the future should place particular emphasis on indoor air quality and hygiene and with particular focus on the interplay between ventilation, temperature, and air humidity. An extensive study from Italy has demonstrated that effective ventilation leads to a reduction in the number of COVID-19 cases in schools (130). Further research is needed to examine the prevalence of respiratory infections in relation to various indoor ventilation qualities, with a focus on both CO2 concentration, particulate matter, and air humidity, in diverse climatic regions and societal contexts. Institutions such as day-cares, healthcare facilities, schools, and other social establishments where large numbers of individuals, particularly children, gather, are of particular importance in this regard.

In conclusion, understanding the transmission pathways and characteristics of respiratory viruses is crucial for implementing effective prevention and control measures. The focus should be on controlling the air quality reducing viral concentration and viability and ensure optimal airway functionality.


4.1 Limitations

This article adopts the format of a narrative review, considering the diverse and complex nature of exposures, respiratory tract infections, and potential preventive measures. Despite our efforts to carry out literature searches systematically, it is possible that we may have overlooked relevant studies. Moreover, our descriptions of respiratory viruses have primarily focused on the most prevalent ones, potentially neglecting other viruses that may have a significant impact on respiratory infections in specific geographical locations and time periods.

Additionally, our understanding has been influenced by emerging evidence suggesting that airborne transmission is likely the primary route for transmission of the most important respiratory viruses. This newfound knowledge may have inadvertently introduced bias into our descriptions.
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Background: Despite decreasing COVID-19 disease severity during the Omicron waves, a proportion of patients still require hospitalization and intensive care.
Objective: To compare demographic characteristics, comorbidities, vaccination status, and previous infections in patients hospitalized for community-associated COVID-19 (CAC) in predominantly Delta, Omicron BA.1 and BA.4/5 SARS-CoV-2 waves.
Methods: Data were extracted from three national databases—the National COVID-19 Database, National Vaccination Registry and National Registry of Hospitalizations.
Results: Among the hospitalized CAC patients analyzed in this study, 5,512 were infected with Delta, 1,120 with Omicron BA.1, and 1,143 with the Omicron BA.4/5 variant. The age and sex structure changed from Delta to BA.4/5, with the proportion of women (9.5% increase), children and adolescents (10.4% increase), and octa- and nonagenarians increasing significantly (24.5% increase). Significantly more patients had comorbidities (measured by the Charlson Comorbidity Index), 30.3% in Delta and 43% in BA.4/5 period. The need for non-invasive ventilatory support (NiVS), ICU admission, mechanical ventilation (MV), and in-hospital mortality (IHM) decreased from Delta to Omicron BA.4/5 period for 12.6, 13.5, 11.5, and 6.3%, respectively. Multivariate analysis revealed significantly lower odds for ICU admission (OR 0.68, CI 0.54–0.84, p < 0.001) and IHM (OR 0.74, CI 0.58–0.93, p = 0.011) during the Delta period in patients who had been fully vaccinated or boosted with a COVID-19 vaccine within the previous 6 months. In the BA.1 variant period, patients who had less than 6 months elapsed between the last vaccine dose and SARS-CoV-2 positivity had lower odds for MV (OR 0.38, CI 0.18-0.72, p = 0.005) and IHM (OR 0.56, CI 0.37- 0.83, p = 0.005), but not for NIVS or ICU admission.
Conclusion: The likelihood of developing severe CAC in hospitalized patients was higher in those with the Delta and Omicron BA.1 variant compared to BA.4/5.
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1 Introduction

The COVID-19 pandemic has caused significant morbidity, mortality, and social disruption. COVID-19 severity is influenced by a combination of factors: demographic (age, sex), health status (comorbidities), immunity (vaccination and previous infections), availability of health care services (testing and early therapy), and virulence of the SARS-CoV-2 variants (1, 2).

The Omicron variant was first characterized in South Africa in mid-November 2021, where the lower COVID-19 disease severity and higher transmissibility of this variant were well documented (1, 3–6). Individuals with Omicron vs. non-Omicron infections had 80% lower odds of being admitted to hospital and when compared with Delta variant infections, Omicron infections were associated with a 70% lower odds of severe disease (3). Subsequent studies from different countries confirmed the South African experience with the first Omicron variants (BA.1, BA.1.1, and BA.2) (7–10), in which the proportion of confirmed COVID-19 cases admitted to hospitals and the in-hospital mortality were reduced (8). The Omicron variant was also associated with lower disease severity in children under five and older adults (11, 12). The risk of hospitalization was lower, but not uniformly so among all age groups, and a UK study found that the risk of hospitalization due to Omicron infection was not significantly different from that of Delta infection in individuals aged 0–9 years (13).

The lower severity of Omicron might be due to a large number of novel mutations that attenuated the virulence of this variant (14). Research showed that replication of the Omicron and Delta isolates was similar in human nasal epithelial cell cultures, but Omicron showed slower replication in lung and gut cells (15). In addition, the spike protein was cleaved less efficiently by Omicron compared to Delta. On the other hand, studies also showed that the BA.1 and BA.2 variants have intrinsically higher replication competence in the human upper respiratory tract (nasal and bronchi tissues) compared to previous variants. Omicron BA.2 has the ability to replicate at 33°C, which may contribute to increased transmission in the human population (16, 17). Moreover, with each wave of the pandemic natural or vaccine-acquired population immunity increased, resulting in greater protection against a more severe disease (18, 19).

Despite the reduced disease severity during subsequent Omicron waves, a proportion of patients still required hospitalization and intensive care. In this study we compared the demographic characteristics, comorbidities, vaccination status, and previous infections in patients hospitalized during the Delta, Omicron BA.1, and BA.4/5 SARS-CoV-2 waves. The aim of the study was to assess whether the characteristics of patients admitted for (rather than with) COVID-19 differed during the different waves.



2 Methods


2.1 Data sources

To study the differences in demographics, comorbidities, and COVID-19 vaccination history among hospitalized patients in the Delta, BA.1, and BA.4/5 waves in Slovenia, data were obtained from three national health electronic databases—the National COVID-19 Database, National Vaccination Register and National Registry of Hospitalizations, from the onset of the SARS-CoV-2 epidemic in Slovenia (March 4, 2020) to November 30, 2022.

The National COVID-19 Database is part of the National Notifiable Communicable Diseases Database and is linked to the Central Registry of Patient Data. The data-base records all laboratory-confirmed SARS-CoV-2 cases (symptomatic and asymptomatic) in Slovenia. According to the national definition, a confirmed case of SARS-CoV-2 infection is defined by a positive RT-PCR test or validated rapid antigen test (RAT). The following data were obtained from the National COVID-19 Database: age (in years), sex, and date of confirmed infections (primary infection and reinfections).

Data on COVID-19 vaccinations were extracted from the National Vaccination Register (eRCO, in Slovenian: Elektronski register cepljenih oseb, in English: Electronic Register of Vaccinated Persons). The data extracted from eRCO were the vaccination dates and the vaccine used.

The National Registry of Hospitalizations (eSBO, in Slovenian: Elektronski sistem bolnišničnih obravnav, in English: Electronic Registry of Hospitalizations) was used to obtain data on hospitalization of laboratory confirmed SARS-CoV-2 cases. The following data were collected from the eSBO: main discharge and additional diagnoses, length of stay (LoS, in days), non-invasive ventilatory support (NiVS), intensive care unit treatment (ICU), mechanical ventilation (MV), and outcome (in-hospital mortality (IHM) or hospital discharge). Patients with hospital-acquired SARS-CoV-2 infection were excluded from the study. Patients admitted with asymptomatic or mild SARS-CoV-2 infection incidentally detected during SARS-CoV-2 screening at hospital admission were also excluded from the study. Only patients admitted to the hospital because of COVID-19 were included in the analysis (Figure 1). Database of Deceased Persons (in Slovenian: Zbirka podatkov o umrlih osebah) was used to verify intrahospital mortality.


[image: Flowchart illustrating the exclusion criteria process for SARS-CoV-2 cases across different variants: Delta, Omicron BA.1, and Omicron BA.4/5. Initially, confirmed cases include Delta (181,965), Omicron BA.1 (261,346), and Omicron BA.4/5 (165,644). Following WGS exclusion, out-patient, hospital-acquired infection, and incidental infection criteria, numbers decrease to form the analytical cohort of hospitalized patients: Delta (5,312), Omicron BA.1 (1,120), and Omicron BA.4/5 (1,143).]
FIGURE 1
 Flowchart outlining inclusion and exclusion criteria to generate the Delta, the Omicron BA.1 and BA.4/5 hospitalized cohort for analysis.


Individual data in the national registries were linked by a unique personal identification number. The National COVID-19 Database, eRCO, eSBO, and Database of De-ceased Persons are managed by the National Institute of Public Health (NIPH) of Slovenia. Non-Slovenian residents who tested positive for SARS-CoV-2 in Slovenia but did not have a national personal identification number (transient visitors, irregular immigrants, etc.) were not included in the analysis.

To determine the prevalence of SARS-CoV-2 variants observed in the Slovenian population, we accessed the GISAID global database and extracted the corresponding prevalence of each variant. On this basis we identified periods when Delta, Omicron BA.1 and BA4/5 were the predominant variants circulating in Slovenia, determined by ≥95% of sequenced strains belonging to the same strain.

Between week 29/2021 and week 49/2021, the Delta variant accounted for 98.3% to 100% of the strains identified nationwide, and so hospitalized patients with confirmed SARS-CoV-2 infection during this period were considered to be infected with the Delta variant. Between week 3/2022 and week 5/2022, 95.0% to 96.2% of infections were due to the Omicron BA.1 variant, and patients diagnosed during this period were thus considered to be infected with the Omicron BA.1 variant. Omicron BA.4 and BA.5 co-circulated and were predominant between week 28/2022 and week 41/2022 (ac-counting for 95.7% to 99.3% of sequenced strains).



2.2 Definitions

For the classification of study participants, we used the following definitions:


2.2.1 SARS-CoV-2 primary infection and reinfection

Primary infection—first notified infection with SARS-CoV-2 in the National COVID-19 Database confirmed by a positive RT-PCR or RAT.

Reinfection—SARS-CoV-2 infection that followed primary infection with an interval of ≥45 days.



2.2.2 COVID-19 vaccination history

Hospitalized patients were divided in four groups:

(i) Non-vaccinated: Participants who had not received an anti-SARS-CoV-2 vaccine dose before hospitalization or had received only one dose of a two-dose schedule vaccine [the mRNA vaccines Comirnaty (Pfizer/BioNTech) or Spikevax (Moderna), the vector vaccine Vaxzevria (Astra-Zeneca)] or one dose of Jcovden/Janssen (Johnson & Johnson) within 14 days before hospitalization.

(ii) Partially vaccinated: Participants who had received only one dose of a vaccine with a two-dose schedule [mRNA vaccines Comirnaty (Pfizer/BioNTech) or Spikevax (Moderna), the vector vaccine Vaxzevria (Astra-Zeneca)] at least 14 days before hospitalization.

(iii) Fully vaccinated: Participants who had received one dose of Jcovden/Janssen vaccine (Johnson & Johnson) or both doses of a two-dose schedule vaccine [the mRNA vaccines Comirnaty (Pfizer/BioNTech) or Spikevax (Moderna), the vector vaccine Vaxzevria (Astra-Zeneca)] at least 14 days before hospitalization.

(iv) Vaccinated with additional dose: fully vaccinated participants who received at least one additional dose of an mRNA-based vaccine [Comirnaty (Pfizer/BioNTech) or Spikevax (Moderna)] at least 14 days before hospitalization.

We calculated the time (in days) that elapsed since the last dose of COVID-19 vaccine, considering only patients who were fully vaccinated (at least two doses for two-dose vaccine or one dose for single-dose vaccine). Figure 2 shows the cumulative vaccination coverage with COVID-19 vaccines in Slovenia. Overall, 59% of Slovenians received at least one dose of COVID-19 vaccine. Among them, over 97% are fully vaccinated. Within those vaccinated, 55% received booster shots. From the figure, we can observe that the coverage arrives at a plateau after March 2022, showing little gain in further coverage.
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FIGURE 2
 The cumulative vaccination coverage with all types of COVID-19 vaccines available in Slovenia.




2.2.3 Hospital admissions

Since the beginning of the COVID-19 epidemic in Slovenia (March 2020), patients admitted with acute respiratory symptoms were routinely tested for SARS-CoV-2 infection before hospitalization (if not already confirmed as a COVID-19 case before admission). In addition, screening for SARS-CoV-2 infection was performed in all asymptomatic individuals admitted to any hospital in the country (acute and planned admissions, admissions to maternity units and healthy parents/guardians admitted with their children etc.). Post-admission screening was performed in hospitalized patients who were in contact with a SARS-CoV-2 positive patient or health care worker or who developed symptoms consistent with COVID-19 during hospitalization.

Hospitalized SARS-CoV-2 positive patients were classified in three groups:

(i) Community-associated COVID-19 (CAC): Patients admitted for community-associated COVID-19 severe enough to warrant hospital admission, defined by COVID-19 being the main discharge diagnosis (ICD-10 classification B34.2) or if the main discharge diagnosis was acute respiratory infection caused by SARS-CoV-2 (the combination of any ICD-10 code for acute respiratory infection as the main discharge diagnosis and ICD-10 U07.1, B34.2, or B97.2 as an additional diagnosis).

(ii) Incidentally infected with SARS-CoV-2: Patients admitted primarily for an-other medical reason who were diagnosed with SARS-CoV-2 infection on admission or during hospitalization, but not severe enough to warrant admission – the main dis-charge diagnosis was any ICD-10 diagnosis except COVID-19.

(iii) Hospital-associated SARS-CoV-2: Hospital-associated SARS-CoV-2 infection defined by a difference of ≥5 days between the date of admission and the date of the positive SARS-CoV-2 RT-PCR or RAT after admission.

Only patients hospitalized for community-associated COVID-19 during the Delta, BA.1 and BA.5 periods were included in the study. Being a long-term care resident was not an exclusion criterion for a community-associated COVID-19 case.

We calculated the Charlson Comorbidity Index (CCI) using the original weights and the revised Quan weights (20). Patients were divided into four groups according to their CCI scores (0 CCI, 1 CCI, 2 CCI, and ≥3 CCI).




2.3 Statistical analysis

Descriptive analysis was performed to summarize the characteristics of hospitalized patients, with the results presented as the frequency and percentage for categorical variables and as the median and interquartile range (IQR) for continuous variables. Differences between variants were evaluated with the Chi-square test or Fisher's exact test for categorical variables, and with the Kruskal-Wallis test for non-normally distributed continuous variables.

Because of the large number of independent variables, multiple univariate logistic regressions were performed separately for each SARS-CoV-2 variant and each outcome to identify the most significant variables. These were then included in multivariate logistic regressions in which we analyzed patient outcomes (NiVS, ICU, MV, and IHM) by variant. Finally, to compare the severity of variants we performed multiple logistic regression for each outcome separately, while controlling for sex, age, vaccination, reinfection, and comorbidity index. The results of logistic regressions are presented as odds ratios, 95% confidence intervals, and associated p-values.

A two-sided p-value of <0.05 was considered statistically significant. Statistical analyses were performed using SPSS software, version 27 (IBM, Armonk, New York, United States) and R, version 4.1.3 (R Foundation for Statistical Computing, Vienna, Austria).



2.4 Ethics statement

The study was conducted in accordance with the Declaration of Helsinki and approved by De-ontological and Ethical Board, National Institute of Public Health, No. 631-21/2023-6 (013).




3 Results

A total of 609,215 people tested positive (RT-PCR: 396,591, RAT: 212,624) for SARS-CoV-2 in Slovenia during the Delta, BA.1 and BA.4/5 periods, and 34,674 (5.7%) samples were sequenced and reported to GISAID (Figure 1). We excluded 140 (0.02%) people with known SARS-CoV-2 sequence which differed from the predominant period variant. During the defined Delta, BA.1 and BA.4/5 periods a total of 7,210 (3.96%), 3,090 (1.18%), and 4,139 (2.50%) patients, respectively, were hospitalized with confirmed SARS-CoV-2 infection. The proportion of those who were treated in the hospitals for community associated COVID-19 (CAC), with community associated COVID-19 (or confirmed SARS-CoV-2 infection), or with SARS-CoV-2 hospital-associated infection (HAI) differed between variant periods (Figure 1). Furthermore, 15.2, 16.5, and 18.5% of SARS-CoV-2 HAI patients were admitted to psychiatric hospitals or rehabilitation units, respectively. The average length of stay in the abovementioned wards was longer and provided a greater chance of acquiring SARS-CoV-2 HAI.

Only patients hospitalized for CAC were included in the analysis. A total of 7,775 patients were included in the study: 5,512 (3.03%) infected with Delta, 1,120 (0.43%) with Omicron BA.1, and 1,143 (0.69%) with Omicron BA.4/5 variant. Fifteen patients were hospitalized twice during the study period, 11 patients with Delta, three patients with Omicron BA.1, and one with Omicron BA.4/5 primary infection. Reinfection of all 15 patients occurred with the Omicron BA.4/5 variants.

The characteristics of patients hospitalized for CAC by SARS-CoV-2 variant are shown in Table 1. There were more female than male patients hospitalized in the BA.4/5 variant period, while more male patients were hospitalized during Delta and Omicron BA.1 wave. The age distribution of patients admitted to hospitals was significantly different between the Delta wave and the BA.4/5 wave. In the BA.4/5 period, children and adolescents accounted for one in eight patients hospitalized for COVID-19, and patients ≥ 80 years accounted for nearly half of the COVID-19 admissions, whereas in the Delta wave most hospitalizations were among those aged 18-64 years. Long-term care residents presented 2.6, 11.3, and 8.9% of admissions in the Delta, BA.1, and BA.4/5 periods, respectively.


TABLE 1 Characteristics of analytical cohort, overall and by the Delta and the Omicron variants.
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As expected, the proportions in vaccination status changed—a decrease in the proportion of unvaccinated/partially vaccinated people was observed (72.5, 62.2, and 38.8%, in the Delta, BA.1, and BA.4/5 period, respectively), and a high proportion (44.1%) of hospitalized patients for COVID-19 in the BA.4/5 period had already received an additional dose of the vaccine. Most patients who were fully or additionally vaccinated before hospital admission in the Delta or BA.1 period (93.4 and 84.2%, respectively) received their last dose of vaccine 14 to 270 days before the positive RT-PCR result. As expected, the number of COVID-19 patients in the BA.4/5 period who received their last vaccine dose in the 14- to 270-day period was much lower (32.1%), with only 3.4% of patients vaccinated in the last 6 months before hospitalization.

The proportion of re-infected hospitalized CAC patients increased from the Delta period to BA.4/5 period. The longest median time from initial infection to reinfection which resulted in hospitalization for CAC was in BA.1 period (403 days, interquartile range 382–439) (Table 1).

A statistically significant difference in Charlson Comorbidity Index (CCI) distribution was observed between the Delta and BA.4/5 period. The number of COVID-19 patients with a CCI score of zero decreased and the number of patients with a CCI score ≥3 increased. Using Quan modification of CCI, similar results were obtained (Table 1) with lower proportion in CCI value of 1. The list of co-morbidity diagnoses, frequencies, and p-values for patients in the Delta, BA.1, and BA.4/5 periods are presented in Supplementary Table 1.

Median length of stay, need for NiVS, ICU admission, MV, and IHM are shown in Table 2. The need for respiratory support diminished from the Delta to BA.4/5 period and average LoS shortened. In-hospital mortality dropped from approximately 17% in the Delta and BA.1 period to 10.3% in the BA.4/5 period.


TABLE 2 Length of hospital stay, in-hospital interventions and in-hospital mortality by predominant SARS-CoV-2 variant period.
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Demographics, long term care residency, vaccination history, history of reinfections and comorbidities in patients who received NiVS, MV, were admitted to ICU or died during the hospitalization in the Delta, BA.1 and BA.4/5 periods were compared (Figures 3A–C and Supplementary Tables 2–5). The details of the univariate and multivariate logistic regression are available in Supplementary Tables 6–9. The variables included in the models were: sex (reference female), age (by groups) (reference 18–64 years old), CCI score (reference 0 CCI), time since last vaccine dose (for fully or additionally vaccinated individuals only) (reference non-vaccinated or partially vaccinated), and reinfection (reference primary infection). In multivariate analysis, men did not have statistically significant higher odds for NiVS, ICU admission, MV, or IHM, except in the Delta period (NiVS: OR: 1.15, 95% CI: 1.00–1.32, p < 0.05; ICU: OR: 1.40, 95% CI: 1.20–1.64, p ≤ 0.001; MV: OR: 1.43, 95% CI: 1.21–1.70, p ≤ 0.001; and IHM: OR: 1.42, 95% CI: 1.21–1.66, p ≤ 0.001) (Figures 3A–C). In comparison to 18–64-year old age group, patients aged ≥80 years had significantly lower odds for ICU admission and MV in all three periods. Odds ratios (OR) for ICU admission for ≥80 years old were in the Delta period: OR 0.11, CI 0.08–0.16 (p ≤ 0.001); B.A.1 period: OR 0.07, CI 0.02–0.17 (p ≤ 0.001); and BA.4/5 period: OR 0.18, CI 0.05–0.59 (p ≤ 0.004). The 65–79 age group had less consistent results—significantly higher odds for ICU admission [OR 1.34, CI 1.14-1.57 (p ≤ 0.001)], MV [OR 1.61, CI 1.35–1.92 (p ≤ 0.001)] and IHM in the Delta period and for ICU admission [OR 1.61, CI 1.03–2.58 (p ≤ 0.042)], and IHM, but not for MV [OR 1.47, CI 0.88–2.52 (p 0.147)] in BA.1 period. IHM was strongly related to increasing age in the Delta period (OR 10.9, CI 8.7–13.8, p ≤ 0.001), BA.1 period (OR 7.8, CI 4.6–14.3, p ≤ 0.001) and BA.4/5 period (OR 12.2, CI 3.7–75.6, p ≤ 0.001) in octogenarians and nonagenarians. To a lesser extent but still high odds with statistical significance for IHM were observed in 65–79 age groups in the Delta and BA.1 period (Figure 3 and Supplementary Tables 6–9). Multivariate analysis showed that time elapsed since last vaccination in fully/additionally vaccinated compared to non-vaccinated/partially vaccinated patients had no impact on NiVS except in the Delta period for those who were vaccinated 9 months before positive test (OR 0.48, CI 0.25- 0.87, p 0.022). Shorter time since last vaccine dose significantly decreased the probability for ICU admission in the Delta period (14–180 days since last vaccination: OR 0.68, CI 0.54–0.84, p < 0.001, 181–270 days since last vaccination: OR 0.41, CI 0.30- 0.56, p < 0.001, and ≥271 days since last vaccination: OR 0.39, CI 0.13- 0.92, p 0.053), but not in the Omicron BA.1 or BA.4/5 period. Statistically significant lower odds for MV and IHM were found in vaccinated compared to non-vaccinated/partly vaccinated in the Delta period regardless of time elapsed from last vaccine dose except for IHM in vaccinated more than 9 months ago. Time elapsed from last vaccine dose had an impact on MV and IHM in the Omicron BA.1 and BA.4/5 period as shown in Figure 3 and Supplementary Tables 6–9).
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FIGURE 3
 (A–C) Adjusted odds ratios for non-invasive ventilatory support, ICU admission, mechanical ventilation and in-hospital mortality in patients hospitalized for COVID-19 in the Delta, the Omicron BA.1 and BA.4/5 periods. Calculation is based on the following reference: sex: female; age group: 18–64 years old; CCI score: 0; time since last vaccine dose (for fully or additionally vaccinated individuals only): non-vaccinated or partially vaccinated; and reinfection: primary infection. *p < 0.05; **p < 0.01; ***p < 0.001.


Prior SARS-CoV-2 infection had no statistically significant protective effect in regard to NiVS, ICU admission, MV and IHM in any of the variant periods.

A Charlson Comorbidity Index not equal to zero was associated with higher odds for NiVS, ICU admission, MV and IHM in the Delta, BA.1 and BA.4/5 periods, with few exceptions (ICU admission and MV for CCI ≥3 in the BA.1 period and MV for CCI 1 and CCI 2 in the BA.4/5 period).

Hospitalized patients with SARS-CoV-2 Omicron BA.1 and BA.4/5 were less likely to have NIVS, ICU admission, MV, and IHM compared to those with the Delta variant (Figure 4 and Supplementary Tables 10–13). Both Omicron variants had reduced progression to more severe disease, with BA.4/5 having lower odds than BA.1.
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FIGURE 4
 Adjusted odds ratios from logistic regression for non-invasive ventilatory support, ICU admission, mechanical ventilation and in-hospital mortality in patients hospitalized for COVID-19 in the Omicron BA.1 and BA.4/5 variants with respect to the Delta variant. *p < 0.05; **p < 0.01; ***p < 0.001.




4 Discussion

We compared the characteristics of patients hospitalized in Slovenian acute care hospitals due to COVID-19 in the Delta, the Omicron BA.1 and BA.4/5 predominant periods. We found that the proportion of admissions due to COVID-19 decreased significantly during the period when the Omicron BA.1 variant was predominant compared to the Delta variant. The data from the present study are in accordance with the first studies from South Africa (1) and similar studies from different geographical areas and with different socio-economic and health systems (21, 22). The risk of hospitalization decreased from the Delta to the Omicron pandemic waves (3, 9–11, 13, 21, 23), even among older at-risk persons (12). Fewer studies have compared hospitalization rates, risk of hospitalization, differences in clinical severity and outcomes among patients infected with SARS-CoV-2 Omicron BA.1 and BA.4/5 variants (3, 4, 24–27). Studies from South Africa showed similar odds for hospitalization and severe outcome in BA.1 and BA.4/5 infected patients (3, 4). However, in both studies no distinctions were made between incidental, nosocomial and CAC COVID-19 hospitalizations. In contrast, a study from British Columbia, Canada found an 18% higher risk of hospitalization in BA.5 infected patients compared to BA.1 cases (24).

In the present study, the age structure changed noticeably from the Delta to the Omicron BA.4/5 waves. In the Delta wave, the majority of hospitalizations due to CAC were in the 18 to 64 age group, and only 2.1% were for children and adolescents. In the Omicron BA.4/5 wave, nearly half of the hospitalized patients were ≥80 years old, and one in eight admitted patients was under 18 years of age. The change in age structure with an increase in admissions of younger patients during the initial Omicron wave has been observed in studies of clinical severity and outcome in hospitalized patients infected during the Delta and the Omicron waves (1, 5, 28, 29). Jassat et al. (1) noted that the admission rate for people aged ≤20 years was higher in the Omicron wave than in the first three waves. The higher admission rate in children and adolescents could be attributed to the greater Omicron BA.1 transmissibility, lower rates of previous infection, lower vaccination rates, and a greater number of incidental infections in children hospitalized for other reasons (1). In the present study, patients with nosocomial COVID-19 or admitted for other reasons and incidentally positive for SARS-CoV-2 were excluded from the analysis. It might be that Omicron causes more symptomatic acute respiratory infection demanding in-hospital treatment in children. Sumner et al. noticed that children with Omicron variant infection who presented to the emergency department were more likely to have fever and lower respiratory tract symptoms compared to previous variants (30). Interestingly, other studies found no difference in the risk of hospitalization among school-aged children (5–12 years) infected with Omicron relative to Delta, and no increase in hospitalization in children younger than five (13, 31).

The current study shows that the sex structure of the CAC changed between the study periods. Significantly more female patients were admitted in the BA.4/5 wave compared to the Delta and BA.1 wave. Earlier studies comparing the sex distribution of hospitalized patients showed conflicting results, with an increase in the female-to-male ratio from the Delta to the Omicron BA.1 or BA.4/5 periods in some publications (3, 25, 32), a decrease in others (7) or no change at all (33). Various societal factors should be taken into consideration to explain the demographic differences. During the Omicron wave most of the non-pharmaceutical measures were relaxed or only recommended, but not followed with the same rigor as in earlier waves. As such, the number of outbreaks in nursing homes increased and a higher proportion of hospitalized patients were residents of long-term care facilities in the Omicron period. In Slovenia, 0.9% of the population resides in long-term care facilities with a female-to-male ratio of 3:1 (https://www.stat.si/statweb/News/Index/8374), which may partially explain the increase in the number of women hospitalized during the Omicron waves. It may also be that hospital admission policies were changed and a lower clinical threshold for the admission of young children with respiratory symptoms and nursing home residents was introduced.

In Slovenia, the vaccination COVID-19 policy (as in other countries) was that the most vulnerable (nursing home residents, older adults and persons with comorbidities) received COVID-19 vaccine first along with health-care workers. The vaccination started in the end of 2020 with highest intensity in spring 2021 as shown in Figure 2. The vaccination coverage rate increased from the Delta to the Omicron waves. In the BA.4/5 period, 44.1% of hospitalized patients had already received a booster mRNA vaccine dose. The data reflect vaccination dynamics in Slovenia—from the end of October 2021 to mid-January 2022 about a quarter of the Slovenian population received an additional dose (webpage: https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#uptake-tab). After spring 2022, interest in COVID-19 vaccination dropped drastically, with relatively a small increase in the number of newly vaccinated people. As a result, the average time elapsed since the last vaccine dose was shortest for hospitalizations in the Omicron BA.1 wave and longest in the Omicron BA.4/5 wave. Only 3.4% of those hospitalized with BA.4/5 CAC had been vaccinated in the last 6 months before testing positive for SARS-CoV-2 and being hospitalized for CAC. The increase in the number of vaccinated among hospitalized CAC patients with BA.4/5 infection might be associated with a decrease in the degree of protection against the BA.4/5 variant and waning vaccine derived-immunity. Studies have shown that vaccination was associated with a reduction in disease severity for infections with either the Delta or Omicron BA.1 or BA.2 variants (3, 11, 13, 22), with the difference being more pronounced for infections with the Delta variant (14). In the present study, multivariate analysis revealed significantly lower odds of ICU admission and IHM in the Delta period for those who were fully vaccinated or additionally vaccinated within last 9 months. Vaccination lowered the odds of MV regardless of the time elapsed between the last vaccine dose and positive test result for COVID-19. In the BA.1 variant period, patients with less than 6 months elapsed between the last vaccine dose and SARS-CoV-2 positivity had lower odds of MV and IHM, but not of NiVS or ICU admission. Vaccination with a COVID-19 vaccine had no effects on NViS, ICU admission, or MV in the BA.4/5 period, but decreased the probability of IHM.

In the present study a substantial surge in the rate of reinfections was observed in the Omicron BA.1 and BA.4/5 waves compared to the Delta wave. The proportion of asymptomatic infections is unknown but most probably under-ascertained (18, 19), and we believe that the same holds for our study, with the reinfection rates underestimating the real number of reinfected and hospitalized people. After 2 years of the epidemic the level of testing for SARS-CoV-2 infection was dramatically reduced in Slovenia, rendering the estimation of the true proportion of those who had been infected at least once before a SARS-CoV-2 infection that required hospitalization difficult. A population-based study carried out in the country showed that prior to the Omicron BA.4/5 predominant wave, there was a 35.5% seroprevalence of SARS-CoV-2 anti-N antibodies in participants who had never been officially notified as infected (34).

The categorized and weighted comorbidities according to Charlson (and Quan modification) showed a substantial increase in CCI from the Delta to Omicron BA.4/5 waves, similar to the results of a study carried out in the United States, in which adult hospitalized patients tended to have more risk factors for severe COVID-19, i.e., they were on average older, had underlying chronic medical conditions and/or were immunocompromised during the Omicron BA.1, BA.2, and BA.4/5 waves compared to previous waves (25). Nevertheless, disease severity decreased as measured by systemic inflammation, coagulopathy, early discharge, reduced need for ventilatory support and death. The lower severity of the BA.4/5 variant compared to the BA.1 and the Delta variants was confirmed in the present study. Studies published on the severity of BA.4/5 found no difference, increase or decrease compared to the earlier Omicron variants (3, 24, 26, 33, 35, 36). However, these conflicting results merit further research as do studies regarding quality of life indicators and their correlation with the severity of the SARS-CoV-2 infection (37).

The present study has several strengths. For one, Slovenia has good and reliable national registries, and by linking national databases on hospitalizations and vaccinations for people who tested positive for SARS-CoV-2 we ensured the completeness of the data. Second, compared to other countries a very large proportion of sequenced isolates were reported to GISAID throughout the course of the pandemic, and therefore with variants' periods of predominance could be reliably defined. Third, we compared the COVID-19 severity in patients hospitalized for community-associated Delta, BA.1 and BA.4/5 variant infection. In many (but not all) previous studies the distinction between hospitalized with or because of COVID-19 has not been made. Patients with other health problems requiring hospitalization and patients incidentally infected with SARS-CoV-2 were excluded from our study as were patient with HAI. Hospital-acquired COVID-19 represented a serious public health issue and have been already addressed in previous studies (38, 39). The present study has several limitations. First, the main discharge and additional diagnoses were obtained from health-statistic data sources. It is possible that a complete list of chronic diseases and/or conditions was not recorded at discharge, resulting in an underestimated comorbidity. However, we assume that the incompleteness of records was approximately the same across epidemic waves, and cannot be the cause of the detected differences in the Charlson index. Second, patients were classified as infected with the Delta, BA.1, or BA.4/5 variants according to most likely variant inferred from the dominant strain in Slovenia at that time. Therefore, some degree of uncertainty remained in the classification used. Third, the present study is a retrospective observational study with possible residual confounding. While multivariate models were used to address this, not all differences could be corrected for. The vaccination might have an impact on milder course of COVID-19 in the Omicron wave compared to the Delta wave but even in populations with low vaccination coverage e.g. in the Republic of South Africa, where <25% of the adult population was vaccinated, the same phenomenon has been observed (40). There are other limitations of the study that deserve to be mentioned. Viral load is an important factor which might influence the course of the disease. In our study, we did not have data on viral load in patients hospitalized for COVID-19, thus we could not study the correlation with disease severity. There is a possibility that co-infections of SARS-CoV-2 with influenza or RSV viruses were missed, because they were not mentioned among the discharge diagnoses. We assume that such cases were rare due to the low intensity of the influenza and RSV season in 2021 and the first half of 2022. We do not have an information on various treatments prescribed to patients who were hospitalized because of COVID-19. Therefore, we could not include the various treatments in the analyses, which is one of the limitations of the study.



5 Conclusions

The findings of this study suggest decreased severity of the Omicron BA.4/5 variant compared to the BA.1 and Delta variants. Vaccination had the greatest effect in preventing severe COVID-19 in the Delta wave, and in the Omicron BA.4/5 wave it reduced the likelihood of intra-hospital death. Surveillance using affordable testing strategies (e.g., sentinel and Severe Acute Respiratory Infections (SARI) surveillance) should continue to provide timely information on the development of new SARS-CoV-2 variants and changes in clinical severity.
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Introduction: The COVID-19 pandemic entailed confinement and elimination of face-to-face university classes in Spain. The Francisco de Vitoria University in Madrid (UFV by its Spanish acronym) implemented risk management systems to enable on-campus university activity to avoid a negative impact on students, teachers, and faculties.
Methods: A tracking/registry system was implemented to collect data, identify COVID-19-related cases, implement containment measures, and do follow-up in the UFV community (administration/services personnel [ASP], teaching/research personnel [TRP], and students), from September 2020 to April 2022. In addition, a prevention plan was implemented on campus to avoid COVID-19 spreading. Satisfaction with these measures was assessed through an online questionnaire.
Results: A total of 7,165 suspected COVID-19 cases (84.7% students, 7.7% ASP, 6.5% TRP) were tracked (62.5% female cases, mean age (±SD) 24.8 years (±9.2 years)), and 45% of them confirmed (82% symptomatic/16% asymptomatic), being the student group that with the highest percentage (38.3% total tracked cases). The source of infection was identified in 50.6% of the confirmed cases (90.2% located off-campus). Nineteen COVID-19 outbreaks were registered (inside-10/outside-9). COVID-19 incidence rates were similar or lower than those reported in the Community of Madrid, except in the last wave, corresponding to Omicron variant. The degree of satisfaction (scale 1–6) with the implemented measures was high (scores 4.48–5.44).
Conclusion: During the COVID-19 pandemic, UFV control measures, periodic monitoring, and the effectiveness of the tracking system have contributed to maintaining classroom teaching, guaranteeing health and safety. UFV has adapted to a new reality as an example of good practice for future pandemics or emergency situations.
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Introduction

The coronavirus disease 2019 (COVID-19) was declared a pandemic on 11 March 2020 by the World Health Organization (WHO). It hit hard worldwide, and Spain was one of the most affected European countries (1, 2), with its capital, Madrid, the epicenter of COVID-19 (2).

The health crisis caused by COVID-19 led to an adaptation of society that has been an unprecedented challenge (3). The spreading severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) resulted in a state of emergency in Spain in March 2020 that involved a confinement as an urgent measure to contain the virus infections (4). The availability of vaccines and doses led to a vaccine strategy developed in three phases, starting with an initial and very limited supply of vaccine doses (first stage) and increasing doses and vaccines to cover all priority groups (third stage) (5). The Spanish vaccine campaign started in December 2020, prioritizing the population most vulnerable to serious disease (residents and staff in nursing homes and centers for older adults and care of major dependents; front-line health and social-health personnel; other health and social-health personnel; non-institutionalized major dependents) (5). From February to June 2021 (second stage), the following groups were vaccinated: older than 80; people between 70 and 79 and people with very high-risk conditions; people between 60 and 65; persons between 66 and 69; other health and social-health personnel; workers with an essential social function; people between 50 and 59. The third stage, starting June 2021, covered the remaining population between 49 and 5 years. In this last stage, vaccination sites were opened in up to 26 public and private universities in Madrid, to facilitate access to vaccination and achieve better coverage.

As in other regions, the state of emergency in Spain entailed that face-to-face classes were eliminated from March to September 2020 (6), leading to the introduction of new educational and administrative solutions in university management (7). Universities had to reorganize their activities with immediacy and creativity to avoid a negative outcome for students’ education (4). They had to adapt quickly their campuses to online teaching quickly to continue with their activities, without sufficient training and with a high level of improvisation (8).

It has been reported that remote learning generated many problems for students, teachers, and faculties, even in highly developed countries (7, 8). Students generally took the virtual transition negatively, with behavioral and emotional changes that affected their wellbeing and academic performance (4, 9). The negative impact of repeated closures of educational institutions has demonstrated that this strategy should be a last resort, and reopening them should be considered a priority (7).

After the March 2020 confinement in Spain, the 2020–2021 academic year started with the distance education or blended mode in public universities and most private ones.

The action plans recommended at the university level by the authorities resulted in distance university teaching with a low face-to-face content (10). However, Francisco de Vitoria University (UFV), a private university located in Madrid, implemented risk management systems, making it possible to continue face-to-face education by establishing a rotation system in classroom attendance.

As in other universities (11), UFV established several control measures to control COVID-19 transmission on the campuses. The impact of COVID-19 on the UFV community has been studied using a proprietary tracking system and demonstrating that with appropriate prevention and containment measures, university campuses are safe. Herein, we describe the preventive measures, case detection, and containment systems carried out on campus since the beginning of the COVID-19 pandemic to maintain on-campus university activity with the necessary teaching quality for the students, as an example of good practice for future pandemics or emergency situations. As a secondary objective, we also described the satisfaction of the UFV community with the measures implemented.



Methods


Study design

An observational study was conducted between September 2020 and April 2022 to describe the COVID-19 cases reported in the UFV university.



Settings and participants

Data collected for the analysis included the information on cases reported in the UFV community. This community is composed of administration and services personnel (ASP), teaching and research personnel (TRP), and students. The study period includes from the beginning of the academic year 2020–2021 (September 2020) to the change of strategy in the follow-up of cases and the end of the mask in indoor spaces, April 2022. During this period, data from the second to the sixth wave (Omicron variant wave) of the COVID-19 pandemic have been recorded.



Variables, data sources, and measurements

During this study, a tracking and registry system was established in which a group of variables were measured. The following sociodemographic and epidemiological variables were collected for case detection and follow-up: age, sex, group (student/TRP/ASP), faculty, case type (confirm case/close contact/suspect), vaccination status, possible source of infection, date of symptom onset, and last date of attendance to the campus.


Definitions and data sources

The tracking/registry system implemented by UFV from the beginning of the 2020–2021 academic year, according to indications of the Spanish Health Authorities, is shown in Figure 1.
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FIGURE 1
 Flowchart of the COVID-19 case registration system used to identify, classify, and follow up cases in the UFV during the pandemic.


This system enabled the identification, classification, and monitoring of COVID-19 cases for rapid action and adequate containment of virus transmission on the UFV campus/community. It enabled the analysis of the epidemiological link between cases for rapid decision-making on campus, considering if appropriated/recommended immediate containment measures such as the switch of in-person classes to remote or facilitating teleworking until the transmission risk situation was considered to have been resolved.

A suspected COVID-19 case (12) or person with compatible symptoms (13) was defined as any person with a clinical condition of acute respiratory infection of sudden onset of any seriousness presenting cough, dyspnea, throat pain, or rhinorrhea, with or without fever. Other symptoms, such as odynophagia, anosmia, ageusia, muscle pain, diarrhea, chest pain, or headache, may also be considered symptoms of suspected SARS-CoV-2 infection according to clinical criteria.

A confirmed COVID-19 case with active infection (12) was defined as a person who meets clinical criteria for a suspected case with a positive Diagnostic Test for Active Infection (DTAI) COVID-19, an asymptomatic person with a positive DTAI, and people with positive results in antigen self-testing dispensed in pharmacies in epidemiological situations of high incidence (14).

The trackers who received the alerts of COVID-19 infections contacted the affected subjects to collect data (possible origin of the contagion, date of symptom onset, last date of attendance to the campus, places, and activities carried out in previous days, etc.), identified and classified close contacts, and, if necessary, followed them up (Figure 1).

A close contact (12) is defined as any person who has had contact with the case from 2 days before the onset of symptoms (or the date of sample collection for diagnosis in the case of asymptomatic subjects) until the time the case is isolated, and (A) has provided care to a case or has been in contact with its secretions and fluids: health or social-health personnel who have not used appropriate protective measures, or persons who have other similar physical contact or any person who has handled biological samples without the appropriate protective measures; and/or (B) has been in the same place as a case, at less than 2 meters and for a total accumulated time of more than 15 min in 24 h. In environments where an assessment of the prevention measures could be made, including the correct and continued use of the mask, an individualized assessment was made by the occupational risk prevention service.

The above definitions were modified over the months according to the appearance of new diagnostic tests, the vaccination status of the population, and increased epidemiological evidence and knowledge regarding the virus (new strains, transmissibility, etc.).

According to each case, trackers explained the situation, provided the recommendations to be followed (e.g., if the identified close contacts were on campus, they were instructed to leave the facilities and were referred to their primary healthcare center for proper control and monitoring of their health status) and provided guidance on the quarantine and lockout periods indicated by the health authorities.

COVID-19 outbreak was defined as any grouping of three or more cases with active infection in which an epidemiological link has been established (12). If an outbreak was identified, it was reported to health authorities.

When the possibility of an outbreak was identified (>2 cases and/or a high number of close contacts), health authorities were informed, and the group leader was contacted and the whole class changed temporarily (between 2 and 5 days) to remote learning. After monitoring the cases and contacts, the group was gradually allowed to return to face-to-face training depending on their level of exposure (from lowest to highest risk of infection).

Trackers monitored the evolution of the cases weekly and updated the registries, including any change of condition.

All information provided through an electronic questionnaire was recorded; possible new cases were followed up by repeating the process in Figure 1.

The source of infection was established in two ways: by follow-up of registered close contacts who subsequently became confirmed cases or by a telephone survey asking whether they had had close contact with a confirmed case in the 10 days prior to the symptoms or positive result.



Measures for the prevention of infection

The UFV health and safety action plan included the implementation of measures on staff organization at the university, and infection prevention (protection and hygiene material, cleaning, disinfection, and ventilation), and also, the dissemination and awareness of habits to prevent the spread of COVID-19. The measures carried out to promote and guarantee a safe campus, where students and the rest of the community could continue with on-campus university activities, are shown in Table 1.



TABLE 1 Measures considered in the UFV to promote and guarantee a safe campus during the COVID-19 pandemic.
[image: Table detailing COVID-19 measures at a university, divided into measures of hygiene, information and training, organizational measures, and management. It includes protocols for cleaning, training, ventilation, signage, online integration, space management, and mask mandates.]

Additionally, in the third phase of the vaccine strategy, when vaccines were available (2020–2021 and 2021–2022 academic years), the UFV promoted the vaccination through communications to students. A vaccination campaign was specifically promoted on the UFV campus, from 11 h to 18 h, in September (days 20–22) and October (days 13–14) 2021.

When infections increased, non-essential administration and services personnel (ASP) and professors were asked to work from home.



Satisfaction measurement

Satisfaction with the measures implemented during the 2020–2021 and 2021–2022 academic years, at the UFV campus, for COVID-19 prevention/ management/ containment and promotion of healthy living at UFV was assessed using three items (1. “The university promotes a healthy lifestyle inside and outside the work environment,” 2. “The university raises awareness of COVID-19 in the university community,” 3. “The support provided by the university to the university community during the pandemic is adequate”). They were included in a non-validated quality questionnaire done by the Quality and Institutional Assessment Department of the UFV. These satisfaction items were designed by the Safety, Health, and Welfare Service of the UFV. Each item was rated using a six-point Likert scale from 1 (lowest degree of agreement) to 6 (highest degree of agreement). Data collection was performed online for 15 days.

The questionnaire was distributed to all first-, third-, and fifth-year students of all the degrees taught at the university and to ASP and teaching and research personnel (TRP).




Study size

Since this is a descriptive study of the evolution of COVID-19 cases reported at the university throughout the study period, the entire university population (students, TRP, and ASP) was included.



Statistical methods

Qualitative variables were described as absolute (n) and relative frequencies (%). Quantitative variables were described by mean and standard deviation. The cumulative incidence of COVID-19 cases diagnosed in periods of 14 days in the UFV was calculated by dividing the number of new cases by the number of people who are free of the disease at the beginning of the period. To compare cumulative incidence between populations, a paired t-test was performed. Statistical analysis was performed with the software R v4.2.3.



Ethics statement

This study on the effect of prevention, identification, and management systems implemented at the UFV during the COVID-19 pandemic was approved by the UFV Institutional Review Board (IRB).




Results


Tracked subjects

From September 2020 to April 2022, 7,165 cases (62.5% female cases) were tracked in five (second to sixth) COVID-19 waves (Figure 2).
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FIGURE 2
 Frequency of monthly reports related to COVID-19 during the collection data period recorded by the tracking system (7,165 total cases). Cases classified as confirmed, suspected and close contacts are shown. A fourth line representing the total number of cases (corresponding to the sum of the three previous categories) is also presented.


Overall, the mean age (±SD) of the subjects was 24.8 years (±9.2 years): students, 21.6 (± 3.3) years; ASP, 43.0 (± 10.3) years; and TRP 44.7 (± 9.5) years.

The most tracked subjects were UFV students, 6,070 (84.7%) subjects, followed by 555 (7.7%) ASP, 463 (6.5%) TRP, and others (101, 1.1%). By faculty, those with the most cases tracked were Health Sciences (30.5%), Legal Business (16.6%), and Communication (15.1%), which coincide with those with the largest number of students. Table 2 shows this distribution stratified by teaching area within the University, including the type of tracked cases.



TABLE 2 Types of tracked cases for TRP/ASP and students by UFV schools or faculties (n = 7,165).
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Overall, 45% (3,226) of the tracked cases were confirmed (2,637 [82%] cases had COVID-19 symptoms, and 501 cases [16%] remained asymptomatic; the remaining 88 patients did not report data about symptoms), and 46.5% (3,333) remained as close contacts who did not test positive (Table 2).

The student group was the group with the highest number of confirmed cases (2,743/3,226; 38.3% of total tracked cases).



Causes of origin of infection in confirmed cases

The source of infection was identified in half of the confirmed cases (1,632, 50.6%). Most 90.2% (1,472) had an off-campus source of infection (Supplementary Figure S1A), while 160 cases were linked to on-campus activity (Supplementary Figure S1B). In each of these setting (off- and on-campus, respectively), the most common source was partners (49.5%) and meals on campus (36.9%).



COVID-19 outbreaks

Nineteen COVID-19 outbreaks were registered, both identified inside (n = 10) and outside (n = 9) the campus (parties, outside celebrations, or travel) with a total of 337 affected subjects: 159 positive cases and 178 close contacts that did not become positive. The mean number of cases per COVID-19 outbreak was 8.4 subjects (4.8 and 12.3 subjects in outbreaks identified inside or outside the campus, respectively), and the mean of affected cases (confirmed cases + close contact) was 17.7 (11.4 and 24.8 subjects in outbreaks identified inside or outside the campus, respectively). The mean number of close contacts that become positive per case was 6.3 (4.5 and 9.6 in outbreaks identified inside or outside the campus, respectively).

Only in four COVID-19 outbreaks, there were confirmed cases that were a close contact of the initial case. In three of these outbreaks, the number of confirmed cases was elevated. Their origin (big parties and/or travel) made it difficult to identify the contacts. However, it helped health authorities to identify early COVID-19 outbreaks in these places.



Evolution of the epidemiological curve

The cumulative incidence of COVID-19 cases diagnosed in periods of 14 days in the UFV, from September 2020 to April 2022, is shown in Figure 3. It was compared with the incidence reported by the Community of Madrid (CM), both in the overall population (Figure 3A) and in the 15–24 years old group (because most of our university population are students with a mean age of 21.6 years [85.4%; 2,754 of the 3,226 confirmed cases]) (Figure 3B).
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FIGURE 3
 Comparison between COVID-19 incidence rates at the UFV (black line) vs. Community of Madrid (blue area) in the overall population (A) and 15-24 years old group (B) from October 2020 to April 2022. Second to sixth wave (Omicron variant) are included in this period.


Despite the on-campus activity, in both populations assessed, COVID-19 incidence rates reported in UFV were similar or lower than the ones reported in the Community of Madrid most of the time, except in the last wave registered, corresponding to Omicron variant. No significant difference was found between cumulative incidence in both populations (15–24 years p-value: 0.830; overall p-value: 0.068, paired t-test).



COVID-19 tests

After the identification of confirmed cases and the later study of close contact and suspect cases, 6,059 (84.6%) out of the 7,165 tracked cases had reported that they used a diagnostic test (DTAI): 36.7% antigen test, 36.8% antigen self-test sold in pharmacies, and 26.5% PCR.

Confirmed cases are defined as those with a positive DTAI; hence, 100% of the confirmed cases had a diagnostic test performed (with a positive result). In total, 87.8% of the suspect and 71% of close contacts cases had performed DTAI. If a suspect or a close contact case tested positive during the follow-up, they were re-identified as a confirmed case.



Vaccination

Since the vaccination register started (March 2021), a total of 4,387 confirmed positives were recorded; 734 of them belonged to the population that, at the time of infection, did not yet have access to the vaccine. Of the remaining confirmed cases within the UFV community that could have been vaccinated at the time of infection, only 304 (8.3%) of those cases notified did not have even one dose of the vaccine, although they belong to an age group with access to it.

During the vaccination campaign on the UFV campus (September and October 2021), 396 first doses and 235 second doses were administrated.



Satisfaction

The support provided by the university during the pandemic and the measures implemented in the UFV campus were evaluated with a questionnaire as a secondary objective of this study. The participation rates during 2020–2021 and 2021–2022 academic years, respectively, were 56.9% (341) and 41.0% (346) for ASP, 46.9% (551) and 35.3% (449) for TRP, and 30.0% (1,328) and 32.8% (1,708) for students. The results are shown in Supplementary Table S1.




Discussion

Universities are centers for welcoming and creating communities where students learn and acquire the necessary skills to develop in the next professional stage of their lives.

During the university stage, it is necessary to guarantee not only the acquisition of knowledge but also an experience of personal and relational development that contributes to the maturation process of each student. Without this campus experience, the student may feel isolated and would not complete his or her learning cycle, which is so necessary at this stage of life.

Several studies carried out in universities (15, 16) and other educational centers (schools and high schools) (17–19) agree with our results on the effectiveness of a layered mitigation approach for reducing infections. In fact, it has been reported that layering multiple interventions could reduce infection rates by 75% (20).

This approach includes the use of masks, information and awareness, contact tracing, and measures of confinement (COVID-19 cases and contacts). In addition, as we observed, the application of control measures maintained the educational centers with contagion levels similar to the areas where they were located (Community of Madrid in our study), avoiding, to a great extent, high level of contagion within the campuses. We corroborate that, using appropriate preventive measures, the teaching centers do not necessarily amplify virus transmission but rather reflect the transmission level in the community (21). During a period when most universities experienced low attendance rates (10), we successfully upheld teaching activities on the campus. This accomplishment was attributed to our meticulous adherence to preventive measures and the implementation of a robust case tracking system, ensuring both adequacy and effectiveness. In fact, COVID-19 incidence rates reported in the UFV were similar to or lower than those reported in the Community of Madrid in all waves, except the Omicron one. The more transmissible Omicron variant could justify the increased incidence of the latter, which triggered many infections (22). Moreover, in this wave, most of the confirmed cases were diagnosed using self-testing of antigens purchased in pharmacies, which in many cases were not registered by the health authorities.

Our study population, with a mean age of 24.8 years, showed behavioral risks; in fact, most of the identified sources of infection came from outside the campus (mainly social gatherings and partners). Similarly, in another university also with face-to-face teaching since August 2020 and similar measures as these implemented in the UFV, the source of infection was mostly outside the campus (18). Moreover, the COVID-19 outbreaks we identified in parties or travels showed many more people affected than those identified inside the campus.

Several studies carried out in university showed that the source of infection was high in the first courses classes (20, 23) (age of students approximately between 18 and 19 years). In our campus, the mean age of our student population (21.6 years) suggests a higher proportion of students in courses beyond the first academic year.

Although smoking was the source of infection in few confirmed university-related COVID-19 cases (n = 8), the UFV decided to ban smoking after the first wave registered in October 2020. This measure aimed to prevent physical approximation and salivary fluid contact that makes it a risk factor for COVID-19 (24). Currently, smoking is still banned because it also involves a risk of other infectious agents acquired from the environment through respiration (24).

Compliance with the measures is fundamental to control virus transmission on the campuses. It must be considered that this compliance can vary depending on the moment, on the alerts communicated by the health authorities and, in short, on the perception of risk (11). A lower perception of COVID-19 severity and health responsibility in students (the youngest people) vs. university staff and in non-medical faculties has been described (11). We can only highlight a higher accumulation of tracked cases in those faculties with a larger number of students (Health Sciences, Legal Business, and Communication faculties), regardless of whether they are related to health.

The early identification of suspected cases is also essential to interrupt the spread of the virus (6, 25), especially asymptomatic spread (25). The early detection of cases and close contacts prevented the on-campus activity of these subjects and, therefore, avoided new close contacts and new cases when close contacts became positive. Therefore, we show our system for communication strategies and contact tracing. Similar models have already shown success (25), allowing the early identification and isolation of suspected cases and rapid implementation of infection control that entails a rapid decrease in infected cases (26).

Ongoing surveillance, including serosurveillance, plays a critical role in monitoring infection and transmission of SARS-CoV-2 in educational settings (6). On our campus, the method to confirm positive cases was DTAI, performed in the Community of Madrid health centers as established in the Community’s health protocols of the first waves. These protocols varied over the months, and, eventually, during the Omicron wave (January–February 2022), the use of antigen self-tests sold in pharmacies became generalized. Testing for COVID-19 was not always indicated or available. For this reason, only 6,059 (84.6%) cases among the 7,165 tracked cases were tested (DTAI).

In Madrid, the highest number of doses administered of COVID-19 vaccines was recorded between June and October 2021; UFV supported this coverage by the administration of 396 first doses and 235 s doses administrated at the campus (September–October 2021). Since March 2021, the 91.7% of the confirmed cases had, at least, one dose of the vaccine.

University measures, including mitigation efforts and vaccination, may facilitate resumption of normal campus operation (16) and can avoid the negative impact of remote learning reported during the COVID-19 pandemic (4, 7–9). The UFV experience has shown to be effective in maintaining the propagation of cases, with good acceptance among all groups present on campus over the time (2020–2021 and 2021–2022 academic years). The degree of satisfaction was high, with scores ranging from 4.48 to 5.44 on a scale from 1 to 6. The TRP was the group with the highest scores followed by ASP and students. The fact that TRP is the group exposed the most to potential contagions is a possible reason that might explain the maximum scores obtained in this population.

Considering the psychological distress among university students and the relevant lack of motivation for distance learning (9) observed in the COVID-19 pandemic, we showed useful measures to safety reach face-to-face learning and avoid the virtual transition in an emergency situation. In future emergencies, the evidence of COVID-19 infections, including our successful measures and tracking system, could help to promote more specific surveillance strategies. The dissemination of all findings regarding prevention of spreading virus is relevant to be able to act accordingly and improve the COVID-19 or potential future pandemic.



Limitations

Although the prevalence data could be underestimated due to the diagnostic techniques purchased in the pharmacy and, therefore, not recorded by official sources, this information was available at the university through interviews with the trackers.

Indeed, as this was an observational study, causality cannot be concluded, but the data show incidence rates throughout the study period that were lower than the average for the Community of Madrid, in spite of maintaining a high face-to-face learning.



Conclusion

In conclusion, the UFV control measures during this pandemic, its periodic monitoring to maintain continuous improvement and the effectiveness of the tracking system implemented, have contributed to maintaining classroom teaching at the UFV, guaranteeing the health and safety of those on campus. This enables the highest teaching quality for students without detriment to the scrupulous compliance with COVID-19 health standards.

Keeping campuses alive, with face-to-face activity, is essential for student and a hallmark for many universities, and during the pandemic, this institution has adapted to a new reality by ensuring quality teaching and research on campuses that have proven to be safe.
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Background: Widespread access to testing is critical to public health efforts to control the COVID-19 pandemic. Secondary distribution of COVID-19 self-test kits, where an individual distributes test kits to others in their social networks, is a potential strategy to improve access to testing. In this qualitative study, we identified salient beliefs about distributing and accepting COVID-19 self-test kits within one’s social network, as well as ordering COVID-19 self-test kits from the government.
Methods: We recruited 61 participants from a randomized controlled trial (NCT04797858) in Philadelphia, Pennsylvania to elicit beliefs about (1) distributing COVID-19 self-test kits within one’s social network, (2) receiving test kits from social contacts, and (3) ordering self-test kits from the government. Using validated, open-ended question stems, we identified the most common set of beliefs underlying attitudes, perceived norms (or social referents), and perceived behavioral control (or self-efficacy) toward each of these behaviors.
Results: Twenty-seven out of 30 (90%) of participants who received self-test kits reported distributing the kits to social contacts. These participants described altruistic beliefs about giving others access to testing, and felt approval from family members, friends, and others in their social networks. When receiving test kits from social network contacts, participants described advantages of test kit convenience, but some voiced concern about test kit tampering and confusing instructions. Participants also described perceived logistic barriers to distributing and receiving self-test kits, such as delivering or transporting test kits, or finding time to meet. Participants who ordered test kits from the government also described increased convenience of test access, but described different logistic barriers such as delays in test kit delivery, or not receiving test kits at all.
Conclusion: In comparison with government-ordered test kits, the secondary distribution of COVID-19 self-test kits raised unique concerns about test kit quality and instructions, as well as distinctive logistic barriers related to distributing self-test kits to network contacts, which were not raised for test kits ordered from the government. This study demonstrates that beliefs may vary depending on the type of testing behavior, and behavioral interventions may benefit from developing messages tailored to specific testing strategies.
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Introduction

Since the beginning of the COVID-19 pandemic, widespread access to COVID-19 testing has been a public health challenge. Self-testing for SARS-CoV2, the causative virus of COVID-19, whereby individuals collects, performs, and interprets a test by themselves, can facilitate increased testing in the community (1). Lateral flow assay SARS-CoV-2 antigen self-test kits (COVID-19 self-tests) have proliferated in popularity due to their inexpensive cost, convenience, and rapid return of test results. In 2022, the US government began offering free COVID-19 self-test kits through online mail-in order (2). However, access to COVID-19 self-tests has remained limited and may be particularly difficult among underserved populations with low access to health services (3).

One potential strategy to increase access to testing is the secondary distribution of tests, where an individual distributes multiple test kits to others in their social network, such as family, friends, colleagues, and household members. This distribution strategy may overcome logistic barriers to testing (e.g., knowing where to obtain testing), mistrust of health systems (through obtaining tests from a known, trusted source), and provide more convenient testing. This strategy has been effectively leveraged to increase HIV testing to reach underserved or otherwise hard-to-reach populations with limited prior testing (4–6). In an ongoing randomized controlled trial (C-STRAND trial: NCT04796758), we are presently examining this strategy with the distribution of COVID-19 self-test kits (7).

Guided by causal models that predict decision making and behavior (8–10), we conducted a qualitative study to identify common beliefs underlying the distribution of COVID-19 self-tests. These causal models, such as the Theory of Planned Behavior and the Integrative Model of Behavioral Prediction, hold that a person’s behavioral intention is the strongest predictor of that behavior, and the strength of intention to engage in a behavior is, in turn, explained by one’s attitudes toward that behavior, along with their subjective norms and perceived behavioral control (also called self-efficacy) for the behavior of interest (8–10). When applying these models, belief elicitation studies are utilized to identify the specific beliefs that underly each of these three determinants of behavioral intention (11). We followed validated approaches to conducting this belief elicitation study, which includes defining the behaviors of interest (12, 13).

We focused on three health behaviors associated with distribution of COVID-19 self-test kits. The first two behaviors focused on the dyadic relationship in secondary distribution of self-test kits: distributing self-test kits to social network contacts and receiving self-test kits from social network contacts. Thirdly, because self-test kits also became available through the US government during the study, we also elicited beliefs about ordering tests from the government.



Methods

We randomly selected participants from one of three federally qualified health centers (FQHC) in Philadelphia, US (7). These FQHCs serve a racially diverse urban patient population and provide community-based primary care regardless of ability to pay or immigration status, and also provide specialty services for substance use disorders, chronic viral infections, and family planning. After enrollment, participants were randomized 1:1 to distribute either (1) self-test kits or (2) clinic-based test referrals to others in their social networks in the C-STRAND trial. Self-test kits consisted of commercially available rapid antigen tests used to detect SARS-CoV-2 under FDA emergency use authorization. The self-test kit was a standardized, commercially available rapid antigen test kit, manufactured by Ellume Health (Ellume United States, Frederick, MD). Clinic-based referrals consisted of referral cards to get tested at local health centers at no cost. The study received ethical approval from the Public Health Management Corporation and the University of Pennsylvania Institutional Review Boards. All participants provided written informed consent.

Eight weeks after randomization, participants were invited to respond to open-ended questions designed to elicit their beliefs (Supplementary Files 1, 2). Investigators aimed to recruit 30 participants from each arm of the trial based on sample size principles for qualitative research (14), which would allow us to elicit the most salient beliefs with reasonable confidence that our estimates were accurate within at least 8 percentage point (15). Trained study staff conducted individual telephone interviews with participants. The subset of participants randomized to receive self-test kits were asked questions about distributing self-test kits to others in their social networks. Participants from both study arms were asked questions about receiving self-test kits from a friend or family member and obtaining self-test kits from the government. To assess testing behaviors and beliefs after receipt of test kits or test referrals, we conducted interviews 8 to 12 weeks after participant randomization and enrollment.

We randomly selected 30 participants from the self-test arm, and 31 participants from the test referral arm. The 30 participants from the self-test arm completed belief elicitations specifically about distributing COVID-19 self-test kits. All 61 participants responded to belief elicitations about accepting self-test kits from social network contacts. All participants were asked if they had heard about ordering test kits from the government. We then asked additional belief elicitations about obtaining test kits from the government among those that reported this behavior.

With each participant, we conducted semi-structured individual interviews that applied a set of standardized, validated belief elicitation methods (16). Specifically, we used six open-ended question stems that are meant to adapted to the behavior of interest. There are two question stems validated to elicit the beliefs underlying each of the three determinants of intention: attitudes, perceived norms, and behavioral control regarding the behavior. To elicit the beliefs underlying attitudes, the stems are worded, “what would be good about…” and “What would be bad about…” (e.g., what was good about offering someone a home test kit? What was bad about it?). To elicit the beliefs underlying perceived norms, the question stems are worded to identify social referents by asking, “Who might approve of you …?” and “Who might disapprove of you…?” To elicit the beliefs that underlie perceived behavioral control, or self-efficacy, the question stems are worded, “What would make it difficult for you to…?” and “What would make it easier for you to …?” These questions examine perceived barriers and facilitators to the health behavior of interest.

We followed standardized analytic strategies for belief elicitation studies and analyzed the responses provided to each question separately (9, 12). We used thematic analysis of verbatim responses to identify and categorize beliefs. We computed the frequencies of each belief reported and categorized the frequencies in rank-order. The most frequently reported specific beliefs are considered to be salient beliefs for the population sampled. Beliefs that were reported only once were excluded from analysis.



Results

We conducted individual interviews with a total of 61 participants, whose median age was 38 years, nearly two-thirds reported Black/African American race, and two-thirds were assigned female sex at birth (Table 1). Nearly half of all participants reported household annual incomes of less than $50,000 and household sizes of three or more people. Among the 30 participants who received self-test kits for distribution, 27 (90%) reported distributing them to at least one other person. The mean number of test kits distributed was 3.81 (Standard Deviation 1.39) test kits per person.



TABLE 1 Study participant characteristics (N = 61).
[image: A table presents demographic characteristics of a study sample divided into three groups: Total (N=61), Received self-test kits (N=30), and Received clinic test referrals (N=31). Categories include age, gender identity, race, ethnicity, education, household annual income, household size, and employment status. Each category is further broken down by the overall percentage and subgroup percentages. Numbers in parentheses indicate percentages, and some rows do not sum to totals due to missing data.]


Beliefs about distributing self-test kits

Beliefs underlying attitudes: As shown in Table 2, participants (n = 30) who reported their beliefs about distributing COVID-19 self-test kits to other social network contacts were more likely to report perceived advantages than disadvantages. The most commonly reported advantage to distributing self-test kits mentioned was the feeling of altruism and benevolence from assisting others: that giving test kits “felt good to help someone” (43%) and that it “gives others access to testing” (30%). There were few perceived disadvantages to distributing self-test kits, and the most mentioned belief was a critique of the self-test kit itself: the self-test kit was described as having “confusing test instructions” (10%).



TABLE 2 Frequency of salient beliefs about distributing COVID-19 test kits to social network contacts.
[image: Table showing behavioral beliefs regarding COVID-19 test kits. Advantages include helping others (43%) and access to testing (30%). Disadvantages include confusing instructions (10%). Approvers are family (37%) and everyone known (33%), while disapprovers are non-believers (16%). Facilitators include ease of use (13%). Barriers are delivery issues (10%).]

Perceived norms about who would approve or disapprove: When asked who would approve of them distributing a test kit the most common response was family members (37%) and “everyone I know” (33%), followed by friends, co-workers, spouse/partners, and household members (7% each). There were few referenced disapprovers, and the most common disapprover were simply “people who do not believe in COVID-19” or “conspiracy theorists” (16%).

Perceived behavior control beliefs: When asked what they believed would make it difficult to distribute a kit and what could make it easier, there were relatively few perceived facilitators and barriers. The most commonly described facilitator was the “ease of use” of self-test kits (13%). Consistent with the advantages of helping others, 10% also indicated that “others needing more test kits” would facilitate giving test kits to others. Barriers included logistic concerns with distributing self-test kits, such as difficulty delivering test kits to people (10%) and concern that self-test kits would be too technologically complex for others to use them (7%). In addition, 10% indicated having a limited number of test kits would be a barrier to them distributing test kits, and 7% also indicated they would feel uncomfortable offering test kits.



Receiving self-test kits from social network contacts

Beliefs underlying attitudes: Participants (n = 61) noted several advantages about receiving test kits were noted by participants (Table 3). The most common stated advantages included “having test kits at home,” and “knowing if I had COVID-19.” Respondents also indicated that receiving a test kit from someone they knew had additional advantages. Thirteen percent indicated they would “feel closer to the person who gave me the test,” and 7% that the “test is probably reliable if a friend gave it.”



TABLE 3 Frequency of salient beliefs about accepting home test kits from a social network contact.
[image: Table showing survey results on beliefs and attitudes towards COVID-19 test kits. It includes frequency and response percentages. Categories: Behavioral Beliefs (Advantages and Disadvantages), Social Referents (Approvers and Disapprovers), and Control Beliefs (Facilitators and Barriers). Key results: 43% find having tests at home advantageous, 23% are concerned about tampered test kits, 32% approve obtaining tests if everyone they know does, and 20% see tampering concerns as a barrier.]

Perceived norms about who would approve or disapprove of receiving test kits: The most reported approvers were “everyone I know” (32%), family (28%), friends (17%), and spouses (12%). Respondents reported that the perceived disapprovers would be those who either did not believe that COVID-19 was important (3%) or that masks or vaccines worked (3%).

Perceived behavior control beliefs: When asked about what could make it easier to receive home test kits from social network contacts, 17% mentioned having test kits delivered to their home and 15% also commented that “knowing where the test came from” made it easier to accept test kits. Obtaining self-test kits from social contacts had disadvantages as well: 23% also described concerns that the self-test kit “might have been tampered with,” and 5% described being “uncertain of the quality.” Respondents also noted they would “feel guilty if they (a friend) needed it instead” (10%) and concerns regarding COVID-19 exposure when accepting the test kit (8%). Others reported logistic barriers such as finding time to meet a friend to accept the kit (7%) and having a car to obtain the test kit (7%).



Ordering test kits from the government

A total of 50/61 (79%) individuals had heard about ordering home test kits from the government, and 32/61 (52%) had ordered test kits and were asked additional questions regarding their experience ordering test kits from the government.

Beliefs underlying attitudes: Participants noted multiple advantages related to test kits being convenient to order and free (Table 4). The most common advantages of ordering tests from the government were having an easy online interface (38%), the testing was free (22%), and it was reassuring to have test kits (22%). Reported disadvantages were related to logistic barriers, such as having to “wait for test kits after ordering” (19%), “test kits never arrived” (9%), “needing a computer” (6%), and the household limit on test kits (6%).



TABLE 4 Frequency of salient beliefs about ordering COVID-19 test kits from the government.
[image: A table outlines beliefs related to online test kits, divided into three sections: Behavioral, Social Referents, and Control Beliefs. Behavioral Beliefs list advantages—for example, 38% find the online order interface easy—and disadvantages, like 19% facing delivery waits. Social Referents indicate approval, with 38% citing family support, and disapproval from 9% who doubt vaccines' existence. Control Beliefs include facilitators, with 44% finding ordering easy, and barriers, such as a 19% mention of household limits on kits. The table uses frequencies and percentages to summarize responses from 32 participants.]

Perceived norms about who would approve or disapprove of ordering test kits from the government: The respondents most commonly noted family members (38%) and everyone they knew (34%) as approvers. When asked who would disapprove of ordering test kits from the government, most participants indicated no one would disapprove, or they cited people who did not believe in vaccines or that COVID-19 is important (9%).

Perceived behavior control beliefs: When asked what could make it easier to order test kits from the government, participants noted the test kits were easy to order (44%) and that they could re-order the test kits. Barriers to government delivered test kits included the limit on the number of test kits allowed per household (19%) and several participants again mentioned that the test kits never got delivered (13%), and lack of communication (6%).




Discussion

This study applies a theory-based approach to understand a health-promoting behavior, COVID-19 self-testing, in an historically underserved urban population. This study is novel because it examines beliefs about an innovative strategy for distributing tests that relies on a dyadic relationship between a “index” (person who distributes a self-test) and “social network contact” (person who receives a self-test). We also used the theoretically ground approach to understand their beliefs about obtaining self-test kits online from the government. By comparing the belief sets for each of these different testing behaviors, this study provides important insights into the beliefs that vary, depending on the type of testing behavior.

We found that participants who received test kits for distribution overwhelmingly described altruistic beliefs, with the most common advantages being that it felt good to help someone and that they could give others access to testing. Public health messaging that emphasizes altruism have been utilized to promote COVID-19 vaccine uptake (17–19), but to our knowledge, has yet to be applied to secondary distribution strategies. We also found that altruistic beliefs were reflected in the set of perceived control beliefs reported, with some respondents describing the perception that others needed more test kits. These beliefs may be especially pronounced when the other individuals in need are friends, family members, and others closely related in their social network, whom participants felt would be supportive and approve of their distribution. In addition, some individuals describing the advantage of increasing knowledge of infection and limiting the spread of COVID-19. Very few participants spoke of a need to save the test kits for themselves.

We also observed that, for all three health behaviors (distributing self-test kits, receiving self-test kits from social network contacts, and obtaining self-tests online from the government) participants believed that many people would approve of them performing these behaviors. In all three behaviors, participants indicated approval from the same set of social referents, such as family, friends, co-workers, and “everyone I know.” Disapproval was rarely reported and limited to people who did not believe COVID-19 or its control measures were important.

When receiving test kits from social network contacts, we found that participants voiced concerns about tampering, confusing test instructions, and test kit quality. In comparison, among the subset of participants who ordered test kits from the government, there were no concerns about test kit quality or tampering. There are several potential reasons to account for this difference. First, participants who ordered test kits from the government were already motivated to obtain self-test kits and likely felt more comfortable with self-testing, compared with individuals who may be more ambivalent or unsure about self-test kit quality or how to use them, if they received them from a social network contact. Second, participants who received test kits from social network contacts may feel less certain that test kits were not tampered with or opened compared with if they received them from the mail. These concerns may be unique to the secondary distribution strategy, where individuals do not obtain test kits from a usual source, such as a health care setting or a government-sponsored program, where there may be fewer concerns about quality assurance. At the same time, some participants felt reassured if the test kit from someone they knew and felt the test would be reliable if it came from a friend. These findings suggest that secondary distribution interventions may need to emphasize test characteristics such as test quality assurance.

Participants described logistic concerns with all three health related behaviors, although different barriers were noted for government-ordered test kits compared with secondary distribution. Among individuals who received test kits for distribution, delivering the test kits to others was the most common barrier to distributing them. Similarly, when receiving test kits, participants noted difficulty obtaining the test from a friend, not having a car to get them, or finding time to meet a friend. In comparison, among participants who ordered test kits from the government, the most common barriers were having to wait for the test kits and a few individuals described never receiving the test kits. These data suggest that unique logistical concerns may arise for different modes of self-test kit distribution.

Several major limitations are noted. First, these results should be contextualized in the setting of an ongoing COVID-19 clinical trial taking place in an urban environment, limiting its generalizability. Clinical trial participants may be more motivated to perform health behaviors compared with the general population. Furthermore, in addition to different behavioral beliefs, rural residents may encounter different logistic barriers to distributing and obtaining self-test kits compared with urban residents if residences are less clustered. Second, we acknowledge that beliefs related to COVID-19 control measures can change over time.



Conclusion

This study characterizes salient beliefs related to distributing and accepting COVID-19 self-test kits to and from social network contacts, as well as obtaining self-test kits from the government, in an urban population. Belief elicitation studies are considered the first step toward developing theory-based, effective behavioral interventions (11, 20). Compared with self-tests distributed through government-sponsored programs, secondary distribution interventions may also need to address concerns regarding test quality assurance and the unique logistic challenges of distributing test kits within social networks. Additional quantitative research is needed to identify which beliefs predict the strongest behavioral intention, which can then be used to optimize behavioral messaging to support widespread self-test distribution.
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Objective: The purpose of this study is to provide experience and evidence support for countries to deal with similar public health emergencies such as COVID-19 by comparing and analyzing the measures taken by six countries in epidemic prevention and control.
Methods: This study extracted public data on COVID-19 from the official website of various countries and used ecological comparative research methods to compare the specific situation of indicators such as daily tests per thousand people, stringency index, and total vaccinations per hundred people in countries.
Results: The cumulative death toll in China, Germany and Australia was significantly lower than that in the United States, South Africa and Italy. Expanding the scale of testing has helped control the spread of the epidemic to some extent. When the epidemic situation is severe, the stringency index increases, and when the epidemic situation tends to ease, the stringency index decreases. Increased vaccination rates, while helping to build an immune barrier, still need to be used in conjunction with non-drug interventions.
Conclusion: The implementation of non-drug interventions and vaccine measures greatly affected the epidemic prevention and control effect. In responding to public health emergencies such as the COVID-19 epidemic, countries should draw on international experience, closely align with their national conditions, follow the laws of epidemiology, actively take non-drug intervention measures, and vigorously promote vaccine research and development and vaccination.
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1 Introduction

Since December 2019, a number of cases of pneumonia of unknown cause with a history of exposure to seafood markets in South China have been found in some hospitals in Hubei Province, China, which have been confirmed as acute respiratory infectious diseases caused by novel coronavirus infection. The outbreak has since rapidly spread around the world. The initial genome sequencing data of the virus did not match that of previously sequenced coronaviruses (1). On 30 January 2020, the World Health Organization declared the COVID-19 outbreak a public health emergency of international concern. The COVID-19 epidemic is characterized by high prevalence and long incubation period. According to official reports, as of December 31, 2022, the cumulative number of confirmed cases worldwide exceeded 700 million and the cumulative death toll exceeded 6.7 million (2). Due to the emergence of the mutated strain, countries have limited epidemic prevention and control measures, and the epidemic has rebounded several times, posing a serious threat to human life and seriously affecting global public health and economy (3, 4). And the emergence of mutated strains further compounds the challenge of containing the COVID-19 pandemic, as these mutants become more resistant to vaccines (5). The COVID-19 pandemic is considered the most serious public health threat since the 1918 H1N1 Spanish flu. The COVID-19 pandemic has had a severe impact on the economy, politics and people’s lives around the world, and has exposed the chronic deficiencies in the health systems of many countries (6). Based on this, some international scholars have also carried out extensive research on the status quo, impact and countermeasures of the epidemic. For example, some scholars have conducted in-depth studies on housing and public space during the COVID-19 epidemic and the impact of COVID-19 on urban public space (7, 8).

Non-drug interventions are actions taken by individuals and groups, other than vaccination and medication, to slow the spread of an epidemic disease, with the primary objective of controlling the source of infection and cutting off transmission routes. Vaccination is one of the effective methods to control the COVID-19 epidemic (9). It is therefore essential that countries set strategic targets for vaccine research and development and reach broad consensus (10). Since the outbreak of the epidemic, countries have taken non-drug intervention measures of different degrees and vaccine research and development and vaccination measures to control the spread of the epidemic according to the development status of the epidemic, economic strength, service capacity of the medical and health system, population distribution and other factors, in an attempt to control the large-scale spread of the epidemic from the perspective of controlling the source of infection, cutting off the route of transmission, and protecting the vulnerable population (11). With the development and spread of the epidemic, different countries have achieved different results in the prevention and control efforts. In this study, six countries including China, Germany, Australia, the United States, South Africa and Italy were selected as research objects. China was the first country to detect the novel coronavirus, and has controlled the rapid spread of the epidemic in a relatively short period of time, so it is necessary to conduct an in-depth analysis of its successful experience. Germany and Australia are representative countries in Europe and Oceania respectively, and have their own characteristics in epidemic management. The United States, South Africa and Italy have all been hit hard by the outbreak, and have been among the hardest hit countries in the global epidemic. At the same time, the selection of these countries also takes into account the relatively even geographical distribution. Based on the implementation intensity of non-drug intervention measures and the implementation of vaccination, this study analyzed the strategies and effects of epidemic prevention and control in each country. In view of the heavy losses caused by the COVID-19 epidemic to mankind, the international community has paid close attention to the research related to public health emergencies. To a certain extent, this study provides a small reference for the management of public health emergencies.



2 Research objects and methods


2.1 Research objects and indicators

Six typical countries, namely China in Asia, Germany and Italy in Europe, Australia in Oceania, the United States in North America, and South Africa in Africa, were selected as research objects. Indicators such as total cases and deaths per million people, daily tests per thousand people, stringency index, total vaccinations per hundred people, daily new cases per million people, and daily new deaths per million people were included in the analysis.



2.2 Data sources

In this study, official Data of countries on COVID-19 were collected from the official website of the World Health Organization and the Novel Coronavirus Resource Center of Johns Hopkins University, specific measures taken in response to COVID-19 were collected from government websites of countries, and indicator data involved in this study were collected from Our World in Data website (12–20). The purpose of the World Health Organization is to achieve the highest possible level of health for the world’s people. During the COVID-19 epidemic, the World Health Organization updated authoritative data daily, which provided the data source for this study. The Novel Coronavirus Resource Center of Johns Hopkins University has provided unprecedented near-real-time data tracking of this unprecedented outbreak, providing visualizations of reported cases and deaths to the public, journalists and policymakers around the world. Our World in Data is a website that provides global data. The research team of Our World in data is affiliated with the Oxford Martin Global Development Program at the University of Oxford in the United Kingdom, and focuses on decades of national data on human living standards. The data density and value of the website are high, including population, economic, health and other data, providing us with a comprehensive perspective of global population and health. The Oxford Coronavirus Government Response Tracker (OxCGRT) project calculate a Stringency Index, a composite measure of nine of the response metrics. Nine metrics are used to calculate the Stringency Index: school closures; workplace closures; cancellation of public events; restrictions on public gatherings; closures of public transport; stay-at-home requirements; public information campaigns; restrictions on internal movements; and international travel controls. The index on any given day is calculated as the mean score of the nine metrics, each taking a value between 0 and 100. A higher score indicates a stricter response (100 = strictest response). Data collection varies from country to country; for example, Germany does not continuously report the number of tests. In order to improve the visibility and accuracy of the results, the index of “new tests per thousand” in this study uses the smoothed data after official processing on the database website.



2.3 Research methods

Ecological comparative study is a method widely used in ecological research. The simplest method is to observe the distribution of a disease in different populations or regions, and then propose etiological hypotheses based on the differences in the distribution of the disease. Ecological comparative research can also be applied to evaluate the effectiveness of social facilities, population interventions, and the implementation of policies and laws. This study uses ecological comparative study method to describe the epidemic prevention policies and vaccine measures in six countries. In this study, Excel data analysis software is used to make visual analysis by making statistical charts. Based on the analysis of the epidemic prevention and control effect in six countries, this study proposed the hypothesis that “the implementation of non-drug interventions and vaccine measures greatly affected the epidemic prevention and control effect.” The effects of non-drug interventions and vaccination on epidemic prevention and control in each country were analyzed by comparing the indicators such as total cases and deaths per million people, daily tests per thousand people, stringency index, and total vaccinations per hundred people, combined with the development status of the epidemic in each country, the economic strength, the service capacity of the medical and health system, and the population distribution.




3 Results


3.1 Non-drug interventions by countries


3.1.1 Containment strategies of China, Germany, and Australia

China, Germany, and Australia have tended to adopt strict containment strategies in the fight against COVID-19. China is following a classic containment strategy. Rapid response is critical in the early stages of an infectious disease outbreak (21). China became the first country to report a case of pneumonia of unknown cause after it was first reported in Wuhan, Hubei province. As the epidemic spread, the Chinese government attached great importance to it, took swift measures and brought the epidemic under control in a relatively short period of time (22, 23). During the epidemic, major measures include establishing a command system for COVID-19 prevention and control and building medical isolation facilities. When the epidemic is spreading, communities should play a role in epidemic prevention by adopting lockdown and medical treatment policies. In the phase of regular epidemic prevention and control, targeted measures have been taken across the country at different regions and levels to prevent imports and rebound at home. The policy focus on COVID-19 has shifted from medical support in the early stage to economic development in the later stage (24). Germany, one of the early countries in Europe to be affected by the outbreak, confirmed its first case of the novel coronavirus on January 27, 2020 local time, with an explosive increase in confirmed cases in late February. The German government has taken various measures to limit the gathering of people, strictly prevent the importation of the virus from abroad, initiated emergency plans, and increased the number of medical staff and hospital beds in an effort to contain the spread of the epidemic. Germany and Hong Kong produced the WHO-approved diagnostic test kits and distributed them to countries around the world on January 17, 2020. In addition, affected by the novel coronavirus epidemic, the German economy shrank and the employment situation was grim. The German government implemented the “short-time working plan.” Germany has a wide distribution of laboratories qualified for virus testing, and timely inclusion of relevant costs in the medical reimbursement system. Strict public health policies and generous social policies have been successful in Germany (25). Among the many countries affected by the novel coronavirus, Oceania’s epidemic prevention and control effect is relatively optimistic. Australia is relatively isolated on the land, and most of the domestic outbreaks are imported from abroad and spread in clusters. Since January 2020, Australia has screened airline passengers and subsequently ordered the closure of all public commercial places to prevent the spread of the virus. Unprecedented government spending on health care, employment and housing may have reduced anxiety and stress among some Australians (26). Although the worst impact was avoided, it still suffered many negative effects (27, 28). (Examples of specific measures taken by China, Germany and Australia are shown in Table 1).



TABLE 1 Major non-drug interventions in response to COVID-19 in China, Germany, and Australia.
[image: A table compares COVID-19 measures in China, Germany, and Australia. Categories include overall strategy, government response, community policy, medical system, district management, campus measures, border control, relaxation measures, and financial relief. China prioritizes containment, Germany enhances medical response, and Australia implements strict lockdowns. Each country’s approach details specific policies like travel restrictions, medical system adjustments, and financial support. The data source is official government websites.]



3.1.2 Mitigation strategies in the United States, South Africa, and Italy

Mitigation strategies aim to keep the number of infections low through modest control measures, but could overwhelm health service capacity if COVID-19 infections increase (29). The United States, South Africa, and Italy have tended to adopt relatively lenient mitigation strategies in the fight against COVID-19. After the outbreak of COVID-19, the United States announced its first case of COVID-19 on January 21, 2020 with the number of confirmed cases exceeding 1,000 on March 10, 2020 and confirmed cases in all 50 states on March 17, 2020. The United States has adopted a strategy of “containment” and “mitigation” to respond to the epidemic through multiple channels and means, including virus testing, campus prevention and control, and social distancing. But in the early stages of the outbreak, the United States only advised the public to take precautions but not to wear masks for healthy people. Most U.S. states and territories issued stay-at-home orders and shutdowns after the government imposed quarantines and curfews as the number of confirmed cases rose. At the same time, the United States increased investment to accelerate vaccine development and vaccination schedule (30, 31). However, the epidemic has not been fully alleviated, and states across the United States have begun to relax their epidemic control measures, reopening restaurants and gradually resuming production. South Africa was the first African country to declare a state of national disaster (32). On March 5, 2020, South Africa reported its first confirmed case of COVID-19. Soon, South Africa began to seal off the country, strictly implementing the “lockdown order” throughout the country, and set the lockdown level as the most stringent level five (33). However, after May 2020, the South African government gradually lowered the lockdown level from phase 5 to Phase 1, gradually easing the quarantine measures. Since the resumption of work and production in May, the number of newly confirmed cases in South Africa has fluctuated and the epidemic has shown a rebound trend.

Italy has taken different measures to contain the spread of the virus during the COVID-19 outbreak (34). As early as January 31, 2020, the Italian government began to implement border control measures. Italy did not initially implement strict restrictions, which led to the spread of the epidemic. At this point, the government began to act, but it was too late. Italy’s large population and high population density have exacerbated the difficulties of fighting the epidemic. With the first COVID-19 case reported on February 20, 2020, the outbreak has deteriorated rapidly in Italy, which also has the highest death rate in the world. From March to May, the government divided the country into different regions and quickly adopted radical lockdown measures, followed by national lockdown measures (35). In late May, 2020, the epidemic prevention and control measures were gradually relaxed. (Examples of specific measures taken by the United States, South Africa, and Italy are shown in Table 2).



TABLE 2 Major non-drug interventions in response to COVID-19 in the United States, South Africa, and Italy.
[image: A comparison table of COVID-19 measures and responses across the United States, South Africa, and Italy. Categories include overall strategy, government response, community policy, medical system, district management, campus measures, border control, relaxation measures, and financial relief. Each country's actions are detailed under these categories, highlighting differences in policies such as state of emergency declarations, lockdown implementations, border control, and financial support initiatives. Data sources are official government websites.]




3.2 Vaccine measures taken by countries

The research and development of COVID-19 vaccine is a race between human beings and the virus. Different countries and research and development institutions may have different tracks, but they are heading for the same destination. Since Chinese scientists released the whole genome sequence of the novel coronavirus on Jan 11, 2020, the global research and development of a vaccine against the novel coronavirus has been in high tide. As early as March 16, 2020, a candidate COVID-19 vaccine entered clinical testing for the first time, the fastest pace in history. (Detailed information on COVID-19 vaccine development and vaccination in six countries is shown in Table 3). First, in December 2020, some 20 million health care workers and older adult people in nursing homes across the United States were among the first to receive a vaccine against COVID-19. From January to March 2021, the second batch of people who received the COVID-19 vaccine include: teachers, police and other core posts, high-risk disease patients and people over 65 years old. From April to June 2021, vaccines were available for free throughout the United States.



TABLE 3 Main vaccine interventions in six countries.
[image: A table outlines COVID-19 vaccine development and vaccination strategies for six countries: China, Germany, Australia, the United States, South Africa, and Italy. Each country's section includes vaccine development achievements and key vaccination phases targeting specific groups. Notable timelines include China's early clinical trials and phased vaccinations, Germany's focus on different risk groups across 2020-2021, Australia's front-line worker prioritization, the United States' collaboration with BioNTech and phased rollout, South Africa's biotechnology achievements, and Italy's phased approach and campaign start in December 2020. The data is sourced from official government websites.]



3.3 Analysis of epidemic prevention and control effect in six countries


3.3.1 Basic information and epidemic situation in six countries

The basic characteristics of the six countries are shown in Table 4. Australia is the lowest population density of the six countries, which may reduce the difficulty of prevention and control to some extent, while Germany is the highest population density of the six countries. China and South Africa have relatively small populations over the age of 65. Of the six countries, China has the fewest cumulative confirmed cases per million people and cumulative deaths per million people. Of the six countries, China had the highest tightening index, while Australia and South Africa had the lowest. Germany has the highest number of hospital beds per 1,000 people, significantly higher than any other country. As the coronavirus epidemic has spread, governments have embraced a variety of non-drug interventions and issued a series of policy documents. With the changes in the trend of the epidemic and the needs of economic and social development, each country adjusted its prevention and control strategy based on its own national conditions.



TABLE 4 Comparison of basic characteristics of six countries (as at 31 December 2022).
[image: A table compares various indicators across six countries: China, Germany, Australia, the United States, South Africa, and Italy. It includes data on population, population density, percentage aged sixty-five or older, GDP per capita, total COVID-19 cases and deaths per million, stringency index, and hospital beds per thousand. The source is Our World in Data.]

Figure 1 (Trends in total cases and deaths per million people) shows that the six countries have different epidemic prevention and control effects. In China, the cumulative number of confirmed cases per million people increased slowly and at a low level in the early stage, and there were two rising peaks in the later stage. The cumulative death cases per million people rose twice at the early stage of the epidemic, and then the growth rate was very slow. In Germany, the cumulative confirmed cases per million people and cumulative deaths per million people grew relatively slowly on the whole, but there was a peak of growth, respectively. In the early stage of the epidemic, the epidemic in Australia was well controlled, but since 2022, the epidemic has deteriorated sharply, with the cumulative number of confirmed cases per million people and the cumulative number of deaths per million people, respectively, showing a peak increase. The epidemic is growing rapidly in the United States, with the cumulative number of confirmed cases per million and the cumulative number of deaths per million continuing to increase. In South Africa, the cumulative number of confirmed cases and deaths per million people increased rapidly in the early period and experienced several growth peaks, but the growth slowed down in the later period. In Italy, the cumulative number of confirmed cases per million people increased rapidly, with one peak, and the cumulative number of deaths per million people showed a stepped increase trend, with three peaks. As of December 31, 2022, the cumulative number of confirmed cases per million people in China, Germany, Australia, the United States, South Africa and Italy was 1371.83, 448242.03, 425240.96, 297864.18, 67606.27 and 425894.00, respectively. The cumulative death cases per million population were 3.68, 1936.73, 651.40, 3230.47, 1712.50 and 3127.54.

[image: Six line graphs labeled A to F show total COVID-19 cases and deaths per million over time for different regions. Green areas represent total cases per million, while red lines indicate total deaths per million. The timelines span from early 2020 to late 2022, showing varying patterns of increase across different regions. Graphs indicate a general trend of rising cases and deaths, with noticeable spikes at different times.]

FIGURE 1
 Trends in total cases and deaths per million people. See primary axis (left) for “total cases per million people” and secondary axis (right) for “total deaths per million people” (The data came from our world in data (13)).




3.3.2 The three principles of epidemic prevention in six countries


3.3.2.1 Control the source of infection

Since the outbreak of the novel coronavirus, countries have tested their citizens in order to keep track of the situation. As can be seen from Figure 2 (Trends in daily new cases per million people and daily tests per thousand people), when the number of newly confirmed cases increased, countries intensified their COVID-19 testing efforts to control the further epidemic to some extent, and the number of newly confirmed cases showed a downward trend after the number of each test reached its peak. Germany, the United States, South Africa, and Italy are particularly visible. In addition, a reduction in the number of daily tests may also lead to a sharp increase in the number of daily new confirmed cases in the future. For example, South Africa increased the number of tests when the epidemic was severe, and then relaxed after getting the epidemic slightly under control, leading to a rebound of the epidemic, and thus multiple peaks. During the epidemic period, in order to control and manage the source of infection in a timely manner and achieve early detection, isolation and treatment, multiple rounds of large-scale testing were carried out in various regions of China, and regular testing was flexibly arranged in accordance with the development of the epidemic situation. Since the number of daily tests in China is not reported continuously, there is no complete official authoritative data on daily tests per thousand people. The analysis of discontinuous data may cause errors in the results, so it is not shown in Figure 2.

[image: Five line graphs display COVID-19 trends for Germany, Australia, the United States, South Africa, and Italy from 2020 to 2022. Green bars show new cases per million, while red lines depict smoothed new tests per thousand. All countries experience several peaks and variations in cases and tests over time.]

FIGURE 2
 Trends in daily new cases per million people and daily tests per thousand people. See primary axis (left) for “daily new cases per million people” and secondary axis (right) for “daily tests per thousand people” (The data came from our world in data (13)).




3.3.2.2 Cut off transmission routes

Novel coronavirus pneumonia is a kind of acute infectious pneumonia, its infectivity is relatively strong, most will be transmitted through respiratory droplets. As a result, countries have adopted a series of measures to block transmission routes. As can be seen from Figure 3 (Trends in daily new cases per million people and stringency index), since 2020, countries have introduced a series of epidemic prevention and control policies when the epidemic becomes more serious, but the degree of stringency and effectiveness of prevention and control policies vary from country to country. In general, in the early stage of the epidemic, countries adopted stricter epidemic prevention and control policies with a higher stringency index. In the later period, epidemic prevention and control was gradually relaxed, and the level of stringency index was lowered. In addition, when the pandemic situation is severe, the stringency index of countries increases; as the situation of the epidemic eases, the stringency index of countries shows a downward trend, but as the epidemic prevention and control is relaxed, the epidemic will rebound, such as in the United States.

[image: Six line graphs compare COVID-19 data for China, Germany, Australia, the United States, South Africa, and Italy. Each graph shows new cases per million in green and the stringency index in red from early 2020 to late 2022. China shows a rise in cases in late 2022 with relatively high stringency. Germany shows multiple peaks with moderate stringency. Australia exhibits fluctuating cases with varying stringency. The United States shows a significant peak in late 2021. South Africa has multiple case peaks with fluctuating stringency. Italy displays several peaks with inconsistent stringency levels.]

FIGURE 3
 Trends in daily new cases per million people and stringency index. See primary axis (left) for “daily new cases per million people” and secondary axis (right) for “stringency index” (The data came from our world in data (13)).




3.3.2.3 Protect vulnerable populations

Since the outbreak of COVID-19, countries have actively developed vaccines and carried out continuous vaccination. As can be seen from Figure 4 (Trends in daily new deaths per million people and total vaccinations per hundred people), the number of daily new deaths per million people in China, Germany, and South Africa showed a downward trend with the increase of the number of vaccines administered per 100 people. Even if there was a peak, the number of daily new deaths per million people was moderate compared with the early stage of the epidemic. In Australia, the United States, and Italy, daily new deaths per million people continued to peak after vaccination, and the outbreak has eased, but not significantly. According to the latest statistical data in December 2022, the number of people fully vaccinated per 100 people in China, Germany, Australia, the United States, South Africa, and Italy is 89.35, 76.23, 82.72, 69.09, 35.13, and 81.26, respectively. Germany, Australia, the United States, and Italy had a high rate of full vaccination, but also saw a peak in the number of daily new deaths. South Africa has a low rate of full vaccination, but it also saw a decline in the number of daily new deaths in the later stages of the epidemic.

[image: Six graphs compare new COVID-19 deaths per million (green bars) and total vaccinations per hundred (red line) from early 2020 to late 2021 in China, Germany, Australia, the United States, South Africa, and Italy. China shows low death rates with steady vaccination rise. Germany, the United States, and Italy show multiple peaks in deaths with significant vaccination increases. Australia and South Africa depict fewer death peaks with a gradual vaccination increase.]

FIGURE 4
 Trends in daily new deaths per million people and total vaccinations per hundred people. See primary axis (left) for “daily new deaths per million people” and secondary axis (right) for “total vaccinations per hundred people” (The data came from our world in data (13)).







4 Discussion


4.1 Containment strategies and mitigation strategies

Since the outbreak of COVID-19 as a public health emergency, countries have taken a series of measures and issued a series of policy documents in various aspects. For example, home quarantine, shutdown of production and schools, emergency response mechanism, strict border control, vaccine clinical trials, etc. In addition, some scholars have explored how transmission can decline after disease detection and implementation of combined non-drug measures, based on the analysis of the early epidemiological characteristics of the COVID-19 outbreak (36). The policies and measures adopted by various countries in response to the COVID-19 epidemic have their own characteristics, strengths and weaknesses, and the effectiveness of epidemic prevention is also significantly different. China, which adopted a strict containment strategy, initially contained the spread of the epidemic in more than a month, controlled the daily new cases within a single digit in about 2 months, and achieved decisive results in the defense battle in Wuhan and Hubei in about 3 months. However, the United States, which adopted mitigation strategies, once had the highest cumulative number of confirmed cases and cumulative number of deaths in the world (37). In addition, some scholars have conducted in-depth analysis of the measures taken during the epidemic in many countries, and believe that non-drug interventions can effectively level the epidemic curve, and rapid and strict comprehensive containment strategies are successful measures to control the epidemic, especially in the absence of vaccines and effective therapies (38–40). In view of this, countries should be able to make prompt decisions when responding to public health emergencies, have enough sensitivity, and adopt strict containment strategies in a timely manner to reduce the risk of explosive spread of the epidemic.



4.2 Control the source of infection

Infectious diseases are diseases caused by various pathogens that can be transmitted from person to person. In the prevention and treatment of infectious diseases, it is necessary to control the source of infection, such as early detection and treatment, and observation of close contacts. Early detection of the novel coronavirus is extremely important to contain the spread of the pandemic. It can grasp the development of the epidemic to a certain extent, track cases in a timely manner, and intervene in close contacts. Germany and Hong Kong have rapidly developed the WHO-approved PCR test, which has become the standard around the world (except in the United States). The Australian government had allocated more than a $750 million to ramp up testing, which in the early months of the outbreak was among the highest in the world in testing per 1,000 people. Extensive and frequent testing is also critical to the containment of COVID-19 in the United States (41). Combined, the countries showed a decline in the number of daily new cases per million people in the coming months after the increased testing. With the different situation of the development of the epidemic, countries have also made adjustments to the cost of testing. For example, whether nucleic acid testing is free in China depends on the identity of the person tested and the local disease control policy. Generally, for personnel who must be tested, the cost of nucleic acid testing shall be borne by the state and local governments, while for personnel who voluntarily test, the cost of nucleic acid testing shall be borne by units or individuals. Therefore, when dealing with COVID-19 and other similar public health emergencies, we should actively carry out case detection, and strive to achieve early detection and isolation, so as to reduce the probability of human to human transmission.



4.3 Cut off transmission routes

Infectious diseases are spread by respiratory droplets, blood transmission, contact transmission and so on. After an outbreak of an infectious disease, disinfection and isolation can be carried out. For example, wear a mask, keep the air circulating at home, and sterilize the air when necessary. Some researchers have also designed and evaluated various strategies to increase people’s wearing of masks, and have assessed the impact of community wearing of masks on COVID-19 infection rates (42). Some countries like China implemented strict policies at the early stage of the epidemic. As the epidemic eased, countries gradually relaxed their vigilance and relaxed quarantine and mask measures, leading to varying degrees of rebound of the epidemic. For example, around Independence Day in the United States in 2020, people held large outdoor parties to celebrate Independence Day. Crowds were crowded and many people did not wear masks, leading to an increasing number of cluster infections, and the number of people infected with the novel coronavirus continued to soar in about 40 of the 50 states. Therefore, strict government policies, especially quarantine policies, are essential for epidemic prevention and control, especially in the early stages without vaccine assistance. However, it is worth noting that the implementation time of lockdown policies in many countries has also greatly affected the effectiveness of epidemic prevention and control. In early December 2019, unexplained infections were first detected in Wuhan, Hubei Province, China. The Wuhan lockdown, which took place on January 23, 2020, was one of the largest and most widespread in China’s history, and played an important role in the country’s ability to quickly contain the spread of the disease. South Africa’s Minister of Health held a press conference on 5 March 2020 to confirm the first confirmed case of novel coronavirus pneumonia in South Africa. In order to contain the rapid spread of the epidemic, the National COVID-19 Command Committee decided to implement a nationwide lockdown from March 26 local time. On the evening of February 20, 2020, a hospital detected Italy’s first indigenous confirmed case, known as Patient 1. Italy’s prime minister has announced a nationwide lockdown from March 10, 2020. During this time, Italy has seen an explosion in confirmed cases. Comparing the time of the first confirmed case and the time of strict lockdown measures in these countries, we can find that the response measures in countries are relatively delayed. Although these efforts are commendable, relatively delayed policies will weaken the effect. Major infectious diseases and other sudden public health emergencies pose a threat to human health. Countries should implement strict policy measures in the face of similar public health emergencies, restrict personnel contact from multiple aspects, cut off the transmission routes of the virus, and strive to control the epidemic in a short period of time. At the same time, the public should also actively cooperate with government policies, wear masks, actively isolate at home, maintain social distance, work together, and overcome difficulties together.



4.4 Protect vulnerable populations

The COVID-19 epidemic has gradually spread around the world, with a rapid increase in confirmed cases, increasing the burden on medical systems and shortages of health supplies in many countries, and prompting countries to take response measures. Germany’s Federal Ministry of Health has focused on purchasing protective equipment for clinics and hospitals, doubling the number of intensive care beds in the short term. In March 2020, a US Navy hospital ship docked at SAN Pedro Pier in Los Angeles to provide 1,000 beds for California, which was severely affected by the epidemic, and ease the burden on onshore hospitals. On March 27, 2020, the governor of New York State announced the completion of the first temporary hospital in Manhattan, New York City, to adapt to the COVID-19 outbreak. At the same time, countries are also actively carrying out vaccine research and development and vaccination. When the human body resistance is relatively poor, the risk of infectious diseases is also greater. The older adult, children, pregnant women and other groups have poor resistance, and are susceptible to infectious diseases. These people can then receive the appropriate vaccine, improve the body’s immune mechanism. Vaccination can prevent the infection of novel coronavirus or Omicron, and reduce the incidence of novel coronavirus infection. Vaccination of novel coronavirus vaccine is of great significance to strengthen the immune barrier of the population and stop the epidemic of novel coronavirus pneumonia. Some scholars have confirmed the effectiveness of BNT162b2 vaccine against COVID-19 infection in their studies and some research results have provided support for high effectiveness of BNT162b2 against hospital admissions up until around 6 months after being fully vaccinated (43, 44). Adherence to COVID-19 preventive measures and appropriate population vaccination levels are undoubtedly important means to control the outbreak (45). Of the six countries, China has the highest number of fully vaccinated people per 100 and the fewest cumulative deaths. South Africa also has low vaccination rates and should use available COVID-19 vaccines (46). It is worth noting that incomplete vaccine coverage, combined with continued community transmission, has facilitated the emergence of mutated strains. The protective effectiveness of the vaccine wanes to some extent over time, so when the mutant strain appears, countries bounce back due to its greater transmissibility and shorter incubation period. To sum up, countries should actively support vaccine research and development and vaccination when responding to public health emergencies such as the COVID-19 outbreak. People in all countries should pay attention to physical fitness and actively cooperate with the vaccination work. However, it is important to note that vaccination measures cannot replace non-drug interventions, and the two complement each other to have a greater impact.



4.5 Limitations

The study also has the following limitations. The stringency index used in this article does not measure or imply the adequacy or effectiveness of a country’s response. A higher score does not necessarily mean a better response from a country. For example, it may be that some countries have a high stringency index, but there are large election campaigns or large rallies in the meantime, and this does not reflect it. In ecological research, ecological fallacy is the most important shortcoming of this kind of research, which is because ecological research is made up of individuals in different situations, the group is the unit of observation and analysis, and the existence of confounding factors and other reasons cause the research results are not consistent with the real situation. For this reason, it is difficult to avoid ecological fallacy in ecological research in general. In view of the characteristics and limitations of ecological research, this study focuses on the research purpose as much as possible and sets only one research question. At the same time, more variables are included in the process of analyzing the problem and testing the hypothesis to reduce errors. In addition, due to statistical differences between countries, it is not possible to find all the continuous data needed for the study, resulting in many analysis limitations. Finally, when speculating on the research results, try to compare with other non-ecological research results, and combine the professional knowledge of the research problem to make a comprehensive analysis and judgment. In addition, factors such as population, culture, geography and economic level have complicated impacts on the development and prevention and control of the epidemic, and further in-depth research is needed.




5 Conclusion

This study analyzed the effect of non-drug intervention measures and vaccine coverage on COVID-19 prevention and control through ecological comparative study on COVID-19 in six countries. Based on the three principles for the prevention and control of epidemiological infectious diseases, the current situation of epidemic prevention and control in each country and the effect of prevention and control measures were analyzed in detail. Studies have confirmed that the implementation of non-drug interventions and vaccination will greatly affect the effectiveness of epidemic prevention and control. In the early stage of the epidemic, in the absence of effective vaccine support, non-drug interventions are an important means to deal with the epidemic, and a rapid and strict comprehensive containment strategy is an important measure to control the rapid spread of the epidemic. Vaccine development and vaccination is an important part of the prevention and control of COVID-19. However, the coverage rate of vaccines in some countries is still low, so it is still necessary to vigorously promote the vaccination of COVID-19 vaccines and booster shots. Vaccines cannot replace non-drug interventions, and when vaccine coverage is insufficient to establish a solid population immunity barrier, premature elimination of non-drug interventions is highly likely to lose the previous prevention and control achievements, leading to the rebound of the epidemic. Therefore, vaccination alone cannot completely stop the outbreak and needs to be combined with non-drug interventions. Each community should do a good job in health education, vaccination, and disease detection to improve the health literacy and disease prevention ability of residents. All countries should actively participate in international cooperation, review the experience of responding to public health emergencies in COVID-19 prevention and control, and learn from the successful experience of other countries to make up for their weaknesses. Countries also need to improve their public health emergency response mechanisms and be able to respond quickly to public health emergencies. In view of the limitations and shortcomings of this study, the team will use more accurate data and more abundant indicators in the future to conduct in-depth research on global epidemic prevention and control, and continue to explore effective measures to deal with public health emergencies.
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Background: During the coronavirus disease-2019 (COVID-19) pandemic, there have been many studies on knowledge, attitudes, and practices (KAP) toward prevention of COVID-19 infection in China. Except for symptomatic treatment and vaccination, KAP toward COVID-19 plays an important role in the prevention of COVID-19. There is no systematic evaluation and meta-analysis of KAP toward COVID-19 in China. This study is the earliest meta-analysis of KAP toward COVID-19 in China’s general population. Hence, this systematic review aimed to summarize the knowledge, attitudes, and practices (KAP) of Chinese residents toward COVID-19 during the pandemic.
Methodology: Following the PRISMA guidelines, articles relevant to COVID-19 KAP that were conducted among the Chinese population were found in databases such as Scopus, ProQuest, PubMed, EMbase, Web of Science, Cochrane Library, China Biology Medicine, China National Knowledge Infrastructure, CQVIP, Wanfang and Google Scholar. A random-effect meta-analysis is used to summarize studies on knowledge, attitudes, and practice levels toward COVID-19 infection in China’s general population.
Results: Fifty-seven articles published between August 2020 and November 2022 were included in this review. Overall, 75% (95% CI: 72–79%) of Chinese residents had good knowledge about COVID-19, 80% (95% CI: 73–87%) of Chinese residents had a positive attitude toward COVID-19 pandemic control and prevention (they believe that Chinese people will win the battle against the epidemic), and the aggregated proportion of residents with a correct practice toward COVID-19 was 84% (95% CI: 82–87%, I2 = 99.7%).In the gender subgroup analysis, there is no significant difference between Chinese men and Chinese women in terms of their understanding of COVID-19. However, Chinese women tend to have slightly higher levels of knowledge and a more positive attitude toward the virus compared to Chinese men. When considering the urban and rural subgroup analysis, it was found that Chinese urban residents have a better understanding of COVID-19 compared to Chinese rural residents. Interestingly, the rural population displayed higher rates of correct behavior and positive attitudes toward COVID-19 compared to the urban population. Furthermore, in the subgroup analysis based on different regions in China, the eastern, central, and southwestern regions exhibited higher levels of knowledge awareness compared to other regions. It is worth noting that all regions in China demonstrated good rates of correct behavior and positive attitudes toward COVID-19.
Conclusion: This study reviews the level of KAP toward COVID-19 during the pandemic period in China. The results show that the KAP toward COVID-19 in Chinese residents was above a favorable level, but the lack of translation of knowledge into practice should be further reflected on and improved. A subgroup analysis suggests that certain groups need more attention, such as males and people living in rural areas. Policy makers should pay attention to the results of this study and use them as a reference for the development of prevention and control strategies for major public health events that may occur in the future.
Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=348246, CRD42022348246.
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Introduction

COVID-19 began in 2019 and spread around the world at a rapid speed. From March 11, 2020, when the World Health Organization declared a global COVID-19 pandemic (1), our world had been changed dramatically by COVID-19 (2, 3). The World Health Organization reported that as of April 28, 2023, there had been a total of 686,902,858 confirmed cases and 6,862,681 deaths worldwide (4). As of April 28, 2023, there had been 216,456,444 confirmed cases and 1,544,221 deaths in China (5). As of January 8, 2023, China had adopted a “dynamic zero-case” policy for epidemic prevention, which includes and is not limited to: restricting the movement of people, confining them to their houses, working remotely, closing public places, closing schools, and prohibiting gatherings (6). The mortality rate of COVID-19 in China declined from ~2.81% in February 2020 to ~0.12% in October 2022, which is 1.2 times that of influenza (7). On January 8, 2023, China fully relaxed the control of COVID-19, with COVID-19 infection classified as a “Class B infectious disease” instead of “Class A infectious disease” (8). The new prevention and control policy has led to significant changes in the lives of the Chinese people, affecting both their physical health and their mental health.

No doubt, COVID-19 pandemic is a highly contagious, pathogenic viral infection that has spread globally at an unprecedented rate. The most important preventive measures against this disease include the use of antiseptics, the use of face masks, social distancing, and vaccinations (9–12). Each country adopts different prevention policies, resulting in different morbidity and mortality rates among its citizens (13, 14). The mortality rate of the disease varies between countries, with reported mortality rates ranging from 2 to 5% (15, 16). Different perceptions of a disease affect people’s attitudes and practices (17). Negative and inappropriate attitudes and practices increase the risk of disease and death, as well as psychological disorders such as worry, concern, and fear of the disease (18, 19). Given the significant impact of COVID-19, numerous related studies have been conducted around the world. Among them, the KAP, a survey-based study program, can provide insights into people’s knowledge, attitudes, and practices (20, 21), which allows for a more comprehensive understanding of the general population’s perceptions of this disease and potential risk factors, and may thus help to achieve the results of planned behaviors (22, 23).

As China eases its COVID-19 prevention and control measures, it is crucial to emphasize the importance of preventing COVID-19 through comprehensive knowledge, a positive attitude, and appropriate behavior. Given the importance of this issue, it is necessary to perform a retrospective analysis of studies on KAP and summarize the results, which will provide solid evidence for better management of the disease by policy makers in China (24, 25). Therefore, this study aims to conduct a systematic review to synthesize the available evidence on KAP toward COVID-19 in China’s general population.



Methods


Registration and protocol

This systematic evaluation utilizes the Protocol of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) as a guidance, including Sample, Phenomenon of Interest, Design, Evaluation, and Research Type (SPIDER), and the Population, Intervention, Comparison, and Outcome (PICO) tool to construct the research question. The systematic evaluation program is registered with PROSPERO (CRD42022348246).



Information sources, search strategy, and study selection

We searched English and Chinese papers finalized between August 1, 2020 and November 30, 2022, and published between August 2020 and November 2022. Two researchers systematically searched Scopus, ProQuest, PubMed, EMbase, Web of Science, Cochrane Library, China Biology Medicine (CBM1), China National Knowledge Infrastructure (CNKI2), CQVIP3 and Wanfang.4 We also searched for other studies including gray literatures through Baidu Scholar and Google Scholar. The main keywords of the search strategy were “COVID-19,” “SARS-CoV-2,” “infection, SARS-CoV-2,” “2019 novel coronavirus disease,” “2019 novel coronavirus infection,” “nCoV,” “2019-Novel nCoV,” “2019-nCoV,” “nCoV 2019,” “infections,” “COVID-19 virus,” “Novel Coronavirus*,” “Severe Acute Respiratory Syndrome Coronavirus Type 2 Infection,” “Coronavirus Disease 2019,” “COVID-19 pandemic,” “SARS-COV-2,” “SARS-COV2,” “sars-coronavirus-2,” “knowledge,” “perception,” “awareness,” “consciousness,” “attitude,” “action” and “KAP.” The search strategies for PubMed and CNKI databases are shown in Supplementary Table S1. The search results are stored and managed through Endnote software.



Overview of articles – systematic literature search through databases

We searched the following Chinese databases: CNKI, CQVIP, CBM. Details of literature search is as follows: CNKI: 3204 articles; CQVIP: 17 articles; CBM: 854 articles, with a total of 4,075 articles; 3,564 duplicate articles were filtered out through the Endnote literature management software (CNKI: 2,806 articles; CQVIP: 16 articles; CBM: 742 articles) and 511 Chinese database articles were identified. Finally, 141 articles were selected after excluding the articles with non-Chinese respondents and with other study methods than cross-sectional method through the title and abstract reading. We searched the following foreign language databases: Web of science, Pubmed, Embase, Sopus, Proquest, Cochrame and other databases, with a total of 15,266 articles. Details of literature search is as follows: Web of science: 4133 articles; Pubmed: 5030 articles; Embase: 2784 articles; Sopus: 240 articles; Proquest: 197 articles; Cochrame: 2882 articles. 4,585 articles (938 reviews, 3,647 case studies) were identified after 10,681 duplicate articles were filtered out through the Endnote literature management software. Hundred and twenty-two articles were selected after excluding articles with non-Chinese subjects by title and abstract screening.

A total of 263 articles were included for full-text reading. After downloading and reading the full-texts, 178 articles whose study population were not Chinese residents were excluded, and 85 articles were selected. Finally, 57 articles were included in literature evaluation after excluding the articles with incomplete results of KAP studies (Figure 1).
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FIGURE 1
 PRISMA flow diagram of literature search and study selection.




Inclusion criteria

This Study included studies reporting any form of quantitative assessment/measurement/evaluation of KAP toward COVID-19 in the general population of China. There were no restrictions on the age, sex, race or health status of subjects, or the duration of studies. Only published articles with full text (in English and Chinese) published between August 1, 2020 and November 30, 2022 were included.



Exclusion criteria

Studies conducted only on certain groups of people, such as health care workers, medical students, pregnant women, or people with co-morbidities, were excluded. In addition, brief reports, case reports, abstracts, letters, editorials, and study document copies were excluded. Articles that met any of the following exclusion criteria were not considered as eligible full text: (1) abstracts not related to the full text, (2) articles with insufficient KAP studies, (3) reviews or meta-analyses, (4) letters to the editor, (5) studies developed on other continents, and (6) high-bias risk studies based on the Review Manager 5.4 tool.



Study selection

To eliminate repetitive studies, articles retrieved from database (n = 19,341) were exported to the reference manager Zotero and Excel 2013. After carefully removing duplicate articles (n = 10,681), the titles and abstracts of the remaining 8,660 studies were screened. Articles with abstract data and reports that were consistent with our study topic, i.e., cross-sectional studies of knowledge, attitudes, and practices toward COVID-19 in the general population of China, were selected. Based on the inclusion criteria as well as the exclusion criteria, we performed a free-access study selection and a related study selection. Through title and abstract screening, 263 articles were selected for full-text reading. Two researchers separately performed the analysis of the full-text articles and ultimately selected the articles that met all the criteria. When the two researchers had different opinions, any disagreements should have been resolved through discussion and negotiation with a third researcher. Based on the eligible criteria, 57 articles were ultimately screened and included in this review (Figure 1).



Quality assessment of the included studies

After excluding duplicate articles, two researchers assessed the quality of the included studies separately and critically based on the Joanna Briggs Institute checklist developed for cross-sectional studies (26). Rintala et al. (27), Ogutu et al. (28), and Pagan et al. (29) demonstrated that it is a valuable tool for testing and assessing the quality of observational studies. This checklist consists of eight straightforward questions covering topics such as sample inclusion criteria, study population and setting details, validity and reliability, measurement criteria for conditions, confounding variables, and statistical analyses (27–29). Answers to each question include Yes, No, Unclear, and Not applicable. Two researchers (Yu Fang and Qiaoling Wang) assessed the risk of bias separately. When the two authors had different opinions, the third author (Jie Deng) should have made the final decision (see Supplementary Tables S2, S3).

The overall mean score of the included studies was 5.35 according to the JBI quality assessment checklist. Of these, 33 studies (58%) were rated as good quality (score ≥ 6) and 24 studies (42%) were rated as moderate quality (score 3–5). None of the studies scored on questions 5 and 6, which was associated with a failure to identify and address confounders in the study process (for details, see Supplementary Tables S2, S3).



Data extraction

Two researchers (Yu Fang and Jie Deng) extracted data based on the full text of the articles separately and entered them into an Excel spreadsheet template. The extracted data included author, year of publication, article title, population classification, sample source, study design, data collection method, sample size, gender percentage, standard deviation or range of age, and results related to the model components of the KAPs. (The overall mean proportion of each KAP component was calculated to obtain the knowledge, attitudes, and practices of participants in each study.) In addition, we extracted the proportion of specific content to each KAP component from the included studies. Any disagreements that arose during data extraction were resolved through discussion and negotiation. When necessary, we contacted study authors to locate missing data. Potential disagreements were resolved through negotiation with a third researcher (Qiaoling Wang).



Data analysis

Data exported from Excel spreadsheets were analyzed using STATA version 17.0. Study heterogeneity was evaluated using the I2 statistic (%), where 25, 50, and 75% represented low, moderate, and severe heterogeneity, respectively. Due to high heterogeneity, meta-analysis was conducted using a random-effect model with the results presented on forest plots. Additional subgroup analyses were performed for rural/urban areas, gender, and geographic divisions. Publication bias was assessed using Egger’s regression test.




Results


Characteristics of the included studies

Overall description of the included studies: There were a total of 476,518 subjects in all of the included studies (n = 57), including 194,552 males and 277,829 females, and 3 studies without gender statistics had 4,137 subjects (Figure 2). Study sample sizes ranged from 130 to 162,523. All respondents were Chinese citizens, and all studies were conducted in China, with sample sources from various regions of China. There were 33 articles in 2020, 19 articles in 2021 and 5 articles in 2022. The main data collection methods used include online questionnaires (n = 50), offline questionnaires (n = 4), and combined online and offline questionnaires (n = 3) (Figure 3).

[image: Pie chart titled "Sex ratio" showing three segments: female at fifty-eight percent in blue, male at forty-one percent in orange, and unknown at one percent in gray.]

FIGURE 2
 Study the sex ratio in the sample.
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FIGURE 3
 The proportion of survey methods used in the study sample.




Measurement used in the included studies

This study was conducted on the basis of the score rate, mean standard deviation of Chinese residents’ knowledge, attitudes and practices toward COVID-19. All of the included studies contained either the score rate results of knowledge, attitudes, and practices toward COVID-19 or the mean and standard deviation results of knowledge, attitudes, and practices toward COVID-19. For the articles with study results expressed as score rate, the standard used for assessment is as follows: poor (0–60%), moderate (60–70%), good (70–85%), and excellent (85–100%). For the articles with study results expressed as mean standard deviation, the overall KAP was not assessed due to the differences in total scores of knowledge, attitudes and practices toward COVID-19 in each article. Their findings were mainly explored for subgroup analysis.



Analyze data results


Results of Chinese residents’ knowledge about COVID-19

The aggregated proportion of Chinese residents with knowledge about COVID-19 (n = 44) was 75% (95% confidence interval [CI]: 72–79%, I2 = 99.8%). Substantial study heterogeneity was identified (I2 = 99.8%), and a small-study effect based on the Eggers test was absent (p = 0.216). This suggests that Chinese residents’ knowledge about COVID-19 is at a favorable level (Figure 4).
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FIGURE 4
 Knowledge (A), attitudes (B), and behavior (C) awareness rates of Chinese people about COVID-19 forest map.



Subgroup analysis for gender

In the subgroup analysis for gender, COVID-19 knowledge rates for Chinese male and female residents were as follows: In the sample of studies (n = 9) with outcome factor expressed as rate, the knowledge rate for males was 58% (95% CI: 40–75%, I2 = 99.9%); the knowledge rate for females was 61% (95% CI: 48–75%, I2 = 100%); the overall rate for 9 studies was 60% (95% CI: 53–66%, I2 = 99.9%). In the sample of studies (n = 17) with outcome factor expressed as mean standard deviation (For articles that involve mean and standard deviation results as outcome factors, we conducted a thorough review of the relevant information. To ensure consistency, we selected Professor Hogg’s Introduction to Mathematical Statistics and applied a transformation formula to reanalyze the data with different baselines. For details, see Supplementary Table S4), the mean score of knowledge in 17 studies was: 81.58 (95% CI:79.14–84.03, I2 = 99.99%, p < 0.001) (Figure 5A). The mean score of Chinese males’ knowledge about COVID-19 was 75.38 (95% CI: 71.39–79.37, I2 = 100%, p < 0.001); the mean score of Chinese females’ knowledge about COVID-19 was 76.78 (95% CI, 72.65–80.91, I2 = 100%, p < 0.001). The results suggest that there is no significant difference between Chinese males’ knowledge and females’ knowledge about COVID-19, but the knowledge rate of Chinese females about COVID-19 is slightly better than that of Chinese males (Figures 6A, 7A).
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FIGURE 5
 Mean standard deviation of Chinese people’s knowledge (A), attitudes (B), and behavior (C) scores on COVID-19 Forest map.
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FIGURE 6
 Subgroup gender analysis of knowledge (A), attitudes (B), and behavior (C) awareness of the Chinese people about COVID-19.
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FIGURE 7
 Subgroup gender analysis of the mean standard deviation of Chinese people’s knowledge (A), attitudes (B), and behavior (C) scores on COVID-19.




Subgroup analysis for rural/urban areas

The COVID-19 knowledge rate of Chinese urban residents (n = 21) was 75% (95% CI: 71–79%, I2 = 99.8%, p < 0.001). The COVID-19 knowledge rate of Chinese rural residents (n = 6) was 72% (95% CI: 71–79%, I2 = 99.8%, p < 0.001). Another 6 articles (n = 6) did not specify urban or rural areas and showed a knowledge rate of 81% (95% CI: 76–85%, I2 = 99.8%, p < 0.001). Overall, the knowledge rate was higher in urban areas than in rural areas. This may be related to the fact that the dissemination of knowledge about COVID-19 is more comprehensive and thorough in urban areas than in rural areas of China (Figure 8).
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FIGURE 8
 Rural–urban subgroup analysis of knowledge (A), attitudes (B), and behavior (C) awareness rates of Chinese people on COVID-19.




Subgroup analysis for different regions of China

Among the 33 studies included in the analysis of subgroups of different regions of China, the overall knowledge rate of the 33 studies was 75% (95% CI: 71–78%, I2 = 99.8%, p < 0.001); among them, the knowledge rate in North China (n = 2) was 74% (95% CI: 58–89%, I2 = 100%, p < 0.001); the knowledge rate in East China (n = 10) was 77% (95% CI: 70–80%, I2 = 99.5%, p < 0.001); the knowledge rate in Central China (n = 5) was 80% (95% CI: 73–87%, I2 = 99.3%, p < 0.001); the knowledge rate in South China (n = 7) was 68% (95% CI: 61–76%, I2 = 99.6%, p < 0.001); the knowledge rate in Southwest China (n = 5) was 79% (95% CI: 69–89%, I2 = 98.5%, p < 0.001); the knowledge rate in Northwest China was 71% (95% CI, 51–92%, I2 = 99.7%, p < 0.001). Overall, the knowledge rate in East, Central and Southwest China is better than other regions (Figure 9).
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FIGURE 9
 Regional subgroup analysis of knowledge (A), attitudes (B), and behavior (C) awareness rates of Chinese people on COVID-19.





Outcomes of Chinese residents’ attitudes toward COVID-19

The aggregated proportion of Chinese residents with positive attitudes toward COVID-19 (n = 28) was 80% (95% CI: 73–87%, I2 = 99.9%). Substantial study heterogeneity was identified (I2 = 99.9%), and a small-study effect based on the Eggers test was absent (p = 0.646). This suggests that the Chinese residents’ attitudes toward COVID-19 are at a favorable level. The difference between mean standard deviations of attitudes (n = 23) was: 21.49 (95% CI: 18.66–24.31, I2 = 100%) (Figures 4B, 5B).


Subgroup analysis for gender

In three studies (n = 3) with attitude outcome factor expressed as rate, rate of positive attitudes toward COVID-19 in Chinese male residents was 82% (95% CI: 51–112%, I2 = 99.9%, p < 0.001); rate of positive attitudes toward COVID-19 in Chinese female residents was 83% (95% CI: 52%–115, I2 = 100%, p < 0.001); the overall rate in 3 studies was 82% (95% CI: 65–100%, I2 = 100%, p < 0.001). Among the 19 studies (n = 19) with attitude outcome factor expressed as mean standard deviation, the total score of attitudes in 14 studies was: 74.94 (95%CI: 71.00–78.88, I2 = 100%, p < 0.001) (Figure 5B). The score of the Chinese male residents’ attitudes toward COVID-19 was: 71.78 (95% CI: 63.65–79.92, I2 = 100%, p < 0.001); the score of Chinese female residents’ attitudes toward COVID-19 was 76.57 (95% CI, 73.12–80.01, I2 = 100%, p < 0.001). The results suggest that both the rate and score of positive attitudes toward COVID-19 in Chinese females is slightly better than that in Chinese males (Figures 6B, 7B).



Subgroup analysis for rural/urban areas

The rate of positive toward COVID-19 was 78% (95% CI: 70–87%, I2 = 99.9%, p < 0.001) in Chinese urban resident group (n = 22); the rate of positive attitudes toward COVID-19 was 84% (95% CI: 80–87%, I2 = 83.1%, p < 0.001) in Chinese rural resident groups (n = 3). Another 3 articles (n = 3) did not specify urban or rural areas and showed that the rate was 92% (95% CI: 85–100%, p < 0.001). Overall, the rate of positive attitudes in rural areas is higher than that in urban areas, which may be due to the significantly higher sample size in the urban group compared to the rural group (Figure 8B).



Subgroup analysis for different regions

Among the 18 studies included in the analysis of subgroups of different regions of China, the overall rate of positive attitudes toward COVID-19 in the 18 studies was 79% (95% CI: 69–89%, I2 = 99.9%, p < 0.001), The rate of positive attitudes toward COVID-19 in North China (n = 1) was 52% (95% CI: 52–52%, p < 0.001). The rate of positive attitudes toward COVID-19 in East China (n = 5) was 79% (95% CI: 70–88%, I2 = 99.0%, p < 0.001); the rate of positive attitudes toward COVID-19 in Central China (n = 3) was 84% (95% CI: 69–99%, I2 = 99.9%, p < 0.001); the rate of positive attitudes toward COVID-19 in South China (n = 3) was 86% (95% CI: 75–97%, I2 = 99.6%, p < 0.001); the rate of positive attitudes toward COVID-19 in Southwest China (n = 3) was 70% (95% CI: 45–96%, I2 = 99.4%, p < 0.001); the rate of positive attitudes toward COVID-19 in Northwest China (n = 3) was 83% (95% CI, 79–87%, I2 = 73.4%, p < 0.001). Overall, rates of positive attitudes toward COVID-19 in different regions of China were above a favorable level, except for North China, where the rate at positive attitudes toward COVID-19 were only 52%, probably due to a small sample size (Figure 9B).




Outcomes of Chinese residents’ practice level toward COVID-19

The aggregated proportion of Chinese residents’ practices for correctly responding to COVID-19 was 84% (95% CI: 82–87%, I2 = 99.7%). Eggers’ test (p < 0.001) results suggest publication bias. The mean standard deviation between scores of Chinese residents’ practices for correctly responding to COVID-19 was (n = 23): 26.23 (95% CI: 24.67–27.8, I2 = 100%, p < 0.001). This suggests that Chinese residents’ practices for COVID-19 are at a favorable level (Figures 4C, 5C).


Subgroup analysis for gender

In the 8 studies (n = 8) with gender subgroups and outcome expressed as rate, their overall aggregated proportion of practices for correctly responding to COVID-19 was 72% (95% CI: 68–76%, I2 = 100%, p < 0.001); the aggregated proportion of Chinese males’ practices for correctly responding to COVID-19 was 72% (95% CI: 55–89%, I2 = 99.9%, p < 0.001); that of females was 72% (95% CI: 56–87%, I2 = 100%, p < 0.001). In the 18 studies with gender subgroups and outcome expressed as score of practices for correctly responding to COVID-19, the overall score of practices in the 18 studies was 85.39 (95% CI: 83.24–87.54, I2 = 100%, p < 0.001) (Figure 5C); the score of Chinese males’ practices for correctly responding to COVID-19 was 84.60 (95% CI: 78.98–90.22, I2 = 100%, p < 0.001); that of females was 85.93 (95% CI: 80.73–91.13, I2 = 100%, p < 0.001). The results suggest that there is no significant difference in Chinese males’ and females’ practices for correctly responding to COVID-19 (Figures 6C, 7C).



Subgroup analysis for rural/urban areas

Among the 27 studies (n = 27) with Chinese rural or urban residents as subjects, the rate of practices for correctly responding to COVID-19 was 79% (95% CI: 70–88%, I2 = 100%, p < 0.001) in urban group (n = 21), and 84% (95% CI: 79–88%, I2 = 91%, p < 0.001) in rural group (n = 6). Another 1 article (n = 1) did not specify urban or rural areas and showed that the rate was 29% (95% CI, 27–31%, p < 0.001). Overall, both the residents in urban and rural areas of China show favorable rates of practices for correctly responding to COVID-19. The results of this subgroup study reflected that rural groups had a higher rate of practices for correctly responding to COVID-19 practice than urban groups, which may be due to the smaller sample size in the rural group (Figure 8C).



Subgroup analysis for different regions

Among the 25 studies (n = 25) included in the subgroup analysis for different regions of China, the aggregated proportion of practices for correctly responding to COVID-19 was 84% (95% CI: 82–87%, I2 = 99.8%, p < 0.001);The aggregated proportion of practices for correctly responding to COVID-19 in North China (n = 1) was 87% (95% CI: 87–87%, p < 0.001); the aggregated proportion of practices for correctly responding to COVID-19 in East China (n = 9) was 74% (95% CI: 68–81%, I2 = 99.8%, p < 0.001); the aggregated proportion of practices for correctly responding to COVID-19 in Central China (n = 4) was 91% (95% CI: 88–94%, I2 = 99.0%, p < 0.001); the aggregated proportion of practices for correctly responding to COVID-19 in South China (n = 5) was 89% (95% CI: 84–94%, I2 = 99.7%, p < 0.001); the aggregated proportion of practices for correctly responding to COVID-19 in Southwest China (n = 3) was 89% (95% CI: 84–93%, I2 = 89.4%, p < 0.001); the aggregated proportion of practices for correctly responding to COVID-19 in Northwest China (n = 3) was 90% (95% CI: 84–96%, I2 = 92.3%, p < 0.001); the overall rate of correct practices was 84% (95% CI: 82–87%, I2 = 99.8%, p < 0.001), Overall, the rate of practices for correctly responding to COVID-19 in different regions of China is at a favorable level, with no significant difference between regions, which is attributed to the vigorous promotion and effective implementation of COVID-19 prevention and control measures in China (Figure 9C).





Publication bias analysis

In this study, Egger’s linear regression test was used to assess the publication bias of KAP knowledge rate, and the results suggested that there was no significant publication bias (Figures 10–12).
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FIGURE 10
 Publication bias chart of COVID-19 knowledge awareness rate in China.


[image: Egger's publication bias plot shows a scatter plot with standardized effect on the vertical axis and precision on the horizontal axis. Data points are scattered around a diagonal line extending from the origin, suggesting a correlation.]

FIGURE 11
 A biased analysis of the awareness rate of Chinese people on COVID-19.


[image: Egger's publication bias plot displaying standardized effect on the vertical axis and precision on the horizontal axis. Data points cluster along a diagonal line, suggesting potential bias in the data.]

FIGURE 12
 Publication bias chart of COVID-19 behavior awareness rate in China.




Sensitivity analysis

The results of the sensitivity analysis of the knowledge, attitudes, and practices rates in this study suggested that the knowledge, attitude, and practices rates in this study were relatively stable (Figures 13–15).

[image: A meta-analysis plot shows estimates with confidence intervals for various studies. Each line represents a study with circles indicating estimates and horizontal lines denoting confidence intervals. The x-axis ranges from 0.74 to 0.91.]

FIGURE 13
 Sensitivity analysis of knowledge awareness rate of Chinese people on COVID-19.


[image: Forest plot showing meta-analysis estimates with named study omitted. Each line represents a study, with circles indicating estimates and bars showing confidence intervals. Estimates center around 0.80, with limits ranging between approximately 0.72 and 0.89.]

FIGURE 14
 Sensitivity analysis of the awareness rate of Chinese people on COVID-19.


[image: A meta-analysis leave-one-out plot displaying estimates for different studies. Each study, identified by author and year, is plotted with its corresponding confidence interval limits. The x-axis shows the range from 0.81 to 0.88. Circles represent estimates, while horizontal lines indicate lower and upper confidence intervals for each study.]

FIGURE 15
 Sensitivity analysis of behavioral awareness rate of Chinese people for COVID-19.





Discussion

Despite the fact that CDVID-19 pandemic has been prevailing globally for 3 years, and almost all countries are now adopting open prevention and control policies, COVID-19 is the most serious epidemic disease in this century (30). Given the fact that there are various mutations and variant strains of the COVID-19 virus (31), we still need to take effective prevention and control measures to reduce the number of severe and fatal cases. The aim of this study is to assess the knowledge, attitudes and practices to wardCOVID-19 among Chinese residents, which may assist the prevention and control authorities to adjust the epidemic prevention and control measures and tools. In the systematic evaluation and meta-analysis part of this study, relevant studies were searched and screened, and 57 relevant studies were included for meta-analysis. The overall estimates for correct answers to knowledge, good attitudes and good practices toward COVID-19 among Chinese residents in this study were 75, 80, and 84%, respectively. However, the slight difference between knowledge and practices may be due to the fact that although measures such as epidemic prevention and control education were well implemented in China, there is still a lack of knowledge dissemination about COVID-19. And the significant imbalance in the education level of China’s general population is also a contributing factor. In a large systematic evaluation and meta-analysis of KAP toward the novel COVID-19 in a worldwide general population, data was collected from 215,731 participants from 84 studies in 45 countries, and the overall correct answer estimates for knowledge, good attitudes, and good practices were 75, 74, and 70%, respectively (20). Also, a study in Bangladesh showed: The public’s perception of controlling COVID-19 is mixed, with only 44.16% (95% CI: 35.74–52.93) and 60.28% (95% CI, 49.22–70.38) believing the country would win the struggle against the pandemic and the infection will be successfully controlled, respectively (32). The KAP data for citizens of China were superior to these two studies, which may be due to the effective and consistent prevention and control efforts implemented across the whole country (33). A 2018 study on seasonal flu in East China reported that 21 and 20% of Chinese citizens were aware of seasonal flu virus or vaccination, respectively, but less than 1% of citizens reported having received a flu vaccine (34). KAP (knowledge, attitudes, and practices) toward flu infection in Chinese citizens were low (35–37), and need to be improved. The importance of vaccination was widely publicized during the COVID-19 pandemic (38, 39). During the COVID-19 pandemic in 2021, a study on KAP toward flu and vaccination among Chinese citizens participants indicated 78.7% correct answers. 73.04% of participants knew that vaccination was the most effective measure against flu infection. The percentage of participants who were willing to be vaccinated was 85.82% (40). It can be seen that the Chinese people’s knowledge about flu and vaccination had been significantly improved during the COVID-19 pandemic.

Analysis of subgroups suggested that females have higher scores for knowledge, attitudes, and practices than males. Consistent with a study of COVID-19 KAP among healthcare providers (41), similar results have been found in Southeast and South Asia studies (42). This is consistent with the findings of a meta-analysis called “the association between gender and protective behaviors in response to respiratory epidemics and pandemics” in the general population, which showed that females were more likely than males to adopt or practice preventive behaviors (e.g., washing hands, wearing face masks, and avoiding taking public transportation) (43). People living in rural areas show rate of knowledge (72%) lower than people living in cities. This is consistent with the findings of an Egyptian study (44). However, people living in rural areas show attitudes (84%) and practices (84%) higher than people living in urban areas [attitudes (78%) and practices (79%)]. A study of COVID-19 KAP among pregnant women around the world shows: pregnant women who resided in urban areas were 2.23 times more likely to have good preventive practices for COVID-19 infection compared with those who resided in rural areas, This finding contradicts the results of our study and further confirms the presence of result bias due to the limited sample size in rural areas during the analysis of rural (45). urban subgroups. The economic subregions showed insignificant differences. Central China showed the highest knowledge rate of 80% (95% CI: 73–87%). South China showed the lowest knowledge rate of 68% (95% CI: 61–76%); North China showed the lowest rate of 52% (95% CI: 52–52%); South China showed the highest rate of positive attitudes of 86% (95% CI: 75–97%); East China showed the lowest rate of practices of 74% (95% CI: 68–81%); Central China showed the highest rate of practices of 0.91 (95% CI: 88–94%), which was the highest (46). There was no significant difference between rural and urban areas, and between various economic subregions, which may be related to China’s vigorous promotion and strict COVID-19 prevention and control policies, which have resulted in high levels for COVID-19 KAP in all regions of China. Before summarizing the importance and implications of the results of this meta-analysis, some limitations should be noted. Journal articles published in English did not consider using other sources, such as preprint articles. Most included studies were conducted through online data collection methods, limiting the generalizability of the findings to the entire national population. However, as the earliest Meta-analysis evaluating the Chinese people’s KAP toward COVID-19, this study not only provides insights for the Chinese people, the Chinese government, and the health organizations, but also has the most important implications for the current long-term coexistence with COVID-19 and for diseases such as seasonal flu. First, this study helps the rest of the world to understand the level of KAP toward COVID-19 among the Chinese people, and it can help individual practitioners to design different survey programs (23). In addition, it can help to identify certain groups that need more attention, such as males, people living in rural areas, the singles, and people with lower household income. Secondly, this study suggests that the government should not only be responsible for the surveillance of epidemic diseases, but should also further promote and popularize disease prevention and control knowledge. Finally, the government should actively identify actual operating difficulties encountered during prevention and control process and solve these difficulties.



Conclusion

This study reviews the level of KAP toward COVID-19 during the pandemic period in China. The results show that the KAP toward COVID-19 in Chinese residents was above a favorable level, but the lack of translation of knowledge into practice should be further reflected on and improved. A subgroup analysis suggests that certain groups need more attention, such as males and people living in rural areas. Policy makers should pay attention to the results of this study and use them as a reference for the development of prevention and control strategies for major public health events that may occur in the future.
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SARS-CoV-2 presence in recreational seawater and evaluation of intestine permeability: experimental evidence of low impact on public health
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Introduction: Coastal seawater pollution poses a public health risk due to the potential ingestion of contaminated water during recreational activities. Wastewater-based epidemiology has revealed the abundant presence of SARS-CoV-2 in seawater emitted from wastewater outlets. The objective of this research was to investigate the impact of seawater on SARS-CoV-2 infectivity to assess the safety of recreational activities in seawater.
Methods: Wild SARS-CoV-2 was collected from oral swabs of COVID-19 affected patients and incubated for up to 90 min using the following solutions: (a) standard physiological solution (control), (b) reconstructed seawater (3.5% NaCl), and (c) authentic seawater (3.8%). Samples were then exposed to two different host systems: (a) Vero E6 cells expressing the ACE2 SARS-CoV-2 receptor and (b) 3D multi-tissue organoids reconstructing the human intestine. The presence of intracellular virus inside the host systems was determined using plaque assay, quantitative real-time PCR (qPCR), and transmission electron microscopy.
Results: Ultrastructural examination of Vero E6 cells revealed the presence of virus particles at the cell surface and in replicative compartments inside cells treated with seawater and/or reconstituted water only for samples incubated up to 2 min. After a 90-min incubation, the presence of the virus and its infectivity in Vero E6 cells was reduced by 90%. Ultrastructural analysis performed in 3D epi-intestinal tissue did not reveal intact viral particles or infection signs, despite the presence of viral nucleic acid detected by qPCR. Indeed, viral genes (Orf1ab and N) were found in the intestinal luminal epithelium but not in the enteric capillaries. These findings suggest that the intestinal tissue is not a preferential entry site for SARS-CoV-2 in the human body. Additionally, the presence of hypertonic saline solution did not increase the susceptibility of the intestinal epithelium to virus penetration; rather, it neutralized its infectivity.
Conclusion: Our results indicate that engaging in recreational activities in a seawater environment does not pose a significant risk for COVID-19 infection, despite the possible presence of viral nucleic acid deriving from degraded and fragmented viruses.
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[image: Flowchart illustrating an experimental design using reconstituted and regular seawater. The development phase involves viral model preparation and incubation in both two-dimensional and three-dimensional setups to establish optimal conditions. Confirmation utilizes TEM and RT-qPCR techniques.]

GRAPHICAL ABSTRACT
 



Introduction

The global COVID-19 pandemic born in Wuhan, China, in late 2019 was driven by the rapid spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1, 2). Various ways of transmission of SARS-CoV-2 have been verified, and others may occur as new public health issues (3). WHO pointed out that swimming pools or crowded beaches feature a risk of the propagation of SARS-CoV-2 through close contact with infected people (4, 5).

A new tool to face this problem is wastewater-based epidemiology (WBE), which is the surveillance of SARS-CoV-2 in wastewater. Analysis of viral contamination in coastal waters stands for a valid public health tool to evaluate infection risk because of the possible ingestion of contaminated water during recreational activities (6, 7). Furthermore, the analysis of viral contamination in coastal waters stands for a valid warning system for monitoring and predicting the circulation of the virus in the population (8–12). WBE can be used to highlight beforehand a possible spread of the virus allowing new epidemic outbreaks to be circumscribed quickly, especially in connection with the territorial health surveillance networks (8). WBE also allows to tracking the circulation of new virus variants in wastewater to secure a public health response (9, 10). Italy has been monitoring the presence of SARS-CoV-2 in wastewater since July 2020 (13). This pilot study has been the premise to set up an Italian structured surveillance network currently referred to as the “SARI project” (SARI protocol rev. 3, 10.5281/zenodo.5758725). The project, coordinated by the Istituto Superiore di Sanità (ISS), has allowed the creation of a network of national territorial facilities (Regional Agencies for Environment Protection, Public Local Health Agencies, Zoo-prophylactic Institutes, Universities, research centers, and integrated water service providers) (14). In March 2021, the SARI project was incorporated into a 24-month Central for Disease Control program by the Ministry of Health, with the participation of 14 Italian Regions. This program was called “Wastewater Epidemiology: Implementation of the Surveillance System for the Early Identification of Pathogens, with Particular Reference to SARS-CoV-2.” Following the publication of the European Commission Recommendation (EU) n. 472 of 17 March 2021 on a common approach to establish a systematic surveillance of SARS-CoV-2 and its variants in wastewaters in the EU, the research activities of the SARI project were converted into a surveillance system that became operational on 1 October 2021 (15).

As a consequence of the health and economic impacts of the COVID-19 pandemic, much of the scientific response has focused on the mechanisms of SARS-CoV-2 entry into host cells, with specific reference to the binding of the viral spike (S) protein to its cell receptor, the angiotensin-converting enzyme 2 (ACE2), and subsequent membrane fusion. Human tissues expressing ACE2 receptors include not only organs belonging to the respiratory system but also to the digestive system including the small intestine and colon (16).

To be pathogenic, viruses must maintain their ability to enter a human cell through the binding of proteins present on its capsid with proteins on the membrane of human cells, acting as an entrance door. Therefore, the mere presence of viral fragments or nucleic acid sequences does not reflect the risk of infection and the consequent risk for public health as demonstrated in airborne SARS-CoV-2 indoor environmental monitoring (17). Thus, to test for the presence of viruses with an infected capacity, it is necessary to use cell lines that can represent the natural target of the virus itself. One limitation of using cell culture as a target is that some viruses are unable to grow or do not induce visible cytopathogenic results (18, 19).

The shedding of infectious SARS-CoV-2 in the feces and urine of COVID-19-infected patients is low or undetectable, despite the detection of viral RNA in these samples and wastewater (20–22). This, together with the rapid inactivation of SARS-CoV-2 in seawater, strongly indicates that the probability of viral transmission through contact with contaminated wastewater is low. The infectivity of SARS-CoV-2 decreases rapidly in seawater, particularly at higher temperatures. The data therefore suggest that seawater contaminated with sewage containing fecal matter from SARS-CoV-2 infected individuals is unlikely to contain high levels of infectious virus due to the rapid inactivation of the virus in these matrices. However, the concentration of the virus in seawater would be significantly diluted compared to, for example, respiratory droplets from an infected person.

In the herein presented study, we proposed an innovative experimental approach to evaluate the infectivity of SARS-CoV-2 present in seawater. We utilized advanced 3D human tissues as hosts for viral infection, which closely mimic the natural target organs of these viruses. Specifically, intestinal tissue model of MatTek (EpiIntestinal™ Ashland, MA) was employed due to its extensive use and well-characterized properties in the pharmaceutical industry. This tissue model exhibits perfect differentiation of enteric cells and retains their native functionality without alteration, offering a more comprehensive alternative to traditional two-dimensional cell cultures, while ensuring reproducibility (23). The EpiIntestinal tissue model expresses crucial receptors, ACE2 and TMPRSS2, which are essential for SARS-CoV-2 entry into target tissues (24). Studies by some research groups demonstrated successful infection of SARS-CoV-2 in ACE2+ mature enterocytes within human small intestinal organoids/enteroids, facilitated by TMPRSS2 and TMPRSS4 to promote virus entry into host cells through SARS-CoV-2 spike binding (25). Accordingly, 3D tissue models represent an advanced approach for accurate testing and prediction of outcomes within a living organism.

The goal of this study was to verify the ability of the SARS-CoV-2 virus to penetrate and overcome the intestinal epithelium. In this regard, the treatment of the 3D epi-intestinal epithelium with SARS-CoV-2 was performed, in both isotonic and controlled salinity conditions. The activity concentrated on defining the environmental reference conditions to evaluate the effects of the permanence of SARS-CoV-2 in salt seawater.



Materials and methods


Virus isolation and propagation

Severe acute respiratory syndrome coronavirus 2 was isolated from the nasopharyngeal swabs collected from a pool of 15 patients affected by COVID-19 (10 with Omicron and 5 with Delta variants; Caucasian man of Italian origin whose genomic sequence is available on GenBank; SARS-CoV-2-UNIBS-AP66: ERR4145453). The inoculum of SARS-CoV-2 was carried out on Vero E6 cells (ATCC, Manassas, VA, Number CRL-1586). Vero E6 cells were grown and maintained in modified Eagle Reagent Medium (MEM; Gibco, Waltham, MA, United States) to which 10% heat-inactivated fetal calf serum was added at 37°C in a 5% CO2 humidified atmosphere, following the methodologies reported by Izzotti et al. (17, 26). Given the experience gained in the first tests, in the protocols used for the confirmation analysis of the infection protocol, the amount of fetal calf serum was decreased to 2%.



Experimental design

The goal of the study was to evaluate to which extent seawater (either natural or reconstructed) decreases SARS-CoV-2 infectivity. Seawater Sars-CoV2-virus was incubated with seawater and thereafter challenged for infectivity in either 2D or 3D cell cultures. 2D cell culture used cells with high expression of ACE2 viral receptor, thus being highly susceptible to virus infection. 3D cell cultures used intestine multilayer human organoids to address the question of whether the ingestion of seawater containing the SARS-CoV-2 virus may represent a risk for viral infection.

Details of experimental conditions used are described as follows: SARS-CoV-2 was incubated with (a) seawater; (b) reconstituted seawater; and (c) phosphate-buffered saline for 2, 10, 30, 60, and 90 min at a 1/15 vol/vol dilution. Subsequently, the maintenance of the infective capacity was evaluated on Vero E6 permissive cells. A sham negative control was used using a nasopharyngeal swabs buffer devoid of SARS-CoV-2 (d). SARS-CoV-2 was incubated with (a) seawater; (b) reconstituted seawater; and (c) phosphate-buffered saline for 2, 10, 30, 60, and 90 min at a 1/15 vol/vol dilution. Subsequently, the maintenance of the infective capacity was evaluated on Vero E6 permissive cells. A sham negative control was used using a nasopharyngeal swabs buffer devoid of SARS-CoV-2 (d).



SARS-CoV-2 treatment with sea water and reconstituted water

The residual infectivity potential of SARS-CoV-2 was evaluated after treatment with seawater or reconstituted water for five time points. Briefly, 1 mL of concentrated viral inoculum (titer: 7.05 × 106 PFU/mL) was treated with 15 mL of water and incubated at 18°C for 2, 10, 30, 60, and 90 min. At the end of each time point, 1 mL of inoculum was diluted with a complete medium (2% FCS) and used to infect VeroE6 cells for plaque assay in serial dilutions (10−1; 10−2). SARS-CoV-2 incubated with a physiological solution was used as a positive control of infection.

Seawater was collected from the Ligurian Sea, thus having a hypertonic NaCl concentration of 3.5–3.8%. Reconstituted seawater was prepared by dissolving the compounds listed below (quantities given in grams for 60 L of water) in deionized water: NaF, 0.114 g; SrCl2 6H2O, 0.78 g; H3BO3, 1.20 g; KBr, 4.02 g; KCl, 27.96 g; CaCl2 2H2O, 43.98 g; Na2SO4, 159.60 g; MgCl2 6H2O, 199.80 g; NaHCO3, 7.98 g; and NaCl, 1,659 g. Reconstituted seawater presented a salinity of 3.5% and a pH of 8 achieving 1,000 mOsmol. Reconstituted seawater was sterilized by filtration using a filter having 0.2-μm pores, and physical and chemical parameters were evaluated after this procedure. The artificial water used reflects all the necessary characteristics for the maintenance of aquatic organisms and their cells as documented in the literature. In our department, this ASW (artificial seawater) has been used for a long time to maintain the physiology of intact as well as cells of marine organisms. So that we chose this system because we know it very well and we know how other microorganisms respond. Therefore, we considered salinity, as well as the composition of all salts present, as sufficient parameters, as documented in the study by La Roche et al. The ASW was filtered with a 0.22-μm filter to ensure sterility (27–30). Control phosphate-buffered saline (PBS) solution was composed of 0.01 M phosphate buffer, 0.0027 M potassium chloride, and 0.137 M sodium chloride (pH 7.4) to obtain 300 mOsmol (31). At the end of each contact time, 1 mL of the suspension was diluted in a culture medium for Vero E6 cells and used to infect the cells.

For each treatment [positive control (PBS), seawater, reconstituted seawater, and negative control] and for each treatment time, four experimental replicas were carried out. Accordingly, a total of 80 experimental analyses have been performed. Morphological study was carried out by transmission electron microscopy (TEM).

The Vero E6 cells, treated with SARS-CoV-2 virus as above described, and 3D epi-intestinal tissue were prepared to be visualized by TEM. Cells were washed out in 0.1 M cacodylate buffer and fixed in 0.1 M cacodylate buffer containing 2.5% glutaraldehyde (Electron Microscopy Science, Hatfield, PA, United States), for 1 h at room temperature. The cells were postfixed in 1% osmium tetroxide for 2 h and 1% aqueous uranyl acetate for 1 h. Subsequently, samples were dehydrated through a graded ethanol series and flat embedded in resin (Poly-Bed; Polysciences, Inc., Warrington, PA, United States) for 24 h at 60°C. Ultrathin sections (50 nm) were cut parallel to the substrate and counterstained with 5% uranyl acetate in 50% ethanol. Electron micrographs, as either single snapshots and/or multiple image alignment (MIA), were acquired at Hitachi 7800 120 Kv electron microscope (Hitachi, Tokyo, Japan) equipped with a Megaview 3 digital camera and Radius software (EMSIS, Germany).



Evaluation of viral infectivity in human intestine 3D model

The epi-intestinal multi-tissue model was chosen, considered the most interesting with respect to SARS-CoV-2 infection. The 3D tissue is composed of three tissue layers including the intestinal lumen as donor, intestinal epithelium as tissue, and enteric absorption capillaries as the recipient. EpiIntestinal tissues (MatTek, EpiIntestinal™ Ashland, MA, United States) is a 3D human cell-based model that integrates various cell types, including enterocytes, paneth cells, M cells, tuft cells, and intestinal stem cells to form a highly differentiated and polarized epithelium. This advanced model faithfully replicates the complexity and organization of the human intestinal tissue, providing valuable insights into intestinal physiology and pathophysiology. While the primary mode of transmission for the SARS-CoV-2 virus is commonly understood to occur through the respiratory tract, emerging evidence suggests the potential significance of the intestinal tissue as a crucial target organ in the infection and transmission of SARS-CoV-2. Some researchers have revealed that the EpiIntestinal tissue model exhibits strong expression of the ACE2 receptor and TMPRSS2, both crucial for the entry of SARS-CoV-2 into target tissues (24). Clevers et al. (25) have also documented productive SARS-CoV-2 infection in ACE2+ mature enterocytes within human small intestinal organoids/enteroids. This infection is facilitated by TMPRSS2 and TMPRSS4, which promote SARS-CoV-2 spike fusogenic activity, potentially enhancing virus entry into host cells (25, 32). Consequently, the role of small intestinal organotypic and organoids in identifying biomarkers for predicting SARS-CoV-2 infection, transmission, or disease severity warrants the suitability of the model (33). Positive control (PBS), seawater, reconstituted seawater, and negative control (a,b,c,d), prepared as previously described in Experimental design, were incubated with EpiIntestinal tissues overnight at 37°C with 5% CO2 in a humidified atmosphere for virus infection assessment. At the end of the treatment, tissues were immediately fixed (TEM) or frozen (PCR) for further analysis. Figure 1 depicts the steps of the procedure and the compartments composing the epi-intestinal tissues corresponding to the gut lumen and luminal cells (side A: donor compartment) and the intestine capillary (side B: receiver compartment; Figure 1).

[image: Diagram with two panels. Panel A shows a process sequence: 1) Incubation with ASW or PBS for 45 minutes at room temperature, 2) Overnight incubation with Epintestinal, 3) TEM microscopy and qPCR for SARS-CoV-2 detection. Panel B illustrates a cross-section of a two-part system with a donor compartment on top and a receiver compartment below, separated by a filter. Icons depict each step.]

FIGURE 1
 (A) Procedure used for the experiment. (B) In vivo experiment showing intestinal microvilli at microscope. Side A: donor compartment: virus entrance from the intestinal lumen after water ingestion. Side B: receiver compartment: intestinal capillar representing the system penetration of the virus after intestinal absorption.


Three experimental replicas were made for each one of the three tissue layers and each experimental condition. In addition, untreated 3D tissue was used as a negative control. Accordingly, a total of 39 experimental analyses have been performed.



Viral titration

Titer determination of infective SARS-CoV-2 virions was performed by plaque assay on VeroE6 cells. VeroE6 was infected with serial dilutions of the treated virus. After 1.5 h of virus absorption, the complete medium with 2% methylcellulose was added. Five days after infection, cells were methanol-fixed, and plaques were stained with crystal violet (0.1%) and counted. Four experimental replicates were performed for each time window.



Real-time qPCR of viral loads

Severe acute respiratory syndrome coronavirus 2 viral load was determined by amplifying by quantitative real-time PCR (qPCR)-specific gene loci. The amplified genetic material taken into consideration was related to highly conserved segments of the Orf1ab regions and of the gene encoding for the N protein. The Orf1ab gene is linked to the expression of polypeptides, which, following proteolysis, lead to the formation of various proteins with a non-structural function related to the viral life cycle such as proteases and components of the replicase-transcriptase complex (RTC). The N gene refers to the homonymous protein (or nucleocapsid). This is the only SARS-CoV-2 protein capable of binding to the viral genome. Due to this feature, this protein plays a key role in viral RNA synthesis within the new virions.

The methodology chosen for the investigation was the qPCR.

The presence of viral RNA within Vero cells was evaluated by qPCR using the SARS-CoV-2 RT-qPCR Reagent Kit (PerkinElmer, Wathman, MA, United States). The samples were prepared for RNA extraction in an automated robotic station (Janus G3, PerkinElmer, Wathman, MA, United States).

The RNA extraction was carried out using the Chemagic automated station and the related magnetic ball extraction kit (PerkinElmer, Wathman, MA, United States). For each assay, three Taqman qPCR probes were used for (a) housekeeping gene [Ribonuclease P/MRP Subunit P30 (RPP30) used as an internal control]; (b) SARS-CoV-2 Orf1ab viral genes (Vic labeled); and (c) SARS-CoV-2 N viral gene (FAM labeled). The purified RNA was subjected to PCR amplification cycles according to the following parameters: 50°C × 15 min, 95°C × 2 min, 45 cycles at 95°C × 3 s, and 60°C × 30 s. The PCR was performed in a final volume of 20 μL using the LightCycler 480II (Roche).

Comparative quantification was used to detect changes in the genes of interest as compared to a quantity relative to a reference gene, represented by the housekeeping gene Ribonuclease P/MRP Subunit P30 [RPP30] used as an internal control. The approach employed was the Delta Delta Ct (ΔΔCt) method, also known as the Livak method. For each sample, the difference between the Ct values (threshold cycles) of the target gene and of the endogenous control is calculated, obtaining the ∆Ct. Subsequently, subtracting the control condition ∆Ct from the process condition ∆Ct, we calculated the ΔΔCt. The value obtained from this difference was used as the negative exponent of 2 in the 2−ΔΔCt equation. The calculated value represents the difference in the “correct” number of the threshold cycles. The result obtained defines the fold decrease or fold increase of the target genes in the samples, compared to the calibrator sample, normalizing the expression of the reference gene. Results were reported as RNA SARS-CoV-2 copies per mL. The calculation of the infectious viral load reduction, in terms of percentage, was obtained by applying the formula [1–10(−LR)] 100.



Statistical analyses

Statistical analyses were performed using the software R Core Team (2022). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL: https://www.R-project.org/.




Results


Evaluation of viral infectivity

The infectivity reduction results for the two treatments (seawater and reconstituted water) are shown in Tables 1, 2. Values are expressed as logarithmic reduction (LR) compared to the untreated virus. The logarithmic reduction value is the result of the difference between the positive control and the respective number of infecting virions (expressed as plaque-forming units per milliliter).



TABLE 1 Seawater.
[image: Table showing the effect of incubation time on viral load in reconstituted seawater. It includes columns for time, Log (PFU/mL), logarithmic reduction (LR), and infectious viral load reduction percentage. Variations are shown from 0 to 90 minutes, indicating a general decrease in viral load with increasing incubation time.]



TABLE 2 The descriptive statistics concerning the results obtained for both seawater and reconstituted seawater at different treatment times (0–90 min).
[image: Table displaying statistical data for three treatments: Control, Seawater, and Reconstituted Seawater, across six parameters: Minimum, First Quartile, Median, Average, Third Quartile, and Maximum, measured at different times. A non-parametric Kruskal–Wallis test was used for analysis due to small sample size and data characteristics.]

The calculation of the reduction in infectious viral load in % terms was instead obtained by applying the formula [1–10(−LR)] × 100.

In both conditions tested (seawater and reconstituted seawater), salinity per se did not affect cell viability as evaluated by the MTT viability test. Indeed, cell viability was 100.0% in untreated cells, and 99.5 and 99.8% in cells incubated with seawater or reconstituted seawater for 90 min. Accordingly, the results of viral infectivity were not distorted by the effects of possible cellular suffering.

Obtained results provide evidence that seawater dramatically decreases the ability of the SARS-CoV-2 virus to penetrate inside target cells. This effect was fast, being detectable after only 2 min of treatment but further increasing up to 92% of neutralization after 90 min.

In addition, reconstituted seawater dramatically decreased the ability of SARS-CoV-2 virus to penetrate inside target cells. Similarly, in seawater, this effect was fast, being detectable after only 2 min of treatment but further increasing up to 90% of neutralization after 90 min (Table 2).

By comparison, seawater was slightly (2%) more effective than reconstituted seawater in decreasing SARS-CoV-2 infectivity, although this difference was not statistically significant.

Table 3 shows the descriptive statistics concerning the results obtained for both seawater and reconstituted seawater at different treatment times (0–90 min). Each comparison was made by a non-parametric statistical test (Kruskal–Wallis test), which represented the most appropriate choice in relation to the small sample size and the characteristics inherent to the data itself (normality and variance distribution).



TABLE 3 Seawater.
[image: A table compares various mathematical models based on logLikelihood, AIC, lack of fit, and residual variance. Models include LogLogistic, Weibull, Cubic, Quadratic, and Linear, each with numerical values for the listed parameters. A selected model is highlighted in gray. The data relate to infecting virions over a 90-minute incubation with seawater.]

The intracellular viral loads were significantly different between the two treatments (χ2 = 20.82, degrees of freedom = 2, p value = 3.01E−05). Dunn’s post-hoc test found differences only between seawater and control (p value = 1.90E−05), reconstituted seawater and control, but not between seawater and reconstituted seawater (p value = 4.70E−04).

As regard seawater, considering the treatment times, differences emerged only when the 2-min series was compared with the 90-min series (p value = 2.70E−03; Figure 2A—right) and between 10 and 90 min (p value = 2.07E−02, Figure 2A—right).

[image: Panel A contains two line graphs showing SARS-CoV-2 copies per milliliter over time in seawater and reconstituted seawater. Both graphs indicate a decrease in virus copies with incubation time. Panel B is a box plot comparing virus copies over time, showing differences between seawater and reconstituted seawater.]

FIGURE 2
 (A) Curves describing the abundance of infectious virions after incubation with seawater (left) and reconstituted seawater (right) in relation to time as modeled by Weibull 1.3 and Weibull 1.4 mathematical models, respectively. (B) SARS-CoV-2 number of intracellular infecting virions (vertical axis) after different incubation time points (0–90 min) (horizontal axis) with seawater or reconstituted seawater.


Linear and non-linear models have been used to describe the reduction of the number of infecting virions over time (Table 4). The choice of the best model was based on the likelihood criterion (Log-likelihood), the Akaike information criterion, and the following outcome of a goodness-of-fit test.



TABLE 4 qPCR of SARS-CoV-2 N gene (copies per mL).
[image: Table displaying statistical data for different treatments on various tissues. It includes columns for minimum, first quartile, median, average, third quartile, maximum, range, and standard deviation values for isotonic and seawater treatments across lumen cells, intestinal epithelium, and enteric capillaries.]

The data relating to incubation with seawater were modeled using a three-parameter Weibull curve (Weibull 1.3), while a four-parameter Weibull curve (Weibull 1.4) was used to describe the experiments that were performed in reconstituted seawater.

Curves describing the variation of SARS-CoV-2 infectivity after incubation with either seawater or reconstituted seawater are reported in Figure 2B.

Mathematical model analyses indicate that incubation with seawater (Figure 2A, left) sharply decreases the number of virions, especially between 60 and 90 min. Conversely, the curve referring to reconstituted seawater shows a more linear trend (Figure 2A, right).



Morphological study by transmission electron microscopy

Ultrastructural examination of infected Vero E6 cells revealed the presence of abundant SARS-CoV-2 particles mainly binding extracellularly to the outer cell membrane. Viral presence was observed at the outer plasma membrane also in Vero E6 cells that were incubated with seawater or reconstituted seawater for less than 2 min. Intracellular bona fide replication compartments were also observed, but no virions were observed inside them. A significant reduction in the presence of SARS-CoV-2 particles in Vero E6 cells was observed in samples incubated with seawater or reconstituted seawater starting from 10 min and longer incubation time (30, 60, and 90 min). Particularly, after 10 min of incubation, viral particles were only occasionally found extracellularly at the cell surface level, while we did not observe replicative compartments at the intracellular level. These compelling findings, as shown in Figures 3–5, indicate that incubation with seawater for 10 min or more leads to a significant reduction in virus infectivity. These results suggest that prolonged exposure to seawater or reconstituted seawater effectively decreases the ability of the virus to infect target cells, making it a promising approach for mitigating SARS-CoV-2 transmission and enhancing public health safety during recreational activities in seawater environments.

[image: Two electron microscope images show SARS-CoV-2 viruses and their cellular interactions. The left image highlights the plasma membrane, replicative compartments, and viral presence. The right image details similar structures, with blue arrows indicating viral locations near the membrane and replicative compartments. Both images depict cellular ultrastructures with viruses labeled.]

FIGURE 3
 Left: Vero E6 cell. Infected control, untreated with seawater. Right: Vero E6 cell. 2 min in seawater and reconstituted seawater.


[image: Five panels of electron microscope images showing cellular structures related to SARS-CoV-2. Panel A shows the virus labeled. Panel B displays replicative compartments. Panel C illustrates viral particles and associated structures indicated by arrows. Panels D and E focus on sections labeled with plasmatic membrane, highlighting intricate cellular details.]

FIGURE 4
 Vero E6 cell. 2 min in seawater (A) and reconstituted seawater (B). Vero E6 cell. 10 min in seawater and reconstituted seawater. SARS-CoV-2 components were only occasionally observed on the plasmatic membrane. No replicative compartments were detected (C). Vero E6 cell. 30 min in seawater (D) and reconstituted seawater (E). SARS-CoV-2 virus was not detected, and replicative compartments were absent.


[image: Electron microscope images of three panels labeled A, B, and C. Panel A shows a large, detailed cell structure with a visible nucleus. Panel B displays membrane-bound organelles and vesicle-like structures. Panel C features dense cellular material with several circular structures, likely mitochondria or vesicles.]

FIGURE 5
 (A) Detail of high-resolution MIA collage (5 × 5) of 3D epi-intestinal tissue (MatTek) treated for 24 h with viral swab and visualized by TEM (frontal section). The tissue is well preserved. The intestinal cells show the characteristic “brush border” formed by microvilli on the apical surface. There are no ultrastructural characteristics compatible with an active infection. (B) Detail of untreated 3D epi-intestinal tissue (MatTek) (sample 1) visualized by TEM (frontal section, 80.000X). Detail of the “brush border” formed by microvilli on the apical surface with numerous vesicles in the extracellular space. These vesicles do not possess the viral morphological characteristics but can be classified as “extracellular vesicles.” Two invaginations of “clathrin-coated pits,” future endocytic vesicles that are forming, are visible on the cell surface. (C) High-resolution MIA collage (5 × 5) of untreated 3D epi-intestinal tissue visualized by TEM (frontal section). The numerous nuclei indicate the presence of an intact epithelium. Numerous mitochondria and the apical surface of the cells decorated with microvilli are observed.


The presence of SARS-CoV-2 in the 3D epi-intestinal model was assessed by ultrastructural analysis after treating the model with viral swabs under various experimental conditions (Figure 5A). The intestinal tissue exhibited excellent ultrastructural preservation under all tested experimental conditions, and cells displayed the characteristic “brush border” formed by microvilli on the apical surface and well-defined nuclei and mitochondria (Figure 5B). No ultrastructural features consistent with active infection were observed (Figure 5C). Numerous vesicles were present in the extracellular space and near the outer cell membrane under all experimental conditions, whether uninfected or infected. However, these vesicles did not possess morphological characteristics compatible with SARS-CoV-2 virions (31, 34). Furthermore, clathrin-coated pits invaginations, which are precursors of endocytic vesicles, were clearly visible on the cell surface. This observation suggests that the intestinal model exhibits active endocytic processes and healthy subcellular compartments without showing signs of infection, indicating the presence of an intact epithelium. Numerous mitochondria and the apical surface of the cells decorated with microvilli are observed.



Real-time qPCR of viral loads in intestine 3D model

Quantitative real-time PCR detected the intracellular presence of RNA SARS-CoV-2 virus inside the different layers of 3D epi-intestinal (MatTek) tissue infected. Two experimental conditions tested were (a) viral swabs containing SARS-CoV-2 virus mixed with isotonic physiological solution (0.9% NaCl) as control; (b) viral swabs containing SARS-CoV-2 virus mixed with hypertonic seawater (3.8% NaCl).

The purpose of this experiment was to evaluate the effect of seawater salinity in decreasing or increasing SARS-CoV-2 infectivity toward intestinal tissues.

From a quantitative point of view, after 12 h of incubation between SARS-CoV-2-containing samples and intestinal 3D tissue (for both isotonic solution and seawater), the maximum amounts of viral genes were detected in the intestinal lumen cells. Indeed, this is the tissue layer in tight contact with the liquid containing the virus. After 12 h, the viral genes were present in both the intestinal epithelium and the enteric capillaries, although in lesser amounts than those detected in the lumen cells.

The variations of viral gene amounts in the different compartments of the 3D intestinal tissues are summarized in Figures 6A,B.

[image: Three panels showing data on SARS-CoV-2 copies per milliliter. Panels A and B compare viral RNA presence in seawater and isotonic water using box plots with error bars, across CE, EI, and LU, for genes N and Orf1ab. Panel C uses color-coded box plots to contrast seawater and isotonic water, highlighting error distributions for genes N and Orf1ab in the same regions.]

FIGURE 6
 (A) Orf1ab gene. Changes of gene expression (average, maximum, and minimum) related to enteric capillaries (CE), intestinal epithelium (EI), and lumen (LU) for the two types of treatment (isotonic and seawater). (B) N gene. Changes of gene expression (average, maximum, and minimum) related to enteric capillaries (CE), intestinal epithelium (EI), and lumen (LU) for the two types of treatment (isotonic and seawater). (C) Fold value of individual genes (N, Orf1ab) in individual 3D tissue types (CE—enteric capillaries, EI—intestinal epithelium, and LU—lumen) as compared to the medium (seawater and isotonic water).


When the three compartments were compared, the lumen (LU) always had the highest values of viral load (p value = 5.8E−11, Figure 6C). Viral load progressively decreases in the intestinal epithelium (EI) and is only barely detectable in enteric capillaries (CE). Considering the individual genes, N is the most present in all compartments (p value = 5.70E−04, Figure 6C).




Discussion

Herein presented results provide evidence that seawater can decrease the infectivity of the SARS-CoV-2 virus. As reference experimental models, we decide to use both in vitro 2D cell culture (for plaque assay) and 3D organoid culture. For 2D in vitro cell culture, Vero E6 cells were selected because their high expression of ACE2 receptors on their membrane makes these cells highly sensitive to SARS. Herein presented results provide evidence that seawater can decrease the infectivity of the SARS-CoV-2 virus. As a reference experimental model, we decide to use both 2D in vitro cell culture and 3D organoid culture. For 2D in vitro cell culture, Vero E6 cells were selected because their high expression of ACE2 receptors on their membrane makes these cells highly sensitive to SARS-CoV-2 infection, thus providing a very sensitive model to evaluate the modulation of virus infectivity induced by seawater.

For 3D organoid culture, the epi-intestinal model was adopted because reconstructing in vitro the complexity of the human intestinal tissues. Indeed, the virus contained in seawater recognized after ingestion as an entry organ the intestinal epithelium.

As a challenge sample, we decided to use the wild virus as directly collected from human COVID-19 affected patients to properly reproduce the on-field situation existing when an affected patient is immersed in marine water.

These experimental models verified that the infectivity of SARS-CoV-2 remarkably decreases following the permanence of the virus in seawater and reconstituted seawater with a time-dependent trend. Although in a different way for both treatments, after a time span of 90 min, the infectivity of the virus is reduced by more than 90%. However, it should be emphasized that for the experimentation in question, the quantity of virus used was deliberately very high to better describe the time-dependent dynamics. Indeed, the whole pool samples collected from COVID-19 patients were directly applied to 2D and 3D cultured cells without any dilution, at variance with the situation occurring under on-field conditions in seawater. Furthermore, it should be considered that when a subject takes a bath in seawater, another important factor contributing to the decrease of virus infectivity is sun radiation. Indeed, Guasp et al. (35) have highlighted a lower incidence of coronavirus in relation to higher sun exposure. Sagripanti and Lytle (36) further illustrated how 90% of SARS-CoV-2 can be inactivated following sunlight exposure from 11 to 34 min. This factor is not considered in our experimental conditions that accordingly overestimate the viral infectivity as compared to the real on-field conditions.

Despite these limits, our results demonstrate that seawater can remarkably decrease virus infectivity after only 10 min of interaction.

Obtained results provided evidence that seawater dramatically decreases the ability of the SARS-CoV-2 virus to penetrate inside target cells. It remains to be established which factors and components of seawater could have contributed to this. A comparison of results obtained with natural or reconstructed seawater may be useful in this regard. Indeed, both water types were able to neutralize SARS-CoV-2 to a similar extent. The virus was not lysed by seawater but still retains its morphology and ability to penetrate inside cells after a very short time incubation with seawater. These findings suggest that the decreased viral infectivity is mainly due to changes induced in viral spike receptors. Indeed, spike protein is highly reactive and electrophilic being composed of amino acids exposing sulfhydryl radicals. Because of this situation, the virus is highly infective but also sensitive to physical–agents such as UV light and oxygen peroxide. The delicate spike protein structure is likely modified by sweater salinity, chemical composition, or osmolality. Indeed, sulfhydryl-rich proteins are highly sensitive to structural and functional modification induced by changes in the ionic strength of the media.

The result of the analysis of viral infectivity on human 3D intestinal tissue models was qualitatively adequate because all intestinal epithelium morphological characteristics were well preserved and visible at TEM. Nevertheless, the morphological analyses have not found the presence of intact viral particles and infection signs in the intestinal tissue cells despite the presence of viral nucleic acid inside intestinal cells as detected by qPCR. This situation may depend on the eclipse phase of the viral infection. Indeed, the ACE2 virus receptor is expressed in the intestinal epithelium (37).

After intracellular penetration, virions were dismounted and no longer detectable by morphological analysis by TEM but only by molecular analyses such as qPCR. This situation is referred to as the “eclipse stage” of viral replication. The virions became again visible only at the end of the intracellular virus replication cycle when the various components of the virus produced by the cell were randomly assembled. This stage of viral replication is indeed referred to as the “assembling stage.” The fact that this stage is not detected at all in infected intestinal epithelium indicates that this tissue may be targeted by viral infection as demonstrated by gastrointestinal symptoms referred to COVID-19-affected patients. However, the intestine, at variance with the respiratory system, does not represent a suitable compartment for SARS-CoV-2 replication and production.

The presence of viral molecular fragments in the absence of detectable whole virions reflects the presence of viral components unable to spread infective virus. This situation is well documented for the SARS-CoV-2 detectable in feces where this virus may be identified by PCR (14). However, the oro-fecal transmission does not represent a mechanism of infectivity for SARS-CoV-2 virus, which is a typically airborne virus for infection spreading.

The virus actively penetrated the intestinal epithelium. After only 12 h of contact, both genes evaluated were present in the intestinal lumen and inside the cells of the intestinal epithelium. However, the virus passed with difficulty through the intestinal epithelium. We found SARS-CoV-2 molecular components in the enteric capillaries in very low quantities, a signal indicating that intestinal tissue does not represent a preferential entry site for SARS-CoV-2 infectivity. Furthermore, the presence of hypertonic saline solution did not increase the sensitivity of the intestinal epithelium to virus penetration.

Our experimental findings are in line with other works dealing with the effects of environmental factors such as sunlight and water salinity on SARS-CoV-2 infectivity.

This virus, like other enveloped viruses, has a low persistence in the environment as well as aquatic matrices (7). Dublineau et al. (38) demonstrated that salinity has a negative effect on enveloped viruses (respiratory viruses) stability as influenza virus. Conversely, Lo et al. (39) showed that non-enveloped viruses (enteric viruses) maintain infectivity in saltwater. Moreover, detergents and proteolytic enzymes present in wastewater may decrease the survival time for enveloped viruses (40). Apart from this, SARS-CoV-2 RNA decay in wastewater is altered by other various factors, such as time outside the host, temperature, and pH (41).

Lee et al. (1) showed a trend like those of our findings when analyzing the SARS-CoV-2 viability and RNA itself, testing high viral titers (104 and 105 PFU/mL) in seawater reporting that SARS-CoV-2 has reduced viability. Only at a concentration higher than 105 PFU/mL (impossible to be found in wastewater and environmental samples undergoing viral dilution), the virus remained viable for 1 day in seawater at 105 PFU/mL while its RNA, more stable than the virus particle itself, persisted longer. Finally, Sala-Colomera et al. (7) used filter-sterilized seawater spiked with infectious SARS-CoV-2 incubated at two different temperatures to estimate the decay rate (time needed to decrease the viral load by 90%). In this study, a lower persistence in seawater than river water was demonstrated with a decay rate of 1.07 and 2.02 day−1 at 4 and 20°C, respectively.

The high abundance of SARS-CoV-2 virus in wastewaters poured into seawater has represented a major concern for Public Health during COVID-19 epidemic. The main problem was whether to set up limitations to recreative seawater activities, which would have represented a major problem also for economic reasons, especially in coastal regions of Italy. Results obtained by the herein presented study provide experimental evidence that recreational seawater contaminated with the SARS-CoV-2 virus does not represent a risk to public health because the virus loses the ability to infect sensitive cells when immersed in seawater. Furthermore, it should be highlighted that the high viral loads of the SARS-CoV-2 virus detectable in wastewater are composed of the virus going up from the respiratory system to the laryngopharynx and then being injected into the esophagus and excreted with the feces. These viruses are hot whole virions but are degraded into the intestine. Accordingly, the high viral loads detected by PCR methods in wastewater are composed of RNA fragments belonging to degraded virions.

Overall, the presented data bode well for the quality of bathing water related to possible contaminations by SARS-CoV-2. The results of this study indicate that recreational activities in the seawater environment do not represent a risk factor for COVID-19 infection. The saltwater environment is generally not hospitable for viruses. The high salinity and exposure to sunlight can disrupt the viral envelope, damaging surface viral glycoproteins and making it less infectious. There is currently no evidence that anyone has contracted COVID-19 from swimming in seawater. Recreational activities like swimming, surfing, or diving are not considered to be major risks for COVID-19 transmission.
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Background: The COVID-19 pandemic has proved deadly all over the globe; however, one of the most lethal outbreaks occurred in Ecuador.
Aims: This study aims to highlight the pandemic’s impact on the most affected countries worldwide in terms of excess deaths per capita and per day.
Methods: An ecological study of all-cause mortality recorded in Ecuador was performed. To calculate the excess deaths relative to the historical average for the same dates in 2017, 2018, and 2019, we developed a bootstrap method based on the central tendency measure of mean. A Poisson fitting analysis was used to identify trends on officially recorded all-cause deaths and COVID-19 deaths. A bootstrapping technique was used to emulate the sampling distribution of our expected deaths estimator [image: Statistical notation showing the symbol for "mu" with a hat, representing the estimated mean, followed by "deaths."] by simulating the data generation and model fitting processes daily since the first confirmed case.
Results: In Ecuador, during 2020, 115,070 deaths were reported and 42,453 were cataloged as excess mortality when compared to 2017–2019 period. Ecuador is the country with the highest recorded excess mortality in the world within the shortest timespan. In one single day, Ecuador recorded 1,120 deaths (6/100,000), which represents an additional 408% of the expected fatalities.
Conclusion: Adjusting for population size and time, the hardest-hit country due to the COVID-19 pandemic was Ecuador. The mortality excess rate shows that the SARS-CoV-2 virus spread rapidly in Ecuador, especially in the coastal region. Our results and the proposed new methodology could help to address the real situation of the number of deaths during the initial phase of pandemics.
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1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic continues to put unprecedented pressure on countries and their health systema. As of December 2022, more than 644 million cases have been reported worldwide, and at least 6.6 million deaths have been officially registered as caused by COVID-19 (1, 2). The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) virus has mutated several times since the first genome was sequenced (1–4). Nowadays, the predominant circulating variants have increased their transmissibility and, even though their virulence seems to be less than previous variants, the constant influx of new cases results in a continuous state of alert, surveillance, and death, especially for the most vulnerable patients (5–8). In terms of morbidity, mortality, and health system impact, Latin America is the region most affected by the pandemic, with 16.4% of the total number of COVID-19 confirmed cases and 20.6% of the total number of confirmed COVID-19 deaths globally, while sharing only 5.5% of the global population (9, 10). Although these figures are alarming themselves, there is a hidden reality about the actual number of deaths from COVID-19 in several countries from Latin America, including Ecuador (11). As the region has limited diagnostic capabilities and struggles to manage the number of daily cases, the unprecedented pressure is overwhelming health systems. and COVID-19-related deaths in Peru, Honduras, Brazil, or Ecuador, where excess mortality is more representative than COVID-19 officially reported deaths, also tend to be underreported (12).

According to demographers, the best tool available during a pandemic or a massive natural disaster to estimate the number of deaths is excess mortality, defined as the difference between the observed number of deaths in specific periods and the expected number of deaths in the same period (13–15). Excess mortality may provide a more complete and timely indirect measure of mortality (16–18) by encompassing deaths from all causes; excess mortality exceeds the variation between countries in reporting and proof of COVID-19 and misclassification of cause of death-on-death certificates (19). The use of excess mortality is now widely used as a reporting tool. For instance, in England, a study by Sinnathamby et al. showed higher excess mortality from all causes during the current COVID-19 pandemic (20). An analysis on variations in the number of excessive mortalities among countries showed that, in the United States and Spain, around 25 and 35% excess mortality was not reflected in the official COVID-19 statistics, respectively (13). Some of the most significant evidence comes from South America, where countries such as Mexico, Peru, Brazil, and Ecuador have suffered a massive surge in cases that have left thousands of deaths behind, not all registered as COVID-19 (12, 21–23). In Ecuador, during the first 54 days, 474 COVID-19 confirmed deaths were officially reported; nevertheless, at least 4,780 deaths were reported as acute respiratory distress syndrome (ARDS) during the same period of time, suggesting an important underreporting and undertesting of COVID-19 cases in the country (23).

Several research groups have sought to determine the pandemic’s real impact using historical records and average deaths in previous years as a good approximation of the reality experienced by the pandemic, especially in developing countries. The approach has been based on cumulative deaths rather than daily per capita deaths (24–26). We propose an innovative approach that uses mean in the context of bootstrapped simulations to replicate the data generation mechanism of death time series and obtain more robust estimations of expected deaths to quantify excess mortality in Ecuador to recognize the real impact and death toll attributable to COVID-19.

The limitations of a classical method, where the mean is used to estimate excess mortality, are mainly related to possible bias due to the lack of data (a standard issue in most of the reports on COVID-19 cases and deaths around developing countries) and sub-estimation errors. In addition, missing values could mislead estimations by increasing the sample to compute the mean and then calculate the excess mortality.

On the other side, the proposed approach based on bootstrapping mitigates the previous issues by sampling for all available values and then computing the mean, which is called bootstrapped means. The goal of bootstrapped means when using this method is to replicate with more considerable accuracy the exact distribution of deaths so that the computed mean is closer to an accurate approximation of the value and then the excess of mortality is more credible rather than only using the classic mean over a series of given values.

The aim of this work is to highlight the pandemic’s impact on the most affected countries worldwide in terms of excess deaths per capita and per day.



2 Methods and data


2.1 Study design

An ecological study of all-cause mortality recorded in Ecuador during the most lethal COVID-19 wave in 2020 was performed. All deaths recorded within the national registry database in Ecuador were used for COVID-19 and non-COVID-19 related deaths during the first year.



2.2 Setting

The study was carried out in Ecuador, one of the smallest Latin-American countries located on the equatorial line and bordering the Pacific Ocean. Ecuador shares borders with Peru and Colombia, and its current population is estimated to be 17,577,116 inhabitants. The country has four regions (Coast, The Highlands, The Amazonian, and the Galapagos Islands) 24 provinces, and 221 political subdivisions called cantons (cities).



2.3 Population

Our study included all nationwide recorded deaths from 2017 to 2020. A total number of 115,070 deaths in 2020 were analyzed; 42,453 of those were cataloged as excessive deaths.



2.4 Variables

The data retrieved regarding deaths in Ecuador had the following variables: jurisdiction (canton, province, and region), date, and total absolute and relative number of deaths from 2017 to 2020. Total deaths represent the number of deaths in each specific period considered in the analysis. For other complementary analyses, variables such as region or contagious cases were used, which were obtained from the same official websites.



2.5 Data source / measurement

Data for this study was obtained using the free information available from historical databases of the National Institute of Statistics and Census (INEC) located within the following freely available repository (27);1 all cases registered in this base were confirmed cases of COVID-19 (ICD-10:U07), with data from January 2017 to December 2020. Mean was computed at different periods, and then the difference of values between deaths during the COVID-19 pandemic was compared against average deaths during 2017–2019. The same method was applied for the bootstrapped concept. However, in this case, we simulate deaths’ behavior considering what would happen in other years if having an extreme event such as a pandemic to model the generation mechanism of data for 2020.



2.6 Bias

To reduce the risk of bias or unvoluntary errors, two researchers retrieved the data separately. Once data was downloaded, both investigators analyzed the dataset separately. The researchers resolved any questions or doubts after reaching consensus with a third researcher included in the analysis. Means and confidence intervals were computed independently, instead of using the same R data code used for the entire analysis to confirm the homogeneity of the dataset used by both researchers. The only kind of bias we could find in this analysis is related to the quality of data. There were days where values changed due to administrative mistakes. In this way, if we had used only the mean to compute the excess of mortality, the computed values would be extremes. On the other hand, using the bootstrapped mean to compute excess alleviates this issue and makes estimations more accurate.



2.7 Study size

Excess deaths were calculated with a daily, weekly, and monthly resolution. Data of death cases at the monthly level was composed of a time series of 1,152 observations across 24 provinces of the country. At the weekly level, the time series of deaths was composed of 5,088 observations for 24 provinces. At the daily level, the time series of deaths was composed of 35,064 observations for 24 provinces. The time series starts on January 1, 2017, and ends on December 31, 2020. For cantons, the time series of deaths had 323,611 observations.



2.8 Statistical methods

Descriptive statistics were applied to describe differences among provinces and cantons. To analyze the evolution of deaths, we initially applied dynamic statistical tests to the daily death series in each province as well as across the whole of Ecuador to identify on which days there were changes in the behavior of the number of reported cases. Excess deaths were computed for all days available, since the goal of this work is to show how the computed excess can differ in the way the methods are used.

In all provinces, we have [image: If you want me to generate alt text, please upload the image or provide a URL. Additionally, a caption can be added for further context.] daily observations. Each [image: Mathematical formula displaying an italic lowercase "i," commonly used to represent the imaginary unit in complex numbers, which satisfies the equation \(i^2 = -1\).] observation from two to [image: The image shows the lowercase letter "n" in a serif font, prominently displayed with clear lines and subtle curves. The background is plain, ensuring focus on the letter.] was used as a change point. With this reference point, the previous and subsequent observations constitute different datasets. Then, a variance test was applied to identify the variability and test the following hypothesis:

[image: \( H_0: \text{Deaths before i are equal to Deaths after i} \).]

[image: H subscript 1 colon Deaths before i are different to Deaths after i.]

As no data was available before the first day in the death series, we started from [image: Equation showing "i equals 2".]. We obtained a series of p-values for each [image: It seems there is no image displayed. Please upload the image or provide a URL, and I will generate the alt text for you.] and therefore selected the minimum of those where [image: It seems like there was an error or an incomplete image input. Please upload the image file or provide a URL so I can generate the appropriate alternate text for it.] is rejected. This point highlights where an important change occurred.

The Poisson adjustment makes it possible to identify what the trend in the evolution of the cases of death will be like (28). Based on a Poisson distribution, it measures the increase or decrease considering the change rate in death cases by days.

Given the data series of deaths, we computed mean in the period time mentioned. Then the value reported each day, week, or month is contrasted against this estimate to compute the excess.

After, we applied sampling with replacement over it for n number of times. From each time we computed the mean. We stored the mean in an array. Then we computed the mean of all saved estimates as well as quantiles to create intervals. We took the bootstrapped mean from n simulations and contrasted reported deaths again for each day, week, or month. With these results, we computed excessive mortality.

To calculate the excess deaths at the country and province level, we developed a bootstrap method based on the central tendency measure, mean, which is used for many studies and clinical investigation centers to calculate excess mortality.

Statically, the mean is used to make exploratory analysis, and the measure is sensitive to extreme values (29). Consequently, this might impact the quality of results. Moreover, due to the current pandemic, all countries are experiencing many deaths per day and comparing them with the traditional values of the deaths series of previous years could inflate the excess deaths indicator.

To avoid extreme estimates in the expected deaths, we used a bootstrapping approach. The essential concept of bootstrapping is to emulate the repetition of certain experiments by simulating new data, followed by a statistical measure’s recalculation using such simulated data (30).

The bootstrap emulates the sampling distribution of our expected deaths estimator [image: Statistical symbol with a hat above the Greek letter mu, followed by the word "deaths," indicating the estimated mean of deaths in a dataset.] by simulating the data generation and model fitting processes. It does this by generating artificial data [image: Mathematical expression showing \( y^{(b)} \) equals a vector consisting of elements \( y_1^{(b)}, \ldots, y_n^{(b)} \) enclosed in parentheses.] from a distribution that approximates the true unknown sampling distribution of the actual data. This is repeated several times, [image: It seems like there might be an issue with the image upload. Please try uploading the image again, or provide a URL if the image is hosted online. You can also add a caption for additional context.], resulting in an extensive collection of bootstrap estimators [image: Mathematical notation showing "mu sub deaths superscript b".], [image: Mathematical notation displaying a sequence: \( b = 1, \ldots, B \).]. The distribution of these artificially generated bootstrap estimators can be used to infer the sampling distribution of [image: The image shows the mathematical notation for the mean number of deaths, represented as a lowercase Greek letter mu with a hat symbol above it, followed by the word "deaths".].

As the true sampling distribution of the death time series is unknown, we will use nonparametric bootstrapping. Suppose the death data [image: Mathematical expression showing "y" with a subscript "i" in italic font.], [image: Mathematical expression showing a range: \( i = 1, \ldots, n \), where \( i \) varies from 1 to \( n \).], are independent and have an identical distribution. In that case, the empirical cumulative distribution (ecdf) can be used as a discrete approximation of the true cumulative function.

[image: Mathematical equation displaying the empirical cumulative distribution function: F-hat subscript e-c-d-f of y equals one over n multiplied by the summation from i equals one to n of I times parenthesis y subscript i is less than or equal to y.]

The general algorithm we define is as follows:

	1. Generate a bootstrap sample from death data [image: Mathematical expression showing a vector \( y^{(b)} \) equal to the tuple \((y_1^{(b)}, \ldots, y_n^{(b)})\).] [image: The image shows the letter "F" with a circumflex accent above it, symbolically denoting "F hat" often used in mathematical or statistical contexts to represent an estimator or a transformed variable.].
	2. [image: The image shows the mathematical notation: a Greek letter mu with a superscript b and the subscript deaths.] using [image: Mathematical expression showing a vector \( y^{(b)} \) equal to the set \(( y_1^{(b)}, \ldots, y_n^{(b)} )\), where \( b \) indicates an exponent or a parameter.].

With the results of simulations, we obtained [image: Statistical notation showing "mu hat" followed by the word "deaths," indicating an estimated mean or average number of deaths.] and defined bootstrap confidence intervals at [image: The image shows the mathematical expression alpha equals zero point zero five.] using the percentile method. We completed 1,000 bootstraps to retrieve robust estimates (30). Because data are available at the daily level, we produced monthly, weekly, and daily time-scale estimates for the country and its provinces.




3 Results

In Ecuador, since the beginning of the pandemic, at least 42,453 people have died in excess when compared with the previous year’s averages. The previously mentioned value comes from the classic mean definition for calculating excess deaths.


3.1 Maximum number of deaths per day

The maximum number of deaths in one single day in Ecuador occurred on 04/04/2020, with at least 1,120 deaths, having an excess in mortality in at least 921 deaths. In the case of Provinces of the Ecuadorian region, for Guayas, the maximum occurred on the same day, with 848 total deaths and 795 excess. In contrast, for the second national wave, Pichincha suffered the worst, having a total of 97 deaths in excess on 17/20/2020. As of the last update of our analysis (December 31, 2020), there were 101,439 deaths in Ecuador, with 42,453 excesses.

Our methodology based on bootstrap simulations derives an estimate of 30,213, which, compared with the classical method, calculated total excess deaths in 2020 at 42,453, which implies a difference of 12,240 death cases (Figure 1).

[image: Bar chart showing excess and expected deaths over time. Excess deaths are in red, peaking sharply in early months and declining steadily. Expected deaths are in blue, remaining relatively consistent throughout.]

FIGURE 1
 Maximum number of deaths per date in Ecuador. Green bars are the average deaths per day from 2017 to 2019 and the red-colored bars are the excessive mortality daily curve.




3.2 Excess mortality per province

In terms of provinces below our formulation, the cumulative excess on December 31, 2020, for Guayas was 10,727 deaths, with a maximum daily excess of 795, whereas for Pichincha it was 1,785 deaths, with a maximum daily excess of 72 deaths (Figure 2).

[image: A collection of line graphs showing excess deaths across various regions such as Azuay, Bolivar, and Guayas. Each graph represents different time periods with fluctuating trends. Some regions like Guayas and Santa Elena exhibit significant peaks, while others display more stable patterns. The x-axis is labeled with months, and the y-axis shows excess deaths. The graphs are color-coded for clarity.]

FIGURE 2
 Daily excess deaths per Ecuadorian provinces during 2020 (Black lines are the normal behavior of deaths in previous years; Colored lines are the observed deaths in 2020).


According to the provinces, the classical estimation for excess mortality was compared to the bootstrapped estimation up to December 31, 2020. The differences in values, compared with the classical excess approach, demonstrated that our method was more consistent than just using the mean as a measure to quantify excess deaths. For instance, Santa Elena had an increase of 87% regarding monthly excess deaths and an increase of 92% daily excess deaths (Table 1).



TABLE 1 Excess mortality per time comparing the classic estimation and the bootstrapped estimation (new).
[image: A table compares excess mortality data across various provinces. It lists classic and proposed estimations for monthly, weekly, and daily excesses, including percentages of excess against deaths. The total for the country shows decreases in the proposed estimations: 15,009 to 14,057 for monthly, 5,826 to 5,764 for weekly, and 931 to 889 for daily excesses, with percentages of excess mostly ranging from 43% to 92%.]



3.3 Confirmed deaths against daily excess deaths by region

As an additional insight, using excess deaths below the classical estimation method as reported by the National Institute of Statistics and Census (INEC) in Ecuador, we compared the impact of daily excess deaths by regions, an analysis not previously performed in Ecuador (Figure 3).

[image: Bar chart depicting excess deaths per day across three regions: Andes, Amazon, and Coast from March 2020 to March 2021. The Coast Region shows a peak exceeding 750 deaths in early 2020; other regions display smaller fluctuations.]

FIGURE 3
 Daily excess deaths in Ecuadorian Regions. Green bars are the average deaths per day from 2017 to 2019 and the red-colored bars are the excessive mortality daily curve.


Excess mortality is higher in the coast than in the highlands and the amazon region and the percentage increased during 2020 reached almost double that of the previous years (Table 2).



TABLE 2 Confirmed deaths against daily excess deaths by region in a year.
[image: Table showing population, total deaths, expected deaths, excess deaths, percentage increase, and rate per 100,000 for Ecuador's regions. Highlights include: the Coast with a 91% increase, and a rate of 315.7 per 100,000. Total deaths in Ecuador are 101,439, with 42,453 excess deaths, representing a 72% overall increase.]



3.4 Confirmed deaths against daily excess deaths rates by province

Guayas was the province with the highest excess deaths, at 17,582, representing an increase of 103% over the expected deaths in comparison to previous years. This represented an excess mortality rate of 400.7 per 100,000 inhabitants. However, considering the variability of population density, the province of Santa Elena had the highest excess mortality rate, with 412.4 per 100,000 inhabitants (Table 3).



TABLE 3 Confirmed deaths against daily excess deaths by province.
[image: A table provides data on deaths across Ecuador's regions: Highlands, Coast, Amazon, and Galapagos Islands. It lists provinces with their populations, total deaths, expected deaths, excess deaths, percentage increase, and death rate per 100,000. Notably, Guayas has the highest excess deaths and rate increase. The table concludes with country totals showing significant excess deaths and a 72% overall increase.]

As observed in Figure 4, those provinces located in the coastal region of Ecuador have higher mortality per capita than those provinces and regions from the Amazon and the highlands.

[image: Map of Ecuador showing excess mortality rate per province in 2020, with regions marked as Coast, Highlands, and Amazon. Legend indicates rates from no excess to 340-425 per 100,000. Major cities identified are Quito, Guayaquil, and Cuenca. Scale provided is 1:8,500,000.]

FIGURE 4
 Excess mortality rate per province in Ecuador.




3.5 Confirmed deaths against daily excess deaths rates by cantons

The cantons with the highest excess mortality rate were in the coastal region, with the provinces of Santa Elena and Guayas Provinces the most affected (Table 4).



TABLE 4 Confirmed deaths against daily excess deaths by cantons.
[image: Table showing death statistics by canton, including total deaths, expected deaths, excess deaths, percentage increase, population, and rate per 100,000. Santa Elena is ranked first with 1,821 total deaths and a 150% increase. The list includes 40 cantons ranked by excess deaths.]

Some cantons reached unprecedentedly high mortality rates. For instance, Santa Elena (a canton with the same name as the province) had 579.2 deaths per every 100,000 inhabitants, followed by Guayaquil with 491.3 per 100,000 inhabitants. At the same time, other cantons have significantly lower mortality rates, such as those located in the Amazon region or Galapagos (Figure 5).

[image: Map of Ecuador showing excess mortality rates by canton with a color scale from no excess to 480-600 per 100,000. Darker reds indicate higher rates. Major cities are marked: Quito, Guayaquil, Cuenca. Conventional symbols and scale details are included. Source: National Defuntion Registry, 2020.]

FIGURE 5
 Excess deaths rate in Ecuador by canton in Ecuador.





4 Discussion

Ecuador has had the highest number of COVID-19 related excess deaths per capita reported in a single day worldwide. The impact of the pandemic during the early phase of the outbreak in the country was devastating (11, 23, 31).

While we know that some countries worldwide, such as the United States India, or Brazil, have reported higher daily COVID-19 related deaths, Ecuador exceeds those countries greatly when adjusting for its population (Table 5).



TABLE 5 Comparison of deaths attributed to COVID-19 in a single day in some countries of the region and the world (chart updated in March 2021).
[image: A table displaying COVID-19 statistics for several countries, including Ecuador, Bolivia, Peru, Brazil, Colombia, Chile, Mexico, Argentina, USA, and India. Columns show total COVID-19 deaths, crude mortality rate, maximum deaths per day, percentage increase in excess mortality, and highest mortality rate per 100,000 people. Each row provides data for a specific country, with notable figures such as Brazil having the highest total deaths and maximum daily deaths, and Ecuador showing the highest percentage increase in excess mortality.]

Such was the demand for hospital beds, medical attention, and medical supplies that, during the first wave of the pandemic in Ecuador, hundreds of critically ill patients were treated in their homes. This action resulted in painful scenes, with dozens of human bodies left on the streets while funeral homes were overwhelmed (23).

The government of Ecuador has only reported those deaths that were confirmed as COVID-19 cases. For instance, on August 29th, 2022, Ecuador reported 35,832 confirmed deaths due to COVID-19 and, for the same date, the excess mortality overpassed 89,418 deaths (27). Thus, 53,586 could represent the actual excess deaths in this period, at least 150% more than expected. This difference between excess deaths and the official COVID-19 deaths is similar to the data reported previously in Ecuador (11, 32, 33).

Our study capitalizes on the sole dataset available for Ecuador, offering a distinct analytical foundation. Employing historical mortality averages as a comparative baseline enhances methodological rigor, facilitating a precise and objective assessment of excess mortality attributable to the pandemic (34).

At the provincial level, it can be observed that significant outbreaks showed values higher or lower than those reported by the official method. Cevallos et al. estimated an interim excess death in Ecuador from March 17 to October 22, 2020; this indicated that excess deaths were estimated at 36,922 and also indicated that the peak in excess all-cause mortality in Ecuador may have occurred on April 4, 2020, with 909 excess deaths (35). However, this study did not analyze the excess of deaths at the provincial or canton level.

Comparative analysis with analogous Ecuadorian studies reveals a significant alignment in methodologies and outcomes. This consistency not only corroborates our approach but also augments the veracity of our findings. Methodological alignment with nationally recognized research underscores both the suitability of our techniques and the pertinence of our results within the Ecuadorian milieu, thereby reinforcing the scientific merit and contextual relevance of our study (24, 33, 34).

Our study also explores the epidemiological dynamics of COVID-19-related excess mortality with a cantonal resolution (Figure 5). For instance, Santa Elena was one of the most affected jurisdictions in the country, reaching an astonishing 579.2 excess deaths per 100,000, five times more than Italy or Spain during the worst part of their pandemic (25, 36); other countries with excess deaths lower than Ecuador were Germany and, in Latin America, Peru, Chile, and Boliva (37–40) It can be seen that most of the affected cantons during the pandemic belong to the Coastal region. This might be caused by its demographic density or triggered by cultural aspects linked to higher mobility; for now, however, this is still unknow (41). The opposite situation occurred within the highlands. The pandemic decelerated during the first months of the lockdown and that might be linked to a reduction on the speed of contagium among those cantons. For instance, and even though cumulative mortality in the highlands was critically high, the daily mortality was far below that seen on the Coast. Quito had less than 100 excessive deaths in a single day, while Guayaquil, the biggest coastal city in Ecuador, had more than 600 deaths a day (33).

Excess mortality is not only used for developing countries with poorer reporting systems. For example, in the United States, a 20% increase in deaths was reported during March–July 2020, and 28% during March–May (16), of which 67% corresponded to COVID-19-confirmed deaths (42).

In Italy, an increase in pandemic-related mortality was found, specifically related to an excess of deaths from undetermined respiratory illnesses (42, 43). Results consistent with the analysis by Ortiz-Prado et al. reported an increase in the number of deaths registered as acute respiratory distress syndrome during the first months of the pandemic in Ecuador while failing to provide accurate diagnosis (23).

In this sense, countries such as Italy or Spain, even though they were also struggling with an early violent COVID-19 first wave that took countries off-guard, had diagnosis capabilities that were superior than those reported in Latin America, including Ecuador (43). Michelozzi et al. reported that, in Italy, 52% of excess deaths were coded as COVID-19 (44). Another study in England showed that 23.6% of all deaths registered from February to June 2020 were registered as COVID-19 (30). Whereas in Ecuador, confirmed COVID-19 deaths only account for 3% of the total number of excess deaths during the first wave of the pandemic.

This difference between excess mortality and reported deaths from COVID-19 may be attributed to the country’s SARS-CoV-2 diagnostic testing strategy not being widely distributed, coupled with a congested healthcare system, especially during the highest volume of hospitalized patients (45).

The use of excess mortality can be the most reliable indicator to understand and estimate the real impact of the pandemic. This metric can also be used to imply how many people were infected during the early stage of the pandemic using reverse upscaling calculations as a proxy of the early attack rate within the country.

Finally, we believe that acknowledging the real impact of the pandemic using excess mortality will be useful to help inform public policy that will ensure future action toward prevention and health care service responses against future biological threats.



5 Limitations

The main goal of this study is to show how, using only the crude mean to compute excess deaths, the approach can be addressed erroneously. The reason why the estimates from the bootstrapped method are smaller than the classical method is because, when we use bootstrap, each simulation replicates the real distribution of data. In this way, it is possible to get an accurate value about the expected deaths and, as a result, a neat estimation of excess deaths. Using only the classical mean can lead to larger values, as seen in this paper. We think this is a strength of our method. The only limitation we can find is about computational time. The larger the series, the more time can be spent around simulations. We think both methods are comparable as they are statistical parameters, but they differ in the fact that classic mean only depends on some period of data whereas bootstrapped mean reaches stability due to the replication of distribution of deaths across simulations. The larger the number of simulations, the better quality of estimations.

The main limitation of this study is the use of one dimension to track excess deaths and bootstrapped excess deaths. A vast array of research has been conducted recently where excess deaths are also analyzed for other factors like age ranges, gender, and social strata (19). Unfortunately, the lack of data management in the official statistics unit of Ecuador has produced all death cases at an aggregated level, so there is not an official source to find more details about the impact of deaths across multiple strata. Another important limitation is the actual cause of deaths. There are countless deaths that were not certified as caused by COVID. Ecuador did not have Covid tests or methods to study the cause of death. Thousands of people were buried without any evidence. That was a widespread problem around the world, especially during the first few weeks of the pandemic.

Another limitation related to data quality is the level of death underreporting. After data analysis, it was quantified that there were delays between 3 and 5 days to register a death case at the official statistics unit. Using the common mean as the base for excess deaths tracker, considering this situation, can alter the results for excess because of extreme values that can appear on specific days. On the other side, using the bootstrapped mean helps to control the phenomenon of underreporting since this measure infers the data generation mechanism for the death cases series, thus better discriminating outliers. We also do not have information on age and sex, which is why we could not calculate the excess mortality for these two variables.

Additionally, having only the death case series for the country and provinces can impact the distribution of excess deaths below the traditional and bootstrap mean. Despite having data from 2017 to 2020 in terms of death cases, the absence of covariates like age or gender can influence the results profoundly. It could produce large, aggregated values, as our results show a difference of almost 9,000 cases between traditional excess and bootstrapped excess. This is related to how the distribution of excess deaths is affected because of necessary elements like socio-demographic variables and classification of death cases in reporting. This can be connected to the fact that another kind of information is needed, such as the results from similar illnesses like influenza and the contribution of effects from lockdown like the reduction of pollution (45). Further work is needed to determine the relative importance of these different factors on the overall estimates of excess deaths.



6 Conclusion

Ecuador had one of the highest numbers of excess deaths per capita in the world per day. The mortality excess rate shows that the SARS-CoV-2 virus spread rapidly in the country, especially in the coastal provinces of Santa Elena and Guayas during the first wave of the pandemic. These deaths reflect the number of active cases that were missing diagnosis but were responsible for the collapse of the health system during March and April 2020 in Ecuador. Due to the lack of diagnostic capabilities, excess mortality has demonstrated to be a good indicator of the real impact of the pandemic and can be used as a proxy to estimate the real attack rate that was greatly underreported.
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Footnotes
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Introduction: Cross-border mobility (CBM) to visit social network members or for everyday activities is an important part of daily life for citizens in border regions, including the Meuse-Rhine Euroregion (EMR: neighboring regions from the Netherlands, Belgium, and Germany). We assessed changes in CBM during the COVID-19 pandemic and how participants experienced border restrictions.
Methods: Impact of COVID-19 on the EMR’ is a longitudinal study using comparative cross-border data collection. In 2021, a random sample of the EMR-population was invited for participation in online surveys to assess current and pre-pandemic CBM. Changes in CBM, experience of border restrictions, and associated factors were analyzed using multinomial and multivariable logistic regression analysis.
Results: Pre-pandemic, 82% of all 3,543 participants reported any CBM: 31% for social contacts and 79% for everyday activities. Among these, 26% decreased social CBM and 35% decreased CBM for everyday activities by autumn 2021. Negative experience of border restrictions was reported by 45% of participants with pre-pandemic CBM, and was higher (p < 0.05) in Dutch participants (compared to Belgian; aOR= 1.4), cross-border [work] commuters (aOR= 2.2), participants with cross-border social networks of friends, family or acquaintances (aOR= 1.3), and those finding the measures ‘limit group size’ (aOR= 1.5) and ‘minimalize travel’ (aOR= 2.0) difficult to adhere to and finding ‘minimalize travel’ (aOR= 1.6) useless.
Discussion: CBM for social contacts and everyday activities was substantial in EMR-citizens, but decreased during the pandemic. Border restrictions were valued as negative by a considerable portion of EMR-citizens, especially when having family or friends across the border. When designing future pandemic control strategies, policy makers should account for the negative impact of CBM restrictions on their citizens.

Keywords
 cross-border mobility; border regions; COVID-19 pandemic; travel restrictions; surveys and questionnaires; logistic models; social health; social networks


Introduction

The European Union (EU) comprises 360 internal land border regions, encompassing 40% of the territory and 38% of the EU population (1, 2). Until March 2020, there was complete border permeability among the signatories of the Schengen Agreement (3). The coronavirus disease 2019 (COVID-19) pandemic, which started in 2020, presented an unprecedented situation. The temporary reintroduction of border control resulted in a sudden restriction of free movement in the EU and had far-reaching health, social, and economic consequences (3). This situation also affected the border region Meuse-Rhine Euroregion (EMR), covering the border area of the Netherlands, Belgium, and Germany.

Mobility in the EMR is synonymous with cross-border mobility (CBM) due to the population living in close proximity to a national border. Mobility is crucial for accessing facilities and engaging in social interactions, and thereby various aspects of wellbeing and health. For example, in the EMR, CBM encompasses essential medical activities such as visiting healthcare professionals. Within the EMR there is a high degree of patient mobility and citizens tend to be highly willing to travel to neighboring member states to receive medical treatments (4). Border control measures during the pandemic hindered cross-border healthcare, resulting in challenges in cross-border communication and collaboration among EMR public health professionals (5).

Furthermore, CBM has various transport modes. Those that require physical activity, such as walking and cycling, have been shown to positively impact self-perceived health, mental health including perceived stress, loneliness, social health, and reduced mortality (6, 7). Additionally, car use and use of public transportation have been associated with health outcomes such as increased physical activity, reduced social frailty in elderly, and reduced loneliness in European adults (6, 8, 9). Limited mobility during the COVID-19 pandemic has been linked to reduced happiness, also referred to as subjective wellbeing (10, 11). Finally, mobility is associated with increased social participation (12). Maintaining CBM is thus important in health.

With a population of 4 million, the inhabitants of the EMR have extensive cross-border connections, including social contacts, work, study, leisure, and healthcare (3, 5, 13–16). Therefore, CBM is an important part of daily life for EMR-citizens and borders are generally perceived as non-existent (17). Citizens cross borders for several reasons which are interconnected, such as cross-border commuting, social visits, and leisure activities (18). This includes everyday activities such as grocery shopping and visiting restaurants, and in-person contact with social network members with visits to family, friends, and acquaintances living across the border (social visits). Social connections plays a crucial role in promoting physical and mental well-being, including happiness (19, 20). Social isolation is associated with health risks, chronic illness, and all-cause mortality (21, 22). Social networks can serve as a buffer by providing social support during stressful events, including the COVID-19 pandemic (23). However, social interactions have been shown to be significantly decreased during the pandemic, with fewer in-person contacts and reduced social network interactions (23).

The efficacy of border restrictions in controlling the transmission of SARS-CoV-2 has been debated. The effectiveness of border restrictions depends highly on timing, the stage of the epidemic, interconnectedness of countries, local measures undertaken, extent of implementation, and adherence (24, 25). A study among 10,0001 citizens in the Dutch EMR subregion indicated that CBM was not associated with seroprevalence of SARS-CoV-2, which may suggest a limited role of border traffic in the virus spread (16).

By our knowledge, there are no existing reports on CBM for visiting social network members and everyday activities in the EMR. Whilst it is known that CBM decreased during the pandemic (15), it is not clear to which extent, and how citizens experienced CBM restrictions.

This study aimed to assess changes in cross-border visits during the pandemic and the impact of border restrictions on citizens in the EMR, focusing on differences between the three regions. Therefore, we assessed factors associated with changes in CBM for social contacts and everyday activities in autumn of 2021, compared to before the COVID-19 pandemic, and which factors are associated with experienced negative impact of border restrictions.



Methods


Context of border restrictions in the EMR during the COVID-19 pandemic

Belgium closed its borders with neighboring countries between March 2020 and June 2020, and restricted all entry to the country. Border checks were enforced and border crossings had to be justified via forms. Cross-border workers were allowed to cross borders, but only with a declaration from the employer, which posed challenges for independent workers. Germany never introduced border controls with Belgium or the Netherlands, but health checks were enforced from March 2020. The Netherlands never closed its borders (15). However, all three EMR-countries advised citizens to stay within their own country (26). Between January and April 2021 Belgium again closed its borders for non-essential travel (16) (Figure 1).

[image: Timeline graphic depicting key events and stages related to COVID-19 border restrictions and assessments in the EMR. March-June 2020: Start of pandemic, Belgian borders closed. January-April 2021: Restrictions continue. April-June 2021: Data collection round one on CBM assessments. September-November 2021: Data collection round two.]

FIGURE 1
 Timeline of data collection and border restrictions in the EMR.




Study design and participants

‘Impact of COVID-19 on the EMR’ is a longitudinal study of EMR residents, using a comparative cross-border data collection (27). A survey was conducted in EMR-subregions, including the Belgian provinces Limburg (Dutch-speaking), Liège (French-speaking), and the German-speaking community of Belgium (Ostbelgien as a part of Liège). Apart from that, South Limburg (the Netherlands; Dutch-speaking) and the German City of Aachen and Districts of Düren and Heinsberg (German-speaking) were included (Figure 2).

[image: Map showing regions of Belgium, Germany, and the Netherlands, color-coded in green, red, and blue respectively. Cities like Maastricht, Aachen, and Liège are marked. A small inset highlights the region within Europe.]

FIGURE 2
 The parts of the Meuse-Rhine Euroregion (EMR) included in this study.


Participants were recruited through written invitations, including a letter and questionnaire link, based on national resident registers. In spring 2021, a random sample of in total 26,925 citizens aged 18 years and older, residing in private households in the EMR, was selected from the national registers in each country and invited to participate. Further details about the sampling methods applied in each country, stepwise selection, and opt-out procedures has been described previously (27). Participation rates ranged from 15.3% in the Belgian subregions (8,911 invitees and 1,366 participants) to 27% (11,266 invitees and 3,042 participants) and 26.7% (6,748 invitees and 1,598 participants) in the Dutch and German subregions, respectively. All 6,006 initial participants (round one) were subsequently invited for follow-up (round two).

Questionnaire data on CBM were collected between April 13 and June 29, 2021 (round one) and between September 21 and November 20, 2021 (round two; Figure 1).

A total of 3,557 participants completed the questionnaires from both rounds. In the current study, CBM behavior and impact of border restrictions are described for the 3,543 participants who had no missing data for variables included in the analysis.



Measurements


CBM pre-pandemic (outcome 1)

Participants reported whether they have family, friends or acquaintances in another EMR-country and how many times per month on average they crossed the border to either visit social network members or for everyday activities before the pandemic. Based on the distribution of the data, the number of total cross-border visits before the pandemic was grouped into 0 times per month, 1–2 times per month, 3–5 times per month, and ≥ 6 times per month.

We distinguished between different types of CBM:

	• Cross-border visits for visiting social network members: this was the average (as reported by the participant) number of times a month participants visited family, friends or acquaintances living across the border before the pandemic (measured in round one) and in the last month (round two).
	• Cross-border visits for everyday activities: this was the average (as reported by the participant) number of times a month a participant had crossed the border for a short visit (for example grocery shopping or visiting a restaurant), before the COVID-19 pandemic, i.e., before February 2020 (measured in round one) and in the last month (when filling in the round 2 questionnaire in September to November 2021).
	• Total visits were assessed by combining information on cross-border visits for social contacts or everyday activities.

Work-related CBM was not included as an outcome since changes herein were not evaluated and the number of participants working across the border was low.



Changes in CBM during the pandemic (outcome 2)

For CBM for social contacts (outcome 2a), everyday activities (outcome 2b), and total visits (outcome 2), participants were categorized into three groups based on their reported number of cross-border visits per month in autumn 2021 compared to before the COVID-19 pandemic: those with a decrease of more than one, those with an increase of more than one, and those with no change (a change of one or zero).



Experience of border restrictions (outcome 3)

Experienced impact of border restrictions was assessed by a question on whether the experience of border restrictions during the pandemic was negative for the participant themselves (five-point scale; from totally disagree to totally agree). For analyses, this outcome was grouped into ‘neutral/no negative experience’ (answers: neutral, disagree or totally disagree) and ‘negative experience’ (answers: totally agree or agree).



CBM and happiness (sub analysis)

Given that mobility and wellbeing are closely linked, we conducted a sub analysis to explore potential associations between happiness and cross-border visits. Data on happiness (‘All things considered, how happy would you say you are?’), measured on a scale from 0 (unhappy) to 10 (happy), were collected for the pre-pandemic time point (assessed retrospectively in spring 2021) and in autumn 2021. A score < 8 was classified as indicative of unhappiness.



Covariates

Various socio-demographic factors were included: country (the Netherlands, Belgium or Germany), sex (male or female), age group (18–29, 30–39, 40–49, 50–59, 60–69 or ≥ 70 years), and level of education (theoretical or practical). Employment status was categorized into working in own country, working in another country, and not working. Apart from that, presence of comorbidities (yes/no) and having family, friends or acquaintances across the border (yes/no) were assessed.

Several measures that were taken in response to the COVID-19 pandemic were included in the questionnaire, such as ‘limit group size’, ‘minimalize travel’, and ‘work from home’. We assessed perceived usefulness and perceived difficulty of these measures as measured in round one (at time when the measures were implemented). For perceived usefulness of measures, options were ‘(very) useful or neutral’ and ‘not useful (at all)’. Perceived difficulty was divided into ‘(very) easy or neutral’ and ‘(very) difficult’.




Analytical approach and methodology

Data on CBM were measured for three different countries with seven different regions. In analyses, the focus was on countries (not regions) due to the low number of participants in some regions. In all analyses, we evaluated CBM for social contacts, everyday activities, and total visits.


CBM pre-pandemic (outcome 1)

CBM for total visits, visiting social network members, and for everyday activities was described. Subsequently, we described the characteristics of participants who had CBM for social visits or everyday activities compared to those who did not have CBM before the pandemic. Characteristics of participants with or without CBM before the pandemic were described in a table of N and proportions. Univariate and multivariable logistic regression analyses were used to determine whether differences between country of residence and other covariates were statistically significant.

Subsequently, we restricted further analyses to those participants who reported CBM pre-pandemic.



Changes in CBM during the pandemic (outcome 2)

Changes in total CBM, social CBM (outcome 2a), and CBM for everyday activities (outcome 2b) were examined using descriptive analyses.

To determine factors associated with changes in total CBM since baseline (decrease, increase or no change [+/− 1]), univariate and multivariable multinomial regression analyses were used. The main determinant was country. Covariates evaluated were the number of cross-border visits pre-pandemic, sex, age group, level of education, work situation, presence of comorbidities, having family, friends or acquaintances across the border, and perceived usefulness and perceived efficacy for the measures ‘limit group size’, ‘minimalize travel’, and ‘work from home’.

Changes in CBM and associated factors was assessed for social visits (outcome 2a) and visits for everyday activities (outcome 2b) separately, restricted to the subpopulations who those who reported pre-pandemic social CBM or CBM for everyday activities. For these two outcomes, the number of pre-pandemic cross-border visits was included as a continuous variable, since participant numbers were smaller.



Experience of border restrictions (outcome 3)

To examine experience of border restrictions, univariate and multivariable logistic regression analyses were performed. Main determinants were country and changes in CBM (also defined as outcome 2). Other factors included were the number cross-border visits pre-pandemic, sex, age group, level of education, work situation, presence of comorbidities, having family, friends or acquaintances across the border, and perceived usefulness and perceived efficacy for the measures ‘limit group size’, ‘minimalize travel’, and ‘work from home’.



CBM and happiness (sub analysis)

We used descriptive statistics, chi-square tests, and logistic regression analysis to assess the proportions of participants classified as unhappy, comparing different groups based on the average number of cross-border visits per month (0 [reference], 1 to 2, 3 to 5, or > 5). We performed univariate analysis, followed by adjusted analysis taking into account country, age, sex, and having social contacts across the border.




Statistical procedures and model building

For all main outcomes, univariate and multivariable models were adjusted for country and number of pre-pandemic cross-border visits. Apart from that, we corrected for changes in CBM for outcome 3. There was no multicollinearity between the included variables since Variance Inflation Factor (VIF) values were < 3. For pre-pandemic CBM, interactions between country and sex, as well as country and age, were tested and showed no statistically significant interaction. For model building, variables with a p-value of <0.10 in the univariate analysis were included in the multivariable models by backwards selection. A p-value of <0.05 was considered statistically significant to be retained in the final models. Data were analyzed with IBM Statistical Package for the Social Sciences (SPSS) version 27.




Results


Study population

A total of 3,543 participants completed both questionnaires and had no missing data for the variables included in the analysis. Participants were on average 55 ± 15.5 years old and 59% was female. The majority of included participants was Dutch (N = 1791; 51%), followed by German (N = 1,030; 29%), and Belgian (N = 722; 20%).



Pre-pandemic CBM (outcome 1)

Of all 3,543 participants, 82% reported pre-pandemic CBM: 31% had at least one visit per month to cross-border social network members and 79% for everyday activities (Table 1). Differences in pre-pandemic CBM between the three countries were statistically significant in adjusted models (Supplementary Table 1). CBM was highest in the Netherlands (90% of participants; aOR = 4.4; 95%CI: 3.5–5.5), followed by Germany (81% of participants; aOR = 2.4; 95%CI 1.9–3.0), and Belgium (63% of participants; reference). CBM was >75% for all age groups. Participants who were employed more often reported CBM, with the highest proportion (96%) among participants working in another country. Most participants with pre-pandemic CBM had 1–2 cross-border visits per month (Table 1).



TABLE 1 Proportions for pre-pandemic CBM in participants living in the EMR (N = 3,543).
[image: A table presenting demographic and behavioral data of individuals from Belgium, the Netherlands, and Germany, categorized by participation in CBM at baseline, sex, age group, education level, work situation, comorbidities, and social mobility behaviors. Percentages and total numbers for each category are given, with mobility data discussed before and during the pandemic, and details on pre-pandemic border crossings per month.]



Changes in CBM (outcome 2)

Pre-pandemic CBM was reported by 2,900 participants (82%). Of those, 37% reported CBM in spring 2021 (round 1) and 74% reported CBM in autumn 2022 (round 2; Figure 3; Supplementary Table 2).

[image: Bar chart showing the percentage of participants with CBM in three countries across different periods. Pre-pandemic: Netherlands 90%, Belgium 63%, Germany 81%. Spring 2021: Netherlands 39%, Belgium 34%, Germany 34%. Autumn 2021: Netherlands 82%, Belgium 67%, Germany 61%.]

FIGURE 3
 Proportion of CBM per EMR-country before the pandemic and in spring and autumn 2021 for participants with pre-pandemic CBM (N = 2900).


A decrease in cross-border visits (assessed at round 2) was observed in 40% of participants with pre-pandemic CBM, whereas 49% had no change or a change of one, and 11% had an increase of more than one (Table 2). The majority of participants (>90%) had a change between 2 and 5.



TABLE 2 Proportions and multinomial regression analysis for changes in cross-border visits in participants with pre-pandemic CBM (N = 2,900).
[image: A complex table displaying statistical data on cross-border travels. It includes various parameters like country, number of pre-pandemic border crossings per month, sex, age group, education level, work situation, presence of comorbidities, and relationships across the border. Columns show proportions, univariate-corrected values, and multivariable statistics with factors for both decrease and increase in cross-border visits. The table also details significance levels with p-values, odds ratios (OR), and confidence intervals (95% CI). Explanations and footnotes are provided at the bottom.]


Factors associated with changes in CBM (outcome 2)

Around 40% of participants from the Netherlands and Germany experienced a decrease in CBM, compared to 32% in Belgium. Dutch participants most often had an increase in CBM (13%), followed by Belgian (8%) and German (9%) participants (Table 2).

Factors independently associated with a decrease of >1 in cross-border visits in autumn 2021, compared to baseline were having 3–5 (aOR = 9.0; 95%CI 7.2–11.3) or ≥ 6 (aOR = 47.3; 95%CI 35.0–63.8) baseline border crossings per month and female sex.

Factors independently associated with an increase of >1 in cross-border visits were Dutch residency (aOR = 1.8; 95%CI 1.2–2.7) as opposed to Belgian, male sex (aOR = 1.4; 95%CI 1.1–1.8), working across the border (aOR = 2.8; 95%CI 1.3–6.1), and low perceived usefulness of the measure ‘limit group size’ (aOR = 1.5; 95%CI 1.1–2.2). A higher number of pre-pandemic cross-border visits was also a significant factor for an increase in CBM (3–5 visits: aOR = 2.1; 95%CI 1.6–2.8; ≥6 visits: aOR = 5.3; 95%CI = 3.7–7.7; Table 2).



Factors associated with changes in CBM to visit social network members (outcome 2a)

Participants in the Netherlands and Germany presented similar proportions of around 25% for a decrease in social CBM in autumn 2021, compared to pre-pandemic. Those with a decrease of >1 in social CBM had an average number of pre-pandemic border crossings of 12.46, whereas it was 10.09 for those with an increase. This was the only factor associated with a decrease in social CBM between autumn 2021 and baseline (aOR = 1.2; 95%CI 1.1–1.2). Factors independently associated with an increase of >1 in cross-border visits were working across the border (aOR = 4.1; 95%CI 1.6–10.4), low perceived usefulness of ‘minimalize travel’ (aOR = 2.1; 95%CI 1.1–3.8) and a higher number of pre-pandemic border crossings per month (aOR = 1.1; 95%CI 1.1–1.2; Table 3).



TABLE 3 Proportions and multinomial regression analysis for changes in cross-border visits to visit social network members in participants with pre-pandemic CBM for visiting social network members (N = 1,094).
[image: A table presents data on pre-pandemic cross-border visits and various factors impacting their increase or decrease. It includes proportional data, univariate and multivariable analyses corrected for country differences, and confidence intervals. Categories analyzed include country, sex, age group, education level, work situation, comorbidities, perceived difficulty, group size limitations, travel minimization, and work-from-home preferences. Statistical significance is highlighted with p-values, denoting key findings regarding the decrease or increase in cross-border visits.]



Factors associated with changes in CBM for everyday activities (outcome 2b)

In autumn 2021, around 35% of Dutch and German participants and 28% of Belgian participants showed a decrease in CBM for everyday activities, compared to pre-pandemic. Dutch participants most often had an increase in CBM (11%; Table 4).



TABLE 4 Proportions and multinomial regression analysis for changes in short cross-border visits for everyday activities in participants with pre-pandemic CBM for everyday activities (N = 2,789).
[image: A detailed table presents data on pre-pandemic cross-border visits for activities in Belgium, Netherlands, and Germany. It includes proportions, univariate, and multivariable analyses categorized by country, sex, age group, education level, work situation, comorbidities, and perceived difficulty of measures. The table evaluates decreases or increases in cross-border visits, referencing odds ratios and confidence intervals, with significant values highlighted.]

Participants with cross-border social contacts more often had an increase or decrease in CBM for everyday activities. This factor was associated with lower likeliness for a decrease (aOR = 0.6; 95%CI 0.5–0.7). Furthermore, working across the border was associated with lower odds for a decrease (aOR = 0.2; 95%CI 0.09–0.5). A higher number of pre-pandemic border crossings was associated with higher odds for both a decrease (aOR = 1.4; 95%CI 1.4–1.5) and increase (aOR = 1.3; 95%CI 1.3–1.4) in CBM for everyday activities. Other factors independently associated with an increase were Dutch residency, compared to Belgian (aOR = 1.7; 95%CI 1.1–2.7), male sex (aOR = 1.6; 95%CI 1.2–2.1), and low perceived usefulness of ‘limit group size’ (aOR = 1.6; 95%CI 1.1–2.4; Table 4).




Outcome 3: experienced negative impact of border restrictions

Out of the 2,900 participants with pre-pandemic CBM, 1299 (45%) reported having experienced the border restrictions during the pandemic as negatively for themselves (Table 5).



TABLE 5 Proportions and logistic regression analysis for negative experience with border restrictions in participants with baseline CBM (N = 2,900).
[image: Table displaying the negative experiences of border restrictions, analyzed by various factors such as country, changes in cross-border visits, sex, age group, education level, work situation, comorbidities, and perceived difficulty. The table includes columns for percentage, odds ratio (OR), confidence intervals (95% CI), and p-values. Significant differences are highlighted, with reference categories noted. Statistical analyses include univariate and multivariable corrections for confounding variables, providing insights into the impact of these factors on experiencing negative border restrictions.]

The adjusted odds ratios for a negative experienced impact of border restrictions was 1.4 (95%CI 1.1–1.8) for Dutch participants, compared to Belgian. Those with a decrease had a 1.8 odds (95%CI 1.4–2.4) and those with an increase a 0.7 odds (95%CI 0.6–0.8) for a negative experienced impact. Odds for negative experience increased as pre-pandemic cross-border visits were higher (3–5 visits: aOR = 1.9; 95%CI 1.6–2.3 and ≥ 6 visits: aOR = 3.9; 95%CI = 3.0–5.1). Working across the border increased the likelihood of a negative experience (aOR = 2.2; 95%CI = 1.2–4.0). Odds for negative impact were 1.3 times higher (95%CI 1.1–1.6) when having family, friends or acquaintances across the border. Difficulty adhering to ‘minimalize travel’ resulted in twice the odds for a negative experience with border restrictions (aOR = 2.0; 95%CI 1.6–2.6), while a low perceived usefulness had an odds of 1.6 (95%CI 1.1–2.2). Difficulty adhering to ‘limit group size’ presented a 1.5 odds (95%CI 1.2–1.9) for a negative experience (Table 5).



CBM and happiness

Pre-pandemic, 28% of participants with no CBM were classified as unhappy, compared to 17% of participants with >5 cross-border visits per month. In autumn 2021, proportions of unhappiness ranged between 33 and 36% for participants with CBM, and was 41% for participants with no CBM (Figure 4).

[image: Bar chart comparing the percentage of participants classified as unhappy, before the pandemic and in Autumn 2021. For pre-pandemic, percentages are 28% for zero, 21% for one to two, 19% for three to five, and 17% for more than five cross-border visits per month. In Autumn 2021, percentages increase to 41%, 33%, 36%, and 34%, respectively.]

FIGURE 4
 Proportion of participants classified as unhappy (happiness score < 8) pre-pandemic and in autumn 2021, compared for the number of cross-border visits per month (0 visits, 1–2 visits, 3–5 visits, and > 5 visits; N = 3,540). ***p < 0.001; **p < 0.01; *p < 0.05 for logistic regression analysis corrected for country, age, sex, and having social contacts across the border. Nagelkerke pseudo-R2 value = 0.031.


Adjusted logistic regression analyses indicated statistically significant differences between the ‘0 visits’ group and the other groups pre-pandemic [1–2 visits: aOR = 0.68 (95%CI 0.54–0.85); p < 0.001; 3–5 visits: aOR = 0.55 (95%CI 0.43–0.72); p < 0.001; >5 visits: aOR = 0.45 (95%CI 0.34–0.61); p < 0.001].

In autumn 2021, a statistically significant difference was observed between the ‘0 visits’ group and the ‘1–2 visits’ and ‘>5 visits’ groups [1–2 visits: aOR = 0.74 (95%CI 0.61–0.90); p = 0.002; 3–5 visits: aOR = 0.90 (95%CI 0.74–1.11); p = 0.32; >5 visits: aOR = 0.83 (95%CI 0.69–1.00); p = 0.049; Figure 4].




Discussion


Summary

This study examined changes in CBM and the impact of border restrictions in the EMR during the COVID-19 pandemic. Pre-pandemic, CBM was frequent, reported by 82%, with the highest proportion reported among Dutch participants. In autumn 2021, 40% of participants with pre-pandemic CBM, had decreased their number of cross-border visits (35% reduced CBM for everyday activities and 26% for visiting social contacts), while 49% had no change or a minor change, and 11% had an increase. A negative experienced impact of border restrictions was reported by 45% of participants who had pre-pandemic CBM. Negative experience was associated with Dutch residency, working across the border, having social contacts across the border, and finding measures useless or difficult to adhere to. CBM was associated with being happy, both pre-pandemic and during the pandemic, in autumn 2021.



Pre-pandemic CBM and changes in CBM

This study provides unique insights as it is the first to investigate changes in CBM for visiting social network members and everyday activities in the EMR. Pre-pandemic, CBM was high (82%) among participants, with some variation in the three countries, with the highest rate in Germany and especially in Dutch participants. The latter observation might be explained by the fact that Dutch participants lived closest to a border; and as a result also might have been more impacted by border restrictions. Overall, 31% had at least one visit per month to cross-border social network members and 79% had at least one visit for everyday activities per month. The assessment of pre-pandemic CBM in the current study allowed for improved understanding of changes in CBM during the pandemic.

A substantial proportion of participants decreased their number of cross-border visits during the pandemic. Prior research in 25 country pairs using phone and Facebook similarly demonstrated a sharp decline in CBM of up to 82% compared to pre-pandemic levels (28). Compared to Belgium and German participants, Dutch participants more frequently showed an increase in both overall visits and short visits, adjusted for other characteristics. A previous study showed that Dutch citizens were less likely to restrict CBM for everyday activities or social contacts, compared to Belgian citizens (29). This can pose challenges for implementing policies, as cultural differences impact people’s responses to measures in different places. It was suggested that culture can influence pandemic-related behaviors, even apart from individual beliefs (29). To demonstrate, we previously showed that in the EMR, compliance and evaluation of COVID-19 measures, as well as intention to take the COVID-19 booster vaccine, were highest among German citizens and lower among Dutch citizens (30, 31).

Expectedly, finding travel-related measures difficult to adhere to or useless was associated with the CBM outcomes in the present study. Previous research has also linked beliefs on policies’ effectiveness to a greater likelihood of engaging in the associated behaviors (29). Other factors such as (health) literacy and communication of measures are also associated with compliance (32).

Despite the absence of CBM restrictions in autumn 2021, CBM remained lower compared to the pre-pandemic period, suggesting the presence of longer-lasting effects and structural changes in citizens’ mobility behavior. These changes likely resulted from the necessary adaptations in routines during the pandemic when work, school, family situations, and social interactions were disrupted (33).



Impact of border restrictions

Overall, a significant portion of participants (45%) reported a negative experienced impact of border restrictions, with the highest proportion among Dutch participants. Approaches to border restrictions varied per country, with Belgium physically closing its borders, Germany implementing border checks, and the Netherlands only discouraging CBM. CBM has been linked to wellbeing and happiness, in line with findings of the current study. Previous research has shown links between free movement and experienced health, as daily mobility and spatial behavior can influence individuals’ wellbeing and happiness (10, 33). Negative experiences with border restrictions have been associated with worse mental health outcomes in Australia (34). Additionally, a report on 20 case studies conducted in several European border regions indicated that border restrictions had a negative impact on residents’ personal lives as families living on both sides of the border were divided (15). EMR-residents also faced challenges in accessing up-to-date country-specific information and keeping track of constantly changing rules, highlighting a need for improved communication and access to information (16, 17).

Having social contacts (friends or family) across the border was a crucial independent factor associated with a negative experience with border restrictions. It has been argued that the social isolation resulting from the pandemic and its measures worsened existing public health challenges (35). People’s social network size and composition were impacted by the pandemic. For example, a study in the Dutch subregion showed that network size and the number of emotional and practical supporters decreased, with a shift toward a smaller more family-oriented network (23). National policies tend to overlook the interconnected social lives of residents in border regions, which extend beyond geographical borders (5). Therefore, policies that prevent loss of social contact, as well as sustainable cross-border communication and collaboration, are essential to ensure effective pandemic management in border regions.



Strengths and limitations

A main strength of the current study is the standardized data collection across the three countries, ensuring consistency in methodology and timing, along with the accessibility of questionnaires in all three languages. A limitation is the absence of information on the actual distance of residence and a border. It is plausible that participants residing closer to the border experienced a greater impact from border restrictions, as is likely for the Dutch participants. Among the EMR regions included in this study, the Dutch subregion has the smallest surface area, with most municipalities bordering Belgium or Germany, possibly resulting in higher rates of CBM and experienced negative impact among Dutch participants.

Another limitation is that pre-pandemic CBM was assessed in spring 2021, which may have been a potential for recall bias.

A further limitation is that we did not obtain information on which countries were predominantly visited (for example Dutch participants reporting CBM may have visited either Germany or Belgium). Regions with existing cultural or language separation might have been less affected, for example the experienced impact may have been different for Liège (French-speaking) compared to Dutch-or German-speaking regions in Belgium. A final limitation is that, while we have shown associations, no causal effects can be determined.



Implications

Fostering social contact, such as by maintaining mobility, is not usually included in public health policy or pandemic preparedness, giving room for improvement.

Furthermore, policies are generally shaped at the national level rather than the regional level. Regions may place a higher emphasis on cross-border collaboration, experiencing the repercussions of lacking such policies, while it might be perceived as less urgent at the national level. Currently, cross-border collaboration mainly occurs at the operational level. Prevention officers, united in a cross-border collaboration know each other and establish direct contact during crises like COVID-19. However, this interaction is largely driven by personal connections rather than being supported by a structured government policy. Further investigation is needed to explore the added value of these collaborative networks. The present initiative for cross-border cooperation is largely driven by practical needs. Whether this level should also lead the initiation of national policies, should be further examined.

To make informed decisions about implementing, adjusting, easing, or suspending border restrictions, it is crucial to assess not only their effectiveness but also any unintended consequences, such as adverse impact on social, mental, and physical health, that may arise (36).

As the virus enters an endemic phase, it is important to update legal frameworks and establish enforceable measures to prepare for possible public health threats in the future. It has been established that in a highly globalized world and a Europe with open borders, imposing border restrictions is detrimental and should only be implemented in crisis situations (37). Border restrictions should be temporary, proportionate, and coordinated between countries, rather than a unilateral action. Targeted measures are considered more effective and less disruptive (37).

It has been suggested that border-related movements are not inherently more risky for SARS-CoV-2 transmission compared to in-country movements, and public health professionals have questioned the emphasis on restricting borders while leaving in-country movements largely unrestricted (5). If border restrictions or other measures are implemented, they should be aligned with neighboring countries to prevent adverse effects and impact on citizens (13, 37, 38). Therefore, cross-border collaboration on interventions that limit transmission but also minimize impact on citizens, especially in border regions, should be encouraged.




Conclusion

The COVID-19 pandemic has had significant implications for CBM in the EMR. We highlight the importance of considering the unique circumstances of border regions and the substantial impact of border restrictions on citizens’ lives. Cross-border social networks, cross-border commuting, and the perception of measures played an important role in the changes observed in CBM and the negative experienced impact of border restrictions. Overall, our study shows the implications of the pandemic on CBM and emphasizes the importance of collaborative policies. In this way, public health goals can be prioritized while mitigating disruptions to citizens’ lives and preserving the well-being of border regions.
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Introduction: Worldwide, the primary care sector played a key role in coping with the challenges of the SARS-CoV-2 pandemic.
Methods: The aim of this study was to explore the resilience of the German primary healthcare system during the second wave of the pandemic from the perspective of identified interface stakeholders, i.e., representatives of hospitals, district offices, and medical associations. Qualitative data from interviews and focus groups were analyzed according to a resilience framework.
Results: The main findings include a gap in knowledge transfer, unstructured allocation of responsibilities, and a resulting unregulated flow of patients. Social brokers supported care coordination and knowledge transfer. The response to the capacity to cope with uncertainties was slow and chaotic at the system level and heterogeneous at the individual level. Building on previous relationships fostered functioning communication, while competition in primary care was identified as a barrier to resilience.
Conclusion: Implications for further research and for strengthening the resilience of primary care can be derived based on this study.
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1 Introduction

Due to its rapid spread worldwide, the outbreak of the coronavirus disease 2019 (COVID-19) was officially declared as a pandemic by the World Health Organization on 11 March 2020 (1), which was perceived as a crisis by German primary care (2). Worldwide, the primary care sector played a key role in coping with the challenges of pandemic medical care and the health of the population (3–7). Successful coordination between sectors and institutions is required to ensure appropriate patient care in both usual care and pandemic conditions, resulting in multiple interfaces (5, 8–11). However, an analysis of the coordination and cooperation at these interfaces was missing (12).

Pandemic plans provide support at several levels (8, 9, 13, 14). In line with Germany's federal structure, each state has its own crisis plan, with Baden-Wuerttemberg being the third largest state. According to its pandemic plan, medical care should be provided predominantly and for as long as possible on an outpatient basis to relieve the burden on hospitals, so that resources in hospitals are sufficient for seriously ill patients. Nursing home residents with COVID-19 should be treated in their nursing homes as long as their health condition permits (8–10). According to the plan, several players were involved in the management of a pandemic: (i) the outpatient sector; (ii) the inpatient sector; (iii) the health authorities as part of the district offices with responsibility for contact tracing, assessment of the regional epidemiological situation, and advice and health information; (iv) the medical association with responsibility for advice and information (10); and (v) the Association of Statutory Health Insurance Physicians (ASHIP) with obligation to ensure provision of care (§§ 69 ff. SGB V). However, the specification of a plan is not necessarily followed by its implementation in practice.

For a healthcare system to be able to provide an adequate response to a crisis, it needs resilience (11, 15–18). “Resilience” is defined as the “capacity of a health system to absorb, adapt and transform when exposed to a shock such as a pandemic, natural disaster or armed conflict and still retain the same control over its structure and functions” (16). According to the authors, the resilience of a healthcare system is driven by the four main dimensions of knowledge, coping with uncertainties, interdependence, and legitimacy of institutions and norms (16), which implies the importance of changing care organizations and processes (7). Saulnier et al. (19) suggest including different stakeholders in a shared bottom-up process to describe the resilience of healthcare systems. Thus, the perspectives of pandemic interface stakeholders identified by primary care providers in Germany (16) complement the previously reported response. This is crucial to analyze the resilience of the primary care system during the early COVID-19 pandemic (20). Haldane et al. (21) described several limitations of the health system's resilience within the COVID-19 pandemic, but primarily on a health system level. Other studies analyzing resilience also focus mainly on system-level (15, 22) or individual resilience (23–25) rather than organizational resilience on the level of service delivery. Furthermore, proper applications of resilience theory in empirical practice are still lacking (15).

The aim of this explorative study was therefore to identify factors influencing the resilience of the German primary healthcare system from the perspective of identified interface stakeholders during the second wave of the SARS-CoV-2 pandemic.



2 Method

This qualitative study was part of the PrimaryCovCare project in the joint project “Lessons learned—Studie MWK COVID-19” with the university Institutes of General Practice Freiburg, Heidelberg, Tuebingen (lead), and Ulm. Qualitative, semi-structured online focus groups and interviews were carried out in an exploratory observational study with primary care interface stakeholders.

The study was funded by the Baden-Wuerttemberg Ministry for Science, Research, and the Arts as part of the larger project, Lessons learned—Studie MWK COVID-19, undertaken by the Departments of General Practice at the Medical Faculties of Baden-Wuerttemberg. The study is registered in the German Clinical Trial Register (DRKS00022224).

The COREQ criteria were used as a checklist for the report of this study (26) (Data sheet 1).


2.1 Study sample

Study participants were recruited by two researchers from the project team between September 2020 and January 2021 [the second wave of the COVID-19 pandemic (27)]. Initially, a targeted recruitment strategy was used by contacting the management of the institutions in Baden-Wuerttemberg by mail and asking for referrals (ASHIP, health authorities, district offices, randomly selected clinics, and nursing homes) to represent as much variation as possible from different regions. Due to recruitment difficulties in the middle of the stressful second wave of the pandemic, a pragmatic sampling strategy using the personal contacts of the study team was adopted. Primary care interface stakeholders included representatives of clinics, district offices and their health authorities (regional), medical associations, nursing homes, and the ASHIP of Baden-Wuerttemberg. All participants had to be at least 18 years old and able to give informed consent. If the feedback was positive, study information was provided by phone, mail, and email, and written consent was obtained from each participant.



2.2 Data collection and measures

Data collection was conducted by SW and SS between November 2020 and February 2021 [the second wave and early third wave of the COVID-19 pandemic (27)]. SW is a former female master's student with a background in health services research, and SS is a female post-doctoral general practitioner, a researcher in the field of general practice in the context of COVID-19, and experienced in qualitative research. Focus groups were conducted as the primary data source, but due to recruitment problems during the pandemic and the resulting high clinic workload, two individual telephone interviews were conducted. The online focus groups were conducted using Webex® and the university's internal videoconferencing platform heiCONF®. Interviews and focus groups were audio-recorded, supplemented using protocol, and subsequently transcribed verbatim. No interview or focus group was repeated or canceled, and no transcript was returned to the participants for correction. All participants were also asked to complete a socio-demographic form.

A semi-structured interview guide was developed by an interprofessional team based on the results of previous literature research and experience from a previous project (20, 28). The interview guide included open questions on four main topics: (i) perception of cooperation with primary care physicians at the beginning of the pandemic; (ii) examples of best practices in collaboration with primary care physicians; (iii) ideas for improving cooperation with primary care physicians; and (iv) desire for continued development during the pandemic. In advance, a pilot focus group was conducted with two participants, and organizational processes were subsequently adjusted.



2.3 Data analysis

First, SW analyzed the data for thematic orientation. In a second step, NL and SS identified the resilience framework of Blanchet et al. (16) as appropriate for the data and research question and deductively coded the data following Braun and Clarke's Thematic Analysis (29). NL is a female researcher and doctoral candidate with a background in health services research, interprofessional healthcare, and speech and language therapy with experience in qualitative research.

NL and SS familiarized themselves with the data material. To start the coding phase, one of the focus groups was initially coded by NL and SS separately. Intercoder reliability was then detected, and a consensus meeting was held to thoroughly discuss differences in coding and interpretation until intercoder reliability reached 90%. This process was repeated for two more focus groups until high intercoder reliability was achieved immediately after coding. In addition, objective experts in qualitative research were included in the consensus meetings, and specific codes and interpretations of the framework were also discussed. After this initial coding phase, the remaining transcripts were primarily analyzed by either NL or SS. Then, in a second analysis step, each transcript was proofread and recoded by the other researcher who did not conduct the primary analysis.

Based on the resilience framework of Blanchet et al. (16), four main dimensions of managing resilience were primarily used for coding: (i) the capacity to combine and integrate different forms of knowledge, (ii) the ability to anticipate and cope with uncertainties and surprises, (iii) the capacity to manage interdependence: to engage effectively with and handle multiple- and cross-scale dynamics and feedback, and (iv) the capacity to build or develop legitimate institutions that are socially accepted and contextually adapted. Inductive subthemes were supplemented.

Within these four domains, generated codes were also analyzed regarding the capacity to absorb, adapt, and transform, as this represents three levels of resilience (16). Aspects were coded at first appearance, with no repetitive coding.




3 Results

A total of 37 participants were interviewed in seven focus groups with an average duration of 77 min (min. 58, max. 91) and two individual telephone interviews lasting 29 and 31 min, respectively. Table 1 presents the detailed characteristics of the participants.


TABLE 1 Sociodemographic characteristics.

[image: Table displaying demographic and professional details of 37 individuals. Gender: 45.9% female, 54.0% male. Regions: North Baden (56.8%), North Wuerttemberg (16.2%), South Baden (10.8%), South Wuerttemberg (10.8%), No information (5.4%). Professional background includes medical association (21.6%), clinics (29.7%), nursing homes (16.2%), statutory insurance physicians (13.5%), and health authorities (18.9%). Age data shows a mean of 48.6 years with a standard deviation of 11.6, minimum age 23, maximum 70. Notes indicate specific roles of primary care physicians, specialists, and institution employees.]

Statements resulted in all four main dimensions of the resilience framework. Figure 1 provides an overview of all dimensions and levels of the resilience framework and detected codes.


[image: Chart illustrating different capacities to manage resilience in healthcare. It includes four main areas: Knowledge, Uncertainties, Interdependence, and Legitimacy, each listing specific codes and descriptions. Below, three capacities are shown: Absorptive, Adaptive, and Transformative, indicating healthcare's response levels to shocks, using varying resources and changes in environment.]
FIGURE 1
 Overview of the detected codes, arranged according to the resilience framework by Blanchet et al. (16).


Most codes (491) were assigned to the dimension of knowledge. Describing interdependence resulted in 392 codes and the ability to cope with uncertainties in 312 codes. The least codes were assigned to the dimension of legitimacy (133 codes). Inductively, codes referring to the phase of recovery, like lessons learned or reflections of which strategies will be continued and which were not successful, occurred as well (149 codes). This aspect was not included in this manuscript.

An overview of the results is accessible in Data sheet 2.


3.1 The capacity to combine and integrate different forms of knowledge

Disease surveillance only plays a minor role in these data. Whenever it was mentioned, participants described times when “none of us knew about actual case numbers” (medical association 4, female, general practitioner).1 Information sharing was perceived as difficult due to problems with data security and a lack of digitization. This was related to both data retrieval and the reporting of diagnoses. There was also a lack of knowledge about how to deal with the virus and how to manage it at the system level. The information provided, for example, by the ASHIP, was described as heterogeneous and constantly changing.

From the participants' point of view, there was a lack of overview of institutions and practitioners and their responsibilities. A perceived lack of responsibility was described at all levels. It was not clearly communicated to healthcare providers and patients who were responsible for which care process. As a result, patient flows differed locally depending on which institution communicated its functions. Responsibilities were often confused, especially between general practitioners (GPs), emergency physicians, and clinics. There was also a lack of information about patients transferred between, for example, general practice and a clinic, which complicated and multiplied care processes, especially for infectious patients.

	“Because the coordination did not take place as one would have wished. You had the feeling that everyone was blaming the other. No one is responsible for the problem, and the other person has to solve it, the inpatient sector or outpatient sector.” (clinic 1, female)

When a facility, such as a general practice or a swabbing point for isolated SARS-CoV-2 testing, had to close, for example, due to holidays or illness, participants described that there was no alternative and patients were unable to find care. Lack of resources was also described in terms of safety equipment, staff, information in general, intensive care unit beds, and laboratory capacity.

Social brokers were identified in the role of coordinators and knowledge brokers, for example, in the transformative elements of a nursing home coordination center and a clinic corona phone for information exchange with the outpatient sector.

	“In our case, the university hospital has taken over the coordination. The department of general practice, which then actually always brings all the family doctors and all the established doctors per nursing home under one hat, so to speak.” (district offices/health authorities 7, male)

In addition, the following individuals and institutions acted as social brokers, which varied from place to place: representatives of the Association of Statutory Health Insurance Physicians, including the so-called “pandemic coordinators,” of the local medical profession, of the local hospital, and of the district offices. In the first two groups mentioned, GPs were also represented, and overall, almost all institutions involved in the primary healthcare system were represented.

These multiple institutions and health professionals communicate with each other individually and in a variety of ways, including (online) meetings, emails, WhatsApp messages, phone calls, letters, and others. Steering committees were formed and implemented individually. They usually included the primary healthcare institutions in different scopes, but also local institutions outside the healthcare system like the local council or civil protection. However, many participants described that sometimes responsible members, like local GPs, were not included in the meetings and individuals did not attend the meetings, resulting in a lack of information transfer. The transfer of knowledge to the public or the involvement of the public in these interfaces played a minor role in the focus groups and interviews. It was mentioned by one GP in the context of requesting test results, but especially by nursing homes, which described active communication with residents and relatives about health status, current regulations, and finding alternatives for visits during lockdowns. One GP stated that she became “locally famous” (medical association 4, female, GP) and that the public and the press approached her to ask for her opinion and specific information.

In summary, many different actors were involved in healthcare processes and communication interfaces. There was a lack of coordination and explicit responsibilities among these institutions, although social brokers were identified. There was no clear picture of responsibilities and all the different forms of knowledge and information flow.

These forms of knowledge and information were primarily associated with adaptive and transformative capacity. Healthcare professionals, especially GPs and hospital staff, had to provide regular healthcare as well as new processes due to the pandemic, with the same or fewer staff and resources available. Transformative capacity was primarily mentioned and included by all stakeholders and GPs, for example, the funding of new COVID contact points like swab centers, general practices that specialized in COVID-19 care, external outpatient infection centers, or coordination units.



3.2 The ability to anticipate and cope with uncertainties and unplanned events

The analysis of the ability to anticipate and cope with uncertainties revealed heterogeneous characteristics at the individual and system levels in primary care.

At the individual level, heterogeneous behavior was described, especially among physicians. Some were described as retiring and were no longer able to provide healthcare as usual for various reasons that were not clear. For many patients and institutions, such as nursing homes, it was described as difficult to find physicians to provide and cover healthcare, especially during holidays. In addition, some physicians were said to have acted only when financial incentives were offered.

	“Some GPs are really clever, (...) but there are others who are so sluggish that you get the impression they haven't really noticed the pandemic at all. So the differences are substantial, but things are improving.” (clinic 2, male)

Other physicians were described as highly motivated and saw themselves as responsible for covering care processes and developing coping strategies. These individuals were said to have saved healthcare provision during the first waves and chaotic phases.

	“So, with those you fought outside, that was a real battle, that was outstanding commitment in building the extraordinary structures. There were the GPs in front, the specialists also a few. Even dentists stepped forward. But it was mainly female general practitioners who were carrying the load.” (medical association 3, male)

Along with these heterogeneous characteristics, physicians were described as gathering and sharing information in different ways. Some were described as trying to keep up with ever-changing regulations and information, while others were described as being slower, less well-informed, and therefore adequately not prepared to fulfill current care processes.

At the system level, the response to the first waves of the pandemic was described as “chaotic” and unstructured “because there was simply no blueprint for this type of crisis and pandemic” (district offices/health authorities 1, male). Some institutions, such as the ASHIP, were described as responding slowly, and participants felt left alone. Access to consistent information and certain resources, such as security materials and personnel, was described as lacking.

In general, the health system and its response were observed to be slower and more chaotic, except for the aforementioned quick and flexible responses of highly motivated individuals.

Aspects of the ability to respond to uncertainties were assigned mainly to the level of adaptive capacity as it was described, how institutions and individuals reacted to the shock of the pandemic, and how they coped with the associated additional workload. Transformative aspects included responses related to the establishment of new structures, such as taking on the responsibility of acting as a social broker, providing sole care in nursing homes, and participating in the development of new processes and structures.



3.3 Interdependence: the capacity to engage effectively with and handle multiple and cross-scale dynamics

Interdependence was mainly observed within the health system. Aspects outside the health system were not described in the focus groups and interviews.

Collaboration, communication, and coordination of care were observed to be crucial. Quality of care and efficiency were observed to be based on good or poor communication between the actors. Some participants described how their close and long-term relationship led to good and efficient communication, for example, between clinics and GP practices, during the pandemic shock.

	“where you had good connections, you could turn to or if you knew someone with whom you had already had a good working relationship before, then that worked to some extent, otherwise not at all.” (clinic 4, female)

In addition, some described rapid communication by telephone or when the institutions were close together, such as emergency departments and primary care urgent care clinics within a clinic. Communication was also described as “improved during the pandemic” (clinic 1, female) due to the need for intensive cooperation and collaboration.

Good communication was described as associated with more efficient healthcare and better quality of care. Care providers were said to follow guidelines, and the work of others was valued. This was observed especially within larger networks with many different actors, but at the local level and when all actors were equally involved. Working in networks was said to have “benefited us immensely” (clinic 5, male).

However, as described in Section 3.2, GPs in particular withdrew from their responsibilities, and hospitals or nursing homes took over. On the one hand, this can be seen as a flexible response on the part of the healthcare system, but on the other hand, the actors now in charge expressed frustration and a high workload.

Only a few described feeling a euphoric group dynamic and thinking, “yes, we can do it” (medical association 1, female, GP).

In addition to good communication between individuals at the local level, many conflicts were observed as well. If one part did not fulfill its goals, the other part had to take over and sometimes force them to act. Communication was described as poor when actors did not know each other, when some actors were excluded from meetings or excluded themselves, or when healthcare providers did not seem to know each other's responsibilities and workloads.

This results from the lack of knowledge transfer described in Section 3.1. The consequences of this lack of communication and collaboration included, for example, an overload of emergency rooms.

	“We don't know where to put those people, the emergency room is bursting at the seams, regularly. (…) At that point, hardly any GP had said: no, we can't still send everyone to the emergency room, they have enough to do.” (clinic 6, male)

In general, the relationship between the different healthcare providers was described by some as conflictual. One participant described his impression that “GPs did not see themselves as part of the system” and “it is hard to integrate them into a structure because they are individual entrepreneurs.” (district offices/health authorities 2, female).

Conflicts between physicians were also described. The biggest conflict is competition between GPs, which inhibits adequate collaboration. GPs were described to have had the “fear of sending patients to the outpatient infection centres, because they could lose these patients to a colleague” (clinic 8, male), and as a consequence, they were sent to the emergency room instead.

Social brokers have been described as improving communication and the allocation of responsibilities. Communication with social brokers was described as close. However, the abovementioned conflicts were described despite the presence of social brokers, and communication with social brokers was described as difficult when the respective person was not aware of the situation and the responsibilities of the other actors or did not pass on sufficient information.

The aforementioned aspects of interdependence were assigned to levels of adaptive and transformative capacity. Adaptive capacity included communication between actors that already existed and had to be intensified during the pandemic; transformative capacity included new relationships and communication channels in the context of steering committees, the implementation of social brokers, and new responsibilities that were taken on by other care providers.



3.4 Legitimacy: the capacity to develop socially and contextually accepted institutions and norms

Overall, person-centeredness, either regarding patients or healthcare providers, played a minor role within the transcripts. Aspects of patient-centeredness were almost only mentioned by members of care homes, who explained how they coordinated visits, informed patients and relatives, and deliberated with relatives about how contact with patients might be possible and what health preferences their patients had. Patient-centeredness seemed to play a major role in their work, and within the focus group, statements concerning patients' or relatives' preferences, knowledge, or abilities could be observed. In this regard, nursing homes partly took over tasks that GPs were usually responsible for.

	“(…) if someone really had to go to hospital, in many cases it didn't make sense, but in some cases, it was very important to the relatives, even if the general practitioners said: it doesn't make any sense.” (nursing homes 2, male)

Other aspects of patients' or the public's trust in health institutions became apparent regarding the usage behavior of those institutions. Patients were observed to go into hospitals as their favorite point of contact, whether it was objectively an emergency or not. Many hospitals took over care processes from GPs, which was well-accepted by the public.

	“at the beginning nobody really knew, then one directs to the hospital preferably.” (clinic 1, female)

Person-centeredness also concerns healthcare providers, for example, regarding the development of care processes, working material, or others. Especially the Association of Statutory Health Insurance Physicians was mentioned on this behalf. Processes were mostly perceived as top-down and had a slow response. Some participants said they and GPs felt “let down” (clinic 2, male).

Within the focus group, including members of the Association of Statutory Health Insurance Physicians, experiences concerning cooperation were described as positive and person-centered but also self-critical and too slow because they were dependent on others, such as political decisions. This was observed as a relocation of responsibilities and accusing, which was also partly observed within the other healthcare providers. Especially GPs, hospitals, and the Association of Statutory Health Insurance Physicians were blamed by the respective others for not fulfilling their tasks and for deficient cooperation and communication. Lack of digitization and high bureaucracy were named as having worsened this aspect.

As social brokers, pandemic commissioners and coordination units were primarily named as trusted services associated with positive outcomes and communication. This was mostly mentioned whenever the social brokers were informed about local working procedures, for example, when they were usually working in primary care themselves.

	“I would describe the pandemic commissioner as a milestone. Because he was then widely acknowledged by colleagues.” (district offices/health authorities 2, female)

Negative and positive perceptions of cooperation and communication were within the data. However, relocating blame and naming problems regarding communication and cooperation occurred despite the existence of multiple different social brokers and occurred in every focus group and interview.

Codes within the dimension of legitimacy could not be easily allocated to the other levels of resilience. Some codes were associated with transformative capacity, for example, concerning social brokers, and some with adaptive capacity, like managing patient visits.




4 Discussion

The aim of this study was to explore the resilience of the German primary healthcare system from the perspective of identified interface stakeholders during the second wave of the SARS-CoV-2 pandemic.


4.1 Summary of main findings

The main findings include a gap in knowledge transfer on many levels, a resulting unstructured and non-transparent allocation of responsibilities, and unregulated patient flow. GPs and other actors in the different institutions took over the role of social brokers and supported care coordination and knowledge transfer. New, transformative institutions created in response to the pandemic emerged within primary care. The capacity to cope with uncertainties showed a slow and chaotic response at the system level and a heterogeneous response at the individual level. Some GPs showed a fast and proactive response, while others withdrew from their tasks and refused to provide care. Communication was described as good when there was a previous relationship to build on or a familiar point of contact to refer to. In this context, healthcare was described as more efficient and coordinated. Communication between different healthcare providers improved during the pandemic, and networks were described as helpful. Competition between GPs was mentioned as a major barrier to resilience, as well as withdrawing GPs. These conflicts showed the effects of additional workload for the other stakeholders. The function of social brokers and steering committees was socially accepted and described as beneficial. Accusations and blaming others were found in all focus groups and interviews and were perceived as a barrier to resilience.



4.2 Interpretation of main findings

According to Blanchet et al. (16), public health outbreaks need a functional disease surveillance system. For managing COVID-19, disease surveillance and the information of healthcare providers therefore play a role in managing the resilience of the German primary care system. However, within this data, disease surveillance played only a minor role, and participants described a lack of knowledge transfer either between the health system and the public or between healthcare providers and institutions. This also led to conflicts concerning the interdependence of healthcare providers. A structure and guidelines for managing responsibilities and tasks were missing, which resulted in chaos and thus reduced the resilience of a health system (16).

GP individuals showed different types of reactions as a response to uncertainties. Some were passive and restrained, and some were active and willing to manage the crisis. These different types were also observed by Stengel et al. (20), who found out the motives behind this behavior, for example, worries about organizational burden and a lack of safety equipment. In this study, individual performance was on the one hand managing the crisis and initiating new care processes and structures; on the other hand, regional differences occurred and healthcare providers felt let down. To discuss the centralized vs. decentralized organization of the health system, France showed a centralized organization that was asked to be revised and decentralized after the first year of the pandemic (30). During the first year, processes and decisions made by the government seemed largely similar to German coping strategies (30). The German National Health Ministry aims for a mix of centralized and decentralized elements, for example, through public health services (31). Within this plan, the national health ministry also aims to improve knowledge transfer to the public and describes health system response as slow (31). Based on the observed regional and interindividual differences in this study, the results can contribute to the development of national resilience strategies.

Blanchet et al. (16) furthermore describe low interdependence on constructs across scales outside of the health system increases resilience, which was observed in this data. However, the resilience framework was developed primarily for analysis at the health system level (16). In the context of this analysis, which focuses on primary care, it would have been more appropriate to focus on this and the health system level as “influences across scale.” Even though social brokers were implemented, socially accepted, and described as having helped coordinate care, major conflicts, and communication gaps were described, reducing the resilience of the health system and resulting in unstructured care flows and inefficiency.

The domain of legitimacy played a minor role in this study and was focused on statements to the subcode “community trust and ownership.” However, person-centeredness is described as important to gain acceptance by institutions and processes and thus may increase user adherence (16). This was not observed in this data. Other research, however, showed increased aggressiveness and dissatisfaction among patients (32). Hence, patient adherence and satisfaction of healthcare providers with guidelines provided to them could have been improved with a higher degree of person-centeredness instead of top-down processes.

In this study, most codes were assigned to transformative capacity, which is observed to be present when a major shock resulting in the highest stress and major structural changes occurs (16). Biddle et al. (15) reported that most empirical studies focused on absorptive and adaptive capacities, transformative capacity, and the domain of legitimacy were underrepresented. As the review of Biddle et al. (15) was done before the COVID-19 pandemic, these aspects may have become more present since then, as the pandemic is perceived as a major shock (3).

Analyzing the level of service delivery and in the context of health services research, this framework showed several limitations. Saulnier et al. (19) described a gap between theory and practice and pledged to a revision of this framework. Furthermore, other, newer resilience frameworks also focus on the health system level (33–35). Haldane et al. (21) developed a resilience framework at the system level that largely meets the results of this study but was developed specifically for resilience in managing COVID-19. On top, the framework by Blanchet et al. (16) focuses on acute coping with shock or stress and does not consider the aspect of recovery and “jumping back,” which is the origin of the term resilience (15) and was part of the gathered data. As a conclusion, a general resilience framework on care level and adapted for use in health services research is indicated, which should merge organizational resilience and individual and workforce resilience in the context of the surrounding health system resilience. In this manner, it could be useful to bring the different resilience frameworks at the health system level together, as the transfer of theoretical foundations and empirical research on resilience is not consistent yet (15).



4.3 Strengths and limitations

Due to recruiting issues during the second wave of the pandemic, it was not possible to include participants in all regions of Baden-Wurttemberg, as planned. As local differences could be observed in care processes and structures, the generalization of results is limited. Furthermore, selection bias cannot be excluded, as it can be assumed that primarily highly motivated people followed our study invitation. However, it can be seen as a major strength to have collected and analyzed data during this second wave of the pandemic and be able to paint a precise picture without risking recall bias and an overestimation of positive effects (36).

Within the participants, there were some GPs in a dual role, working in stakeholder institutions, which might support socially accepted answers. However, including GPs in this dual role is seen as a strength as well, as it is, therefore, possible to get a more holistic view of the primary care system.

This study takes a theoretical resilience framework and applies it to the level of service delivery. It is therefore, together with Stengel et al. (20), one of the first studies to specifically investigate the organizational resilience of primary care. Previous studies have focused primarily on specific parts of organizational resilience like lessons learned (37–40) or individual resilience and mental health (23, 41, 42), as well as resilience at the health system level (15, 21, 35). As a conclusion, implications for further research and for strengthening the resilience of primary care can be derived based on this study. To achieve the highest possible validity, additional qualitative aspects such as semi-structured interviews and focus groups on selected topics should be added to further research in order to deepen the key issues in each category. Where appropriate, the integration of quantitative concepts should be considered.




Data availability statement

The datasets presented in this article are not readily available because as required by the European Data Protection law the participants were informed of the privacy policy and agreed that the pseudonymized data would only be available to the project team and would be stored at the study center. Requests to access the datasets should be directed to Sandra Stengel (sandra.stengel@med.uni-heidelberg.de).



Ethics statement

The studies involving humans were approved by Ethics Committee of the Medical Faculty Heidelberg. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Ethics committee number: S-418/2020; Approved 2020-06-15.



Author contributions

NL: Formal analysis, Validation, Visualization, Writing—original draft, Writing—review & editing. SW: Data collection, Data curation, Formal analysis, Investigation, Writing—review & editing. AB: Conceptualization, Project administration, Supervision, Writing—review & editing. CR: Conceptualization, Methodology, Supervision, Writing—review & editing. FP-K: Conceptualization, Supervision, Writing—review & editing. MW: Conceptualization, Funding acquisition, Methodology, Supervision, Writing—review & editing. SS: Conceptualization, Data collection, Formal analysis, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Validation, Writing—original draft, Writing—review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The PrimaryCovCare project was funded by the Baden-Wuerttemberg Ministry for Science, Research and the Arts as part of the larger project, Lessons learned—Studies MWK COVID-19, undertaken by the Departments of General Practice at the Medical Schools in Baden-Wuerttemberg. For the publication fee, we acknowledge financial support from the Deutsche Forschungsgemeinschaft within the funding program “Open Access Publikationskosten” as well as from Heidelberg University.



Acknowledgments

The authors thank all volunteers for their participation in the study. The authors thank Dr. Regina Poß-Doering, Department of General Practice and Health Services Research, Heidelberg University Hospital, for her support and expertise during the data analysis.



Conflict of interest

FP-K and SS work in primary care alongside their academic positions. SS set up an outpatient infection center in April 2020 and received compensation from the Association of Statutory Health Insurance Physicians in Baden-Wuerttemberg. During the pandemic, FP-K headed a COVID-19-specialized primary care practice.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1322765/full#supplementary-material



Footnotes

	1Citation format: professional background, pseudonymized number, gender. Specific professions are reported if relevant.



References
	 1. World Health Organization Regional Office for Europe. 1. Pandemie der Coronavirus-Krankheit (COVID-19) Kopenhagen. (2019). Available online at: https://www.euro.who.int/de/health-topics/health-emergencies/coronavirus-covid-19/novel-coronavirus-2019-ncov (accessed October 10, 2023).
	 2. Litke N, Weis A, Koetsenruijter J, Fehrer V, Koeppen M, Kuemmel S, et al. Building resilience in German primary care practices: a qualitative study. BMC Prim Care. (2022) 23:221. doi: 10.1186/s12875-022-01834-4
	 3. Haldane V, Zhang Z, Abbas RF, Dodd W, Lau LL, Kidd MR, et al. National primary care responses to COVID-19: a rapid review of the literature. BMJ Open. (2020) 10:e041622. doi: 10.1136/bmjopen-2020-041622
	 4. Rust G, Melbourne M, Truman BI, Daniels E, Fry-Johnson Y, Curtin T. Role of the primary care safety net in pandemic influenza. Am J Public Health. (2009) 99 Suppl 2:S316–23. doi: 10.2105/AJPH.2009.161125
	 5. Lauriola P, Martín-Olmedo P, Leonardi GS, Bouland C, Verheij R, Dückers MLA, et al. On the importance of primary and community healthcare in relation to global health and environmental threats: lessons from the COVID-19 crisis. BMJ Glob Health. (2021) 6:4111. doi: 10.1136/bmjgh-2020-004111
	 6. Willson KA, FitzGerald GJ, Lim D. Disaster management in rural and remote primary health care: a scoping review. Prehosp Disaster Med. (2021) 36:362–9. doi: 10.1017/S1049023X21000200
	 7. Rawaf S, Allen LN, Stigler FL, Kringos D, Quezada Yamamoto H, van Weel C. Lessons on the COVID-19 pandemic, for and by primary care professionals worldwide. Eur J Gen Pract. (2020) 26:129–33. doi: 10.1080/13814788.2020.1820479
	 8. Sozialministerium Baden-Württemberg. Influenza Pandemieplan Baden-Württemberg Stuttgart (2020). Available online at: https://sozialministerium.baden-wuerttemberg.de/fileadmin/redaktion/m-sm/intern/downloads/Downloads_Gesundheitsschutz/Influenzapandemieplan-BW.pdf (accessed October 10, 2023).
	 9. Robert Koch-Institut. Nationaler Pandemieplan Teil I. Robert Koch-Institut (2017).
	 10. Robert Koch-Institut. Ergänzung zum Nationalen Pandemieplan – COVID-19 – neuartige Coronaviruserkrankung (4.3.2020). Berlin (2020). Available online at: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Ergaenzung_Pandemieplan_Covid.pdf?__blob=publicationFile (accessed October 10, 2023).
	 11. World Health Organization. COVID-19 Strategic Preparedness and Response Plan (SPRP 2021). Geneva (2021).
	 12. Gold AW, Bozorgmehr K, Biddle L, Perplies C, Rast E, Jahn R. Early crisis response to the COVID-19 pandemic in collective accommodation facilities for refugees: analysis of cross-actor working arrangements from the perspective of the reception authorities in Germany. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2023) 66:890–900. doi: 10.1007/s00103-023-03745-w
	 13. World Health Organization. A Checklist for Pandemic Influenza Risk and Impact Management: Building Capacity for Pandemic Response. Geneva: World Health Organization (2018).
	 14. Committee Committee on Guidance for Establishing Crisis Standards of Care for Use in Disaster Situations Institute Institute of Medicine. Crisis Standards of Care: A Systems Framework for Catastrophic Disaster Response. Washington, DC: National Academies Press (US) Copyright 2012 by the National Academy of Sciences (2012).
	 15. Biddle L, Wahedi K, Bozorgmehr K. Health system resilience: a literature review of empirical research. Health Policy Plan. (2020) 35:1084–109. doi: 10.1093/heapol/czaa032
	 16. Blanchet K, Nam SL, Ramalingam B, Pozo-Martin F. Governance and capacity to manage resilience of health systems: towards a new conceptual framework. Int J Health Policy Manag. (2017) 6:431–5. doi: 10.15171/ijhpm.2017.36
	 17. Stengel S, Roth C, Breckner A, Peters-Klimm F, Schwill S, Möllinger S, et al. Primary care strategies and cooperation during the first phase of the COVID-19 pandemic in Baden-Wuerttemberg, Germany. Gesundheitswesen. (2021) 83:250–7. doi: 10.1055/a-1397-7527
	 18. Wensing M, Sales A, Armstrong R, Wilson P. Implementation science in times of Covid-19. Implement Sci. (2020) 15:42. doi: 10.1186/s13012-020-01006-x
	 19. Saulnier DD, Blanchet K, Canila C, Cobos Muñoz D, Dal Zennaro L, de Savigny D, et al. A health systems resilience research agenda: moving from concept to practice. BMJ Glob Health. (2021) 6:e006779. doi: 10.1136/bmjgh-2021-006779
	 20. Stengel S, Roth C, Breckner A, Cordes L, Weber S, Ullrich C, et al. Resilience of the primary health care system - German primary care practitioners' perspectives during the early COVID-19 pandemic. BMC Prim Care. (2022) 23:203. doi: 10.1186/s12875-022-01786-9
	 21. Haldane V, De Foo C, Abdalla SM, Jung A-S, Tan M, Wu S, et al. Health systems resilience in managing the COVID-19 pandemic: lessons from 28 countries. Nat Med. (2021) 27:964–80. doi: 10.1038/s41591-021-01381-y
	 22. Mustafa S, Zhang Y, Zibwowa Z, Seifeldin R, Ako-Egbe L, McDarby G, et al. COVID-19 preparedness and response plans from 106 countries: a review from a health systems resilience perspective. Health Policy Plan. (2022) 37:255–68. doi: 10.1093/heapol/czab089
	 23. Finstad GL, Giorgi G, Lulli LG, Pandolfi C, Foti G, León-Perez JM, et al. Resilience, coping strategies and posttraumatic growth in the workplace following COVID-19: a narrative review on the positive aspects of trauma. Int J Environ Res Public Health. (2021) 18:1–24. doi: 10.3390/ijerph18189453
	 24. Thapa DK, Levett-Jones T, West S, Cleary M. Burnout, compassion fatigue, and resilience among healthcare professionals. Nurs Health Sci. (2021) 23:565–9. doi: 10.1111/nhs.12843
	 25. El-Hage W, Hingray C, Lemogne C, Yrondi A, Brunault P, Bienvenu T, et al. Health professionals facing the coronavirus disease 2019 (COVID-19) pandemic: what are the mental health risks? Encephale. (2020) 46:S73–80. doi: 10.1016/j.encep.2020.04.008
	 26. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for interviews and focus groups. Int J Qual Health Care. (2007) 19:349–57. doi: 10.1093/intqhc/mzm042
	 27. Schilling J, Buda S, Tolksdorf K. Zweite Aktualisierung der “Retrospektiven Phaseneinteilung der COVID-19- Pandemie in Deutschland”. Epidemiol Bull. (2022) 10:3–5.
	 28. Kruse J SC, Weber KM, Dresing T, Pehl T. Qualitative Interviewforschung: Ein integrativer Ansatz. Weinheim: Beltz Juventa (2015).
	 29. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. (2006) 3:77–101. doi: 10.1191/1478088706qp063oa
	 30. Panreck I-C. Die Corona-Pandemie in Großbritannien und Frankreich. In:Lange H-J, , editor. Politik zwischen Macht und Ohnmacht: Zum politischen Umgang mit der Corona-Pandemie in Deutschland. Wiesbaden: Springer Fachmedien Wiesbaden (2022). p. 479–505.
	 31. Sachverständigenrat zur Begutachtung der Entwicklung im Gesundheitswesen. Resilienz im Gesundheitswesen: Wege zur Bewältigung künftiger Krisen. Berlin: Medizinisch Wissenschaftliche Verlagsgesellschaft (2023).
	 32. Döpfmer S, Kuschick D, Toutaoui K, Riens B, Dierks M, Wolf F, et al. Die hausärztliche Versorgung während der COVID-19-Pandemie: eine Fragebogenerhebung unter Hausärzt*innen und Medizinischen Fachangestellten zu ihrer Perspektive auf Veränderungen, Bedarfe und Belastungen. Zeitschrift Evidenz Fortbildung Qualität Gesundheitswesen. (2023) 178:64–74. doi: 10.1016/j.zefq.2023.03.002
	 33. Agostini L, Onofrio R, Piccolo C, Stefanini A. A management perspective on resilience in healthcare: a framework and avenues for future research. BMC Health Serv Res. (2023) 23:774. doi: 10.1186/s12913-023-09701-3
	 34. Jatobá A, de Castro Nunes P, de Carvalho PVR. A framework to assess potential health system resilience using fuzzy logic. Rev Panam Salud Publica. (2023) 47:e73. doi: 10.26633/RPSP.2023.73
	 35. Fridell M, Edwin S, von Schreeb J, Saulnier DD. Health system resilience: what are we talking about? A scoping review mapping characteristics and keywords. Int J Health Policy Manag. (2020) 9:6–16. doi: 10.15171/ijhpm.2019.71
	 36. Colombo D, Suso-Ribera C, Fernández-Álvarez J, Cipresso P, Garcia-Palacios A, Riva G, et al. Affect recall bias: being resilient by distorting reality. Cognit Ther Res. (2020) 44:906–18. doi: 10.1007/s10608-020-10122-3
	 37. Camicia ME, Cournan MC, Rye J. COVID-19 and inpatient rehabilitation nursing care: lessons learned and implications for the future. Rehabil Nurs. (2021) 46:187–96. doi: 10.1097/RNJ.0000000000000337
	 38. Li G, Hilgenfeld R, Whitley R, De Clercq E. Therapeutic strategies for COVID-19: progress and lessons learned. Nat Rev Drug Discov. (2023) 22:449–75. doi: 10.1038/s41573-023-00672-y
	 39. Martínez-Payá M, Carrillo I, Guilabert M. Lessons learned from the COVID-19 pandemic in nursing homes: a systematic review. Int J Environ Res Public Health. (2022) 19:1–12. doi: 10.3390/ijerph192416919
	 40. To KK, Sridhar S, Chiu KH, Hung DL Li X, Hung IF, et al. Lessons learned 1 year after SARS-CoV-2 emergence leading to COVID-19 pandemic. Emerg Microbes Infect. (2021) 10:507–35. doi: 10.1080/22221751.2021.1898291
	 41. Baskin RG, Bartlett R. Healthcare worker resilience during the COVID-19 pandemic: an integrative review. J Nurs Manag. (2021) 29:2329–42. doi: 10.1111/jonm.13395
	 42. Labrague LJ. Psychological resilience, coping behaviours and social support among health care workers during the COVID-19 pandemic: a systematic review of quantitative studies. J Nurs Manag. (2021) 29:1893–905. doi: 10.1111/jonm.13336
	Copyright
 © 2024 Litke, Weber, Breckner, Roth, Peters-Klimm, Wensing and Stengel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.









 


	
	
ORIGINAL RESEARCH
published: 24 May 2024
doi: 10.3389/fpubh.2024.1332109








[image: image2]

Genomic surveillance during the first two years of the COVID-19 pandemic – country experience and lessons learned from Türkiye

Süleyman Yalçın1,2‡, Yasemin Coşgun2,3, Ege Dedeoğlu4, Katharina Kopp4‡, Fatma Bayrakdar1,2, Gültekin Ünal4‡, Biran Musul4‡, Ekrem Sağtaş2‡, Gülay Korukluoğlu5†‡, Philomena Raftery4*†‡ and Sedat Kaygusuz6†‡


1National Molecular Microbiology Reference Laboratory, Public Health General Directorate, Ministry of Health, Ankara, Türkiye

2Department of National Reference Laboratories and Biological Products, Public Health General Directorate, Ministry of Health, Ankara, Türkiye

3National Virology Reference Laboratory, Public Health General Directorate, Ministry of Health, Ankara, Türkiye

4World Health Organization Country Office, Ankara, Türkiye

5Department of Medical Microbiology, University Health Sciences, Ankara Bilkent City Hospital, Ankara, Türkiye

6Public Health General Directorate, Ministry of Health, Ankara, Türkiye

Edited by
 Jin Wang, Fudan University, China

Reviewed by
 Abdul Ahad, National Institute of Health (Pakistan), Pakistan

*Correspondence
 Philomena Raftery, praftery@who.int 

†These authors share senior authorship

‡ORCID: Süleyman Yalçın, https://orcid.org/0000-0003-1434-2717
 Katharina Kopp, https://orcid.org/0000-0001-7261-7470
 Gültekin Ünal, https://orcid.org/0000-0002-8996-7028
 Biran Musul, https://orcid.org/0000-0002-1241-4783
 Ekrem Sağtaş, https://orcid.org/0009-0005-3002-6177
 Gülay Korukluoğlu, https://orcid.org/0000-0001-7625-6350
 Philomena Raftery, https://orcid.org/0000-0002-2683-7154
 Sedat Kaygusuz, https://orcid.org/0000-0003-3245-6582

Received 02 November 2023
 Accepted 24 April 2024
 Published 24 May 2024

Citation
 Yalçın S, Coşgun Y, Dedeoğlu E, Kopp K, Bayrakdar F, Ünal G, Musul B, Sağtaş E, Korukluoğlu G, Raftery P and Kaygusuz S (2024) Genomic surveillance during the first two years of the COVID-19 pandemic – country experience and lessons learned from Türkiye. Front. Public Health 12:1332109. doi: 10.3389/fpubh.2024.1332109
 




Background: Türkiye confirmed its first case of SARS-CoV-2 on March 11, 2020, coinciding with the declaration of the global COVID-19 pandemic. Subsequently, Türkiye swiftly increased testing capacity and implemented genomic sequencing in 2020. This paper describes Türkiye’s journey of establishing genomic surveillance as a middle-income country with limited prior sequencing capacity and analyses sequencing data from the first two years of the pandemic. We highlight the achievements and challenges experienced and distill globally relevant lessons.
Methods: We tracked the evolution of the COVID-19 pandemic in Türkiye from December 2020 to February 2022 through a timeline and analysed epidemiological, vaccination, and testing data. To investigate the phylodynamic and phylogeographic aspects of SARS-CoV-2, we used Nextstrain to analyze 31,629 high-quality genomes sampled from seven regions nationwide.
Results: Türkiye’s epidemiological curve, mirroring global trends, featured four distinct waves, each coinciding with the emergence and spread of variants of concern (VOCs). Utilizing locally manufactured kits to expand testing capacity and introducing variant-specific quantitative reverse transcription polymerase chain reaction (RT-qPCR) tests developed in partnership with a private company was a strategic advantage in Türkiye, given the scarcity and fragmented global supply chain early in the pandemic. Türkiye contributed more than 86,000 genomic sequences to global databases by February 2022, ensuring that Turkish data was reflected globally. The synergy of variant-specific RT-qPCR kits and genomic sequencing enabled cost-effective monitoring of VOCs. However, data analysis was constrained by a weak sequencing sampling strategy and fragmented data management systems, limiting the application of sequencing data to guide the public health response. Phylodynamic analysis indicated that Türkiye’s geographical position as an international travel hub influenced both national and global transmission of each VOC despite travel restrictions.
Conclusion: This paper provides valuable insights into the testing and genomic surveillance systems adopted by Türkiye during the COVID-19 pandemic, proposing important lessons for countries developing national systems. The findings underscore the need for robust testing and sampling strategies, streamlined sample referral, and integrated data management with metadata linkage and data quality crucial for impactful epidemiological analysis. We recommend developing national genomic surveillance strategies to guide sustainable and integrated expansion of capacities built for COVID-19 and to optimize the effective utilization of sequencing data for public health action.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was identified in Wuhan, Hubei, China, in late December of 2019 as the causative agent of an outbreak of pneumonia cases later termed Coronavirus disease 19 (COVID-19) by the World Health Organization (WHO) (1). Almost three months later, on March 11, 2020, WHO declared COVID-19 a global pandemic (2, 3). Türkiye holds a unique geographical position between Europe and Asia and is an international travel hub with a high population (> over 84.9 million people), and reported its first case of SARS-CoV-2 on the same day WHO declared the COVID-19 pandemic. The patient was reported as a Turkish male with recent travel in Europe (4). A few days later, on March 17, 2020, the first COVID-19-related death was reported, now known to have been a 90-year-old person who had contact with individuals from China (5).

In Türkiye, the Coronavirus Scientific Advisory Board (CSAB) was formed through a formal invitation by the Minister of Health Türkiye to its selected members (6). The CSAB functioned as an advisory committee within the Ministry of Health Türkiye (MoH-TR) to guide the national response strategy. They assisted in developing a series of guidance documents regarding case definitions and preventive measures for health workers (7, 8). Türkiye utilized its 2009 “National Pandemic Influenza Preparedness Plan,” which was updated in 2019, to guide the response (9). Throughout the two years of the pandemic, public health and social measures (PHSM) were implemented nationwide, including social isolation recommendations, mandatory mask-wearing, closure of schools, and isolation of high-risk individuals (10). These decisions were guided by the data generated through Hayat Eve Sığar (HES), a smartphone app developed by MoH-TR to increase surveillance capacity (11). The vaccination campaign in Türkiye commenced in January 2021, initially with the roll-out of the CoronaVac vaccine (Sinovac Life Sciences, Beijing, China) (12), with the first doses being administered on January 13, 2021. The MoH-TR developed a national vaccine administration strategy detailing priority groups in the society for vaccine administration (13). On March 24, 2021, 1.4 million doses of the BNT162b2 vaccine (Pfizer & BioNTech, USA & Germany) (14) were received. As of May 2022, approximately 70% of the Turkish population had been vaccinated with a single vaccine (CoronaVac, BNT162b2 & TurkoVac (15)), and approximately 60% were fully vaccinated.

Regional public health laboratories (seven in March 2020) with pre-existing molecular diagnostics testing capacity using polymerase chain reaction (qPCR) functioned as Biosafety level 2+ (BSL2+) facilities (16). In January 2020, Türkiye’s National Virology Reference Laboratory (NVRL) developed a quantitative reverse transcription PCR (RT-qPCR) kit in collaboration with a private diagnostic manufacturing company (Bioeksen R&D Technologies, Istanbul, Türkiye) at the a cost of $1.45 per test, with results available within 40 min (17). The diagnostic kit received WHO Emergency Use Authorization Listing (EUAL) on November 30, 2020 (18). By leveraging this pre-existing infrastructure, alongside an inexpensive and rapid RT-qPCR kit, Türkiye rapidly established testing capacity throughout the country.

Although next-generation sequencing (NGS) for SARS-CoV-2 was established at the NVRL in March 2020, due to limited staff capacity at the laboratory, NGS was not routinely conducted in the first year of the pandemic. Until then, 217 sequences were uploaded to GISAID (a global initiative on sharing all influenza data) (19) from Türkiye. The majority were uploaded by institutes or university hospitals with NGS capacity, and only a fraction were uploaded by the NVRL (n = 27). However, on December 18, 2020, WHO designated the Alpha variant as a variant of concern (VOC) (20), which prompted the MoH-TR to expand the use of NGS as part of the pandemic response. In addition, the global circulation of the Alpha VOC drove the rapid development of Türkiye’s first variant-specific detection kit. The Alpha VOC kit was developed to detect the N501Y mutation on the spike gene of SARS-CoV-2, which, at the time, was believed to be specific for Alpha VOC (21). To complement the development of the Alpha VOC kit on December 20, 2020, the NVRL (as the only government-authorized center for SARS-CoV-2 NGS in Türkiye) expanded NGS from December 24, 2020, to track SARS-CoV-2 mutations and circulation of variants in Türkiye.

As more VOCs were designated, nationally developed RT-qPCR kits were distributed to the regional laboratories in the surveillance network. The variant RT-qPCR kits could simultaneously detect characteristic mutations of the WHO-designated VOCs through multiplex RT-qPCR reactions. With limited knowledge of NGS in the public health sector then, this ability led Türkiye to cost-effectively detect and monitor the circulating VOCs in the country, utilizing the existing workforce in molecular diagnostics without the need for extensive sequencing capacity. From December 28, 2020 (when Türkiye started recording geographical information) to February 17, 2022, Türkiye had submitted 86,429 sequences to GISAID. Of these, the NVRL uploaded 86,137 (99.66%), with the remaining 292 sequences uploaded by university hospitals in Türkiye.

This study describes Türkiye’s experience establishing and implementing a genomic surveillance system as a middle-income country with limited prior knowledge of NGS. It presents an analysis of genomic surveillance data from the first two years of the pandemic. We highlight the achievements and challenges experienced and draw out globally relevant lessons.



Methods


Sample referral and testing strategy

The samples referred to in this study were routine samples forwarded to the NVRL from the regional public health laboratories in Türkiye as part of the national genomic surveillance network. Initially, seven laboratories referred samples to the NVRL for NGS, which increased to 16 in 2021 to improve geographic representation (see Figure 1). The NVRL also received samples from government hospitals in areas where case numbers were high. Samples were collected using a nationally developed extraction buffer to extract and preserve nucleic acids from swabs while simultaneously inactivating the virus. Using these reagents was economical and increased SARS-CoV-2 testing efficiency by reducing the need for a separate extraction step without compromising sensitivity (22).
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FIGURE 1
 Map of Türkiye showing the country’s geographical regions and the locations of regional laboratories that refered samples to the NVRL for NGS. The laboratories included in the genomic surveillance network were from the Marmara region (dark green) (six laboratories from Istanbul and one laboratory from Bursa), the Aegean region (light blue) (one laboratory in Izmir), the Mediterranean region (purple) (two laboratories, one each in Antalya and Adana), Southeastern Anatolian region (yellow) (two laboratories, one each in Gaziantep and Diyarbakir), Eastern Anatolia region (orange) (two laboratories, one each in Van and Erzurum), Black Sea region (light green)(one laboratory in Samsun), and Central Anatolia region (red) (one laboratory in Ankara).


Throughout the pandemic, the MOH-TR, in partnership with a private company, developed and updated four versions of the RT-qPCR kits for variant detection in response to WHO’s VOC designations. Briefly, these kits targeted (i) an internal control gene (RnaseP), (ii) a universal SARS-CoV-2 target, and (iii) characteristic mutation(s) of VOCs in a multiplex RT-qPCR reaction (see Figure 2). The first RT-qPCR kit detected the N501Y mutation and was designed to detect the Alpha variant. The second version detected N_D3L and E484K mutations, targeting Alpha and Beta/Gamma variants. The third version detected the N_D3L, E484K, and L452R mutations targeting Alpha, Beta/Gamma, and Delta VOCs, respectively. The fourth and final version of the kit targeted the Nsp106-107del mutation and focused only on the Omicron variant.
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FIGURE 2
 Flowchart of the sample referral system for SARS-CoV-2 sequencing in Türkiye. The sample referral system of Türkiye, where regional laboratories with variant RT-qPCR detection capacity referred samples for NGS to the NVRL. At the regional level, laboratories tested each sample, and positive samples were re-tested using variant RT-qPCR. Following confirmatory testing, if previously positive samples tested negative, this sample was reported as SARS-CoV-2 negative. All samples that tested negative for any of the mutations or tested positive for multiple mutations using the variant kits were referred to the NVRL for NGS. In addition, 10% of samples were referred for NGS to the NVRL if they tested positive for a single mutation.


The referral algorithm for samples referred to the NVRL evolved over time. A flowchart summarizing the dates when the variant detection RT-qPCR kits were progressively utilized and the referral system to the NVRL is presented in Figure 2. All samples that tested negative for any of the mutations or tested positive for multiple mutations using the variant kits were referred to the NVRL for NGS. Additionally, 10% of positive cases were referred for NGS.

In Türkiye, a nasopharyngeal swab was collected from suspected COVID-19 cases and assigned a unique barcode, which was also used to report patients’ RT-qPCR results. Regional labs referred aliquots of samples to the NVRL for NGS. Which meant that samples were disconnected from their original barcode, and sequences could not be linked back to the patient details on the original samples. Once the sample arrived at the NVRL, the staff manually assigned each sample a six-digit code (referred to as NVRL-code). Therefore, samples referred to the NVRL were not linked with metadata (e.g., gender, age, vaccination status, disease state) apart from the referral laboratory and province. The NVRL manually kept an in-house (cloud-based MS Excel worksheet) sample information system (SIS) where the only information that was recorded was the (i) NVRL code, (ii) originating city, (iii) assigned lineage, and (iv) identified mutations. The NVRL staff successfully uploaded the fasta files of each sample and assigned a lineage to GISAID using the NVRL code as the primary identifier.



NGS laboratory procedures

It was not feasible to perform direct sequencing from the extraction buffer used nationally, so any samples received in this buffer from regional labs had to undergo nucleic acid extraction prior to sequencing. To carry out this process, the NVRL employed three different automatic nucleic acid extractors. The first was the RINA M14, a robot that could extract total nucleic acid from 14 samples per hour. The second instrument, the Zybio 3,000, and its corresponding extraction kit (manufactured by Zybio Inc., China) yielded superior sequencing results and could process 32 samples in just 9 min. The primary nucleic acid extraction system used by the NVRL was the Zybio system due to its increased output and quality. However, for some samples requiring further investigation, the EZ1 Automatic extractor with EZ1 Viral Mini kits (manufactured by Qiagen, Germany) was used. The samples were sequenced in batches of 96 and were kept at +4°C during the sequencing process. Following sequencing, the extracted samples were stored at −80°C indefinitely.

All NGS for SARS-CoV-2 between December 21, 2020, and February 26, 2022, was conducted at the NVRL. NGS was performed using two Illumina platforms (MiSeq and NextSeq 550) and the Oxford Nanopore Technologies (ONT) GridION.

The NVRL used several kits for library preparation, including the following: (i) the CleanPlex SARS-CoV-2 kit (Paragon Genomics, United States), (ii) the Illumina COVIDSeq Test (Illumina, USA), and (iii) the Rapid Barcoding Kit (Oxford Nanopore Technologies, UK) with the Midnight primer scheme (21). Libraries were generated according to the manufacturer’s instructions for the CleanPlex and COVIDSeq kits. However, to lower sequencing costs, a private company (Bioeksen R&D Technologies, Türkiye) developed an experimental “cDNA and amplicon generation kit” named “47WGS” for the ONT system. The kit utilized 47 unique barcodes (termed indexes) that pooled 47 samples into a single tube, which could then be barcoded using a single ONT rapid barcode. According to the manufacturer’s instructions, the R9.4.1 flowcell could be used simultaneously for 470 samples (10 rapid barcodes) with 72 h of runtime. Although this increased the time required for sample reporting, it significantly reduced the cost per genome sequenced. The resulting raw reads of a 470-sample run were demultiplexed and further processed for consensus genome generation.



Consensus genome generation, lineage, and VOC assignment

For the Illumina kits, the NVRL utilized manufacturer-recommended software solutions for (i) processing raw reads, (ii) assembling/mapping raw reads to the reference genome of SARS-CoV-2, (iii) consensus genome generation, (iv) variant calling, and v) lineage determination. For the CleanPlex kits, the Sophia Genetics (Lausanne, Switzerland) developed software solutions were utilized, while the DRAGEN COVID Lineage app was used for the COVIDSeq kits.

For the ONT runs, an alternate program was provided with the kits titled “ncov-analyzer” (Massive Bioinformatics R&D Technologies Inc., Izmir, Türkiye). The program was designed for the extra multiplexing steps of the 47WGS kit. It demultiplexed a single fastq file to up to 47 individual fastq files depending on an index sequence. After the generation of 470 fastq files, these fastq files were processed using the ARTIC networks published pipeline (23). Briefly, after reads were quality controlled and quality trimmed using FastQC (24) and Trimmomatic (25) (using Phred score ≥ 9), reads were mapped minimap2 (26) to the reference genome of SARS-CoV-2, MN908947.3 was conducted. After mapping, variant calling was performed with medaka (27), and consensus genome creation was conducted with an in-house algorithm.



Retrieval, curation, and selection of genomic data and metadata

Türkiye’s genomic sequence data from December 28, 2020, to February 17, 2022, along with corresponding metadata, were downloaded from the GISAID platform (17). This resulted in an extensive data set (n = 86,429), referred to as the “86 k dataset” in the results section of this paper. The metadata information extracted from all entries for this study included the sample name, the EPI ID assigned by GISAID, the dates of sample collection and submission of the consensus genome sequence to GISAID, the viral lineage assigned by Pangolin, the clade as classified by the GISAID, and the sequencing technology used.

In the 86 k dataset, only 43,494 (50.3%) samples were linked to geographical information (province and region). The respective data set is referred to as the “43 k” dataset below for further analysis. For these samples collected from December 28, 2020, to February 17, 2022, the administrative province of the sampling site and its geographical region (Aegean, Black Sea, Central Anatolia, Eastern Anatolia, Marmara, Mediterranean, and Southeastern Anatolia) was recorded by the NVRL.

The 43 k dataset was filtered to obtain only high-quality genome sequences, ensuring high phylogenetic accuracy. The following filters were applied to the dataset: Genome sequences with less than 1% ambiguities and at least 99% of the length of the GISAID reference genome (hCoV-19/Wuhan/WIV04/2019|EPI_ISL_402124, length: 29891 b, no ambiguities). In addition, all sequences that were flagged with warnings after their submission to the GISAID EPICoVServer were excluded. The remaining 31,629 (“31 k dataset”) high-quality genome sequences were aligned to the WIV04 reference genome as aligned in the unmasked multiple sequence alignment (MSA) in GISAID. For this, mafft (28) (version 7.505–12,022/Apr/10, with parameters --inputorder --keeplength --compactmapout --maxambiguous 1.0 --addtotop <ownsequences> − -auto input) was used. Overhangs at the 5′- and 3′-end of the resulting MSA were trimmed so that all sequences started at position 93 and ended at position 29,790 of the GISAID reference genome (length: 29698 bp).

Before uploading to the GISAID repository, the viral lineage according to the Pangolin classification scheme (29, 30) and the Nextclade clade was determined for each consensus genome sequence using the web server version of Nextclade (31). The 43 k data sample and its subset 31 k are subsets of the 86 k. In addition, membership of one of the five currently known VOC classes (VOC: Alpha, Beta, Delta, Gamma, and Omicron) or variant of interest categories (VOI: Epsilon, Eta, Kappa. Mu) according to the WHO nomenclature based on Pangolin lineage was determined by an in-house parsing program.

Sequences of Pangolin lineages not associated with any of the WHO nomenclature VOC or VOI categories were classified as “NonVOCassigned” or “Others” in the following analysis. For further phylodynamic and phylogeographic analyses, the 31 k data set was further broken down by grouping samples into subsets of the seven regions of Türkiye and by their membership of one of the WHO nomenclature VOC or VOI categories.



Phylogenetic, phylodynamic, and phylogeographic analyses

To investigate the phylodynamic and phylogeographic aspects of SARS-CoV-2 genome sequences from within Türkiye and globally, we used Nextstrain (32) to generate a country-specific build. Five thousand sequences of the 31 k data set were randomly selected by Nextstrain’s probabilistic “subsampling” approach and analyzed against ~1,000 randomly selected sequences from the European region (as assigned by GISAID metadata), excluding samples from Türkiye. This regional context random selection was based on a grouping by country, year, and month and Nextstrain’s definition of “proximity” to the 5,000 custom samples. Analogously, another global background of ~1,000 global sequences from countries outside the WHO European region was selected. The Nextstrain pipeline performs all analyses in one workflow, from submitting pathogen genome sequences and respective metadata to displaying the results of the phylogenetic analysis in a web browser visualization.

To generate the Nextstrain build for this study, submitted sequences and metadata were filtered using Nextstrain’s augur version 20.0.0 filter (32) and aligned by using its default settings of the multiple sequence alignment program mafft (28) preliminary and refined tree rooted in the reference genome (Wuhan Hu-1) was inferred by using IQTREE (33). Afterward, a molecular clock and an ancestral-state reconstruction (34) were performed. Finally, the results were visualized on a web browser using the auspice program of the Nextstrain tool suite. To investigate the genomic epidemiology of different viral variants, we chose to stratify our sample set by the membership of the WHO nomenclature VOC or VOI categories. Sequences that could not be assigned to a Pangolin lineage belonging to WHO VOC or VOI classes were grouped under “NonVOCassigned” or “Others” in the visualization of these results.



Statistical tests

The Shapiro–Wilk test of normality (35) was used to infer the normality of the distribution of monthly case numbers and corresponding sequencing numbers. The Spearman rank correlation was done on the inverse normal distributed data (the monthly case numbers and sequencing numbers). All statistical tests were conducted using the R statistical software (36).



Ethics

This study was conducted as part of the public health response to the COVID-19 pandemic, led by the MoH-TR, and therefore did not require ethical approval. All SARS-CoV-2 sequences and information (e.g., collection date, location) included in this analysis were obtained during the first-line testing, analysis, and sequencing of samples from suspected cases through the national response. All patient samples were de-identified, and no other individual-specific information was used in this study.




Results

In this section, we describe the evolution of the COVID-19 pandemic in Türkiye from January 2020 to February 2022 and present the results of the analysis of sequencing data produced during this period. Figure 3 presents a timeline of key milestones during the first two years of the COVID-19 pandemic in Türkiye (January 2020 to February 2022), and Figure 4 displays Türkiye’s COVID-19 PHSM stringency index, epidemiological curve, and vaccination numbers, aggregated weekly, from January 2020 to February 26, 2022.
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FIGURE 3
 Timeline of COVID-19 pandemic related milestones in Türkiye. The timeline highlights the start of preventive measures and key milestones during the pandemic and includes time points of detecting VOCs globally and in Türkiye.


[image: A series of three charts display data over epidemiological weeks from 2020 to 2022. Chart A shows the average stringency index, indicating fluctuations over time. Chart B presents weekly case numbers, patient numbers, and death cases, highlighting peaks and trends. Chart C illustrates vaccine doses administered and the percentage of the population fully vaccinated, showing an upward trend in vaccinations. Each chart includes a timeline with color-coded markers for specific events.]

FIGURE 4
 Türkiye’s (A) OxCGRT government PHSM stringency index against COVID-19, (B) Epidemiological curve, and (C) vaccination numbers, aggregated weekly, from January 2020–February 26, 2022. The timetable of events introduced in Figure 4 is present as the x-axis. Detection of VOCs are marked by their respective colours (Alpha-pink, Beta-red, Gamma-blue, Delta-orange, and Omicron-purple. (A) Displays the OxCGRT government PHSM stringency index against COVID-19. (B) Presents the epidemiological curve for Türkiye, showing the progression of reported weekly SARS-CoV-2 cases on the left y-axis (bar graphs, gold – symptomatic patients, red – positive case numbers) and deaths on the right y-axis (line graph, dark blue) in the same period. The black arrow indicates week 48, where the MoH-TR changed its reporting to include all RT-qPCR-positive cases irrespective of symptoms. (C) Displays Türkiye’s Vaccination data. Total vaccine administrations in population over 18 years of age - black bar graphs and percentage of the population completely vaccinated with two doses (grey line graph). All data for B and C were obtained from official MoH-TR sources and are publicly available.



Evolution of the COVID-19 pandemic in Türkiye from January 2020 to February 2022

Selected parameters of the Turkish government’s response to mitigate the COVID-19 pandemic were extracted from the Oxford Covid-19 Government Response Tracker (OxCGRT) stringency index (24) (Figure 4A). With initial PHSMs implemented in the early days of the pandemic, case numbers and deaths in Türkiye remained lower than in the first weeks of the pandemic (Figure 4B). Reported case numbers and deaths had decreased by the end of April 2020. To limit the economic loss that the pandemic caused on tourism, based on advice from the CSAB, Türkiye eased measures on May 4, 2020. PHSMs remained relatively relaxed until November 3, 2020, when an increase in both cases and deaths occurred (Figure 4B).

Similar to global trends, the epidemiological curve in Türkiye showed four main waves during which case numbers and deaths increased, coinciding with the introduction and transmission of each novel VOC in the country (Figure 4B). Until November 25, 2020, official cases reported by the MOH included only symptomatic COVID-19 cases (Figures 3, 4B, black arrow). This explains the lack of an initial distinct wave in Türkiye’s epidemiological curve, as the case numbers until week 48 show a lower number of cases. The Alpha wave peaked with 220,667 cases and 1,781 deaths in week 48 and week 52, respectively (Figure 4B). As the emergence of the Alpha VOC prompted the MoH-TR to integrate sequencing in its surveillance strategy (Figure 3), it is difficult to discern from the available data the exact date of introduction of the Alpha VOC to Türkiye.

Implementation of PHSMs from week 43 of 2020 to week 19 of 2021 resulted in a decrease in case numbers. As was seen globally, the spread of VOCs Beta, Gamma, and Delta in Türkiye resulted in rises in case numbers and deaths during respective waves (Figure 4). Türkiye gradually relaxed PHSMs from week 22, 2021, as the numbers of vaccinated individuals increased despite this coinciding with the introduction and spread of the Delta VOC (Figure 4). Around the same time, the MoH began administering the BNT162b1 vaccine (Figures 3, 4). By the time the Delta VOC was circulating in Turkiye, a high vaccine coverage had been reached, reducing the death rate. The fourth and final peak coincided with the introduction and detection of the Omicron VOC in the country, with case numbers reaching a weekly high of 711,880 (Figures 3, 4).



SARS-CoV-2 testing strategy

The detection of SARS-CoV-2 VOCs in Türkiye was facilitated by the rapid development of national RT-qPCR kits through close collaboration between the MoH-TR and a private company. Kits were shipped to the regional laboratories approximately 30 days (18.5 ± 16 days) after WHO initially designated a VOC. After which, it took 0–14 days (6.75 days ±8.4 days) for the VOC to be initially detected in Türkiye using NGS (Table 1; Figure 3).



TABLE 1 Dates of, and length of time to, detection of each VOC in Türkiye after distribution of variant-specific kits.
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The benefit of using variant-specific RT-qPCR kits is highlighted best by Türkiye’s detection of the Gamma variant (Table 1). The variant-specific RT-qPCR kit was developed 17 days after WHO designated the VOC, and on the day of kit deployment, the first Gamma case was detected using NGS, which highlights the rapid turn-around-time in an emergency setting. The variant-specific RT-qPCR kit was distributed across the country on the same day, allowing Türkiye to rapidly and inexpensively detect subsequent cases of the VOC. However, the Beta VOC was identified without targeted sequencing, suggesting it was detected as it was introduced to the country (Table 1).

In Türkiye, like most countries globally, the detection of the Delta variant on March 9, 2020, occurred unknowingly much earlier than the date WHO designated it a VOC or its first submission to online databases such as GISAID. A detailed look into the GISAID repository shows that the samples collected in March (n = 333) were not submitted until September 2021. Therefore, in Table 1, two dates are indicated for the detection of the Delta variant, the first of which was only 19 days after the Delta variant-specific kit was designed to detect the L452R mutation (Figure 3; Table 1).

To elucidate the influence of the sampling strategy on the sequences detected, the sequencing results aggregated weekly, and the RT-qPCR variant data collected between April 16, 2021, and January 30, 2022, were analyzed (Supplementary Figures S1, S2). The RT-qPCR and sequencing results differed, especially during the Delta wave. The RT-qPCR results indicate a varying proportion (40–75%) of “Other” variants during the Delta wave (week 31 – week 50). However, compared with sequencing results in the same period, all sequences generated at the NVRL were detected as Delta VOC.



SARS-CoV-2 genomic epidemiology


Description of SARS-CoV-2 genomic data

As new variants emerged, the MoH-TR increased its sequencing capacity to track VOCs, validate RT-qPCR kits, and contribute NGS data to global databases, ensuring that Turkish data was reflected globally. The 86,429 sequences were filtered to include only those linked with geographical information and of high quality, resulting in 43,494 and 31,629 samples, respectively, which amount to 50.3% and 36.6% of all sequences uploaded. The 31,629 samples (referred to as 31 k) are the primary focus of the following analysis.

The 31 k samples were assigned 225 different pangolin lineages (Supplementary Table S1). The Delta VOC accounted for up to 83% of the 31 k sequences, which were uploaded with high-quality geographical data (n = 26,336). Other than VOCs (Alpha; n = 410, Beta; n = 624, Gamma; n = 89, Omicron; n = 31), specific variants of interest (VOIs) were also detected in Türkiye (e.g., Epsilon n = 2; Eta n = 31; Kappa n = 1). However, 4,105 samples sequenced were classified as no particular VOC or VOI, termed “Other,” which amounts to >12% of all sequences uploaded.

Sample-to-result data from the 31,629 cases show that Türkiye’s median time from sample collection to uploading sequencing data to global databases was 18 days, with a mean of less than 25 days (Supplementary Figure S3).

The laboratory lacked a robust data storage infrastructure to store FASTA sequences, so it used GISAID as a data storage and reporting database. If a sequence was required for further analysis, the relevant sample sequence connected to the NVRL code(s) was downloaded from GISAID. Therefore, all Turkish SARS-CoV-2 genomic data was obtained from GISAID for this study.

There was high variability in sequences generated monthly throughout 2020–22. The monthly case numbers in Türkiye were compared to (i) the total amount of sequences generated (86 k dataset), (ii) the total amount of sequences that had geographical information, and (iii) high-quality sequences with geographical information in Table 2. Notably, during April 2021, sequencing numbers were lowest, while Türkiye experienced a significant increase in case numbers, with only 0.01% of positive cases sequenced that month. This was followed by an incremental increase starting in June, which peaked in August 2021. Over half of all sequenced samples were sequenced in August 2021 (n = 43,494, 52% of all uploaded genomes, 6.83% of all positive cases monthly) (Table 2). This was prompted by calls from the international community to increase the number of sequences uploaded to GISAID to relax travel restrictions and boost tourism. However, due to the ruptured linkage of samples to metadata, only 14% of these samples had associated geographical information and could be used for this analysis. Using the Pearson, Spearman, and Kendall correlation test, no correlation was observed between case and sequencing numbers in any of the three cohorts.



TABLE 2 Sequencing data uploaded to GISAID and the percentage of those uploaded with linked geographical information aggregated by month.
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Sequencing quality also varied throughout the period of this study. Samples sequenced in January and February 2022 had ~98% lower quality than previous months, as seen in Table 1, rows 2022_1 and 2022_2. To investigate the reason behind the decrease, the quality of sequences generated per geographical region and VOC was analyzed (Supplementary Figure S4). In general, no decrease in sequencing quality was observed for most VOIs and VOCs (other than Eta). However, over 95% of the Omicron sequences generated and uploaded to GISAID in the first two months of 2022 were of low quality, preventing any downstream analysis of Omicron sequences.

The 31 k samples originated from all seven geographical regions in Türkiye. A time-separated comparison of case numbers to sequencing numbers per geographic region, although limited by the availability of metadata, assisted in understanding the geographical representation of sequences (Supplementary Figure S5). The Aegean Region was the largest contributor of sequences during September 2021, although case numbers were lower than the Marmara and Central Anatolia regions. From September to December 2021, the Aegean Region was the majority contributor to the national sample sequences. Additionally, although case numbers of both the Black Sea and Central Anatolia regions were similar, sequencing numbers were much higher from the Black Sea region.



Spatiotemporal distribution of VOC and VOI of SARS-CoV-2

Out of the 31 k (n = 31,629) data set, 5,000 samples were randomly chosen by probabilistically down-sampling from their distribution over the geographical regions of Türkiye and collection months. These subsets of strains were used for phylogenetic tree construction. The phylogenetic tree inferred by Nextstrain’s augur pipeline and visualized by its auspice tool is displayed in Figure 5.
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FIGURE 5
 Time-resolved phylogenetic tree inferred for a randomly down-sampled (~n = 5,000) 31 k high-quality sequence data set against a regional non-Turkish European background of (~n = 1,000) and a global non-European (~n = 1,000) context of samples. Clade assignation by Nextstrain Clades was colored corresponding to the color code used throughout this study for the WHO nomenclature variants of concern (VOC: Alpha: pink, Beta: red, Delta: orange, Gamma: cyan, and Omicron: purple) and the variants of interest (VOI: Epsilon: yellow and Eta: green). The time frame of this study between December 28, 2020, and February 14, 2022, is highlighted by a white background compared to the grey background for context samples detected before and after the study period.


This time-resolved phylogeny shows that within the first seven months of the second year of the COVID-19 pandemic, four VOCs (VOC: Alpha, Beta, Delta, and Gamma), as well as two VOIs (VOI: Epsilon and Eta) co-circulated together with various Nextstrain clades (19B, 20A, 20E (EU1), 20C, 20B, and 20D) whose respective Pangolin lineages were not classified as VOC or VOI classes under the WHO nomenclature (grey). While Nextstrain clades belonging to the Delta VOC were detected in Türkiye as early as March 2021, they replaced this mixed group of previously co-circulating VOC and VOI classes entirely from July 2021 onwards. Thereafter, the Omicron VOC took over at the beginning of the pandemic’s third year (January 2022).

As plotted against their European and global context in Figure 5, samples classified as VOC categories Alpha, Beta, and Gamma, as well as VOI classes Epsilon and Eta, were detected several months later (in January and February 2021) than their detection in other countries. In comparison to regional and global detection of VOC Omicron, which occurred in October 2021, Türkiye’s first cases were confirmed in January and February 2022, according to available data.



International and national transmission patterns of VOCs and VOIs

The data indicate that Türkiye’s geographical position as a travel hub played a role in transmitting each VOC globally, even with travel restrictions implemented (Figure 6). Based on the limited data included in the analysis, this is indicated by the counter-clockwise orientation of the transmission lines starting from Türkiye at the center of the map. The analysis suggests that the Alpha variant was introduced to Türkiye from two separate countries, the UK and Israel (Figure 6A), and Türkiye played a role in its subsequent global transmission. Transmission events of Alpha VOC occurred from Türkiye to the United Kingdom, the US, New Zealand, and several European, Southern American, and Asian countries (Figure 6A). While the Beta VOC originated in South Africa in October 2020, ongoing transmission to other European, African, and Asian countries occurred from Türkiye (Figure 6B). In contrast to the Alpha, Beta, and Delta VOCs, the data indicates that the Gamma VOC was introduced to Türkiye with no further international transmission (Figure 6C). The Delta VOC, as indicated by thicker transmission lines, was transmitted from Türkiye to several countries (Figure 6D). Due to the small number of Omicron sequences in the 31 k cohort, there were not enough sequences to infer geographical transmission.
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FIGURE 6
 Global introduction to, and transmission from, Türkiye of VOCs. Transmission from origin to destination is indicated as a counter-clockwise curve direction. The thickness of the line symbolizes the number of exchanges. (A) Alpha variant, (B) Beta variant, (C) Gamma variant, and (D) Delta variant.


National trends of VOC transmission within Türkiye (Figure 7) suggest that most transmissions began from Istanbul to other provinces. The Alpha VOC was also transmitted from Samsun to surrounding provinces, and a thick transmission line indicates substantial transmission from Samsun to Istanbul. For the Beta variant, Istanbul, Ankara, and Antalya acted as sources of transmission around the country (Figure 7B). Further transmission was noted from Mardin further east and to the east of the Marmara region (Figure 7C). As displayed by large circles and thick counter-clockwise transmission lines in Figure 7D, the transmission patterns of Delta VOC within the country identified Istanbul, followed by Izmir, as the two main sources of transmission to other provinces of Türkiye.
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FIGURE 7
 National introduction to, and further transmission of, VOCs in Turkiye. Transmission from origin to destination is indicated as a counter-clockwise curve direction. The thickness of the line symbolizes the number of exchanges. (A) Alpha variant, (B) Beta variant, (C) Gamma variant, and (D) Delta variant.






Discussion

The COVID-19 pandemic emphasized the significant role of genomic surveillance in identifying and monitoring the spread of the virus and estimating its rate of evolution. Türkiye’s approach to diagnosing and sequencing SARS-CoV-2 using a combination of variant specific RT-qPCR and NGS demonstrated adaptability and flexibility and provides insights for LMICs without established genomic surveillance systems. This study charts Türkiye’s journey in developing genomic surveillance capacity, despite minimal prior familiarity with NGS technology. Through an analysis of testing and genomic sequencing data spanning the initial two years of the pandemic, we underscore the successes and challenges encountered and below we reflect on lessons important for other countries.


Testing strategy

Our findings highlight the importance of establishing a comprehensive testing strategy as early as possible in an epidemic/pandemic, with clear reporting lines for all laboratories. In Türkiye, close collaboration with the private sector, enabling the development of variant-specific RT-qPCR kits throughout the pandemic, was an important advantage over other settings (37–39). However, we acknowledge that this may not have been possible in countries with stricter regulations on collaboration with the private sector and outside of emergency conditions. The initial collaboration with the private sector to develop the Wuhan-1 SARS-CoV-2 RT-qPCR kit was helpful because it enabled the national production and distribution of variant kits, allowing Türkiye to rapidly establish extensive diagnostics capacity. Given the global demand early in the pandemic for commercially available kits and the fractured supply chain, this was a significant advantage in Türkiye. Following this initial success, continued collaboration allowed Türkiye to rapidly develop and implement kits to screen for novel VOCs as they were introduced and transmitted around the country. This rapid process enabled the detection and tracking of VOCs using RT-qPCR and enabled the screening of high numbers of samples for VOCs, which meant that only a small proportion of samples required NGS. Alongside sequencing, these kits permitted Türkiye to detect and characterize circulating variants and to conduct targeted and consequently cost-effective sequencing.



Sequencing sampling strategy

While Türkiye’s unique testing strategy assisted in detecting VOCs, our findings suggest that it limited data analysis and the influence genomic surveillance had on public health action. A detailed study of the case numbers across regions showed that sample referral was efficient and sequence results were generated quickly compared with global turnaround time benchmarks (40). With a median time of 18 days and an average of 24 days, Türkiye’s sample referral strategy worked efficiently. This was reinforced by regular adaptation of the sampling strategy by the NVRL. However, this adaptive system also meant that the sequenced samples were not geographically representative, with over and under-sequencing occurring across Türkiye’s seven regions. Due to increased workload and pandemic conditions, staff at the regional laboratories had difficulty adhering to the defined sampling strategy developed by the NVRL. This resulted in high variability in monthly sequencing numbers and geographical representativeness of samples, limiting the range of sequences generated and, subsequently, the analysis that could be performed. For optimal use of sequencing data, sampling testing strategy and sample representativeness are important influences on the detection and characterization of circulating strains. The discrepancy between RT-qPCR and sequencing results reinforces the importance of a clear and concise sampling strategy for easy adherence. Combined with variant RT-qPCR assays, regular random sampling, supplemented by targeted sequencing, could have provided a more accurate picture of the circulating strains.



Data quality

Türkiye’s experience highlighted the importance of good laboratory practice to ensure the high quality of data generated and shared globally, which must be adhered to, even in emergencies. In Türkiye’s situation, sequences generated were of adequate quality throughout most of the pandemic. However, a significant decrease in the quality of sequences uploaded to GISAID was noted for the Omicron VOC cases, investignation into the cause of which was beyond the scope of this study. However, as reported globally (41), this drop in sequence quality could be attributed to the high number of mutations that the Omicron VOC displays, resulting in decreased amplicon generation. This claim is supported by the fact that no significant decrease in the quality of Delta VOC sequences was noted within the same period. The drop in data quality highlights two important points. Firstly, genomic surveillance laboratories should have adequate bioinformatic quality control measures in place to detect any decrease in the quality of sequencing before uploading to global databases. Secondly, genomic surveillance staff should be well-informed of all novel mutations and update laboratory procedures accordingly to ensure sequencing quality.



Metadata linkage and data storage

Establishing an appropriate data management system for novel data can be challenging during an emergency. In Türkiye, the focus on identifying VOIs and VOCs, took priority over ensuring that metadata standards were defined and upheld. The subsequent lack of metadata limited the application of genomic sequencing data for epidemiological analysis, and guiding public health action. This highlights the complexity of data linkage in a developing genomic surveillance system, even in settings with a robust health information management system. Although over 0.5% of all cases were sequenced and uploaded to global databases, in line with suggested standards (40), geographical metadata was not linked for over 50% of sequences. The NVRL had an in-house laboratory information management system, which was not integrated into the broader health information management system, preventing metadata linkage to sequenced samples, which limited the usefulness of genomic surveillance in informing real-time responses. This challenge was not unique to Türkiye and is an important lesson for other countries. Genomic sequencing data must be linked to epidemiological, clinical and other metadata through robust data management systems to have meaningful public health impact.



Phylodynamic analysis

Türkiye’s biggest city, Istanbul, hosts one of the world’s largest airports. Therefore, it is not surprising that transmission of SARS-CoV-2 VOCs occurred from Türkiye to other countries globally, especially European countries. Nationally, as expected, major cities in Türkiye, like Istanbul, Izmir, Ankara, and Antalya, played a significant role in the transmission of the virus around the county. However, some cities, such as Samsun in the Black Sea region and Mardin in the Southeastern Anatolia region, also played a role in transmitting VOCs. Although previous studies have compared Turkish to European SARS-CoV-2 strains, they have not been of the same scale (42). Importantly, the Beta variant appears to have been transmitted globally from Türkiye. However, Türkiye detected it much later than other countries, emphasizing the importance of a robust system for tracking and detecting variants, including at points of entry. Although routine testing of passengers arriving in the country was conducted at the Istanbul airport, these samples were not routinely submitted for sequencing. Additionally, our phylogeographic analysis showed an independent introduction of the Alpha VOC near the border with Syria, highlighting the importance of border testing.



Building a national genomic surveillance system

Since 2021, the MoH-TR and the WHO country office in Türkiye have collaborated closely to increase NGS, bioinformatics, molecular epidemiology, and data management capacities to address some of the challenges highlighted here. Importantly, Türkiye has developed a five-year national genomic surveillance strategy to integrate all areas of infectious disease genomic surveillance in Türkiye, enhancing preparedness for future health emergencies. These efforts are guided by the Global Genomic Surveillance Strategy for Pathogens with Pandemic and Epidemic Potential, 2022–2032, published by the WHO in 2022 (43). Throughout 2021–23, significant investments have been made in sequencing equipment, computing infrastructure, training of personnel, and data management and sharing. National data management and data storage infrastructure is being developed within the MoH-TR, which would link each regional laboratory to the centralized NVRL, and sequencing capacity is being increased at the regional level in Adana (Mediterranean region) and Erzurum (Eastern Anatolia region). In addition, the LIMS is now integrated into the Health Information System (HIMS), which links metadata through an automated system.



Limitations of the study

Our study has several limitations. Firstly, the analysis of geographical representation conducted from samples obtained within the time frame of this study was conducted using only a fraction (n = 31,629), approximately 36%, of the total sequences generated (n = 86,429) in Türkiye. Without the complete 86 k dataset, we acknowledge that inferring geographical representativeness is flawed. Secondly, the exact detection date of the Delta variant is unclear. Thirdly, inadequate documentation of samples referred to the NVRL for sequencing limited assessment of how well each of the 16 laboratories adhered to the sampling strategy. Finally, no patient-related metadata, such as gender, age, vaccination, previous infection status, etc., were available, which hampered further genomic epidemiological analysis.




Conclusion

This paper provides valuable insights into the testing and genomic surveillance systems adopted by Türkiye during the COVID-19 pandemic and offers lessons for other LMICs without prior genomic sequencing capacity. The findings underscore the need for robust testing and sampling strategies, streamlined sample referral, and integrated data management with metadata linkage and data quality crucial for impactful epidemiological analysis. We recommend developing national genomic surveillance strategies to guide sustainable and integrated expansion of capacities built for COVID-19 and to optimize the effective utilization of sequencing data for public health action.
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Introduction: Upon the onset of the COVID-19 pandemic, the Public Health Laboratory Support Unit (ZIG4) at the Robert Koch Institute (RKI), the German National Public Health Institute, developed and delivered an online training on SARS-CoV-2 qPCR diagnostics to 17 partner countries in low- and middle-income countries (LMIC). This article analyses the usefulness and cost savings of this training.
Methods: The authors performed a concurrent mixed-methodology study based on key informant interviews, interviewer-administered questionnaires, and document reviews. Economic costs were estimated from the perspective of RKI.
Results: Responding participants indicated that the course provided good and comprehensive information on up-to-date scientific knowledge and laboratory practice in PCR diagnostics. Respondents appreciated how the technical content of the training enhanced their ability to apply diagnostic methods in their daily work. Interviewees highlighted that the fast implementation and the low threshold of attending an online training had allowed them to quickly build skills that were crucial during, and beyond, the COVID-19 crisis. The total estimated cost of the online SARS-CoV-2 qPCR training was 61,644 euros. The total estimated cost of the equivalent face-to-face training was estimated at 267,592 euros. Programme weaknesses identified included the top-down approaches taken, lack of interactive components and opportunities to directly engage with other course participants and with teachers.
Conclusions: An online training was developed and implemented to support RKI partner countries in SARS-CoV-2 qPCR diagnostics during the COVID-19 pandemic, thereby strengthening pandemic response and health system resilience. The training incurred in important cost savings compared to the equivalent face-to-face training. Post-pandemic studies could usefully build on these research findings and explore ways to enhance end user involvement and improve interactive features to build stronger communities of learners and facilitate exchange of information and mutual learning.
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Introduction

The COVID-19 pandemic has demonstrated the limitations of health systems worldwide and revealed that many health systems lack resilience (1). Particular problems have been encountered as traditional ways of operating, e.g., through face-to-face interactions, could not be followed. An important task of health systems during a public health emergency is to control the chains of transmission (2). In order to prepare and respond to public health emergencies, countries need to prioritize the implementation of efficient diagnostic strategies and improved diagnostic capacities (3). During the COVID-19 pandemic, countries had to quickly react to establish and optimize diagnostic strategies and capacities in order to adapt to the constantly changing evidence and the epidemiological situation. In low- and middle-income countries (LMIC), where adequate surveillance, laboratory capacities and resources to perform diagnostic testing had been lacking even prior to the pandemic, this challenge was even more pronounced (3, 4). Health systems in LMIC often rely on international donors and governments to complement and capacitate their national health systems in order to ensure that the necessary equipment and logistics are in place for adequate diagnostics, such as by providing diagnostic kits, reagents and laboratory equipment (3, 5). In addition to bringing about logistical challenges, diagnostic systems require a high level of technical expertise (6). Yet, capacity building in this area requires sufficient funding as well as access to relevant events, networks and trainings, including regional or international conferences, online and offline training programs and courses, professional meetings, and laboratory and academic networks. Such resources are even more crucial as new technologies are introduced, and laboratory expertise needs to be constantly updated and personnel needs to be trained on new diagnostic procedures. Unfortunately, the necessary funds and access to appropriate training, networks and events are often scarce in LMIC (7–9) which means that the necessary capacities to perform diagnostics remain often limited to a handful of experts. While these obstacles have been recognized for more than a decade (5) and substantial progress has been made regarding surveillance and preparedness for outbreaks since the West Africa Ebola pandemic, the COVID-19 pandemic has once again highlighted weaknesses across health systems and demonstrated a need to invest in building the capacity of laboratory personnel as a means to prepare for and respond to future outbreaks. Despite recent efforts, more capacity-building and training is still required to address the challenges in responding to public health and health emergencies in LMIC especially with regard to the development needs for the daily operation of public health laboratories (10).

While face-to-face trainings are still the format that is used most in laboratory training, existing studies suggest that online digital tools can be an effective way to acquire laboratory skills, especially when combined with on-site teaching in a hybrid or blended learning model (11). Given the rapid spread of COVID-19 and the travel restrictions imposed, face-to-face training that involved traveling and face-to-face interactions had to be canceled and training was limited to online delivery. Even though online trainings have shown to work well with regard to knowledge-building through delivering content and an understanding of relevant laboratory processes, they have also shown to have limitations with regard to the development of practical laboratory skills, e.g., familiarizing students with equipment, techniques and materials or developing diagnostic skills (12). Additional challenges in distance education have been identified regarding the limited feedback and interaction between students and supervisors and the unstable internet connectivity in LMIC (12).

Existing studies on online delivery of laboratory practices highlight that online training must be carefully designed to cover the various aspects of laboratory work, from the experimental design and analytical skills to the development of the technical judgement (12, 13). However, to the best of or knowledge, there is no data available on the overall cost savings associated with online compared to face-to-face diagnostics laboratory trainings. In addition, there is a gap in knowledge regarding the perceived benefits and disadvantages that such trainings might have. Even less is known about the applicability and suitability of online laboratory trainings in public health emergencies.



Online SARS-CoV-2 qPCR diagnostic training

In February of 2020, i.e., immediately upon onset of the COVID-19 pandemic, the Public Health Laboratory Support Unit (ZIG4) of the Center for International Health Protection (ZIG) at the Robert Koch Institute (RKI), the German National Public Health Institute, received funding from the German Federal Ministry of Health to provide a training on SARS-CoV-2 qPCR diagnostics to partner countries. Initially, the training was planned to be delivered in three distinct African sites, each targeting a number of neighboring countries. During the first stages of the training program, and with the evolving COVID-19 situation, travel restrictions were imposed, prohibiting ZIG4 scientists from reaching the training sites and delivering the training. With the new situation, ZIG4 modified the training to be delivered online. The online training was disseminated through several of RKI's partner organizations that had close links to laboratories, organizations and potential beneficiaries of the training in the targeted regions, including Africa Centers for Disease Control and Prevention (ACDC) and WHO regional offices for the African (WHO AFRO), European (WHO EURO), and Eastern Mediterranean (WHO EMRO) regions.

The training was aimed at laboratory technicians with experience working with infectious agents and SARS-CoV-2 testing. The main objective of the training was to build participants' capacities in performing SARS-CoV-2 qPCR diagnostics. In addition, the training included instructions on good laboratory practice and on biosafety to refresh participants' knowledge of working with potentially contagious germs. For this purpose, ZIG 4 designed a training program that included video-based instructions, standard operating procedures (SOPs), and documents that detailed the technical aspects of the diagnostic methods. In addition, reagents and other diagnostic disposables were sent to 23 laboratories that were engaged in the COVID-19 response in RKI partner countries and had voiced an interest in participating in the training. All the training material was initially made available via an online platform (https://zenodo.org/record/4058349) in English, and French. Following the launch of the training, additional laboratories inquired about the training materials leading to additional translations to Russian and Spanish. ZIG4 held a live webinar to launch and present the English and French training materials. Following the launch, ZIG4 trainers were available to provide support through email or teleconference exchange as well as a weekly question and answer sessions over a period of 8 weeks. The training was largely developed and implemented via a top-down approach. End users were not engaged in the development and implementation of the training due to the immense time pressure at the beginning of the COVID-19 pandemic and the urgent need to quickly provide laboratory staff with a SARS-CoV2 diagnostic training that could be implemented in LMIC. While the pursuit of a top-down approach is comprehensible given these exceptional contextual circumstances, it does not represent best practice for developing and delivering capacity building interventions and runs the risk of the training not engaging with or meeting the needs of end users. Furthermore, the training was a one-time intervention. More information on the training is provided in Figure 1.
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FIGURE 1
 Characteristics of the online SARS-CoV-2 qPCR training.


In this study, we analyse the perception of users of this online SARS-CoV-2 qPCR diagnostic training; compare the costs of the online vs. a face-to-face SARS-CoV-2 qPCR diagnostic training; and assess the potential of the online training to build health system resilience and local capacities in a public health emergency context. Drawing on this, we offer recommendations for improving online diagnostics training in public health emergencies.



Methods

We designed a concurrent mixed-methodology study based on key informant interviews, interviewer-administered questionnaires, and document reviews.


Analyzing the perception of users of an online SARS-CoV-2 PCR diagnostic training

Drawing on the literature on quality learning methods (14, 15) and following the criteria of the Development Assistance Committee (DAC) of the Organization for Economic Co-operation and Development (OECD) for evaluating public health interventions as well as a review of the content of the online training materials, a topic guide was developed for semi-structured interviews. Aimed at understanding the perception of the training participants and assessing the potential of the training to build health system resilience and local capacities, the topic guide covered the following categories: involvement in the training, planning and implementation, effectiveness, relevance, coherence, sustainability and scale up, and overall evaluation of the training. Table 1 provides examples to illustrate what kind of questions were asked in each category.


TABLE 1 Categories and exemplary questions of topic guide for key informant interviews.

[image: Table with two columns labeled "Category" and "Exemplary questions". Categories include involvement in training, planning and implementation, effectiveness, relevance, coherence, sustainability and scale up, and overall evaluation of the training. Each category lists specific questions related to PCR-CoV2 diagnostics training evaluation.]

We sampled training participants for the key informant interviews as follows. First, we obtained from ZIG4 the list of all 23 laboratories in 17 partner countries (the full list of countries is shown in Figure 1) which participated in the SARS-CoV-2 qPCR online training. Training participants were invited to take part in the study through an email invitation to the director or contact of each participating laboratory. At least one person from each participating laboratory was invited to take part in the interview process. All contact persons were contacted at least two times for an interview. Contact persons that did not respond after two attempts were not contacted further. Six key informant interviews took place with individuals from six different countries based in Africa between November 2020 and January 2021 via the telephone or online in English or French. Each interview was audio recorded and detailed notes were taken and summarized.



Comparative cost analysis of online vs. face-to-face SARS-CoV-2 PCR diagnostic training

We estimated (1) the economic costs (i.e., the costs of all resources consumed) associated with delivering the one-time online training to the 23 participating laboratories, (2) the economic costs of delivering the same training to the 23 participating laboratories had the training mode been face-to-face, and (3) the net costs of the one-time online vs. the one-time face-to-face training. The perspective of the cost analysis was that of RKI. To undertake the comparative cost analysis, we performed an interview-based survey of all RKI staff involved in the online SARS-CoV-2 qPCR diagnostic training and in face-to-face trainings prior to the implementation of travel restrictions, and a financial record review. Both the online and the face-to-face trainings were defined in terms of their component activities. For each activity we estimated resource consumption, specifically the (1) time of professionals, (2) consumables, (3) capital equipment, (4) office space, and (5) other resources (e.g., courier costs, custom clearance costs, travel costs) required to undertake the activity. We valued all resources at their unit prices and included value-added tax (VAT) where applicable. Capital equipment costs and office space costs were estimated at their equivalent annual costs, i.e., discounted at an annual rate of 3% over their expected lifetime (16). Table 2 provides a few examples of the types of questions that were asked to RKI staff in the interview-based survey to estimate the costs of the online SARS-CoV-2 qPCR training.


TABLE 2 Exemplary questions of the cost survey to RKI staff for the online SARS-CoV-2 qPCR training.

[image: Table with two columns titled "Type of resource" and "Exemplary questions". Resources listed: Time, Equipment and consumables, Transport. Questions pertain to time spent, equipment used, and transport means and costs, related to training preparation activities.]

We estimated the total, activity, and resource-specific costs of the online and of the face-to-face training assuming that the face-to-face training would have been performed in 1 week (as had been done by RKI staff before the travel restrictions were implemented) and in four geographical locations (West Africa, East Africa, Southern Africa, and Middle East) as was deemed appropriate considering the geographic distribution of the 23 partner laboratories. We estimated attendance to each 1-week face-to-face training at 15 laboratory technicians per training. We further estimated the total, activity and resource-specific net costs of online vs. face-to-face training. Throughout, costs are expressed in euros at 2020 price levels.

Informed consent was obtained from all individuals participating in the study. Ethics approval for the study was obtained by the Charité Universitätsmedizin Ethics Review Committee (ID: EA1/346/20).




Results


Perception of the usefulness of online PCR diagnostic training and suggestions

The interview sample comprised of two interviewees working at a national reference laboratory, one in a research institute, one at public health institute, one in the Ministry of Health, and one interviewee in charge of developing, organizing and implementing the online training. Using a thematic analysis, three themes emerged from the data: respondents' assessment of the content and format of the training, the perceived impact of the training, and the reported factors perceived to influence the effect of the training.


Assessment of the content and format of the training

Interviewees assessed both the content and the format of the training. As of August 2, 2023, the course materials on the website had received 8,984 views and had been downloaded 2,958 times. Note that these figures are not necessarily indicative of the number of people who may have actually used the materials (for example, individuals may have made multiple downloads). With reference to the training content, the participants described that the course provided good and comprehensive information on up-to-date scientific knowledge and laboratory practice in PCR diagnostics. Respondents appreciated how the technical content went beyond molecular biology teaching and supported participants' understanding of molecular mechanisms and enhanced their ability to apply diagnostic methods in their daily work. Several participants noted how important it was for the course to include teaching on biosafety, especially for people working with potentially contagious samples for the first time. Most interviewees said that the content was well-adapted and suitable for the target audience and context. However, some interviewees highlighted how labor-intensive and time-consuming the methods were especially concerning the high demand and that participants with limited background knowledge had difficulties to implement them. The participants mentioned several points regarding the format of the course. First, they expressed that the dissemination had been adequate. Some participants suggested that connecting with other regional organizations, such as the African Society for Laboratory Medicine (ASLM), would have been useful to increase knowledge exchange and dissemination and could have helped to streamline the communication between laboratories and local authorities. Secondly, participants reviewed the online platform used for the training in a mixed way. While they highlighted that accessing the material was easy and they could attend the training in their own time due to the asynchronous nature of the course, they stressed the lack of interactive tools and reported that the cumbersome nature of the platform limited the learning experience. Participants referred to the Standard Operating Procedures (SOPs) and other training material as clear and concise, but some pointed out the limitations experienced due to the language barriers and other logistical problems, including limited internet connection, limitations of facilities that allowed internet access in which the training could be attended, delays in receiving the laboratory material and shortage of reagents. One respondent described the logistical challenges that restricted the number of laboratory personnel that was able to attend the training: “A big video conference room that would allow a large number of people to attend the training wasn't available […] so we couldn't train everyone at once. We had to break up the group”. Thirdly, the interviewees discussed several lost opportunities with reference to two-way communication and feedback between participants and trainers. Several participants were not aware of the option to communicate with the trainers via weekly Q&A sessions directly and bemoaned the lack of opportunities to directly discuss technical challenges with the trainers. In line with this, the organizers reported that no-one had participated in these sessions. From the trainers' perspective, the lack of interaction meant that they were unable to assess if the participants had understood and were able to apply the diagnostic methods.



Perceived impact of the training

With regard to the perceived impact of the training, the interviewees indicated multiple positive aspects of the course. Interviewees mentioned that the training had provided timely possibilities to learn new methods that were crucial in their diagnostic work during the COVID-19 pandemic, improved their technical laboratory skills and expanded them to new diagnostics methods, provided information on biosafety, and had helped them to incorporate good laboratory practices into their working routines. The participants noted that the course helped to build local laboratory capacities by allowing participants to act as trainers themselves and providing their colleagues with subsequent internal training and supervision. One respondent recalled internal trainings that had been conducted to scale down the training: “So we just picked a few people to attend the training and these would then teach the others in the lab. We can't all sit around the webinar, but we have a few selected that then teach the others in the laboratory”. In one particular instance, an interviewee underscored how the course had sparked the creation of a local community of learners, had facilitated internal discussions to solve problems, exchange knowledge, and support colleagues in developing technical skills. One participant even described that other local experts, such as WHO officials, had been part of these communities of learners. Interviewees also expressed how the course enhanced their bargaining position as a laboratory with their governments due to increased knowledge and capacity. In addition, interviewees mentioned that the training created opportunities to launch and build international collaborations and increase networks between local and international laboratories.



Factors perceived to influence the effect of the training

Several participants mentioned factors that they perceived as influencing the effect of the training. These included personal factors, such as motivation, previous knowledge, and a perceived need to improve their laboratory skills. Several interviewees highlighted that the fast implementation and the low cost of the online format had allowed them to quickly build skills that were crucial during, and beyond, the COVID-19 crisis. Several participants highlighted that the training had been available at the right time and shortly after the outbreak emerged. Yet, the delivery of the course during a high demand due to the pandemic also meant that training participants and supervisors had to weigh a high workload against their training needs. Interviewees further mentioned how the effect of the training highly depended on the local circumstances and the support that participants had received. One respondent stressed the need for support and implementation by laboratory managers in order to ensure impact: “The success of the training depends to some extent on […] managers who oversee the team taking the training and whether they ensure that the training contents are applied afterwards.” Similarly, some interviewees discussed how their supervisors supported them to take the training, therefore putting into practice what they had learned. They also mentioned the importance of available lab equipment and workload.




Comparative cost analysis

Table 3 presents, from the perspective of RKI, the sequence of activities incurring in costs identified for both the online and the equivalent face-to-face trainings. Table 4 presents the total costs of the online SARS-CoV-2 PCR diagnostic training by activity. Figure 2 below shows the distribution of costs by activity (top panel) and, within each activity, the distribution of costs by type of resource (bottom panel).


TABLE 3 Sequence of activities: online and face-to-face SARS-CoV-2 qPCR trainings.

[image: Table listing activities for training. Includes design of materials, preparation of equipment and PCR kits, coordination with partners pre-training, training support, coordination during training, provision of feedback post-training, and further training coordination.]


TABLE 4 Costs of online SARS-CoV-2 qPCR training (%) by activity (2020 euros).

[image: Table detailing costs of online training by activity and resource type. Categories include staff time, equipment, consumables, office space, and others across seven activities. Costs are shown in numerical values with percentages. Total costs across all activities and resources are also provided.]


[image: Pie chart and bar graph showing cost distribution by activity and resource type. The pie chart indicates 64.3% for preparation and laboratory equipment, and 27.9% for design. The bar graph breaks down costs by resources such as time, equipment, and consumables for each activity, with preparation and lab equipment having the most varied distribution.]
FIGURE 2
 Distribution of costs of online SARS-CoV-2 qPCR training by activity and by type of resource.


From Table 4, the total cost of the online training (with 23 participating laboratories) was, from the perspective of RKI, 61,644 euros. From Table 4 and Figure 2 (top panel), the activity with the highest cost was preparation of laboratory equipment and PCR kits for the training (39,635 euros, 64.3% of the total cost). Most of the resource consumption for this activity (35,463 euros, 57.5% of the total online training cost) went to laboratory consumables and other costs (including shipping costs and custom clearance costs—see Figure 2, bottom panel) of the materials necessary to perform the qPCR tests. The activity with the second highest cost was design of training materials (17,215 euros, 27.9% of the total cost). Within this activity, most of the resource consumption was associated with the time of staff required to design the training materials, including the time spent producing videos for distance learning. In total, this cost amounted to 16,165 euros, about 26.2% of the total online training cost. The activity with the third highest cost was pre-training coordination with partners (2,136 euros, 3.5% of the total cost). The remaining activities consumed substantially fewer resources (see Figure 2, top panel).

Table 5 below shows the total costs estimated for the equivalent face-to-face SARS-CoV-2 qPCR diagnostic training by activity. Figure 3 below shows the distribution of costs by activity (top panel) and, within each activity, the distribution of costs by type of resource (bottom panel).


TABLE 5 Costs of face-to-face SARS-CoV-2 qPCR training (%) by activity (2020 euros).

[image: Table detailing the costs of face-to-face training by activity and type of resource. Activities include design, preparation, coordination, training support, feedback, and further training. Resources are categorized as staff time, equipment, consumables, office space, and others, with costs and percentages provided for each activity and total expenses.]


[image: Pie chart and bar chart showing cost distribution. The pie chart illustrates costs by activity, with 87.1% for design. The bar chart details resource cost types across seven activities, highlighting time as a major component.]
FIGURE 3
 Distribution of costs of face-to-face SARS-CoV-2 qPCR training by activity/type of resource.


From Table 5, the total economic costs to RKI of the face-to-face SARS-CoV-2 PCR diagnostic training equivalent to the online training was estimated at 267,592 euros. From Figure 3 (top panel), the activities with the highest costs were estimated to be training/training support (232,963 euros, 87.1% of all costs), pre-training coordination with partners (16,706 euros, 6.2% of all costs) and preparation of laboratory equipment and PCR kits (10,273 euros, 3.8% of all costs). From Figure 3 (bottom panel), time of staff is by far the most used resource in all activities except (i) preparation of laboratory equipment (where the costs of laboratory consumables are largely predominant), (ii) pre-training (where other costs, in particular the costs of traveling to coordinate the start of training with partners, constitute up to 13,852 euros, 83% of all costs for this activity) and (iii) training (where other costs, specifically the costs of travel and accommodation of trainers and trainees, amounted to 206,394 euros, 89% of all costs for this activity).

Table 6 shows the net costs of the online training with respect to the face-to-face training by activity and type of resource, with percentage changes included for the total columns and rows.


TABLE 6 Net costs of online vs. face-to-face SARS-CoV-2 qPCR training (2020 euros).

[image: Table comparing net costs of online versus face-to-face training by activity. Categories include design of training materials, equipment preparation, coordination with partners, training support, and others. Each category lists expenses for staff time, equipment, consumables, office space, and additional costs, with totals reflecting percentage changes.]

From Table 6, the total net cost of the online SARS-CoV-2 PCR diagnostic training is estimated to be −205,928 euros, a full 334% cheaper than the equivalent face-to-face training. By activity, the largest savings occur in the training and/or training support (a net cost of −231,394 euros) and in the pre-training coordination with partners (a net cost of −14,570 euros). By type of resource, the largest savings occur in other costs (−215,923 euros, mostly due to savings in travel and accommodation of trainers and trainees) and in time of staff (−11,317 euros, mostly due to no face-to-face training requirements for the online modality). Conversely, by activity online training has a large positive cost in both the preparation of training materials and qPCR kits for training (+29,361 euros, mostly associated with procuring and sending consumables required for the PCR tests) and in the design of training materials (+14,880 euros, related to the time required for preparing the videos and other online training materials).




Discussion

This paper provides an analysis of the perceived usefulness and the costs of a one-time online training on SARS-CoV-2 qPCR diagnostics in low- and middle-income settings during the COVID-19 pandemic. The analysis shows that online diagnostics training can provide an added value during a crisis and can have a positive effect in terms of allowing laboratory personnel to establish new diagnostic procedures and work with new technologies, and thus help to contain virus transmission and support emergency response. In particular, the analysis stresses how such training can provide good and comprehensive information on up-to-date scientific knowledge and laboratory practice in qPCR diagnostics, biosafety and good laboratory practice. The analysis also shows that, compared to face-to-face training, online SARS-CoV-2 qPCR diagnostic training can incur in substantial cost savings for RKI, the provider of this training.

The total cost of the one-time SARS-CoV-2 PCR diagnostic online training (with 23 participating laboratories) was, from the perspective of RKI, 61,644 euros. The total economic costs to RKI of the face-to-face SARS-CoV-2 PCR diagnostic training equivalent to the online training was estimated at 267,592 euros. Importantly, as the training was a one-time intervention, the cost calculations did not factor in the costs of any follow-up support to SARS-CoV-2 qPCR diagnostic training to the participating laboratories. In this sense, the costs of sustaining the training in the longer term, which would be substantial, are not included. In terms of the comparative cost analysis, from the perspective of RKI the one-time online SARS-CoV-2 qPCR training modality incurred, at scale, in very substantial overall cost savings compared to the equivalent face-to-face training. While the costs of the online training were higher than those of the equivalent face-to-face training in terms of mostly the staff time and the consumables required for, respectively, preparing the training materials and ensuring the 23 partner laboratories had access to the qPCR diagnostic materials and samples, these increased costs were more than compensated by very large savings in terms of travel and accommodation costs as well as face-to-face staff training time. Overall, the online training was more than three times (334%) cheaper than the equivalent face-to-face training.

We found no study addressing the cost-effectiveness or cost-savings associated with the type of non-traditional laboratory training intervention described in this paper, in which laboratories receive video training materials and laboratory consumables through the post, as well as online support in the form of webinars and Q&A sessions, while they use their own laboratory equipment to perform the learning experience. Some studies have explored the impact on the costs of e-learning, such as the review by Frehywot et al. (17). In their review, the authors discuss how e-learning and other distance learning techniques can affect economies of scale: once the materials are produced, the costs per participant are reduced when the training programmes are provided to large and repeated classes of learners (17). Sissine et al. found similar results for a blended (hybrid) e-learning training programme for community health workers in LMIC (18). They found that implementing the blended e-learning programme at scale (i.e., to 100,000 community health workers) could lead to a 42% reduction in costs compared to face-to-face training (18). We envisage substantial economies of scale in the SARS-CoV-2 qPCR online training presented in this study.

While highlighting the advantages of online training, our study also highlights contextual limitations of the SARS-CoV-2 qPCR diagnostic online training. The main contextual limitation that we identified was that of infrastructure difficulties, such as limited access to the internet for video visualization, limited space to undertake the training, delays in reception of equipment, and shortage of diagnostic reagents. Lack of internet access has been identified as a main weakness of online training (19), and lack of reliable internet performance is problematic in many parts of Africa (20). Poor laboratory resources/infrastructure and logistics constraints are a known challenge to COVID-19 testing in African countries (21). In addition, in Africa, global shortages limited access to laboratory reagents during the pandemic (22). While RKI trainers made sure that enough equipment and reagents were sent to participating laboratories for training purposes, there were shipping delays which were likely affected by the travel restrictions and other supply chain disruptions that were present in early 2020, when the online training was conducted.

We also identified several areas that could be improved in order to make the SARS-CoV-2 qPCR diagnostic online training more useful and align it with local needs and pandemic requirements. First, there was little direct engagement between trainers and course participants throughout the training. As outlined above, due to the immense time pressure at the beginning of the COVID-19 pandemic and the urgent need to quickly provide laboratory staff with a SARS-CoV2 qPCR diagnostic training that could be implemented in LMIC, end users were neither involved in the design, testing for understandability, cultural appropriateness or utility, nor in the testing of the translations of the materials or in the adaptation of translated materials to their specific cultural context. Such involvement would be an opportunity for improving the online training materials. Further, participants were not involved in deciding the format of interaction between trainers and end users once the latter had received the training materials. While trainers were available via e-mail, a kick-off webinar and weekly Q&A sessions to exchange with course participants, interactions were extremely limited. Several of the participants commented that they were largely unaware of these options for exchange with trainers. Limited attendance to (and attention during) online sessions and communication problems between trainers and participants are known limitations of online training (19). However, the limited exchange during the SARS-CoV-2 qPCR diagnostic training had the added effect that trainers did not receive feedback that could have improved the training materials or training format.

In order to identify opportunities to improve the engagement of course participants in the development and implementation of a SARS-CoV-2 qPCR diagnostic online training, is it useful to understand the drivers of end user engagement in online trainings. A recent systematic literature review and meta-analysis (23) explored the factors affecting user engagement in online professional training programmes, i.e., in a similar context to that of the SARS-CoV-2 diagnostic online training. In the meta-analysis, the review identified learner's technological self-efficacy (one's belief in one's ability to perform a sophisticated task such as using a computer), perception of course usefulness, ease of use of the online platform, environmental support (e.g., support from peers or other influential individuals) and facilitating situational influences (e.g., no time pressure, availability of resources, availability of assistance) as positively affecting emotional engagement (the learner's satisfaction with the online training) (23). Similar factors positively affected cognitive engagement (the learner's efforts to engage in online learning) (23). The meta-analysis further identified facilitating situational influences as positively affecting behavioral engagement (the learner's actions on the online platform, such as time spent participating in the online training or course completion) (23). In light of the results from this review and the themes we identified in our study, we propose three axes along which to involve course participants and more generally participating laboratories. First, usability testing of the course content and format with prospective course participants. Such testing will allow to make changes to the course content and format based on participant's feedback that ensure course participants can accurately and completely finalize the training with a limited level of effort and a high level of satisfaction. We hypothesize that usability testing will reveal the importance of our second proposed axis to involve participants, namely facilitating situational influences such as live interactions with trainers and other course participants (e.g., via webinars or online conferences) for discussing content, problems and practical experiences as has been previously reported by laboratory students (24). We also hypothesize that usability testing will highlight the importance of cultural adaptation of materials to the local context (25). Third, fostering environmental support via, for example, actively engaging laboratory managers in supporting the online training initiative and providing guidance toward using the skills learned by course participants after the initial training had ended.

Another opportunity for improvement lies in the establishment of communities of learners to increase knowledge sharing and dissemination, which was limited likely at least in part due to the online platform not allowing course participants and participating laboratories to interact with each other. Despite this, a small number of recipients reported that they had applied a train-the-trainer approach or built learning communities with colleagues and laboratory personnel out of their own initiative in their local context and even expanded their networks to experts in related areas. Finally, another opportunity for improvement would be incorporating a longer-term perspective to the online training. As mentioned previously, the SARS-CoV-2 qPCR diagnostic online training was a one-time intervention. It was motivated by the urgent need to support laboratories in partner countries with SARS-CoV-2 qPCR diagnostics training as quickly as possible and did not have a sustainability component built into it.

Online trainings have some advantages over face-to-face trainings. For example, the flexibility of training schedules, opportunities for incorporating multimedia resources (26) and, as previously mentioned, the opportunity of live interactions via webinars or online conferences (24). However, while face-to-face trainings tie students to specific schedules and higher costs (19, 26), they also have advantages over online trainings. Important benefits of face-to-face trainings are personal interaction, including the accessibility of trainers, student-trainer relationships, opportunities for discussions and face-to-face interactions (26), as well as the resulting familiarity with, and trust in, fellow students and trainers (27). Increased interaction during face-to-face training can lead to a higher likelihood of knowledge exchange, mutual learning and networking, which can be particularly crucial for participants who otherwise would have few opportunities to engage with peers and more experienced colleagues.

A recent systematic review comparing the strengths and weaknesses of non-traditional, online, remote and distance laboratory experiences with that of face-to-face laboratory experiences (28) suggests that a well-designed non-traditional laboratory learning experience can be as effective as a face-to-face one. Specifically, the authors discuss course features which increase the success of such learning experiences, such as: active, visible and intentional engagement of trainers with students (29); instructional design focused on developing students' skills in self-regulated learning; and a good ability to regulate time, study environment and effort on the side of the students (28). The authors also suggest guidance for inquiry as a powerful pedagogical approach, including performance dashboards, prompts, and process constraints (28, 30). Additional elements promoting success of online laboratory environments include an online learning community which allows for collaboration between peers (28, 31–33) and a well-organized calendar for the course (34).

One important consideration with regard to online laboratory trainings is the potential impact of developing hybrid or blended training approaches. In fact, hybrid training approaches have been successfully developed during the COVID-19 pandemic. For example, in order to overcome gathering restrictions, in the Spring of 2020 researchers at the Department of Chemical Engineering in Qatar University (35) developed a hybrid approach to laboratory training. This approach combined (1) filmed theoretical classes on a whiteboard in the corresponding lab room to represent as closely as possible face-to-face teaching, (2) filmed instructions regarding how to use the relevant laboratory equipment, also from the lab room with the same purpose, and, crucially (3) once students had watched the filmed material, online lab classes with in-depth discussions regarding the filmed material and problem-solving tutorials (35). This approach resulted in effective learning of the course objectives by the cohort of students taking this course. Given that real hybrid diagnostic trainings can be difficult to implement during public health emergencies due to the risk of infection and related preventive measures, an alternative might be to provide regular, face-to-face training to establish solid expertise on laboratory procedures and diagnostics and build communities of learners in LMIC. These trainings and the networks that are developed in this way could then be easily complemented with intensive online training and interactive sessions to exchange information during public health emergencies. Such approaches might not only help to build expertise, but also connect those working on laboratory diagnostics in LMIC, support them in conducting their tasks effectively, and empower them to fulfill their roles within public health systems.

Our study has several limitations. First, we limited the cost analysis to the perspective of RKI rather than the perspective of all participants (i.e., both RKI and related labs). We believe that widening the perspective would have demonstrated further cost savings associated with online training. We initially included the partner laboratories and additional partner institutions in the costing study, but due to low study participation we did not have sufficient data on these partners to estimate their costs. Second, the response rate of those who were approached for an in-depth interview was low. This was due to the evaluation not being built as a core component into the design of the online training and to potential respondents being even busier than usual as the study was conducted in the middle of the COVID-19 pandemic. Despite making immense efforts to reach course participants, we encountered particularly low response rates to a survey that we had planned to conduct to assess the effectiveness of the training among participants and were therefore unable to analyse participants' own views on the training. These limitations highlight the importance of planning and designing evaluations alongside the design of capacity building activities, including online training courses.



Conclusion

An online training was developed and implemented to support SARS-CoV-2 qPCR diagnostics in LMIC during the COVID-19 pandemic. The training was perceived as useful by recipients, notably enabling staff tasked with conducting diagnostics to follow good laboratory practice and implement novel laboratory procedures. In addition, it incurred in important cost savings compared to the equivalent face-to-face training. With view to future pandemics and in order to strengthen pandemic response and health system resilience, it is important that diagnostic training is designed and delivered according to the current state-of-the-art. This includes the pursuit of a complementary approach which combines online and offline formats. It is also crucial that online training comprises interactive features in order to build communities of learners among those involved in diagnostics, facilitate exchange of information, and thus better unlock the expertise and potential that exists among those working at the basis to fight public health emergencies.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Charité Universitätsmedizin Ethics Review Committee (ID: EA1/346/20). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

HW, FP-M, BG, FC, and CE designed the study. HW, FP-M, BG, FC, SA, TB, and CE collected the data. HW, FP-M, BG, FC, EL, and EM-M analyzed the data. HW and FP-M drafted the manuscript with substantial input from BG, EL, TB, EM-M, SA-A, and CE. All authors critically revised the manuscript and substantially contributed to the final draft. All authors read and approved the final manuscript.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The authors would like to thank Dr. Heinz Ellerbrok, Dr-Ing Sabrina Weiss, Dr. Veronica Briesemeister, Dr. Essia Belarbi, Andrea Schnartendorff, Birgit Arnold, Kathrin Baumann, Carina Jahnke, Anna Shin, and Nur Tukhanova for their extremely valuable insights into the research that resulted in this manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Wang Z, Duan Y, Jin Y, Zheng Z-J. Coronavirus disease 2019 (COVID-19) pandemic: how countries should build more resilient health systems for preparedness and response. Glob Health J. (2020) 4:139–45. doi: 10.1016/j.glohj.2020.12.001
	 2. Haldane V, De Foo C, Abdalla SM, Jung A-S, Tan M, Wu S, et al. Health systems resilience in managing the COVID-19 pandemic: lessons from 28 countries. Nat Med. (2021) 27:964–80. doi: 10.1038/s41591-021-01381-y
	 3. Dzinamarira T, Dzobo M, Chitungo I. COVID-19: a perspective on Africa's capacity and response. J Med Virol. (2020) 92:2465–72. doi: 10.1002/jmv.26159
	 4. Seidu A-A, Hagan JE, Ameyaw EK, Ahinkorah BO, Schack T. The role of testing in the fight against COVID-19: current happenings in Africa and the way forward. Int J Infect Dis. (2020) 98:237–40. doi: 10.1016/j.ijid.2020.06.089
	 5. Alemnji G, Zeh C, Yao K, Fonjungo P. Strengthening national health laboratories in sub-S aharan A frica: a decade of remarkable progress. Trop Med Int Health. (2014) 19:450–8. doi: 10.1111/tmi.12269
	 6. Vandenberg O, Martiny D, Rochas O, van Belkum A, Kozlakidis Z. Considerations for diagnostic COVID-19 tests. Nat Rev Microbiol. (2021) 19:171–83. doi: 10.1038/s41579-020-00461-z
	 7. Nguku P, Mosha F, Prentice E, Galgalo T, Olayinka A, Nsubuga P. Field Epidemiology and Laboratory Training Programs have been in Africa for 10 years, what is their effect on laboratory-based surveillance? Reflections from a panel at the African Society of Laboratory Medicine December 2014 Cape Town meeting. Pan Afr Med J. (2015) 20:6787. doi: 10.11604/pamj.2015.20.451.6787
	 8. Kasvosve I, Ledikwe JH, Phumaphi O, Mpofu M, Nyangah R, Motswaledi MS, et al. Continuing professional development training needs of medical laboratory personnel in Botswana. Hum Resour Health. (2014) 12:46. doi: 10.1186/1478-4491-12-46
	 9. Olu O, Usman A, Kalambay K, Anyangwe S, Voyi K, Orach CG, et al. What should the African health workforce know about disasters? Proposed competencies for strengthening public health disaster risk management education in Africa. BMC Med Educ. (2018) 18:60. doi: 10.1186/s12909-018-1163-9
	 10. Yao K, Luman ET, Nkengasong JN, Maruta T. The SLMTA programme: transforming the laboratory landscape in developing countries. Afr J Lab Med. (2016) 5:1–8. doi: 10.4102/ajlm.v3i2.194
	 11. Koort J, Åvall-Jääskeläinen S. Redesigning and teaching veterinary microbiology laboratory exercises with combined on-site and online participation during the COVID-19 pandemic. FEMS Microbiol Lett. (2021) 368:fnab108. doi: 10.1093/femsle/fnab108
	 12. Gamage KA, Wijesuriya DI, Ekanayake SY, Rennie AE, Lambert CG, Gunawardhana N. Online delivery of teaching and laboratory practices: continuity of university programmes during COVID-19 pandemic. Educ Sci. (2020) 10:291. doi: 10.3390/educsci10100291
	 13. Branch R, Dousa T. Survey of Instructional Development Models, 5th Edn. Syracuse, NY: Association for Educational Communications and Technology (2015).
	 14. Gunawardena C, Lowe C, Carabajal K. Evaluating online learning: models and methods. In:Willis D, Price J, Willis J, , editors. Proceedings of SITE 2000–Society for Information Technology & Teacher Education International Conference. San Diego, CA (2000).
	 15. Ke F, Hoadley C. Evaluating online learning communities. Educ Technol Res Dev. (2009) 57:487–510. doi: 10.1007/s11423-009-9120-2
	 16. Drummond M, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the Economic Evaluation of Health Care Programmes. Oxford: Oxford University Press (2015).
	 17. Frehywot S, Vovides Y, Talib Z, Mikhail N, Ross H, Wohltjen H, et al. E-learning in medical education in resource constrained low- and middle-income countries. Hum Resour Health. (2013) 11:4. doi: 10.1186/1478-4491-11-4
	 18. Sissine M, Segan R, Taylor M, Jefferson B, Borrelli A, Koehler M, et al. Cost comparison model: blended eLearning versus traditional training of community health workers. Online J Public Health Inform. (2014) 6:e196. doi: 10.5210/ojphi.v6i3.5533
	 19. Ameri H, Mahami-Oskouei M, Sharafi S, Saadatjoo S, Miri M, Arab-Zozani M. Investigating the strengths and weaknesses of online education during COVID-19 pandemic from the perspective of professors and students of medical universities and proposing solutions: a qualitative study. Biochem Mol Biol Educ. (2023) 51:94–102. doi: 10.1002/bmb.21691
	 20. Tastan Bishop Ö, Adebiyi EF, Alzohairy AM, Everett D, Ghedira K, Ghouila A, et al. Bioinformatics education—perspectives and challenges out of Africa. Brief Bioinform. (2015) 16:355–64. doi: 10.1093/bib/bbu022
	 21. Adebisi YA, Rabe A, Lucero-Prisno DE Iii. COVID-19 surveillance systems in African countries. Health Promot Perspect. (2021) 11:382–92. doi: 10.34172/hpp.2021.49
	 22. Ambrose T, Chinwe I, Okeibunor J, Mary S, Emmanuel Onuche M, Belinda Louise H, et al. Assessment of COVID-19 pandemic responses in African countries: thematic synthesis of WHO intra-action review reports. BMJ Open. (2022) 12:e056896. doi: 10.1136/bmjopen-2021-056896
	 23. Lee J, Sanders T, Antczak D, Parker R, Noetel M, Parker P, et al. Influences on user engagement in online professional learning: a narrative synthesis and meta-analysis. Rev Educ Res. (2021) 91:518–76. doi: 10.3102/0034654321997918
	 24. Scruggs AW, Leamy KA, Cravens SL, Siegel SJ. Adapting a Biochemistry Lab course for distance-learning during the COVID-19 pandemic. J Chem Educ. (2020) 97:2981–6. doi: 10.1021/acs.jchemed.0c00699
	 25. European Centre for Disease Prevention and Control. Translation Is Not Enough – Cultural Adaptation of Health Communication Materials. ECDC (2016). Available online at: https://www.ecdc.europa.eu/en/publications-data/translation-not-enough-cultural-adaptation-health-communication-materials (accessed May 29, 2024).
	 26. Walker ER, Lang DL, Alperin M, Vu M, Barry CM, Gaydos LM. Comparing student learning, satisfaction, and experiences between hybrid and in-person course modalities: a comprehensive, mixed-methods evaluation of five public health courses. Pedag Health Promot. (2020) 7:29–37. doi: 10.1177/2373379920963660
	 27. Rheingold AA, Zajac K, Patton M. Feasibility and acceptability of a child sexual abuse prevention program for childcare professionals: comparison of a web-based and in-person training. J Child Sex Abus. (2012) 21:422–36. doi: 10.1080/10538712.2012.675422
	 28. Faulconer EK, Gruss AB. A review to weigh the pros and cons of online, remote, and distance science laboratory experiences. Int Rev Res Open Distrib Learn. (2018) 19:3386. doi: 10.19173/irrodl.v19i2.3386
	 29. Jaggars S, Edgecombe N, Stacey G. Creating an Effective Online Instructor Presence. New York, NY: Columbia University: Community College Research Center (2013).
	 30. Zacharia ZC. Examining whether touch sensory feedback is necessary for science learning through experimentation: a literature review of two different lines of research across K-16. Educ Res Rev. (2015) 16:116–37. doi: 10.1016/j.edurev.2015.10.001
	 31. Garman D. Student Success in Face-to-Face and Online Sections of Biology Courses at a Community College in East Tennessee (Doctoral dissertation). East Tennessee State University, Johnson City, TN (2012).
	 32. Lowe D, Berry C, Murray S, Lindsay E. Adapting a remote laboratory architecture to support collaboration and supervision. Int J Online Biomed Eng. (2009) 5:51–6. doi: 10.3991/ijoe.v5s1.932
	 33. Palloff R, Pratt K. Lessons From the Virtual Classroom: The Realities of Online Teaching, 2nd Edn. San Francisco, CA: John Wiley and Sons (2013).
	 34. Reeves J, Kimbrough D. Solving the laboratory dilemma in distance learning general chemistry. J Asynchr Learn Netw. (2004) 8:47–51. doi: 10.24059/olj.v8i3.1820
	 35. Elkhatat AM, Al-Muhtaseb SA. Hybrid online-flipped learning pedagogy for teaching laboratory courses to mitigate the pandemic COVID-19 confinement and enable effective sustainable delivery: investigation of attaining course learning outcome. SN Soc Sci. (2021) 1:113. doi: 10.1007/s43545-021-00117-6
	Copyright
 © 2024 Weishaar, Pozo-Martin, Geurts, Lopez de Abechuco, Montt-Maray, Cristea, Abrokwa, Bahr, Al-Awlaqi and El Bcheraoui. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.












	
	SYSTEMATIC REVIEW
published: 24 September 2024
doi: 10.3389/fpubh.2024.1275702






[image: image2]

Addressing infodemic for pandemic preparedness in the digital age: a focus on Middle Africa

Marthe Bogne Penka1†‡, Andrew Tangang1,2‡, Ernest Alang Wung3,4‡, Mark Tata Kelese3,5‡ and Patrick Okwen3*


1Effective Basic Services (eBASE) Africa, Yaoundé, Cameroon

2Department of Public Administration and Policy (DPAP), Institute of Local Government Studies (INLOGOV), University of Birmingham, Birmingham, United Kingdom

3Effective Basic Services (eBASE) Africa, Bamenda, Cameroon

4Department of Economic Policy Analysis, Faculty of Economics and Management, University of Dschang, Dschang, Cameroon

5Department of Economics, The University of Bamenda, Bambili, Cameroon

Edited by
Brent M. Egan, American Medical Association, United States

Reviewed by
Eugenia Bezirtzoglou, Democritus University of Thrace, Greece
 Styliani A. Geronikolou, National and Kapodistrian University of Athens, Greece

*Correspondence
 Patrick Okwen, Okwen@ebaseafrica.org

†Present address
Marthe Bogne Penka, Department of Paediatrics and Child Health, Faculty of Health Sciences, University of Cape Town, Cape Town, South Africa

‡ORCID
Marthe Bogne Penka orcid.org/0009-0009-5456-2002
 Andrew Tangang orcid.org/0000-0001-9418-4282
 Ernest Alang Wung orcid.org/0000-0002-1353-1201
 Mark Tata Kelese orcid.org/0009-0004-0322-2052

Received 11 August 2023
 Accepted 26 July 2024
 Published 24 September 2024

Citation
 Penka MB, Tangang A, Alang Wung E, Tata Kelese M and Okwen P (2024) Addressing infodemic for pandemic preparedness in the digital age: a focus on Middle Africa. Front. Public Health 12:1275702. doi: 10.3389/fpubh.2024.1275702







Background: The 21st century has brought about a damaging information crisis, significantly challenging and undermining efforts to increase the uptake of scientific research evidence in both policy and practice. The World Health Organization (WHO) recognizes misinformation and disinformation as major drivers of pandemic spread and impact, dedicating a policy brief to pandemic preparedness on this issue. In this study, we examine the impact of mis/disinformation on the use of research evidence in public policy decision-making in West and Central Africa and reflect on how this can inform future pandemic preparedness.
Objectives: What factors affect the uptake of scientific evidence during disease outbreaks in Africa?
Methods: We used the JBI Scoping Review and Prevalence/Incidence Review methodologies to synthesize the best available evidence. A DELPHI survey was conducted in two stages: the first gathered experiences from policymakers, practitioners, and citizens in Cameroon, Nigeria, and Senegal regarding mis/disinformation and its impact. The second stage explored potential situations related to the issues identified in the first stage. Qualitative data analysis was conducted using MAXQDA.
Results: The research identified the origins (n = 5), transmission platforms (n = 15), cases (n = 4), mitigation strategies (n = 6), and impacts (n = 4) of infodemic on policy design, implementation, and uptake. Online platforms were identified as the main source of infodemic in 53.3% of cases, compared to 46.7% attributed to offline platforms. We conclude that the severity of COVID-19 as a global pandemic has highlighted the dangers of mis/disinformation, with a considerable number of studies from Middle Africa demonstrating a significant negative impact on the uptake of health policies and to an extend evidence informed policy making. It is also imperative to consider addressing evidence hesitancy in citizens through innovative and indigenous approaches like storytelling.
Discussions: Digital technologies, especially social media, play a key role in the propagation of infodemics. For future pandemic preparedness, stakeholders must consider using digital tools and platforms to prevent and mitigate pandemics. This study adds new evidence to the existing body of evidence, emphasizing the need to address infodemics within the context of future pandemic preparedness in Middle Africa.
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Introduction


Background

Coronavirus disease (COVID-19) is an infectious illness caused by the severe acute respiratory syndrome coronavirus (SARS-CoV-2) (1). It was officially declared a global pandemic on 11 March 2020 (2). According to a UNESCO report from 2020, as of June 2020, Africa had reported 168,592 confirmed cases and 4,758 deaths. Although these numbers are relatively low compared to other regions, there is a great concern about the potential for a high number of unreported cases (3).

The impact of COVID-19 in Africa extends beyond infection rates and mortality to include severe socioeconomic consequences (4). The pandemic has exacerbated existing challenges in Africa, such as gender inequalities, sexual and gender-based violence, job losses in both formal and informal sectors, school dropouts, and food insecurity. These issues have significantly undermined efforts to achieve sustainable development goals (1, 2, 3, 4, 5, 8, 10) (5, 6). While COVID-19 has had a global impact, Sub-Saharan Africa has faced similar health threats in the past, such as Ebola, cholera, and Lassa fever, which have also had comparable effects (7).

The 21st century has ushered in a damaging information crisis that challenges and undermines efforts to increase the uptake of scientific research evidence in both policy and practice (8, 9). While significant progress has been made by scientists and international health regulatory bodies in addressing the global pandemic through the development of vaccines and preventive and protective measures, a single moment of misconception—amplified by social media—can quickly render these efforts futile. This highlights the huge influence of social media during a pandemic (10–12).

This information crisis manifests itself in various forms, including misinformation, disinformation, fake news, and an infodemic. Misinformation refers to false information spread regardless of the intention to mislead (13). On the other hand, disinformation is the deliberate spread of misleading or false information (14). Fake news is purposely fabricated information that mimics the format of mainstream news (15). An infodemic is characterized by an overflow of information, including false or misleading information, circulating in digital and physical environments during a disease outbreak (16).

Infodemics significantly impact citizens' decision-making, often leading to harmful health outcomes and fostering mistrust in healthcare institutions and governments (17). This mistrust can prolong or intensify a pandemic due to the reduced uptake of protective measures. This problem can be further exacerbated by digitalization, where vast amounts of both accurate and false information spread rapidly. In the digital age, the widespread dissemination of false information creates a global situation where vulnerable populations are easily influenced by the overwhelming amount of online content, which in turn affects public policy decisions and the adoption of public health measures (18).

The COVID-19 pandemic has exposed and intensified these challenges, revealing weaknesses in the system for developing policy guidance and best practices (19). According to a 2020 WHO report, in the first 3 months of 2020 alone, nearly 6,000 people worldwide were hospitalized due to coronavirus-related misinformation. Tragically, at least 800 people died as a result of this misinformation, and 60 people suffered complete blindness after drinking methanol, mistakenly believing it was a cure for COVID-19 (20).

The COVID-19 pandemic has exposed the severe impact of infodemics in an era dominated by digital citizens. It has also highlighted and exacerbated the existing weaknesses in the system for developing effective policy guidance and best practices (19).




Methods


Sampling: data and countries

We used two systematic review approaches: the scoping review and the prevalence/incidence review, both following the Joanna Briggs Institute guidelines (21). Our searches included a range of electronic databases, such as IDRC, WHO, PubMed, 3ie, Google Scholar, Cochrane, Taylor & Francis, ProQuest, Campbell Collaboration, EBSCO Host, and African Journals, as well as gray literature. Abstracts and full texts were independently screened for eligibility by two reviewers, and two independent reviewers also conducted data extraction. The systematic review focused exclusively on studies conducted in West and Central Africa.

Our Delphi survey was conducted in three countries within these regions—Cameroon, Nigeria, and Senegal—selected based on convenience. The survey was carried out in two stages. The first stage aimed to gather the experiences of stakeholders to identify sources of COVID-19 information, barriers to the adoption of COVID-19 preventive and protective measures, and factors contributing to successful outcomes. The second stage focused on identifying mitigation strategies to reduce the impact of misinformation and disinformation on the use of research evidence during the pandemic.

Given the unique challenges posed by COVID-19, we adopted a specific approach to collect data on misinformation, utilizing Twitter and WhatsApp to gather information from friends and contacts in Cameroon, with a particular focus on COVID-19-related misinformation.

Qualitative data were analyzed using MAXQDA (22).



Data collection and synthesis
 
Systematic review

We conducted both a scoping review and a prevalence/incidence review.


Objectives

	• The scoping review aimed to map the landscape of COVID-19 misinformation and disinformation affecting the use of research evidence in public policy decision-making in West and Central Africa.
	• The prevalence/incidence review focused on identifying specific cases of COVID-19 misinformation and disinformation affecting the use of research evidence in public policy decision-making.



Review questions

• What is the landscape of COVID-19 mis/disinformation impact on the use of research evidence in public policy decisions? (Scoping Review).

• What are the specific cases of COVID-19 misinformation and disinformation affecting decision-making in West and Central Africa? (Prevalence/ Incidence Review).

	• What is the prevalence and incidence of COVID-19 misinformation and disinformation among policymakers and citizens in West and Central Africa? (Prevalence/Incidence Review).



Search strategy

Condition—Cases of COVID-19 misinformation/disinformation.

Context—West and Central Africa.

Population—Policy makers, Practitioners, Citizens (see Table 10).



Searched database

	• IDRC
	• WHO
	• PubMed
	• 3ie
	• Google Scholar
	• Cochrane
	• Taylor and Francis
	• ProQuest
	• Campbell Collaboration
	• EBSCO Host
	• African Journals Online



Exclusion criteria

We excluded all cases of misinformation:

• Not reporting from a West and Central African country.

• Not reporting on the COVID-19 pandemic, education of the girl child, climate change and food security, mother and child health, women empowerment, and advocacy against early marriage and sexual violence.

Two independent authors screened studies and extracted data, with one senior researcher supervising the whole process.

Searches were conducted using Boolean operators developed from the above research questions. Sample from:

ProQuest noft(Cases) AND noft(misinformation OR disinformation OR “false information” OR rumor OR “fake news” OR “misleading information” OR deception OR propaganda) AND noft(“West and Central Africa” OR “Sub-Saharan Africa” OR Africa OR “African countries” OR “Developing countries” OR “Low-and middle-income countries”) AND noft(“Policy makers” OR Practitioner* OR Citizen* OR “Decision-makers” OR Politicians OR “Community members” OR Society OR Public OR inhabitant).




Delphi survey
 
Objective

The objective of this survey was to gather the stakeholders' experiences and identify sources of information barriers and challenges affecting research evidence in decision-making and determining success. The survey was conducted in two stages:

Stage 1: In this stage, we gathered information on experiences (barriers, determinants of success, and coping strategies) through informal interviews (KIIs). Identified stakeholders were contacted via email by the research team, supported by IDRC. However, the response rate was low, with only nine out of 40 stakeholders agreeing to participate. Data collection was conducted using peer-reviewed and pre-piloted discussion guides on Zoom. The sessions were recorded, transcribed, and coded using Microsoft Word. We extracted data on Microsoft Excel and Maxqda. The insights gained from these interviews were used to identify emerging themes and develop mitigation strategies.

Stage 2: We identified emerging themes and strategies to mitigate the impact of misinformation and disinformation on the use of research evidence in public policy decision-making.



Questions

• What are the experiences of stakeholders on the use of COVID-19 preventive and protective measures?

• What are the sources of COVID-19 information?

	• What are the barriers affecting the use of COVID-19 preventive and protective measures? What are the determinants of success in facilitating the use of COVID-19 preventive and protective measures?
	• What are some mitigation strategies to limit the impact of mis/disinformation on the use of COVID-19 preventive and protective measures?






Results


Evidence synthesis

A total of 398 studies were identified for screening after the removal of duplicates. Of these, 342 studies were excluded based on the inclusion/exclusion criteria. Out of 56 articles retrieved, 21 studies were deemed eligible. Studies were reported from nine out of 23 countries in West and Central Africa (see Figure 1).


[image: Flowchart illustrating the identification and inclusion process of studies. Initially, 5,394 records were identified. After removing duplicates and ineligible records, 398 records were screened. Of these, 342 were excluded, leaving 56 sought for retrieval, all of which were assessed for eligibility. Thirty-five reports were excluded, resulting in 21 studies included in the review.]
FIGURE 1
 PRISMA flow diagram: visualization of the process involving identification of records from databases, screening of records, assessing reports for eligibility, inclusion of eligible studies and exclusion of non-eligible reports with reasons for exclusion.



Transmission mechanism of mis/disinformation

We identified two primary platforms for the spread of misinformation and disinformation: online platforms (n = 33) and offline platforms (n = 16). The online platforms included Facebook, Twitter, Messenger, WhatsApp, Instagram, YouTube, websites, Telegram, and Flickr. Among these, WhatsApp (n = 9) and Facebook (n = 7) were the leading sources of misinformation. The offline platforms included churches, marketplaces, family homes, TV, bars, radio, neighborhoods, and streets, with households (n = 5) and neighborhoods (n = 4) being the most prominent sources (see Table 1 and Figures 2–4).


TABLE 1 Platforms/sources of mis/disinformation.

[image: Table showing communication sources and their frequencies. Offline: Churches 2, Market 1, Family homes 5, TV 2, Bars 0, Radio 2, Neighborhood 4, Street 1. Online: Messenger 1, Twitter 6, WhatsApp 9, Instagram 4, Facebook 7, YouTube 2, Websites 2, Telegram 1, Flickr 1.]


[image: Pie chart showing different communication channels. Segments include churches, market, SMS, family homes, TV, bars, radio, neighborhood, and street. Each segment is color-coded and labeled.]
FIGURE 2
 Offline sources of mis/disinformation.



[image: Pie chart depicting the distribution of various social media and communication platforms. Sections include WhatsApp, Messenger, Twitter, Instagram, Facebook, Youtube, websites, Telegram, and Flickr, with varying sizes representing usage percentages.]
FIGURE 3
 Online sources of mis/disinformation.



[image: Bar chart comparing information sources. Online sources have a value of 30, while offline sources have a value of 15. The chart highlights greater usage of online sources.]
FIGURE 4
 Online vs. offline sources of mis/disinformation.




Actors in mis/disinformation

We identified nine key actors involved in the spread of mis/disinformation. In total, 26 instances of mis/disinformation were documented in the existing literature. Religious leaders, particularly pastors, were responsible for 23.07% of these cases (n = 26), while politicians contributed 15.38% (n = 26) of the mis/disinformation instances (see Table 2 and Figure 5).


TABLE 2 Actors contributions to the body of evidence of mis/disinformation.

[image: Table listing different actors and their frequencies. Pastors and citizens appear six times each, politicians and community leaders four times each. Other actors like journalists, public authorities, opinion leaders, bloggers, and opposing leaders appear once or twice. The total frequency is twenty-six.]


[image: Pie chart showing distribution among pastors, journalists, citizens, public authorities, politicians, community leaders, opinion leaders, bloggers, and opposing leaders. Citizens have the largest segment, followed by pastors and politicians. Each group is represented by a different color.]
FIGURE 5
 Actors contributions to mis/disinformation.




Types of mis/disinformation

We identified eight types of mis/disinformation, with 31 instances reported in the existing literature. The most frequently reported types were myths (n = 10) and conspiracy theories (n = 8; see Table 3 and Figure 6).


TABLE 3 Types of mis/disinformation.

[image: Table displaying types of misinformation and their frequencies. Conspiracy theories: 8, Myth: 10, Misconception: 5, Propaganda: 2, Hoaxes: 1, Hate speech: 1, Infodemic: 3, Folklore: 1. Total: 31.]


[image: A pie chart titled "Types of Mis/Disinformation" depicts nine categories with numbered sections. Categories include conspiracy theories, myth, misconception, propaganda, hoaxes, hate speech, infodemic, and folklore, with numbers indicating quantity.]
FIGURE 6
 Types of mis/disinformation.




Origin of mis/disinformation

Six origins of mis/disinformation were identified, with social media, religion, culture, and distrust in government and institutions being the primary sources (see Figure 7).


[image: Pie chart titled "Origin of Mis/Disinformation" with sections for social media (13%), religious (10%), cultural (8%), distrust in institutions and government (13%), new disease (6%), and conspiracy theories (10%). Each section is color-coded.]
FIGURE 7
 Origin of mis/disinformation.




Meta aggregation of disinformation variables

The analysis included studies that reported on the types of mis/disinformation, their sources, the actors involved, specific cases, their impact, and the mitigation strategies employed. Most of the studies reported on the types of mis/disinformation (19 studies), while only a few reported on their impact (nine studies). The most frequently reported variable across all studies was mitigation strategies (112 strategies), followed by cases of misinformation (93 cases). The least reported variable was the number of actors involved (41 actors). This information is summarized in Table 11.

Regarding mis/disinformation on social media, 2,201 original tweets about COVID-19 in Cameroon were identified on X (formally Twitter) between February 2020 and November 2021. These tweets received 1,973,553 likes, 49,724 replies, and were retweeted 142,518 times. The original authors of these tweets had a total of 17,027,578 followers on the platform (see Table 13).



Impact of mis/disinformation

The study reported various impacts of mis/disinformation on death (n = 2), trust (n = 3), non-compliance with government guidelines (n = 8), vaccine Hesitancy (n = 3), increased spread of disease (n = 4), reduced ability of the patient to access health service (n = 2), low uptake of research evidence in decision-making (n = 1), drugs overdose (n = 2), and fear and stigmatization (n = 2l; see Table 4).


TABLE 4 Impact of mis/disinformation.

[image: Table listing impacts and their frequencies. "Noncompliance with government guidelines" has a frequency of 8, "Increase spread of disease" has 4, "Increase distrust" and "Vaccine hesitancy" both have 3, while "Death," "Reduces ability of patient to access health service," "Drugs overdose," and "Fear and stigmatization" each have 2. "Low uptake of research evidence in decision making" has 1. Total frequency is 27.]



Exploration of mis/disinformation occurrences: disinfodemic in West and Central Africa

Health misinformation has long been a reality on the African continent and is not unique to the 2020s. Before the COVID-19 outbreak, other novel diseases were similarly plagued by mis/disinformation. These included the HIV/AIDS epidemic in the 1980s, rumors about the polio vaccine in Nigeria in the early 2000s, and Ebola conspiracy theories in the Democratic Republic of the Congo (DRC). The COVID-19 pandemic has seen misinformation spread rapidly across the entire West and Central African region.

Although health misinformation in Africa did not begin with COVID-19, the unique characteristics of misinformation surrounding COVID-19 can be attributed to several factors:

	- The emergence of COVID-19 at a time when social media holds significant influence in West and Central Africa.
	- The arrival of COVID-19 during a period of widespread conflicts across Africa, which has eroded trust in government and institutions.
	- The anxiety and fear stemming from the novelty of the disease.

The impact of social media in fueling the infodemic during the COVID-19 era has been acutely felt across Africa. According to UN Global Pulse, the United Nations Secretary-General's initiative on big data and artificial intelligence, information about COVID-19 has been shared and viewed over 270 billion times online and mentioned almost 40 million times on Twitter and web-based news sites across 47 countries in the WHO African Region. A significant proportion of this information is inaccurate and misleading, and it continues to be shared by social media users, either intentionally or unknowingly, every day (23).

A WHO article published on 30 July 2021 based on data collected in 20 African countries, suggests that false claims about COVID-19 vaccines are among the most widespread myths surrounding the pandemic. The fear of side effects has been identified as the main driver for people's reluctance to become vaccinated (24).

We explored trends in mis/disinformation over time, focusing on diseases such as measles, HIV/AIDS, Ebola, and COVID-19. We conducted a two-decade interval search for existing cases and trends of mis/disinformation in West and Central Africa using Google. Our findings revealed an increase in mis/disinformation over time with each new disease (see Table 5 and Figure 8).


TABLE 5 Factors related to trends in mis/disinformation overtime.

[image: A table comparing measles, HIV/AIDS, Ebola, and COVID-19. Each disease has "New disease" in its row. HIV/AIDS, Ebola, and COVID-19 also cite "Conspiracy theories." Both Ebola and COVID-19 mention "Conflict," while COVID-19 uniquely includes "Social media."]


[image: Line graph showing the cumulative misinformation hits on Google for various pandemics. Hits increase from 18 for measles before 1970, to 238 for HIV/AIDS (1980), 302 for Ebola (2000), and 886 for COVID-19 (2020).]
FIGURE 8
 Trends in mis/disinformation with new diseases overtime.


Four main factors were identified as contributing to this increase over time: the emergence of new diseases, conspiracy theories, conflicts, and the rise of social media.




Qualitative finding


Origin of mis/disinformation

Our study identified six key origins of misinformation. The distribution of coded segments was as follows: 37.1% for religion (13 out of 35 coded segments), 28.6% for social media, 11.4% for conspiracy theory, 11.4% for culture, and 11.4 for crises (see Table 6 and Figure 9).


TABLE 6 Frequency and percentage of coded segments reporting on origin of mis/disinformation.

[image: Table showing the origin of certain concepts with columns for frequency and percentage. Religion accounts for thirteen instances and thirty-seven point one percent. Social media has ten instances and twenty-eight point six percent. Conspiracy theory, culture, and crises each have four instances and eleven point four percent. Total is thirty-five instances, equating to one hundred percent.]


[image: Bar chart titled "Segments with code" showing the proportion of coded segments reporting on the origin of misinformation. Religion leads with 37.1%, followed by Social Media at 28.6%, and Conspiracy Theory, Culture, and Crises each at 11.4%.]
FIGURE 9
 Origin of mis/disinformation.




Cases of mis/disinformation

Our study reported cases of mis/disinformation related to vaccination, disease transmission, prevention and treatment, and virginity. The distribution of coded segments was 53.3% for vaccination, 24.4% for transmission, 17.8% for prevention and treatment, and 4.4% for virginity (see Figure 10).


[image: Bar chart titled "Segments with code" showing the proportion of coded segments reporting cases of misinformation. Vaccination has 53.3%, Transmission 24.4%, Prevention and Treatment 17.8%, and Virginity 4.4%.]
FIGURE 10
 Cases of mis/disinformation.




Transmission mechanism of mis/disinformation

The study identified two main platforms through which mechanisms mis/disinformation is spread. The proportion of coded segments was 53.3% for online platforms and 46.7% for offline platforms (see Figure 15).

Online platforms (n = 13):

	• Facebook (n = 5)
	• WhatsApp (n = 4)
	• Websites (n = 2)
	• Instagram (n = 1)
	• Google (n = 1)

Offline platforms (n = 19):

• Public transportation (n = 3)

• “Njangi groups” (n = 3)

• Churches (n = 3)

• Neighborhoods (n = 3)

	• Traditional media (n = 2)
	• Workplaces (n = 2)
	• Markets (n = 2)
	• Homes (n = 1)

For online platforms, Facebook, WhatsApp, and websites were the leading sources. For offline platforms, public transportation, “njangi groups,” churches, and neighborhoods were the primary sources (see Table 7 and Figures 11–13).


TABLE 7 Frequency of online and offline platforms.

[image: Table showing platform types and their frequency. Online platforms: Facebook (5), WhatsApp (4), Website (2), Instagram (1), Google (1) with a total of 13. Offline platforms: Public transportation (3), "Njangi groups" (3), Churches (3), Neighborhood (3), Media (2), Workplace (2), Markets (2), Homes (1) with a total of 19.]


[image: Bar chart showing the proportion of coded segments reporting on transmission mechanisms of misinformation. Online platforms account for 53.3%, while offline platforms account for 46.7%.]
FIGURE 11
 Online and offline platforms as transmission mechanism of mis/disinformation.



[image: Pie chart showing proportions of coded segments reporting on online platforms as transmission mechanisms. Facebook leads with 38.5 percent, followed by WhatsApp at 30.8 percent, Website at 15.4 percent, Instagram at 7.7 percent, and Google at 7.7 percent.]
FIGURE 12
 Online platforms as transmission mechanism of mis/disinformation.



[image: Pie chart showing proportions of coded segments reporting offline platforms as transmission mechanisms. Categories include: Public Transportation (5.3%), Homes (15.8%), ‘Njinji groups’ (10.5%), Churches (10.5%), Neighborhood (10.5%), Markets (15.8%), Media (15.8%), Workplace (5.3%).]
FIGURE 13
 Offline platform as transmission mechanism.




Impact of mis/disinformation

The study reported the impact of misinformation and disinformation on various aspects, including decision-making, vaccine hesitancy, compliance with government policies, and mortality. The distribution of coded segments was as follows: 51.52% (17 out of 33 coded segments) for poor decision-making, 27.27% (nine out of 33 coded segments) for vaccine hesitancy, 15.15% (five out of 33 coded segments) for non-compliance with government policies, and 6.06% (two out of 33 coded segments) for deaths (see Table 8).


TABLE 8 Impact of mis/disinformation.

[image: Table showing impacts with corresponding frequencies and percentages: Poor decision making has a frequency of seventeen and fifty-one point five two percent; vaccine hesitancy nine, twenty-seven point two seven percent; non-compliance five, fifteen point one five percent; death two, six point zero six percent; total thirty-three, one hundred percent.]

The study reported the impact of mis/disinformation on various aspects, including decision-making, vaccine hesitancy, non-compliance with government policies, and mortality. The distribution of coded segments was as follows: 51.52% (17 out of 33 coded segments) for poor decision-making, 27.27% (nine out of 33 coded segments) for vaccine hesitancy, 15.15% (five out of 33 coded segments) for non-compliance with government policies, 6.06% (2 out of 33 coded segments) for mortality (see Table 8).



Mitigation strategies of mis/disinformation

We identified seven mitigation strategies, with a total of 116 coded segments. The distribution of coded segments was as follows:

	• Media: 28.4% (33 out of 116 coded segments).
	• Storytelling: 21.6% (25 out of 116 coded segments).
	• Use of local languages: 17.2% (20 out of 116 coded segments).
	• Strengthening relationships between researchers and policymakers: 14.7% (17 out of 116 coded segments).
	• Collaboration with local leaders: 9.5% (11 out of 116 coded segments).
	• Use of visuals: 7.8% (nine out of 116 coded segments).
	• Fact-checking platforms: 0.9% (one out of 116 coded segments; see Tables 8, 9 and Figure 14).


TABLE 9 Frequency and percentage of coded segments reporting on mitigation strategies of mis/disinformation.

[image: Table showing mitigation strategies, their frequencies, and percentages. Media: 33 (28.4%), Storytelling: 25 (21.6%), Local language: 20 (17.2%), Researchers/policymakers: 17 (14.7%), Local leaders: 11 (9.5%), Visuals: 9 (7.8%), Fact checking: 1 (0.9%). Total: 116 (100%).]


[image: A pie chart displays various categories with percentages: "Media" at 28.4%, "Storytelling" at 21.6%, "Local Language" at 17.2%, "Researchers/Policy Makers" at 14.7%, "Local Leaders" at 9.5%, "Visuals" at 7.8%, and "Fact Checking" at 0.9%. Each category is color-coded.]
FIGURE 14
 Mitigation strategy of mis/disinformation.



Determinants of success/facilitators of evidence use for EIDM

Facilitators for evidence use in Evidence-Informed Decision-Making (EIDM) were not identified in our study.



Strategies to enhance evidence use for EIDM
 
Storytelling

Policymakers should consider using contextually relevant approaches like storytelling to help communicate with the public, as it is a fundamental part of African culture. Storytelling helps the message resonate with the audience, making it easier for the public to remember and share. Informants also recognized storytelling as an effective way to educate children.

When using storytelling for behavior change, it is crucial to consider who tells the story, the audience, the context, and the timing. Storytelling bridges the gap between complex scientific research and the general public, ensuring that even non-literate communities have access to research evidence. Using positive and successful stories to communicate research findings can help limit the spread of misinformation and disinformation.

	“Donc on doit pouvoir calibrer l'information en fonction de chaque cible. Comme je disais, catégoriser la population pour leur donner à toute la population la même information. Une information doit être calibrer dans la population. Il y a plusieurs catégories de population, il y'en a qui sont instruire, il y ‘en a qui ne sont pas, il y a des gens qui sont fortement religieux d'autre qui le sont moins etc. Pour chaque type de catégorie de population vous devez calibrer votre information.” Male Policy maker Dakar Sénégal: 160–160 (0)
	“…like you group teachers, you teach them some songs in regard to pertinent issues in the society and teachers will in return teach those songs or sing them to their students and those students will take it home. Like for example; like a child of a ‘buyam sellam' when she comes and sing those songs, the buyam sellam will take it to the market and I think it will help circulate the information.” Female Practitioner Yaoundé Cameroon 3: 27–27 (0)
	“I also think that if the… if the evidence can be presented with the use of songs, storytelling and the use of those things, it's really going to cut across because it is easy to sing a song and while singing that song there are times that you tell yourself that… you unconsciously hum…you sing the song and then you get the meaning of the song.” Female Practitioner Yaoundé Cameroon 3: 37–37 (0)
	“I think the information first of all has to be clear and simple, yeah and then we use other ways of disseminating information so that the information gets right down to the last person. That's real information, maybe using other strategies like storytelling that has been relegated to the background for a long time now, it's true especially in our setting.” Male Practitioner Bamenda Cameroon: 94–94 (0)
	“they should be success stories that are told much more than scary stories, stories of people who, who are living better because they are adhering to certain standards and so on.” Male Practitioner Buea Cameroon: 344–344 (0)



Constructive use of the media

A constructive use of both social and traditional media as a mitigation strategy was a key perception shared by the interviewed participants. The public is encouraged to gather information from public broadcast media, as it is the official channel widely used by policymakers to communicate information. On the other hand, policymakers are encouraged to stay updated on the media platforms that are mostly used by citizens, such as Facebook and WhatsApp, to disseminate information effectively.

Researchers are encouraged to share their findings on the same platforms where they collect primary data from the public. The public should also be directed to obtain information from official government websites. Given that citizens are more likely to access information online rather than through traditional print media, policymakers should consider automating information delivery. Social media, being the easiest, most accessible, and fastest way to inform the public, should be utilized effectively. Additionally, policymakers are encouraged to collaborate with telecommunication networks to send messages directly to the public. A TV talk show was organized to support these efforts (see Figure 14).

“I think that policymakers are supposed to be current; I mean they should be current with the media that is used by the population.” Female policy maker Buea Cameroon (2): 47–47 (0)

“So, even though the policy makers, they are skeptical about sending those policies using social media, but that unfortunately is the most accessible method of information to people.” Female policy maker Buea Cameroon (2): 39–39 (0)

“People use WhatsApp, people use Facebook groups and those are channels that official sources have not tried to really penetrate. Even government structures or even official organizations that have these platforms, they don't exploit them in a way that the population is open to, so, for me I think it's not just about getting information out there but getting it to where the people you want to receive it are in whatever form they find acceptable.” Female policy maker Buea Cameroon 1: 75–75 (0)

	“when the time will come we invite the public media, and private media, government owned media and privately owned media because they're all public media because they address the same audience the public.” Male Policy maker Buea Cameroon: 183–183 (0)



Local language

Using the local language of each community to disseminate research evidence can effectively mitigate mis/disinformation. Interviewed participants emphasized that using a language not widely understood by a community can actually lead to misinformation, as the message may need to be understood and recovered. It is crucial to contextualize information to suit the targeted audience and to communicate it promptly before misinformation has a chance to spread. This approach not only limits the spread of misinformation but also enhances evidence-informed decision-making, especially in rural communities.

	“…si je viens m'adresser à une cible et que je te dise un langage que celle-ci ne comprend pas c'est sûr et certain que je fais de la désinformation parce que, il y aura une traduction, une interprétation outre que celle que je donne-moi-même.” Male Policy maker Dakar Senegal: 41–41 (0)
	“…If you discuss with them in a language that they can understand without quoting all the jargons, without the big names, scientific names and all the things, I think that they could easily understand if it is brought to them locally. So, that is one of the reasons that research evidence is not used. It is not even used at all.” Female policy maker Buea Cameroon (2): 43–43 (0)
	“…Well, ehmmmm I think that first make this research evidence available in a language that's understood by the population and make it available as soon as it's possible and make it widely available before people have time to twist this information around.” Female policy maker Buea Cameroon (2): 57–57 (0)
	“…To me the first thing is to put information that everybody will understand talking from the village I'm coming from, I'm from Ndop. I think the language, I think you have to include their languages the languages they speak.” Female Practitioner Yaoundé Cameroon 3: 37–37 (0)
	“Cameroonians situations you know since we have two languages even the information at times is not well translated. So, it also makes it difficult for those who are part of the English-speaking regions who do not understand French, we also have to understand that texts like that, technical texts if not well translated, it is ehh in short you are getting, you are actually being misinformed. I think that's another.” Male policy maker Bamenda Cameroon: 61–61 (0)



Collaboration between researchers and policymakers

Informants emphasized the need for strong collaboration between policymakers and researchers to enhance evidence-based policymaking. They suggested that the government should allocate sufficient budgets to finance research and collaborate with research institutions, as good decision-making heavily depends on research evidence.

Informants also highlighted the importance of educating policymakers on the value of research evidence in the decision-making process, which could lead to a greater use of evidence in policy decisions. Participants underscored the need for policies that mandate all policy decisions to be evidence-based. On the researchers' side, there is a need for them to provide regular feedback and clear reporting to ensure that policymakers are equipped with the information necessary to make informed decisions.

“Well, policymakers, to me I believe that policymakers are supposed to work with research institutions, research institutions which should be like universities, should be institutions like IRAD which actually carry out research.” Male policy maker Bamenda Cameroon: 15–15 (0)

“For me to take a good decision I must rely on research evidence once that is not there, do not expect that uh decision should be based on evidence. The people need to first buy the idea and know that whatever decision they have to take, they'll need that somebody gives him information about what exists in the field what exists in the whatever domain of human activity they want to take a decision.” Male Policy maker Buea Cameroon: 223–223 (0)

“…le chercheur va pouvoir chaque fois allez voir les décideurs, les partenaires au développement; qu'est-ce que je dois faire? est-ce qu'il faut peut-être organiser les réunions pour la distribution de production? … aller voir le pouvoir politique, l'exécutif, le ministère et cetera il va aller voir les députés ceux-là qui vote les lois et cetera.” Male Policy maker Dakar Senegal: 136–136 (0)

	“…public health that is one challenge we have that activities are carried out, but we don't have an accurate picture of the field because there is poor reporting. So that too could be a challenge for policy makers at higher levels.” Female policy maker Buea Cameroon 1: 39–39 (0)
	“If you are taking policies concerning agriculture, you should actually know, you should work with ehhh these institutions that are involved that are crosscutting maybe environment, it could be agriculture, and it could other Universities so that information, the policy that they are trying to put should be applicable.” Male policy maker Bamenda Cameroon: 15–15 (0)



Collaboration with local leaders

Community engagement is essential for enhancing the uptake of research evidence in community members' decision-making. Collaborating with community leaders, such as “Njangi” group leaders, church leaders, and traditional authorities, is crucial because they are highly trusted within their communities. This collaboration not only ensures that the information is more readily accepted but also helps these leaders fully understand the message, enabling them to communicate it more effectively to their communities. Working closely with community leaders is also vital for accurately diagnosing the community's needs and challenges.

“…so that's why the community leaders become important in talking to the people okay? people who are… the persons who are supposed to pass on this information to the public should be the persons that the public can trust.” Male Practitioner Buea Cameroon: 280–280 (0)

	“secondly also, where people, the government needs to go through things like churches, churches, those are the places where people in fact gatherings. Where people gather, the government especially where people gather on a routine basis” Female policy maker Buea Cameroon (2): 51–51 (0)
	“I think if people are involved in decision making, if a representative of the population whom people can trust, if they are included in decision making, those decisions will be easily accepted.” Female policy maker Buea Cameroon (2): 55–55 (0)



Visuals

Using various forms of media, such as press outlets, print media, billboards, posters, outlets, and other visual tools, can effectively communicate scientific research evidence to both literate and non-literate citizens. This approach is particularly valuable in remote areas with limited access to television and the Internet, helping to mitigate the spread of misinformation. Participants also emphasized the importance of providing timely updates using visuals.

“the press media, print media, there should be these big, big posters on the road where they will be talking of COVID.” Male Practitioner Buea Cameroon: 328–328 (0)

	“…more times in different outlets, print media, hold on media and visual media, print media are like billboards and all that… And then to actually also have some, some of these billboards about the ware of misinformation and… and draw attention to the kind of information that we think is false.” Male Practitioner Buea Cameroon: 368–368 (0)
	“…people who are in remote areas where there is no connectivity be it radio signals, TV signals, the way to serve them is by print, you communicate the information to them by posters” Male Policy maker Buea Cameroon: 195–195 (0)
	“…Maybe posters, maybe putting posters there or whatever and changing them regularly on the information they want the public to get yes, it will go a long way to make sure that whatever information is there that they want, people would actually get it.” Female policy maker Buea Cameroon (2): 51–51 (0)



Fact checking

Informants suggested that citizens should be educated on how to verify information they encounter on social media.

“That's unfortunately a bad thing because people just got introduced to on how to use social media but not how to verify information on social media” Female policy maker Buea Cameroon (2): 39–39 (0)

“okay now it will depend on the kind of information, so if we have information that policymakers want to put on social media, they should also be able to tell people how to verify that information.” Female policy maker Buea Cameroon (2): 53–53 (0).






Additional findings

Out of the 2,201 tweets analyzed, 50 were selected for data extraction. These tweets reported on the origin, impact, and various cases of COVID-19 misinformation and disinformation. (see Table 10).


TABLE 10 Tweets reporting on origin, impact and various cases of mis/disinformation.

[image: Table displaying three main categories: Origin, Cases, and Impact. Under Origin, the sub-category is Crises with 1 code. Under Cases, there are sub-categories: Cases on transmission with 5 codes, Cases on prevention and treatment with 28 codes, and Cases on vaccine with 4 codes. Under Impact, sub-categories are Vaccination with 7 codes, Compliance with COVID guidelines with 1 code, and Death with 2 codes.]

We collected 141 misinformation stories on WhatsApp, of which 42 were related to COVID-19. These included stories about COVID-19 vaccines (n = 25), COVID-19 prevention and treatment (n = 11), COVID-19 grants (n = 5), and COVID-19 transmission (n = 1; see Figure 15).


[image: A screenshot of a text message showing a news article headline claiming "Breaking News: All Vaccinated people will die within 2 years." It mentions Nobel Prize winner Luc Montagnier. The screenshot appears to be taken on a smartphone.]
FIGURE 15
 WhatsApp message on misinformation on COVID-19 vaccine.


We conducted an assessment of IDRC-funded projects from 2021 in Senegal, Cameroon, and Nigeria to determine which projects were affected by misinformation and disinformation. A total of 42 program managers were contacted, and a few provided participants for the stakeholder consultation (see Table 11 for results on COVID-19 misinformation in IDRC COVID-19-related projects).


TABLE 11 Synthesis of reported mis/disinformation variables.

[image: Bubble chart comparing various studies from 2020 to 2021 across several criteria: Types, Sources, Actors, Cases, Causes, Impact, and Mitigation Strategies. Each circle's size and color represent different values for the corresponding category. Data points vary widely, indicating diverse research findings.]




Discussions


The theory of disinfodemic

According to Posetti and Kalina (25), the “disinfodemic” refers to the falsehoods that fuel the pandemic and its impacts, exacerbated by the massive “viral load” of potentially deadly disinformation. The UN Secretary-General has described this disinformation as a “poison” and an additional “enemy” to humanity during the COVID-19 crisis. Marshall McLuhan's concept of “information warfare” aptly summarizes this situation, where misinformation during a pandemic can have devastating and deadly repercussions, highlighting the urgent need for significant efforts to mitigate the side effects of this information crisis.

Our study suggests a relationship between mis/disinformation and four key components that contribute to a disinfodemic: disease novelty (or novelty of a problem/issue), conspiracy theories, conflict, and social media. This theory is developed based on the most common ways a person in the 21st century encounters mis/disinformation. The rise of mis/disinformation can be associated with the prevalence of social media in the 21st century. The novelty of a disease creates fertile ground for conspiracy theories, which then flourish on social media platforms. Additionally, conflict provides opportunities for these conspiracy theories to gain acceptance, as people often lose trust in governments and global institutions during such times.

During the early days of the COVID-19 pandemic, distrust between nations was high, with world leaders spending valuable time criticizing China instead of focusing on controlling the disease's spread. In preparing for future pandemics, world leaders must consider the role these factors play in influencing the disinfodemic.



Evidence hesitancy

At eBASE Africa, we define evidence hesitancy as “the failure to accept evidence-based recommendations quickly or immediately, usually due to an underlying reason that may be immediately known or unknown” (26). Evidence hesitancy can be observed among policymakers, practitioners, and citizens alike. In this study, the underlying reasons for evidence hesitancy were as follows:


Mis/disinformation

The COVID-19 outbreak has highlighted the significant impact of misinformation and disinformation on the uptake of research evidence. The proliferation of rumors, fake news, and conspiracy theories has engendered considerable fear and mistrust concerning the effectiveness of COVID-19 vaccines in Africa, resulting in widespread vaccine hesitancy. This misinformation not only influences individual vaccination decisions but also affects public policy decisions regarding the implementation of vaccination programs. Insights from interviewed participants further illustrate these challenges:

	“I for one, I was really… I don't think I was really interested in the COVID vaccine…… yes I wasn't interested with the COVID vaccine because, I've watched videos of people eh eh taking the vaccine and falling, having strange reactions so I wasn't interested.” Female Practitioner Yaoundé Cameroon 3: 13–13 (0)
	“Il y a beaucoup d'informations qui circule dans cela donc vous voyez chacun, il y'en a plein vous avez vu au Nigeria ce qui s'était passé par rapport à la vaccination pendant longtemps on a interdit les milliers des 1000000 de personnes à se vacciner.” Male Policy maker Dakar Senegal: 140–140 (0)



Crises

The African context is often characterized by persistent conflict, which breeds mistrust in government institutions. This mistrust, in turn, limits the uptake of research evidence by citizens. This study highlighted the impact of such crises on vaccine uptake, showing that mistrust in government has been a significant factor leading to vaccine hesitancy.

“And besides we are in this part of the world, this part of the country, the North West and the South West where there is crisis already, an ongoing crisis and the people see every strategy that the government is making as something against them.” Female policy maker Buea Cameroon (2): 13–13 (0)



Culture

African culture holds a central place in the lives of its people. Consequently, when research evidence conflicts with cultural beliefs, there is a strong likelihood that individuals will reject the intervention in order to preserve their cultural identity.

	“…those traditional persons, who believe that they are also protected by their ancestors, who have a certain belief that everything else which does not conform to the way in which they have brought up is just false information… the traditional person said that no, it is the way they have being living their life from the beginning, they cannot turn around and ask them not to live their lives the way they're living the god of their land will not allow it happen.” Male Practitioner Buea Cameroon: 113–113 (0)



Religion

Religion can also contribute to evidence hesitancy, particularly when religious teachings contradict scientific research evidence. For example, in our study, informants reported experiences related to COVID-19 and family planning where religious messages conflicted with scientific recommendations. Some participants recounted instances where religious leaders portrayed the COVID-19 vaccine as the “mark of the beast,” suggested that relying on the vaccine indicated a lack of faith, or emphasized that prayer should take precedence over medical interventions. Additionally, there were claims that family-planning vaccines lead to both promiscuity and infertility among girls. These beliefs have contributed to evidence hesitancy among church members, which, in turn, eventually affects the public policy decision-making process.

	“d'autres dissent que la planification familiale pervertir leurs femme nos filles” Male Policy maker Dakar Senegal: 140–140 (0)
	“et des religieux qui sont contre là planification familiale n'est ce pas il y a d'autres qui donne les informations sur la vaccination qui disent que la vaccination c'est simplement pour amener nos filles a ne plus faire d'enfants donc que c'est pour stériliser non filles” Male Policy maker Dakar Senegal: 140–140 (0)
	“bon si on parle de santé de la reproduction en générale il y'a certains religieux ou biens des prédicateurs qui sont le plus souvent contre la planification familiale, ces dirigeants qui restent sur leur position et qui disent qu'ils ont raison sur tout et qui font une autre interprétation baser sur d'autre considération religieuse qui ne sont pas toujours celles que nous avons donc ces gens-là peuvent considérablement saper le travail que nous faisons.” Male Policy maker Dakar Senegal: 104–104 (0)
	“when you confront the pastor that God has given us knowledge that we should be able to use it to solve our problems he maybe interprets it as being having less faith, not having faith.” Male Practitioner Buea Cameroon: 192–192 (0)



Social media

Our study identified a relationship between social media and evidence hesitancy. With the outbreak of COVID-19, there has been a significant increase in misinformation and disinformation circulating on social media platforms. These falsehoods are disseminated through various formats, including videos, memes, images, and text, reaching a wide audience. Such misinformation creates doubts in the minds of social media users, contributing to evidence hesitancy.

“my mom told me not to get vaccinated because there is a video that she was sharing that she has seen a video of so and so happening and if I get vaccinated it was going to harm me” Female policy maker Buea Cameroon 1: 69–69 (0)




Stakeholders' experiences with evidence use

Stakeholders identified opportunities for enhancing the use of evidence, although in many cases, the use of evidence during the COVID-19 pandemic was hindered by the prevalence of mis/disinformation. Given that policymakers, practitioners, and citizens often access mis/disinformation through more digestible formats, such as social media, rumor networks, and so on, research evidence faces significant competition.

Knowledge brokering could play a key role in bridging this gap by leveraging existing social media platforms to reach citizens effectively. Knowledge brokering should exploit existing social media platforms and broadcast media especially for citizens (See Figure 16). Knowledge brokering should also use evidence portals, policy briefs, and evidence summaries to reach stakeholders. It is also essential for research initiatives to consider the co-creation or co-production of knowledge resources with and for stakeholders to promote ownership and facilitate the use of evidence (27). Furthermore, considerations for disability should be integrated into these processes (28).


[image: Television studio setting with three individuals seated at a round news desk. The individual in the middle stands holding a document, flanked by two seated individuals on each side. Studio lights and LED screens form the backdrop.]
FIGURE 16
 eBASE Africa using the National Media in Cameroon to create Awareness on the danger of infodemic in an era of pandemic [World Evidence-Based Halthcare (EBHC) Day].




Digitalization: a present opportunity

Given the high penetration rate of mobile devices in rural Africa, mobile phone technology presents a significant opportunity that has yet to be fully exploited. Mobile phones have the potential to overcome literacy barriers and can even help initiate and improve literacy. The use of voice, images, graphics, geolocation, and videos offers countless possibilities to empower populations in remote communities. Despite this potential, policymakers, developers, and citizens have not yet fully capitalized on this opportunity. Digitalization, data innovation, and artificial intelligence should be recognized as essential components of sustainable development goals and research (29–31).



Prioritizing strategies for evidence use

Our study identified the relationship between policymakers and researchers as the most effective strategy for increasing the uptake of research evidence by policymakers. Strengthening this relationship can help reduce the impact of misinformation and disinformation on public policy decision-making.

For citizens, stakeholders prioritized storytelling, use of local language, collaboration with local leaders, and visuals to mitigate the effects of misinformation on the use of research evidence in West and Central Africa.



Equitable evidence use

Closing the equity evidence gap largely depends on contextual considerations, such as how accessible and comprehensive the research evidence is. For research evidence to achieve more equitable outcomes, it must be made available in a manner that supports innovative and improved decision-making for all (32). However, within the African context, equity in evidence remains a challenge. This is often due to the complexity of research terminology and its need for more contextual relevance.

Our study revealed that the low uptake of research evidence is primarily due to its exclusionary nature. Informants emphasized that for research evidence to be made accessible to all, considerations of language, literacy rates, and cultural aspects must be integrated into the production and communication of the research evidence.



Cultural considerations in evidence use

The wide research practice gap between research practices and their application in Africa highlights the need for more inclusive strategies to ensure the research evidence is well understood by policymakers and the broader community, and effectively implemented. For evidence-informed decision-making (EIDM) to be successful, research evidence must be culturally sensitive. Cultural sensitivity includes attributes such as knowledge, consideration, understanding, respect, and tailoring to ensure effective communication, effective intervention, and satisfaction (33). Our study identified the use of local languages and storytelling as key cultural considerations for EIDM.

To fulfill the principle of making research evidence available to all, it is essential to integrate African culture into the production and communication of evidence (34). Policymakers, researchers, and practitioners must have an in-depth knowledge of the culture of each beneficiary community, respect that culture, and tailor interventions to reflect it.

Our study highlighted local language as a crucial component of African culture and an effective tool for communicating research evidence. Africa is one of the most linguistically diverse continents, with thousands of spoken languages (35). Additionally, the African continent also has a high rate of illiteracy, with the majority of the population living in rural communities (36). Research evidence is often produced in official languages such as English and French, which are not widely spoken or understood by much of the African population. To bridge this gap, it is important to communicate research evidence in the local language of each beneficiary community. The spread of mis/disinformation has been closely linked to ineffective communication.

	“Il y a une cible au niveau communautaire qui n'est pas alphabétisée. Si je viens leur parler de données probantes, c'est sûr et certain des gens qui ne comprendront absolument rien à ce langage.” Male Policy maker Dakar Senegal: 41–41 (0)
	“Sorry to me the first thing is to put information that everybody will understand, talking from the village I'm coming from I'm from Ndop. I think the language, I think you have to include their languages the languages they speak.” Female Practitioner Yaoundé Cameroon 3: 37–37 (0)

The African tradition of storytelling remains one of the continent's oldest and most enduring forms of communication. It has long served as a means to pass on traditions, convey codes of behavior, and maintain social order. However, important stakeholders, such as non-literate communities, which constitute a significant portion of the African population, are often left out of the evidence ecosystem. Therefore, it is important to consider storytelling as a tool for brokering and translating research evidence to these non-literate communities (37). This approach can help reduce the spread of mis/disinformation, enhancing the use of research evidence, particularly among those who are not scientifically literate.

Interviewed participants emphasized that making research evidence more accessible requires the use of storytelling, not only because it is deeply rooted in African culture but also because it effectively communicates messages to a broader audience.

	“I think the information first of all has to be clear and simple, yeah and then we use other ways of disseminating information so that the information gets right down to the last person. That's real information, maybe using other strategies like storytelling that has been relegated to the background for a long time now, it's true especially in our setting.” Male Practitioner Bamenda Cameroon: 94–94 (0)
	“I think when you introduce the storytelling issue I think that, it just came to my mind that that was the best way you talk to teens, to younger children and it is the same way I think we can talk to even elders” Female policy maker Buea Cameroon (2): 43–43 (0)

In March 2020, shortly after the outbreak of COVID 19, the popular African artist Koffi Olomide released a song titled “Corona Virus Assassin” to raise awareness about preventive measures. This song garnered 2.9 million views, with ~29,000 likes and over 3,000 comments on YouTube alone, highlighting the power of storytelling in communicating scientific research evidence. In the song, Olomide emphasizes the importance of adhering to COVID-19 preventive measures such as staying indoors, practicing social distancing, and washing hands.

A few months later, in May 2020, Cobhams Asuquo released a song titled “We Go Win (Corona),” which received over 39,000 views on YouTube alone. Asuquo's song not only raised awareness about COVID-19 preventive measures but also addressed the dangers of fake news, urging the public not to share misinformation. The song was performed in Pidgin, a local language widely spoken by non-literate communities in the English-speaking parts of Africa.

	…No shaking hands with your neighbor
	Blow them a kiss from afar
	Use soap and water to wage war…
	…Self-isolate for the sake of…
	All the people wey you love ooo
	Don't go around spreading rumors
	Cos fake news won't help anyone



Institutionalization of EIDM

According to the definition adopted by Li et al. (38), institutionalization involves “…developing accepted norms and rules and sustaining effective working relationships between relevant policymakers and research institutions.” These norms and rules encompass concepts such as transparency, accountability, citizen engagement, openness, deliberation, and contestability, all of which contribute to enhancing the quality and credibility of evidence-informed-priority-setting and decision-making. As Conaway (39) noted, “And if the goal is to drive research use among policy makers, then an obvious first step is to put policy makers and researchers in the same room.”

Our study identified the strengthening of relationships between policymakers and researchers as a crucial step toward institutionalizing research evidence for EIPM. Policymakers are encouraged to network with research institutions to better use research evidence in policy decision-making. Our study highlighted that the ineffectiveness of EIPM often stems from a lack of collaboration between researchers and policymakers. An effective collaboration would result in consistent feedback and reporting from researchers and increased availability of research evidence for policymakers throughout the policy process (40).

This study also highlighted the rise in the spread of mis/disinformation with the rapid increase in social media users in Cameroon. Such mis/disinformation can greatly dilute the fruits of research and funding efforts (see Table 12). There is a notable similarity between the spread of mis/disinformation and the spread of epidemic diseases (41, 42).


TABLE 12 IDRC investment in projects from 2021 in Nigeria, Cameroon and Senegal for mis/disinformation.

[image: A table listing various studies and their funding amounts in Canadian dollars, organized by sector and country. The sectors include COVID-19 pandemic, Ebola virus disease, advocacy against early marriage and sexual violence, social entrepreneurship, and tobacco control. Countries listed are Cameroon, Nigeria, and Senegal. Funding is depicted with bar charts, each capped at five million CAD, demonstrating different funding scales for each study.]

The Susceptible-Infected (SI) model, which describes the interaction between susceptible (S) and infected (I) individuals during pandemics such as COVID-19, can be adapted to model the effect of mis/disinformation. Suppose I represents the share of the population that has been mis/disinformed, and S represents the share of the population that has not yet been mis/disinformed. By considering the characteristics of the authors of such mis/disinformation, such as their profession, number of followers, the number of people they follow, and the number of likes and retweets their posts generate (see Table 13), we can estimate the rate of flow of mis/disinformation from the population in I to that in S. If this rate is significantly high, it will dampen the impact of research and funding efforts.


TABLE 13 IDRC funded projects and mis/disinformation tweets about COVID-19 in Cameroon not limited to X (formerly Twitter) users' resident in Cameroon.

[image: Table displaying COVID-19 misinformation tweet statistics: 2,201 original tweets, 142,518 retweets, 49,724 replies, 1,973,553 likes, and 17,027,578 followers of original authors.]
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Despite New Mexico’s history of working with and enhancing collaboration with the 23 Tribes in the state, data sharing and collaboration with Tribes was poor during the COVID-19 pandemic. New Mexico’s policies of state collaboration with Tribes conflicts with the principles of Indigenous Data Sovereignty and fails to recognize Tribal public health authorities. New Mexico state agencies limited what data Tribes and Tribal Organizations received, resulting in the suppression of Tribes’ inherent rights. This policy brief concludes with recommendations for the state of New Mexico to respect Tribal sovereignty, uphold the tenants of Indigenous Data Sovereignty, restore trust with Tribes, and support increased capacity and capability of Tribes.
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Introduction

During the COVID-19 pandemic, American Indian populations saw rates of infection up to four times that of the general population (1). Decades of federal and state government underfunding for health care services were related to the higher infection rates faced by federally recognized Tribes (2). In New Mexico, the governor stated COVID-19 could cause Tribes to be “wiped out” (3). These claims, in part, created an environment where all Indigenous people within the state were to be viewed with suspicion. This hysteria contributed to a scandal around racial discrimination against American Indian people in New Mexico. We also observed massive challenges around data sharing and access to COVID-19 data for Tribes.

New Mexico’s history and contemporary experiences with Tribes appeared to go beyond funding and infrastructure issues. Twenty-three federally-recognized Tribes share a geography with New Mexico, and American Indian and Alaska Native people comprise 12.4% of the state population or approximately 263,615 per the 2020 US Census (4). Tribes in New Mexico include 19 Pueblos, 3 Apache Tribes, and the Navajo Nation. The state, given its location in the United States (US), has had a relationship of varying respect and cordiality with the Tribes in the state since its time as a territory. The state worked with Tribes throughout the pandemic to mitigate the pandemic. However, New Mexico dictated all the state level data around COVID-19, limiting involvement of Indigenous Public Health Authorities. As a result, this became a situation where the state was violating the principles of Indigenous Data Sovereignty (IDSov).

IDSov is a movement where Indigenous Peoples, including Tribes in the US, maintain rights over data about their people, land, cultures, and interests (5). Indigenous Peoples’ data, in this case, means any data that is created by Indigenous People or data that concerns Indigenous Peoples as collectives, their citizens and community members, and their lands (5). Tribes enact IDSov through Indigenous Data Governance (IDGov), an extension of the rights and practices that originate in the sovereignty of nation states (6). This commentary reviews ways the state of New Mexico struggled to uphold the rights of Tribes within its borders to access, use, and govern data during the pandemic and proposes ways to improve relationships going forward.


Public health authorities

Tribes within the US have always been public health authorities, with that right and responsibility reaffirmed by the U.S. Code of Federal Regulations (7). Yet, only six Tribes have accredited public health departments, with zero in New Mexico (8). The lack of formal public health infrastructure can lead to situations where Tribal communities’ health services are overwhelmed in extreme circumstance, such as a pandemic, and limited resources may also limit an emergency response (9). Thus, the partnerships and relationships Tribes have with federal, state, and non-Tribal organizations are key (10). The federal and state governments show varying degrees of recognition of Tribal public health authority. These issues have led to situations where Tribes within the US are unable to access vital public health data despite the inherent rights of Indigenous Peoples. The United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) reaffirms the rights of Indigenous Peoples to self-determination, self-governance, and to maintain and strengthen their political, legal, social, and cultural institutions, which includes a right to public health data directly and indirectly involving them (11). Federally and state recognized Tribes within the US need access to data concerning their people and communities to exercise the right to self-determination and to address health inequities (12). Indigenous Peoples have the right to define the data to which they relate or link; possess, use, and control data concerning themselves; and govern access to data (12). These rights have not always been acknowledged by the US (13). Tribes are recognized as public health authorities through case law, Tribal codes, customary law and federal statute (13). Despite the inherent and recognized authority, gaps remain in Tribal public health infrastructure, with limited capacity across the country, as well as limited acknowledgement and recognition by states such as New Mexico.

In 2010, Congress amended the Indian Health Care Improvement Act (IHCIA) to permanently fund Tribal epidemiology centers (TECs) to collect and evaluate data, assist Tribes and Tribal organizations in health status objectives, and provide disease surveillance, among other tasks (14). The IHCIA also recognized TECs as public health authorities with access to federally available data, data sets, monitoring systems, delivery systems, and other protected health information (14). For example, the Albuquerque Area Southwest Tribal Epidemiology Center (AASTEC) serves 27 Tribes within the Indian Health Service Albuquerque Area which includes all 23 Tribes in New Mexico as well as those in Southern Colorado, Southern Utah, and West Texas (15). When state and federal agencies do acknowledge Tribes and TECs as public health authorities, they often stop short of defining the obligations that the agencies have when working with Tribal governments, Tribal health departments and TECs (10). As a result, AASTEC was left out of key COVID-19 collaborations between state and Tribes.



Early instances of non-tribal organizations acquiring tribal specific data

Early on in the pandemic, it was found that COVID-19 affected Indigenous populations at greater rates compared to the general population (16–18), and while this is helpful for public health and medical professionals, it can also create unexpected tensions and consequences when in the hands of people who are less familiar with what these connections mean. The most infamous cases occurred at the largest private hospital system in the Albuquerque area, where findings from multiple researchers as well as in news reports were used to discriminate against Pueblo people. According to an initial report in ProPublica, the Department of Justice launched an investigation into Lovelace Women’s Hospital to determine if they had racially discriminated against Pueblo patients. The hospital implemented a policy that forcibly separated Pueblo mothers from their newborns for up to 3 days to ensure they were COVID-19 negative (19). The “Pueblo Lists,” only identifying areas with reservations and Pueblos, classified ZIP codes with fewer than seven cases as hot spots (19). The investigation argued that Lovelace specifically targeted Pueblo villages as hot spots for COVID-19 and determined this as a discriminatory practice against individual Indigenous people. In a follow up report by ProPublica, a second investigation was launched by the state to determine the extent of racial profiling at the hospital (20). This also concluded that the hospital violated patients’ rights by racially profiling Indigenous mothers and forcibly separating them from their children (21). One key question that has arisen from this is how were hospitals accessing readily available ZIP code level COVID-19 data, including on Tribal lands; thus, infringing on Tribal Sovereignty, within the state? What other ways were COVID-19 data for Tribes being used, counter to their needs, intention, and purposes?

In the academic world, researchers constructed a complex analysis using 372 ZIP codes within the state to argue that Indigenous populations were at greater risk for COVID-19 compared to the general population (22). News agencies such as New Mexico Political Report received COVID-19 cases by Tribal Nation affiliation through a simple data request (23). This organization reported on data concerning the Pueblo peoples in the state that included case breakdowns by Tribal Nation. These examples depict how New Mexico policies allowed non-Tribal entities to freely access Tribal data while at the same time, limiting data sharing and case reporting with Tribes, Tribal organizations, and the Albuquerque Area Southwest Tribal Epidemiology Center (AASTEC) (24, 25). Documentation of the collaboration efforts with Tribal Nations did not specify any data sharing agreements, nor if Tribal Nations had access to raw data for internal analysis or requesting assistance with the state or AASTEC. Notably, the state had agreements with Indian Health Service but none with AASTEC, a crucial public health authority which New Mexico Tribes work with on public health issues within their communities (25). This creates a potential conflict with the principles of IDSov and is further exacerbated by the state working in Pueblo lands without consent of the Pueblos.

Leadership at the Pueblo of Zia claimed that contact tracers with the state of New Mexico were notifying potentially infected or contacts of infected people on reservations without informing Tribal governments of their actions (26). Officials were first made aware of contact tracing efforts through Pueblo members rather than notification from state agencies (26). They claimed the state conducted contact tracing within Tribal borders without consulting first. This circumvention of government-to-government relationships went against prior policy work and against the principles of IDSov. These examples highlight challenges and limitations of current laws, policies, and practices in place for collaboration with Tribes.



New Mexico’s state tribal collaboration act of 2009

New Mexico has policies to promote positive government-to-government relationships with Tribes. In 2009, the state passed the State Tribal Collaboration Act (STCA), that requires every state agency to implement policies of active collaboration and communication with Tribes and promote positive government-to-government relationships between agencies and Tribes (27). These documents can vary by department but reflected the state of the law as seen pre-Affordable Care Act (ACA). In the New Mexico Department of Health (New Mexico DOH) Tribal collaboration document, the intention of the new policy is to “build-upon previously agreed-upon processes when the Agency initiates programmatic actions that have Tribal implications” (28). These documents have not been updated since 2009 and as a result, do not reflect the status of public health infrastructure in Tribal communities today. COVID-19 further revealed gaps in the patchwork group of policies as the pandemic led to recurrent issues around data sharing and access, where non-Tribal organizations could access Tribal data while Tribes had little to no communication or access.



COVID-19 data sharing with tribes

Like all other state and federal agencies, New Mexico maintains detailed plans for how they set up their Emergency Operations Center (EOC) in times of a public health emergency, most recently updated in 2014 (29). The emergency operations plan (EOP) developed by the state is sixty-two pages long and has just three paragraphs dedicated to coordination with Tribes. The EOP fails to detail what Tribal governments and Tribal organizations such as AASTEC are entitled to during a request for information (28).

The state plans for COVID-19 response did not mention data sharing with Tribes and AASTEC, despite their designation as public health authorities empowered to collect data, develop policies and programs, and conduct surveillance within their Tribal bounds or service areas (7, 14). Tribes are mentioned just twice in the 24-page addendum specific to the COVID-19 Pandemic (30). As a result, the state minimized communication with Tribes and excluded AASTEC. The state Indian Affairs Department also maintains a COVID-19 Tribal response plan failed to mention data sharing, only ways Tribes can be notified, as well as prevention and mitigation measures (31). In follow up reports by the New Mexico DOH Tribal Liaison, details on the distribution of case lists to Tribes are listed, but there is no mention of agreements for data access, sharing, or privacy protections with Tribes (24, 25, 32). In a discussion with a local news agency, a former government official at the Pueblo of Acoma stated that some Tribes do not have the necessary personnel to properly interpret the data the state would theoretically be sending them even if the data was accessible, which it currently is not (9).

New Mexico state agencies collaborate with Tribes in their COVID response at their own discretion. The New Mexico DOH policy is written to encourage consultation or collaboration through informal channels (28). While the state of New Mexico annual reports discuss government-to-government relationships with Tribes, they do not mention specific collaboration or data sharing agreements between the state and Tribe(s) (24, 25, 33). As of the July 2024 report, there have been no further updates to the New Mexico COVID-19 response that specify data sharing agreements with Tribes for COVID-19 (25). Despite AASTEC’s status as a Tribal Public Health Authority, neither AASTEC nor a general mention of Tribal Public Health Authorities are mentioned in New Mexico policy documents (27–29). Tribes may not have the capacity to analyze and interpret public health data but that is one purpose of TECs. If Tribal Nations choose to engage, AASTEC can help act to fulfill epidemiology related tasks for Tribes, so they are not so dependent on the state. This is made more necessary by how NM overshared data about Tribal Nations with non-Tribal organizations while also limiting Tribal Nations’ COVID-19 data access, thus reducing their decision-making ability of Tribal emergency operations command.

Collaboration between states and Tribes is difficult in times of general operating procedure, more so during emergencies. Thus, preparation in terms of policy and infrastructure during general operating times is key. As seen with COVID-19 data sharing, laws and policy in Arizona allowed for greater recognition and implementation of Indigenous Data Governance compared to that of New Mexico.



COVID-19 tribal data policy distinctions between New Mexico and Arizona

The state of Arizona is home to 22 Tribes and more than 386,000 American Indian and Alaska Native people (34). The politics of Arizona are often put into contrast with the state of New Mexico, with more progressive policies coming out of Santa Fe as opposed to Phoenix due to having democratic majorities in the state house compared to a split government in Arizona. There are no shortages of disputes between Arizona and the Tribes in the state, with the most recent example being where Arizona was victorious in the Supreme Court in a case limiting water rights of the Navajo Nation. However, the goal of this section is to highlight that IDSov is not a left vs. right issue but instead a different spectrum of pro- or anti-Tribal sovereignty.

Arizona, like New Mexico, has a consultation agreement between state agencies and Tribes with which it shares a geography. The Arizona Department of Health’s consultation policy articulates communication recommendations, states respect for Tribal sovereignty, and has defined time frames for response to Tribes’ requests (35). Arizona’s Department of Emergency and Military Affairs’ (AZDHSEM) documents define 15 policies and procedures that the agency will follow that empower Tribal governments and respect Tribal sovereignty (36).

Arizona’s EOP, in direct comparison to New Mexico, contains extensive information for the EOC on how they are to collaborate with Tribes (37). A significant difference observed is that publicly available COVID-19 data was more readily accessible in New Mexico compared to Arizona. For published cases of COVID-19, the state of Arizona suppressed data from ZIP codes that overlay Tribes (38). This is shown through marking ZIP codes with the code “TRIBAL” on the map (38). New Mexico made no such distinction when COVID-19 data was being actively tracked. Figure 1 is a brief comparison of the statutes and policies in the states of New Mexico and Arizona.
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FIGURE 1
 Comparison of Arizona vs. New Mexico state tribal collaboration policies.




Policy improvements to affirm tribal sovereignty

One of the main takeaways from the COVID-19 pandemic, when viewed through the lens of IDSov, was that Indigenous Peoples were seen as victims due to poor health, poor infrastructure, and other such examples. This deficit gaze of Tribal Nations has been reported on, including a comparison of how the New York Times reported on the policies of Navajo Nation, compared to reporting by the Navajo Times, a newspaper on the reservation (39). Western institutions painted stories more focused on what was missing and the pitying of Indigenous Peoples while Indigenous sources often highlighted the potential for improvement and resilience. This deficit perspective also appeared in the New Mexico government response, newspaper reports, and academic research. Tribal Nations and AASTEC had limited access to raw data, which is vital for informed decision making, and lacked collaborative relationships with the state. Indeed, international organizations have called for open data access and updated data sharing agreements to ensure that scientific discovery is as quick as possible and that governments are able to govern (40). The current STCA guidelines need to be revised to respect the principles of IDSov and collaboration. We suggest the following revisions.


Revise the New Mexico emergency operations plans to include specifics for tribe consultation and collaboration

The state’s response strategy to COVID-19 should have been done collaboratively with Tribes as the language in the Department of Homeland Security and Emergency Management STCA Communication and Collaboration Policy clearly lays out in Section V, A. 5. B that Tribal consultation should occur before action that impacts Tribal governments and citizens (37). EOP guidelines should be targeted and specific in the obligations of the state to Tribes. Tribe.



Compel collaboration by state agencies in STCA policies

The New Mexico STCA includes informal communication in the same list as work groups, advisory boards, and liaisons. Section V., Part A, line number 4 should be changed to better match article 19 on collaboration, and article 24, section 2 on the right to health reaffirmed in the UN Declaration on the Rights of Indigenous Peoples (11).

Language should be changed so informal communication is never a replacement for formal requests or formal consultation. In addition, this new language empowers Tribal health organizations like AASTEC.



Expand the STCA to incorporate the tribal public health authorities

In the STCA, New Mexico does not define the role that AASTEC has in consultation and data sharing (28). This may be because the STCA was passed in 2009 and the IHCIA was not passed until 2010. In Arizona it is stated that: “ADHS may also provide written notice and a solicitation for feedback to non-Tribal or other American Indian organizations such as the Arizona Advisory Council on Indian Health Care, the Inter-Tribal Council of Arizona, Inc., the Indian Health Service Area Offices in Arizona and Urban Indian Health programs, and other state agencies. Such communications do not substitute for direct consultation with the Tribes in Arizona” (35). New Mexico must acknowledge AASTEC as a public health authority. While they are not a Tribe, AASTEC is a federally authorized public health authority and one which has relationships with every Tribe within the state of New Mexico. Including AASTEC in future policy updates in ways that align with IDSov and Tribal sovereignty will both respect their authority and allow for Tribes to have more resources at their disposal to build capacity and react to public health emergencies in a timely manner, while also ensuring communication between state and Tribes is collaborative instead of dictation.



Strengthen partnerships between tribal epidemiology centers and tribes

Finally, while we have mentioned that the state of New Mexico must recognize the public health authority of AASTEC, this alone will not resolve any issues. TECs are public health authorities staffed by public health professionals but TECs are not Tribes and therefore must respect IDSov principles when working with any Tribal Data (5). AASTEC, like all TECs, must develop agreements with all Tribes within their service area to work with Tribal health data. Written agreements such as this may aid in growing public health infrastructure for Tribes and develop state level recognition for AASTEC.





Conclusion

The COVID-19 response in New Mexico shows a fundamental failing with the current state-Tribal collaboration policies. In the first year of the pandemic, Tribes had no governance authority of their data and were limited in what they received. In the following years, New Mexico remained without data sharing agreements for Tribes and AASTEC despite further collaboration with a limited numbers of organizations (24, 25). As a result, the data failed to be used in a way that benefits the Tribes, and arguably the state, of New Mexico.

The STCA should cement the obligation that state agencies must consult and collaborate with Tribes. Currently, guidance reinforces a paternalistic relationship between state and Tribes by refusing to acknowledge the sovereignty of Tribes and federally funded support services. The lack of clarity has a potential impact on how all agencies interact with Tribes daily and in times of crisis. COVID-19 is only one public health emergency, we know there will always be more to come. To prevent these issues in the future, New Mexico should rewrite the STCA in a joint workgroup with the Tribes and Tribal organizations in the state. Furthermore, New Mexico should publish new guidance that explicitly defines data sharing protocols that include American Indian and Alaska Native data. Respect for Tribal sovereignty should be promoted by the state through co-development of policy with Tribes and Tribal organizations so that future crises can be addressed more effectively.
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Background: The public health emergency was one of the most severe consequences of the COVID-19 pandemic outbreak, which occurred in successive waves since March 2020. In this scenario, the Hospital of Spoleto “San Matteo degli Infermi” (located in the Umbria region, Italy) became a COVID-19 referral center and therefore had to make organizational changes. This study aims to evaluate the quality of care provided during the pandemic and to explore what the hospital management should focus on.
Methods: An online survey related to ten topics across the five pandemic waves that took place in Italy from March 2020 to February 2022, was administered to the hospital unit referents. The qualitative responses collected were analyzed quantitatively using a recognized tool, called “Streetlight PRIority Swot” (SPRIS) system and based on a new and multilevel “strengths, weaknesses, opportunities, threats” (SWOT) matrix.
Results: It was highlighted that the demand for continuity of care for patients and an increase in personal protective equipment were the issues that should have been the focus of the intervention after the first wave. Taking this into account, an improvement in performance was observed in the subsequent waves. Therefore, the results described a more than good quality of care provided among the hospital units, although with the need to improve the orthopedic services, emerged as the most critical area.
Limitations, reasons for caution: Due to practical limitations, the study population was limited to the hospital unit referents. Future broader surveys may enrich the information from the hospital experience. The SPRIS system uses a general-to-specific approach which can lead to a complex outcome assessment. However, careful and continuous application supports the analytical validity and utility of this method.
Conclusion: The analysis based on the SPRIS system showed the effective response of Spoleto Hospital after the first sudden wave for the following four pandemic waves, driven by the implementation of safety measures. The perspective adopted and the scenario tested can be seen as a starting point for an educational tool to monitor and evaluate health management strategies during emergency periods.
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 COVID-19; SWOT analysis; healthcare management; Streetlight PRIority Swot system (SPRIS); priority score; performance index


1 Introduction

The SARS-CoV-2-related disease has negatively impacted our society in all its spheres, without precedent in contemporary history (1, 2). It was first reported at the end of December 2019, during an outbreak that emerged in China and rapidly spread around the world (3). On 30th January 2020, the World Health Organization (WHO) declared the COVID-19 outbreak as a public emergency of international concern (4) and as a pandemic on 11th March 2020, alerting all countries to immediate notice and action (5). In Italy, the COVID-19 pandemic occurred from late February to early March 2020 (6), resulting in subsequent up and down periods (waves) in the number of cases (i.e., time-points of spread and containment of infections, respectively) (7, 8). To date, the global impact of the pandemic has been profound, with over 770 million confirmed cases and more than 7 million deaths reported worldwide, including over 26.9 million cases and approximately 198,638 deaths in Italy (9). At the beginning of the pandemic, five waves have been distinguished (10, 11): (i) March – June 2020; (ii) October 2020 – January 2021; (iii) February – June 2021; (iv) July – October 2021; (v) November 2021 – March 2022. During this period, the pandemic crisis particularly strained the Italian National Health System (I-NHS) at several levels and proved one of the most demanding challenges it ever faced (12). The spread of the pandemic caused prolonged periods of stress and high emotional load on human resources. All of this also affected the health status and the psycho-physical well-being of healthcare workers through extended working hours and continuous exposure to the virus (13, 14). In terms of health-care resources, the growing demand for COVID-19 treatment exceeded “normal” emergency surge capacity, defined as the ability of a hospital to expand care for a sudden dynamic influx of patients. This had to be managed in a short period of time (15), while maintaining the health-care support for non-SARS-CoV-2-related diseases (16). To address this emergency, the I-NHS redesigned its network, resulting in the conversion of hospitals and local health centers. Moreover, structural (e.g., increasing treatment space) and organizational (e.g., cancelation of elective surgeries) changes (17) were made to ensure the well-being of both patients and staff. Several studies assessed the impact of the COVID-19 pandemic on specific areas, such as neuromuscular (18) and chronic liver (19) care units and surgical services (20, 21). Currently, there is a lack of evidence on how problems were manifested during the COVID-19 pandemic, or what was done to address these challenges at the hospital-care level, as a complex network involving multiple medical facilities. To support this need, the experience of those working in the hospital is a very valuable contribution to the policy-making process. Therefore, gathering this evidence through interviews or survey results is one of the best ways to evaluate the quality of care and the policy itself (22). Quality of care is the degree to which health services for individuals and populations increase the likelihood of desired health outcomes. To achieve the highest possible quality of care, a framework for improving the ways care is delivered to patients is essential. Therefore, specific tools and methods have been proposed for interpreting the survey results and drawing meaningful conclusions (23). Among these, the SPRIS (Streetlight PRIority Swot) system, based on a multilevel “strengths, weaknesses, opportunities, threats” (SWOT) matrix, has recently been developed (24, 25).

Our objectives were to evaluate the quality of health services provided over the first pandemic waves by the hospital of Spoleto “San Matteo degli Infermi” and to highlight the improvement actions needed to respond to the challenges posed by the COVID-19 pandemic. Indeed, this hospital has been converted into a center dedicated to COVID-19 by regional ordinance (26), playing a strategic role in the regional health network and representing an interesting case study.



2 Methods


2.1 Study setting, design and participants

This observational study was conducted at Spoleto Hospital, which is located in Umbria, a region in central Italy. It is composed of three Organizational Articulations (OA): Inpatient Units, Diagnosis and Care Services and Hospital Polyclinics, respectively divided into 7, 14 and 7 Operational Units (OUs) (Table 1).



TABLE 1 Medical facilities enrolled.
[image: Table titled "Organizational Articulations (OAs)" with three columns: UOs (OA1) Inpatient units, UOs (OA2) Diagnosis and care services, and UOs (OA3) Hospital polyclinics. Each OA contains various medical specialties corresponding to alphanumeric identifiers including General Medicine, Anesthesiology, Orthopaedics, and others. The table indicates several operational units, each with assigned specialties ranging from Pathological Anatomy to Pain Therapy.]

The period analyzed runs from February 2020 to March 2022, divided into five pandemic waves, identified in Italy by the Istituto Superiore di Sanità (7) and the Italian Department of Civil Protection (8) on the basis of the incidence and prevalence of cases recorded at the national level (10, 11): (i) 27th February 2020 – 28th June 2020; (ii) 1st October 2020 – 2nd February 2021; (iii) 26th February 2021 – 5th July 2021; (iv) 14th July 2021 – 11th October 2021; (v) 23rd October 2021 – 31st March 2022.

From October to November 2022, 28 referents for each OU of Spoleto Hospital were invited to participate in a cross-sectional survey, to obtain a complete snapshot of the experience. As supervisors or coordinators, these referents were also information-richer and more available respondents (27, 28).


2.1.1 Ethical considerations

The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Sapienza University of Rome, Italy (RIF. CE 5773_2020, Prot. #52SA_2020, and Prot. #171SA_2020). We have taken all necessary measures to ensure the anonymity and confidentiality of the participating physicians’ data. No personally identifiable information was included in our research and will not be disclosed to third parties. Data has been handled in accordance with art. 13 reg. EU 679/2016 (GDPR). Specifically, on the first page of the questionnaire, the respondents were informed about the purpose of the study and the data policy, after which they gave their informed consent for access.




2.2 Survey questionnaire — methodological approach and data collection

The questionnaire was specifically developed based on guidance from government documents, published literature, and best practices (23, 29–31). It provided multiple-choice answers for each query, with a worded rating scale for feedback options: yes, enough, not enough, not at all and “not applicable” if the item was not relevant. Respondents were asked to indicate the qualitative category that comes closest to their position, coding the responses in a more homogeneous manner. Later, these qualitative results were converted into quantitative data using a Likert scale from 4 to 1 (32); excluding responses marked as “not applicable.”

To ensure the scientific appropriateness of the questionnaire prior to its administration, an effective yet concise validation process was implemented (Figure 1). First, the questionnaire was reviewed by domain experts (an epidemiologist and two healthcare executives) to assess the relevance and completeness of the items. Their feedback confirmed that the content covered key areas related to hospital response during the COVID-19 pandemic, thus establishing expert-based content validity. Second, informal face validity was assessed by piloting the questionnaire with a nurse and a laboratory technician not involved in the study. Their suggestions helped to improve the clarity and readability of some items. Third, internal consistency was evaluated using Cronbach’s alpha calculated on the full set of items using IBM SPSS Statistics for Windows (version 19). It reached a value of 0.917, indicating excellent internal consistency reliability. The standardized item alpha was 0.913, further confirming that the items provide highly consistent responses across subjects.

[image: Flowchart with three sections labeled A, B, C. Section A: Survey questionnaire with steps on literature review, design, standardization, and data collection. Section B: SPRIS analysis, covering Likert scale, quantitative replies, strengths and weaknesses, priority scores, and SWOT analysis. Section C: Data interpretation, focusing on monitoring improvement actions and evaluating care quality.]

FIGURE 1
 Workflow chart for the application of SPRIS analysis to this Italian public health setting. For methodological approach used for survey design and SPRIS system development, referring to (24, 25).


The final version of the questionnaire consisted of 81 items divided into ten sections according to thematic areas. For the sake of completeness, this version translated from Italian into English, is presented in Table 2. It was administered to the 28 referents of each of the OUs of the three Organizational Articulations of Spoleto Hospital using the “Microsoft Forms” platform (Microsoft Office 365, 2021).



TABLE 2 Structure and content of the survey administered.
[image: Table listing sections related to healthcare and COVID-19. There are ten sections, each with a title, number of sub-sections, and items. Notable sections include "Impact on patient management" and "Experience at COVID-19 referral centre." Total items amount to eighty-one.]



2.3 Data analysis

The collected quantitative dataset was analyzed using the SPRIS system (24, 25), as summarized in Figure 1. First, the Streetlight color system is a graphic model with a colored scale, namely green for values of 4 and 3, yellow for 2, red for 1 and gray for 0. This tier thus displays the results, providing an immediate snapshot of the experience of Spoleto hospital and allowing users to identify the critical issues. Later, the SPRIS system processes the quantitative data collected from the questionnaire to assign and calculate two parameters: the Priority Score and the Performance Index, both of which can be used in strategic planning for improvement and monitoring.


2.3.1 Priority score

The Priority Score is a value assigned to each weakness or strength emerging from the survey, using a conversion scale (24) where there is a corresponding score for each range of quantitative results. In this way, it is possible to highlight whether improvement actions are needed and to indicate where and when to intervene (e.g., which section/OAs/UOs and in which order). In other words, the priority score numerically defines how important the query is in the strategic planning: (i) to prioritize improvement actions to be taken for weaknesses, (ii) to indicate the valuable impact for strengths, (iii) to build a decision matrix and timeline of interventions to improve the quality of the services provided.



2.3.2 Performance index

The performance index is a measure of the quality of the activity/service provided by the OAs/UOs during the pandemic and is obtained by entering the Priority score in the Next Generation SWOT Analysis (23). As the survey is based on objective items only, the SWOT analysis presents two sets of elements (i.e., strengths and weaknesses). Finally, five ranges of the performance index were considered to evaluate the responses (23): (i) < 5 corresponds to “null,” (ii) > 5 and <30 to “low,” (iii) > 30 and <60 to “good,” (iv) > 60 and <80 to “high” and (v) > 80 to “very high.”

Overall, we performed the analysis at two levels of query aggregation: the deeper one for items and the shallower one for sections, thus obtaining two performance indexes for each respondent. In terms of respondents, the results were released cumulatively for all the Organizational Articulations, while for each Organizational Articulation and Operational Unit they were released separately.





3 Results


3.1 Survey findings and streetlight color system

We collected 27 out of 28 completed questionnaires from the referents enrolled (Neurophysiopathology, OA2-J, was not available, “na”). For all queries, the qualitative results for each participant were converted into quantitative data and formatted using the Streetlight colour system (Figure 2).

[image: A detailed table assessing various aspects of hospital operations during COVID-19 waves, divided into sections like medical procedures, patient management, and resource allocation. It includes metrics evaluated across different organizational units with color-coded cells indicating performance levels from red to green, representing varying degrees of implementation or compliance. Each section assesses different timeframes, highlighting relative effectiveness or challenges faced during each wave of the pandemic.]

FIGURE 2
 Summary of survey findings by the Streetlight color system (first tier). Quantitative results are identified by conversion scale: “yes” = 4 and “enough” = 3 are colored in green as strength, “not enough” = 2 is in yellow as faint weakness whilst “not at all” = 1 in red as strong weakness. The value “not applicable” = 0 is excluded and therefore colored in grey. Questionnaire items are listed here. Respondents (i.e., OA and OU individually) are referred to as their alphanumerical identifiers (see Table 1).




3.2 Priority scores and the monitoring of improvement actions

By calculating the priority scores, we identified each section as a weakness or a strength. In particular, the survey sections 2, 3, 5, 6, 7, 8 and 9 resulted in strengths. In other words, “Patient Access to the hospital” was optimal by applying safety protocols and social distancing; “The taking charge of NON-COVID-19 patients” was sufficient by adapting their management (e.g., rescheduling appointments, telemedicine); “Patient management” was good by ensuring therapeutic continuity; “Experience as COVID-19 referral center” was sufficient; “Procedures and recommendations for healthcare personnel/users” and “Education-Information-Training: healthcare professionals’ management” were well applied; and finally “Factors internal to organization” had a positive influence in responding to the challenges of the pandemic (e.g., staff rotation, teamwork). The remaining sections (survey sections 1, 4, and 10) showed faint weaknesses. In particular, “Context Analysis” and “The taking charge of COVID-19 patients” showed that the volume of procedures was not increased excessively; and finally, “Factors external to organization” had a negative impact on the management of the public health emergency (e.g., mass vaccination, lack of stuff and funding). Considering the whole pandemic period, the results related to sections for each OA are described in Figure 3. In addition, Supplementary Tables 1–3 show the results related to items for both OAs and Ous individually. However, by applying the priority score system retrospectively, we were able to look at the results for each ‘wave’ (time-point) separately. In particular, we focused on six out of ten sections (i.e., survey sections 1, 2, 4, 5, 7 and 8), that could be examined during each pandemic wave, for a total of 11 sub-sections and 55 items. In this way, the priority scores obtained were evaluated in the context of strategic planning. As a result, it was proposed to the executive board to implement policies to ensure continuity of patient care and adoption of Personal Protective Equipment (PPE) after the first wave. By monitoring their impact, an improvement in the priority scores for section 5 and section 8 was noted, turning from faint weaknesses to strengths (Figure 4).

[image: A table and bar chart compare priorities and classifications across different hospital sections related to COVID-19 impacts. The table shows mean scores and categories like "Faint Weakness" and "Strength" in columns for overall, inpatient units, diagnosis and care services, and hospital polyclinics. The bar chart below visualizes priority scores for these sections and healthcare divisions, using blue, orange, and yellow bars.]

FIGURE 3
 Summary of Priority score system (second tier). (A) Results related to sections for each OA, based on the conversion scale. (B) The bar chart shows the priority scores along Y-axis: negative values for weakness and positive ones for strengths.


[image: Bar chart showing priority scores across five time-points (i to v) for eight categories, including Context Analysis, Patient Access, and Education. Scores range from negative to positive values, indicating varying priority changes over time.]

FIGURE 4
 Category evolution during the first five waves. The bar chart shows the priority scores of sections included along the Y-axis: negative values for weakness and positive ones for strengths. Results related to respondents cumulatively.




3.3 Performance indexes as evaluation of the conduct of medical facilities

Later, we defined the performance of the enrolled medical facilities by calculating performance indexes (PI) through the Next-Generation SWOT Analysis (Supplementary Figures 1–4). Cumulatively, Spoleto Hospital showed “very high” performance in both settings (i.e., query aggregation for items and sections), with PI equal to 87% and 86.8%, respectively, (Table 3).



TABLE 3 Summary of performances (third tier).
[image: Table showing performance indices for various hospital units. Columns include weaknesses, strengths, and performance index percentages, with a color scale indicating performance from red (low) to green (high). Highest performance is in Pathological Anatomy for items (96.7%), and lowest in Orthopaedic-Traumatology for sections (40%). Results are for both deeper and shallower analysis.]

Looking at the OAs, Inpatient Units, Diagnosis and Care Services and Hospital Polyclinics also individually achieved “very high” performance range in both analyses, as well. The results for each OA are shown in Table 3. Considering the OUs, the results varied from “good” (>30–60%) to a “very high” performance range; highlighting the best and the worst nosocomial ward: Angiology and Orthopaedic-Traumatology, respectively. In addition, Table 3 shows the performance results for individual OUs.

Regarding the evolution over the waves, the improvement of the priority scores was reflected in an improving trend of the performance indexes for each OA during the subsequent pandemic waves (Figure 5, colored dots). Although the first sudden pandemic event resulted in an acceptable cumulative performance index of 73.2%; the situation was rapidly improved (Figure 5, dashed arrow), with “very high” performance always being achieved (i.e., overall performance indexes of 91.7%; 90.9%; 92.3% and 87.9% per time-point respectively). In addition, Supplementary Table 4 shows the results for individual OUs.

[image: Line and scatter plot showing COVID-19 prevalence in Italy and performance index over time. Dates from February 26 to March 31. Blue dots represent inpatient units, orange dots diagnosis and care services, and yellow hospital polyclinics. A green line shows pandemic waves, with a dotted line for cumulative linear trend. Performance index is on the right y-axis.]

FIGURE 5
 Performance trend during the first five waves.





4 Discussion

In this study, we report an evaluation of the quality of care provided by Spoleto Hospital and of what the hospital management should have focused on during an emergency such as the COVID-19 pandemic.

Spoleto Hospital is an Italian public hospital belonging to the local health system USL-2 (i.e., Azienda Unità Sanitaria Locale) of the Umbria region with a catchment area of approximately 45,000 people. In this area, only one other hospital in Foligno, called “San Giovanni Battista,” was involved in pandemic management, with a mixed-care model and for the first wave. Conversely, Spoleto Hospital underwent a more comprehensive and prolonged reconfiguration, with most departments being dedicated to COVID-19 care over time. This marked structural and organizational change provided a consistent and well-defined context for analysis.

Since the COVID-19 pandemic is a multifaceted and rapidly evolving phenomenon, it was important to study its impact at the level of hospital-care (33, 34), as a complex network of several medical facilities, and during each of the five waves (35, 36).

First, it was possible to highlight how care pathways functioned during the overall COVID-19 pandemic, identifying strengths, weaknesses and needed interventions. The OAs achieved an optimal level of care (Table 3), indicating the appropriateness of the approaches taken. Considering the results for each OU, Angiology (ward C of OA2) performed best and Orthopaedic-Traumatology (ward F of OA1) performed worst (Table 3). This reflects the pathogenesis of COVID-19 disease and its epidemiology. Indeed, Coronavirus disease predisposes patients to arterial and venous thrombotic complications (37), and therefore the management of patients with pre-existing cardiovascular disease and infected patients who develop thrombosis, had to be dramatically faced and protected by the Angiology Unit (38, 39). On the contrary, orthopedic and trauma surgery are not disciplines directly involved in the clinical management of COVID-19 patients. Moreover, the rate of trauma and fragility fractures appeared to decrease during the pandemic era (40), showing significant temporal associations with daily population mobility and social distancing measures. Nevertheless, strategic planning of improvement actions in orthopedic services is needed, as confirmed by the literature (41–43).

A comparison of conditions over time was also made (Figure 2). Briefly, the first wave had a lower prevalence and duration than the others (10), although it was the wave that placed the greatest burden on the health-care system because it was caught off guard and did not have emergency management protocols and procedures in place (44). In light of this, the national lockdown was introduced as a containment strategy (30). After the loosening of containment measures, there were two tight and higher waves between autumn 2020 and spring 2021 (10). However, a lower case-fatality rate (CFR, i.e., the number of confirmed deaths divided by the number of confirmed cases) was observed (45), due to a more effective COVID-19 case tracking system (which identified asymptomatic cases more often than in the first wave) and the refinement of the quality of care provided (46). In Italy, a large vaccination campaign was launched in January 2021 (47), and subsequently the fourth wave showed fewer cases, deaths, and hospitalizations (10, 35). Starting in autumn-winter 2022, the fifth wave reached the highest prevalence values and the lowest lethality rate, due to the emergence of new, less aggressive viral variants, in addition to all the factors mentioned above (10, 36). Finally, on 31st March 2022, the Italian government declared the end of the emergency status (48), and from then on, the subsequent waves became less definable and perceptible, even if more frequent (49). To date, the WHO has announced the end of the COVID-19 pandemic in 2023 because of the reduction in viral morbidity and mortality (50). These temporal dynamics demonstrate the strong contribution of governmental measures and multiple interventions, including pharmaceutical and non-pharmaceutical ones, to pandemic control (51, 52). Our results are consistent with this evidence, showing an improvement in clinical-organizational management after the first wave (Figure 2). In addition, several previous studies confirmed that the implementation of concrete actions in hospitals during the first wave was beneficial for increasing surge capacity and reducing staff workload (53–55). In particular, non-pharmaceutical approaches helped to mitigate the outbreaks; however, their impact may be dynamic, due to variations in implementation and degree of compliance (56).

In this sense, the impact of this study lies in the actions implemented by Spoleto Hospital, that may offer a replicable framework for preparedness planning in future health emergencies, such as: hospitals should develop flexible models for material and human resources that can quickly adapt to fluctuations in demand for care, such as telemedicine and staff rotation (Section 3, 5 and 9); hospitals should design contingency protocols for the transformation of spaces and the separation of clinical pathways (Section 4); hospitals should implement education and training programs for health-care workers on the management of emergencies and the use of PPE (Section 7 and 8). It is important to highlight how the individual and combined effects of these five specific interventions have led to improvements in health system performance. Interestingly, the literature also reports that telemedicine (e.g., email, voice call, video call, text message) can effectively reduce the physical burden on healthcare facilities (57). Along with designing safety pathways (58, 59), maintaining routine primary care (60) and using PPE (61), telemedicine is one of the most effective interventions for preventing the transmission of nosocomial infections (62).

Finally, we developed a multiple-choice hospital worker experience survey for these items. This type of survey is quick, reliable, and easy to code, and captures the meaning behind the experience with accurate responses and reduced bias (63). We then used the SPRIS system. This is an organizational analysis tool previously validated (24), that converts the qualitative survey results into quantitative data, providing a single performance indicator and allowing for direct and objective comparison that can be extended to other subjects studied in different systems and scenarios. In particular, we carried out the analysis at two levels of depth, the first for items and the second for sections, obtaining two performance indexes for each respondent. It should be noted that the performance indexes obtained for the items were similar to those calculated for the sections, but they could not have been the same. This is because the section aggregation level hides the impact of the items. As an example, when the worst items are aggregated into a single section, their impact is smaller and the performance index for the section is higher than that for the item. However, the performance range was always the same. Therefore, the shallower analysis is faster but less accurate, while the deeper analysis is more accurate but less immediate, and the choice depends on the analysis context.

In conclusion, using the SPRIS system we have identified key issues in the response of Spoleto Hospital during the COVID-19 pandemic. Similar elements that influenced the birth of organizational learning have been highlighted by an analysis involving ten hospitals in central and northern Italy (64), in particular: availability of resources (spaces, materials, personnel), consolidated professional relationships, and standardization of protocols and procedures. Moreover, preparedness planning and training and managerial openness are also conducive to a successful COVID-19 pandemic response in six hospitals across Brazil, Canada, France and Japan (65). By this comparison, the perspective adopted and the scenario tested fit current healthcare contexts.


4.1 Limitations and future prospectives

Nevertheless, this study has some limitations. First, we considered the study periods as the first to fifth “waves” to simplify the setting of the observational study, which inevitably cannot cover the complex epidemiologic phenomenon. Second, only the hospital unit referents were invited to respond, which were easily accessible. This can be considered a starting point and an acceptable approach when using a qualitative design (28); however, all health-care workers should participate in the interviews. Future wider surveys are needed to fully describe the hospital experience. Third, we used the Likert scale because it allows for quicker and more detailed interpretation of the level of agreement/disagreement than information from open-ended or binary questions, respectively. In addition, as a worded scale, it can capture the respondent’s opinion better than a numerical scale because it has more emotional connotation and objectivity in the meaning of each category. However, the use of the Likert scale is controversial because of the statistical treatment of its data and the level of precision that can be achieved. Finally, the SPRIS system has several limitations (24) (i.e., standardization, not friendly use), but they can be overcome by the continuous application of the SPRIS system contributing to its validation and improvement process.




5 Conclusion

This study contributed to the understanding of how a medium-sized hospital can maintain and even improve the quality of care, by revealing a changing pattern in the management of medical facilities during the first five successive waves of COVID-19 pandemic. In the hospital of Spoleto, the health management protocols and processes were successfully monitored and reviewed through performance-based indicators provided by the SPRIS system. This study could be considered as a starting point for the analysis, monitoring and evaluation of new strategies for the management of health-care units during emergency periods.
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18-64 years 2,830 (36.4%) 2,438 (44.2%) 268 (23.9%) 124 (10.8%)
65-79 years 2,471 (31.8%) 1,752 (31.8%) 372 (33.2%) 347 (30.4%)
>80 years 2,127 (27.3%) 1,204 (21.9%) 394 (35.2%) 529 (46.3%)
Care home resident <0.001
Others 7,402 (95.29%) 5,367 (97.4%) 994 (88.8%) 1,041 (91.1%)
Long term care residents 373 (4.8%) 145 (2.6%) 126 (11.2%) 102 (8.9%)
Vaccination <0.001
Non-vaccinated 5,022 (64.6%) 3,915 (71.0%) 670 (59.8%) 437 (38.2%)
Partially vaccinated 114 (1.5%) 81 (1.5%) 27 (2.4%) 6(0.5%)
Fully vaccinated 1,973 (25.4%) 1,500 (27.2%) 277 (24.7%) 196 (17.2%)
Vaccinated with additional dose(s) 666 (8.5%) 16 (0.3%) 146 (13.1%) 504 (44.1%)
Time since last vaccination (days) if vacc. <0.001
completely or w. add. dose/-s
Non-vaccinated or partially vaccinated 5,136 (66.1%) 3,996 (72.5%) 697 (62.2%) 443 (38.8%)
14-180 days since last vaccination 1,031 (13.3%) 740 (13.4%) 267 (23.8%) 24 (2.1%)
181-270 days since last vaccination 966 (12.4%) 676 (12.3%) 89 (8.0%) 201 (17.6%)
271+ days since last vaccination 642 (8.2%) 100 (1.8%) 67 (6.0%) 475 (41.5%)
Reinfection <0.001
Primary infection 7,563 (97.3%) 5,488 (99.6%) 1,077 (96.2%) 998 (87.3%)
Reinfection 212 (2.7%) 24 (0.4%) 43 (3.8%) 145 (12.7%)
Time since previous positive result (in days) 352 (251, 574.5) 301 (275.8, 329) 403 (382, 439) 324 (221, 610) 0.012
Charlson comorbidity index with original <0.001
weights
(Yool 5,200 (66.9%) 3,841 (69.7%) 707 (63.1%) 652 (57.0%)
1¢cr 1,446 (18.6%) 974 (17.7%) 212 (18.9%) 260 (22.8%)
2¢Cl 661 (8.5%) 412 (7.5%) 124 (11.19%) 125 (10.9%)
3+ CCl 468 (6.0%) 285 (5.1%) 77 (6.9%) 106 (9.3%)
Charlson comorbidity index with revised <0.001
Quan weights
occr 5,883 (75.7%) 4,363 (79.2%) 784 (70.0%) 736 (64.4%)
1¢cr 625 (8.0%) 416 (7.5%) 91 (8.1%) 118 (10.3%)
201 882 (11.3%) 517 (9.4%) 175 (15.6%) 190 (16.6%)
34 CCI 385 (5.0%) 216 (3.9%) 70 (6.3%) 99 (8.7%)

*n (%); Median (interquartile range).

bPearson’s Chi-squared test; Kruskal-Wallis rank sum test; Fisher’s exact test.
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Positive Negative Lower  Upper
opinion (%) opinion (%)
Freq. % Freq. %

What type of  Medical 59 201% 8 163% 0010 0.994 1004 0327 3.088
disease do Diseases
yousufler | Cancer 7 1% 19 6% o0su 002 08y o070l 0024 20664
from?

Diabetes 5 15.3% 16 15.6% Ref.

mellitus
“The clin Internal 7 24.8% 57 19.4% 0045 0832 0702 0027 18.585
where medicine
youreceive | clinic
treatmentis | pigbetes 34 11.6% 39 13.3% o5 0.247 0619 0412 0012 13.606

mellitus :

clinic

Cancer 4 15% a7 16% Ref

clinic
Howlongis  Less than 0 143% 16 165% 3490 0.006 0505 0216 1034
yourillness?  1year

1-3years a1 147% 52 18.6% 0.044 2900 0.089 0545 0271 109

Above 59 211% a 14.7% Ref

3years
Numberof  Once per 67 243% 5 19.2% 1737 0187 1759 0760 4073
visitstothe  month
dinic each Twice and 33 12% 54 19.6% 0075 0784 0878 0347 2223
month ‘more visits

per month

Atleast 16 58% 6 22% 0393 7.140 0.008 6279 1632 24163

once every

2months

Atleast 2 8% 2 9.1% Ref.

once every

3months

and more
Have Yes 30 10.9% 37 135% 0961 0327 0717 0369 1395

u been

yo No 109 39.6% 9 36% 0214 Ref.

infected with

Corona virus?

Multvariate logistc regression model: Adjusted for: type of disease do you suffer from,the dlinic where they receive treatment, duration ofllness, number of visis o the clnic each month,
and Have you been infected with Corona virus? Significant p-values are in bold.
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Bold values indicate the best results in terms of MAE and Mean Rank.
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NPI name Values

Cl. School closing 0,1,2,3)
C2. Workplace closing 0,1,2,3]
C3. Cancelation of public events 0,1,2
C4. Restrictions on gatherings 0,1,2,3]
C5. Close public transport 0,1,2
C6. Stay at home requirements 0,1,2,3]
C7. Internal movement restrict. 0,1,2
C8. Intl. travel controls 0,1,2,3]
H1. Public info. campaigns 0,1,2
H2. Testing policy 0,1,2,3]
H3. Contact tracing 0,1,2
HG6. Facial coverings [0,1,2,3,4]
H7. Vaccination policy [0,1,2,3,4,5]

See the codebook of the OxCGRT (35) for the NPI-level description associated with each
categorical value.
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Dimension

‘Common vision and a shared understanding of the fundamental
objectives of the collaboration

Description

« Common realization that more needed to be done to coordinate efforts, assist the region in improving
MNCH services and avoid duplication of efforts.

+ Shared vision to: improve the lives of women and children in the region throughout the coronavirus
‘pandemic; improve the delivery of respectful maternal, newborn and sexual and reproductive health
services; and protect frontline health workers.

« Holistic approach needed in line with the Every Woman Every Child movement that includes the UN as
 whole, governments as a whole and society as a whole.

Commitment to the process

Dialogue

+ Commitment of the three regional focal persons.
+ All three agencies committed people, time and resources to the process.

« Switching from faceto-face modes of dialogue to virtual meetings and events required adaptation of
some processes.

« Individual collaboration partners held bilateral dialogues with specific external partners who were
subsequently brought on board with certain activities (e.g. the work of UNEPA with WCEA and
midwifery associations; UNICEF with UP and ICAN; WHO with Africa CDC and obstetrics and
‘gynaecology associations). (See also Figure 1.)

+ Dialogue with various teams in each agency (e.g. humanitarian response team, gender team, data team).

+ Ongoing virtual dialogue between the regional and country collaborations.

+ In-country dialogues with the different departments of the ministries of health (e.g. Safe Motherhood or
equivalent task team, health information system, COVID case management team, COVID response
coordination team)

Investing in building relationships and trust

« Early communication to ensure that all partners remained enthusiastic about the relationship—nurturing
relationships with external partners and funders.

«The prior, less formal between the th
and the setting of shared standards.

« Country offices of the three agencies encouraged to strengthen similar collaborative processes at country
level.

+ The link between H6 at global and country levels strengthened by focusing on the unique contexs
surrounding women, children and adolescents in the ESA Region.

facilitated the of confidence

Effective communication and information sharing

+ Actively sought new guidance (e.g. by subscribing to notifications, joining global task teams, regular

reaching out to headquarter activities on COVID-19 responses).

+ Shared global guidance issued by each agency at international and regional level through immediate
dissemination to countries. All updates and recommendations shared almost as soon as they appeared.

« Collected, collated and shared national guidelines on COVID-19 responses; national tools (eg. rapid
health facility assessment on readiness of health facilties to respond to COVID-19); information
produced at country level (e.g. reports of incidences of blocked access to MNH services); and on-going
global research for countries to prepare in advance [eg. estimation of impact of the pandemic on MNH
(3]

+ Ensured the technical accuracy of the draft training materials and modules,

« Used knowledge-sharing platforms and avenues to publicize webinars and inform
member countries about them and share recordings afterwards; also used e learning modules as they
became available.

« Leveraged networks to increase enrolment and training attendance.

Sharing of technical and financial resources and expertise, and
mobilization of additional resources

« Collaboration aimed at increased volume and quality of technical support, minimization of duplication
and mobilization of more resources for RMNCAH in the region through revised work plans to allocate

s related to this effort; as well as resource mobilization from existing funds
(eg. the 2gether 4 SRHR joint program) to develop a joint work plan and allocate resources for each
agency and beyond (UNAIDS included).

« Mobilization of additional resources for capacity building by developing and presenting relevant capacity
building activities, and contracting a technology agency to avail the WCEA virtual learning platform.

+ Joint monitoring and assessments of the impact of COVID-19 on SRMNCAH services and countries’
progress with pandemic response coordination (eg a national plan to ensure continuity of services;
tracking of SRMNCAH services heavily impacted by COVID-19).

additional resources to activ

Celebration of intermediate outcomes and “small wins” (12)

Facilitative leadership

Institutional design

« Examples of joint support:

- Eritrea Ministry of Health: development of their RMNCAHN strategic plan at regional office and
country-office level; and
- Zanzibar: capacity building in MPDSR.

+ By September 2020 all countries in the ESA region (except Seychelles) had disseminated key interim
operational guidance documents generated at global and regional level, including the Continuity of
Minimum Essential Maternal and Newborn Health Services in the Context of COVID-19. Joint Interim
Technical Reference Note produced by this collaboration (9).

« Intermediate outcomes are also described in the text narrative of this paper, e.g. the evolution of the 15
webinars across time and the development of e-learning modules (See also Supplementary Tables $1 and
52 in the Supplementary File).

« Participant initiatives emanating from the webinars:

‘prioritization of services during the various phases of COVID-19 in individual countries;

- Botswana: inclusion of joint regional guidelines in national service continuity plan;

- bilateral conversations between individual countries regarding tools, training, national coordination

mechanisms and local solutions for IPC; and

- WhatsApp groups and se of other online platforms for ongoing and instant support, including

expertise from the three agencies accessible to healthcare providers at health facility level.

+ Collaboration aimed at enhanced advocacy and policy engagement.

« Regional focal persons in the three agencies formed a functional triumvirate that facilitated collaboration
because of their longstanding professional affinity and their personalities—acquainted with and respected
one another's working and communication styles.

« Leadership in all operational areas (technical, convening, advocacy): tasks and responsibilities divided to
use available expertise and resources efficiently.

+ Tendency to compete was eliminated and attention focused on the common good:

- Spoke with one voice and not as individual agency voices—if one agency did not participate in a
discussion, the other agencies ensured that the interests of the absent agency were reflected and
addressed.

- Stood in for each other—took on board tasks of other agencies as needed.

- Each agency contributed their available resources at a particular time and participated in activities they
did not fund.

- There was joint accountability for the process and no blame shifting when something went wrong.

Pre-existing relationship of the three agencies as UN institutions

« facilitated the collaboration;

« enhanced a shared understanding of the norms governing each agency and issues at hand; and

+ facilitated the development of a joint plan; the assignment of roles and responsibility in line with
institutional mandates; and the implementation of activities in support of capacity building in countries.

ESA, Eastern and Southern Africa; CDC, Centres for Disease Controland Prevention; COVID-19, coronavirus disease (severe acute respiratory syndrome coronavirus 2 or
SARS-CoV-2); ICAN, Infection Control Africa Network; IPC, infection prevention and control; MNCH, maternal, newborn and child health; MPDSR, maternal and perinatal
death surveillance and response: SRHR, sexual and reproductive health and rights; (SIRMNCAH, (sexual) reproductive, maternal, newborn, child and adolescent health;

NGO, non-governmental organization: UN, United Nations: UP, University of Pretoria: WCEA,

World Continuing Education Alliance.
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Student mask mandate

Univariate Multivariable ®
95% ClI AOR 95% ClI

Governor affliation*

Republican Reference Reference -
Democrat 4.83 2.08,11.24 5.52 2.23,13.64
Urbanicity"
Rural Reference Reference -
Non-rural 7.35 2.04,26.51 8.20 2.63,25.51
Students from minoritized race/ethnic group %"
First quartile (7.1- 26.0%) Reference - Reference -
Second quartile (26.5-55.6%) 1.00 031,326 0.60 0.18,2.03
Third quartile (61.3-85.2%) 322 0.97,10.74 4.63 1.21,17.78
Fourth quartile (86.8-99.9%) 294 087,992 537 096,2995
Students with economic disadvantage % 1.00 099, 1.02 099 097,101
Relative county-level COVID-19 burden
Low Reference - Reference -
Medium 139 0.75,2.56 1.54 0.63,3.73
High 1.64 099,272 2.00 097,4.14

OR, odds ratio; CI, confidence interval; AOR, adjusted odds ratio; QIC, quasilikelihood under the independence mode criterion. Bold font indicates statisticall significant associations at
p<0.05.
‘Multivariable generalized estimating equation model QIC=251.125.





OPS/images/fpubh-11-1217638/fpubh-11-1217638-t003.jpg
Student mask mandate

Univariate Multivariable ®
95% ClI 95% ClI

Governor affliation *

Republican Reference - Reference -

Democrat 429 232,7.93 539 2.69,10.82
Urbanicity"

Rural Reference - Reference -

Non-rural 259 1.14,5.88 164 061,442

Students from minoritized racefethnic group %*

First quartile (7.1-26.0%) Reference = Reference =
Second quartile (26.5-55.6%) 061 0.23,1.63 057 0.18,1.80
Third quartile (61.3-85.2%) 275 1.20,6.30 9.58 1.85,49.56
Fourth quartile (86.8-99.9%) 275 1.20, 6.30 16.15 2.35,110.74
Students with economic disadvantage % Lot 100, 1.02 097 095,099

Relative county-level COVID-19 burden

Low Reference - Reference -
Medium 059 0.30,1.20 0.65 029,146
High 081 0.41,1.62 088 0.40,1.94

OR, odds atio; I, confidence interval; AR, adjusted odds rato, Bold font indicaes statisticaly significant associations at p<0.05 level.
“Multivariable regression model pseudo-R=0.1445.
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Interagency
collaboration
UNFPA, UNICEF,

Global WHO

H6 partnership
(UNFPA, UNICEF, WHO,
UN Women, UNAIDS,
World Bank Group)

Technical partners
(WCEA, ICAN, LGH,
Jhpiego, MF)

UN: United Nations; UNFPA: United Nations Population Fund; UNICEF:
United Nations Children’s Fund; WHO: World Health Organization;
MNH: Maternal and Newbomn Health; WCEA: World Continuing
Education Alliance; ICAN: Infection Control Africa Network; LGH:
Laerdal Global Health; MF: Maternity Foundation; MPDSR: Materal
and Perinatal Death Surveillance and Review; Ql: Quality Improvement

Timeline of collaboration
activities for capacity
building

Pre-pandemic participation:
1 face-to-face workshop
70 participants

Pandemic participation:
Phase 1: April-Oct 2020
15 webinars
1,841 participants

Phase 2: June 2020-July 2021
(virtual capacity building)
* 2 Ql workshops
5 countries; 108 participants
+ 13 MPDSR training sessions
6 countries; >70 participants

Phase 3: Feb 2021-Oct 2022
9 e-learning modules
99,440 participants
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Required Recommended € — Required — Recommended

Required Recommended ¢

N 56 7 3 2 12
Governor affiliation, 1 (%)"
Democrat 26 (46) 12(71) 00 13(54) 1(8)
Republican 30 (54) 5(29) 3(100) 11 (46) 1192

Urbanicity, 1 (%)"

Rural 121 2(12) 00 2(8) 8(67)
Non-rural 4479 15 (88) 3(100) 2092 403)
Students from minoritized race/ethnic
585(262,86.0) 834 (44.8,887) 19.0 (15.6,99.9) 748 (36.4,86.6) 344(17.0,48.4)
‘group %, median (25, 75th percentile)
Students with economic disadvantage %,
648(214,820)  711(30.2,856) 17.6(92,953) 655(37.4,81.7) 46.9(214,73.5)

‘median (25, 75th percentile)

Relative county-level COVID-19 burden in September 2021, n (%)"

Low 19(34) 9(53) 2(67) 6(25) 2(17)
Medium 19(34) 5(29) 1(33) 11(46) 2(17)
High 18(32) 3(18) 0(0) 7(29) 8(66)

‘One district (Omaha Public Schools district, NE) changed twice (recommended — required — recommended). They were assigned to the required — recommended category.
Statistically significant differences between mask policy groups at p <0.05 level.
‘Recommended or optional masking,
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Characteristic HCWs recruited Not-infected® Infected®with ~ p-value® Adjusted Adjusted

during 2020 with SARS-CoV-2 odds ratlg p-valued
(N=1,214) SARS-CoV-2 (0= 127)F (95% Cl)
(n = 1,087)

Age (year): median 40 (30-51) 39 (30-51) 41 (30-50) 038 1.0 (10-1.1) 08
(IQR)
Sex: female 967/1,202 (80%) 867/1,077 (81%) 1007125 (80%) 09 0.4 (0.1-1.1) 0.071
Occupational exposure®
Low 485/1,214 (40%) 455/1,087 (42%) 30/127 (24%) <0.001 Ref. 04
High 729/1,214 (60%) 632/1,087 (58%) 97/127 (76%) 1.6 (0.5-4.7)
Household exposure 107/1,161 (9.2%) 88/1,076 (8.2%) 19/85 (22%) <0.001 8.8 (2.4-32.1) 0.001
Travel history
Domestic 631/962 (66%) 587/882 (67%) 44/80 (55%) 0.042 - 0.1
International 741962 (7.7%) 63/882 (7.1%) 11/80 (14%) 2.9(0.7-12.0)
No 257/962 (27%) 232/882 (26%) 25/80 (31%) Ref.
Study site
Bergen 858/1,214 (71%) 764/1,087 (70%) 94/127 (74%) 04 Ref. 0.030
Stavanger 356/1,214 (29%) 323/1,087 (30%) 33/127 (26%) 02 (0.1-0.9)
Occupation
Physician 265/1,214 (21.8%) 247/1,087 (22.7%) 18/127(14.2%) 04 0.5 (0.1-2.2) 04
Nurse 505/1,214 (41.6%) 462/1,087 (42.5%) 43/127 (33.9%) 0.6 (0.2-1.9)
Other 444/1,214 (36.6%) 378/1,087 (34.8%) 66/127 (52%) Ref.
(:omorbidityf 101/1,154 (8.8%) 94/1,072 (8.8%). 7182 (8.5%) 0.9 0.3 (0.1-2.3) 0.3

Data are number (%) except for age, showing the median age (years old) with interquartile range (IQR).

®Infection status was determined by SARS-CoV-2 serology and/or RT-PCR testing.

<Characteristics of infected and non-infected HCW were compared in Kruskal-Wallis rank sum test or Pearson’s Chi-squared test as appropriate. p-values < 0.05 are considered statistically
significant and in bold.

dGeneralised additive mixed model including population level fixed effects and individual random effects was used to calculate adjusted odd ratios and 95% confidence interval (CI). Due to low
community spread in Norway, we did not find domestic travel as a risk factor.

“High-risk occupational group that tested and treated COVID-19 patients includes ambulances services; emergency, infectious discases, anesthesia, and intensive care unit departments at
Haukeland University Hospital, Haraldsplass Deaconess Hospital, Bergen Municipality Emergency Room, and Stavanger University Hospital (SUH). Maternity ward of women’s clinic at SUS
was also deemed to be high-risk. Low-risk group that did not treat COVID-19 patients includes other clinical departments and laboratories.

fComorbidities include hypertension, diabetes and heart diseases.
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2021 2022 p-value

October 8573(17.5) 12124 (39.5) <0.001
November 22517 (45.9) 10094 (32.9) <0.001
December 16752 (34.2) 7106 (23.2) <0.001
January 1188 (24) 1321 (43) <0.001
February 15 (0.03%) 3(0.1%) <0.001
Total 49045 30688

Data are presented as counts and percentage (%).
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Frequency  Percentage

10 Internal 130 44.2%
medicine
dlinic
freatmentis | Diapetes 73 24.8%
clinic
Cancer 91 31%
n Howlong is 86 308%
yourillness?
1-3years 9 33.3%
More than 100 35.8%
3years
12 Numberof  Onceper 120 55%
visitstothe | month
clinic each Twice and 87 31.5%
month more per
‘month
Atleast 2 8%
once every
2months
Atleast 47 7%
once every
3months
and more
13 Hae Yes 67 24.4%
youbeen No 208 75.6%
infected with

Corona virus





OPS/images/fpubh-11-1252449/fpubh-11-1252449-t003.jpg
Domains Standard Median Positive opinion Negative opinion

deviation
Frequency Percentage Frequency Percentage

156 284 15 29 9.66% k) 90.3%
Available 1039 229 10 28 9.33% m 90.6%
resources

Quality 15.06 3.07 15 21 7% 279 93%
Attitude 10.80 177 1 79 263% 21 73.6%
Preference 674 125 6 17 5.66% 283 94.3%
Overall people 5861 7.14 58 4 1.3% 29 98.6%

view
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Factors Positive Negative Value Wald i Exp(B) 95% C.I.
opinion (%) opinion (%) ofp

Freq. % Freq. %

Lower  Upper

1 Hospital Al-Makassed 50 16.7% 39 13%
0574 0448 1266 0.688 2327
Hospital
Saint Joseph 46 153% 51 17%
0181 0671 0879 0.486 1591
Hospital 0417
Augusta 57 19% 57 19%
Victoria Ref.
Hospital
2 Gender Male 51 17% 53 17.7% 0211 0,646 0.876 0499 1539
0.621
Female 102 34% 94 313% Ref.
3 Age 18-40 Years 63 21% 49 16.3% 2429 0119 1629 0,882 3010
41-50 Years a7 15.7% 4 13.7% 0057 3065 0080 1753 0935 3.284
Above 50 Years a3 143% 57 19% Ref.
4 Maritalstatus | Single 19 63% 21 7% 1430 0232 0514 0172 1531
Married 120 40% 115 38.3% 050 0797 | 0372 0.669 0.276 1617
Other i 47% 1 37% Ref.
5 Educational  12study years 86 28.8% 106 355%
4986 0026 0536 0310 0927
level orless
0.005
Above 12study 66 21% 4 137%
Ref.
years
6 Liingplace  City 77 262% 79 26.9% 0941 | 0332 0597 0211 1692
Village 62 211% 56 19% 0236 0370 0543 0722 0.252 2064
Camp 3 4.4% 7 24% Ref.
7 Monthly No Income 55 19.2% 9 17.1%
1929 0.165 1599 0825 3100
income
Less 3,000 NIS 39 13.6% 38 13.3% 0834 0138 0710 1131 0592 2161
3,000 NIS and 54 18.9% 51 17.8%
Ref.
Above
8 Occupation  Employed 94 313% 76 253% 0.089 3805 0051 1759 0.997 3103
Unemployed 59 19.7% 7 2.7% Ref.

“Multivariate logistic regression model: Adjusted for hospital, gender, age, marital status, educational level, I

ng place, monthly income, and occupation.

ignificant p-values are in bold.
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Paopla feal more responsibla for thelr own health
In comparison to before the COVID-19 outbreak

pesiod.

People are less aware of their health risks and
healthy behavior as compared with before the
COVID-19 outbreak period

Politicians and decision-makers pay more attention
to health care and service as compared with befors
COVID-19 outbreak period
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Factors Frequency Percentage

1 Hospital Al-Makassed 89 29.7%
Islamic
Charitable
Association
Hospital
Saint Joseph 97 323%
Hospital
Augusta Victoria 14 38%
Hospital

2 Gender Male 104 347%
Female 196 653%

3 Age 18-40years 12 37.3%
41-50years 88 293%
More than 100 333%
S0years

4 Maritlstas | Single 0 133%
Married 235 78.3%
Other(divorce/ 2 83%
widow)

5 Educational | 12study years or 192 64.2%

level less

More than 12 107 35.8%
study years

6 Livingplace  City 156 53.1%
Village us 40.1%
Camp 20 68%

7 Monthly No Income 104 36.4%

fncome. Less 9008 77 269%

900$ and more 105 36.7%

8 Occupation  Employed 170 56.7%

Unemployed 130 43.3%
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Characteristics Categories

Gender
Male
Female
Agein year
18~34
3554
255

Educational level
Junior high school and below
Senior High School
College and above
Monthly income.
3,000 RMB and below
3,001 ~5,000 RMB
5,000 RMB above
Place of residence
Urban

Rural

Frequency

21

398

230
298

81

347
156

106

304

182

123

262

347

Percentage

34.6%
65.4%

37.8%
48.9%

13.3%

57.0%
25.6%

17.4%

49.9%

29.9%

202%

43.0%

57.0%

95% ClI

(309, 38.6%)

(61.4,69.1%)

(34.2,41.7%)
(44.8,52.7%)
(10.5,16.1%)

(53.2,60.9%)
(22.2,28.9%)
(14.3,205%)

(46.0,54.0%)
(26.3,33.5%)

(169,23.6%)

(38.8,47.1%)
(52.9,61.2%)
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Frequency

Correct response

Percentage

95% Cl

1.1 washing hands after handling raw food an effective way to reduce the spread of
pathogens?

2.1s it enough to wash your hands with only water?

3. Which is the correct procedure for cleaning kitchen surfaces?

4.Is it right to wash your hands regularly with alcohol-based hand sanitizer?

5. When coughing or sneezing, should one cover the mouth and nose with a bent elbow

or tissue?

6.1f you wash your hands well with water, i it unnecessary to use soap?
7. Does the washing hands poorly cause discase?

8. How long should hand washing take?

9. Should you wash your hands after touching your face?

10.1s there a need to wash hands with soap after sneezing?

1. Which i the optimal manner to dry your hands afier washing them?

12. Should one avoid contact with people who sneeze or couy

Total Knowledge: Min.=0; Max. = 11; Mean. = 6.13, 95 C1% = (593, 6.33); SD=2.62;
Average correct rate =51.09%, 95 CI%= (49.25, 52.75%)

0

310

287
480

315

293

317

408

197

437

382

239

379

50.9%

47.1%
78.8%

517%

48.1%

52.1%

67.0%

323%

718%

62.7%

39.2%

62.2%

(47.0,54.8%)

(13.2,50.9%)
(75.4,81.9%)

(47.6,56.2%)

(443,52.2%)

(48.1,55.8%)
(63.2,70.8%)
(289,36.1%)
(68.1, 75.4%)
(589, 66.5%)
(35.5,43.3%)

(585, 66.0%)
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Items

Risk perception (Cronbach a=0.859)

1f1do not adhere to the above hygiene practices,

1. then the risk of spreading COVID-19 will be high.

2. then there is a risk of causing foodborne llness.

3. then there is a possiblity that my lfe would be adversely affected.
4. then customer satisfaction may be reduced.

Self-fficacy (Cronbach a=0.727)

1. Adherence to the above hygiene practices i easy for me.

2. Compliance with the above hygiene practices is under my control.
Job stress (Cronbach a=0.788)

1.Thave too much work and too litle time to doit.

2. My work affects me more than it should.

3. At the end of the workday, I flt worn out.

Facilties adequacy (Cronbach a'=0.769)

1. The equipment items required to perform the above hygiene practices are readily

available in my workplace.

2. The facilities at my workplace are of sufficient quality to perform the above hygienic

practices atall times.

Practices

1. In the past week, how often did you adhere to the above hygiene practices?

327

320

367

370

365

31

321

32

289

392

395

389

346

SD

0911

1048
1072
1129
1095
0.866
0.980
0974
0872
1047
1031
1044

0739

0820

0819

0912

95%Cl
(3.29,3.44)

(3.33,351)
(3.18,3.36)
(3.12,3.29)
(3.49,3.66)
(3.60,3.74)
(3.62,3.77)
(3.56,3.73)
(3.04,3.18)
(3.13,3.29)
(3.13,3.30)
(2:81,298)

(3.86,3.98)

(3.89,4.02)

(3.83,3.96)

(339,3.54)
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Variable Poor practice ~ Good practice ~ COR (95%Cl) p-value AOR (95%Cl) p-value

N=308 N=301
Gender
Female 115(54.5%)" 96(45.5%)" 1 1
Male 193(48.5%)" 205(51.5%)° 127(091,1.78) 0.158 118(081,1.73) 0.385
Age in year
1834 114(49.6%)" 116(50.4%)" 1 0016 1 0613
3554 141(47.3%)" 157(52.7%)" 109(0.78, 1.54) 0.608 1.00(0.6,152) 0986
255 53(65.4%)" 28(34.6%)" 0.52(0.31,0.88) 0015 0.78(0.40, 1.41) 0377
Educational level
Junior high school and
below 178(51.3%)" 169(48.7%)" 1 0233 1 0131
Senior high school 84(53.8%)" 72(46.2%)" 0.90(0.62,1.32) 0597 0.72(0.46,1.12) 0.144
College and above 46(43.4%)° 60(55.6%)" 137(0.89,2.13) 0.155 1.28(0.74,2.22) 0.380
Monthly income
3,000 RMB and below 147(48.4%)" 157(51.6)% * 1 0436 1 <0001
3,001~5,000 RMB. 99(54.4%)" 83(45.6%)" 0.79(0.54,1.14) 0.198 0.40(0.25,0.62) <0.001
5,000 RMB above 62(50.4%)° 6149.6%)" 0.92(0.61,1.40) 0701 0.72(0.43,1.21) 0213
Place of residence
Urban 10439.7%)" 158(60.3%)° 1 1
Rural 204(58.8%)" 143(41.2%)° 0.46(0.33,0.64) <0.001 0.44(030,0.65) <0.001
Knowledge 559(251)° 6.68(2.62)" 118(L.11,1.26) <0.001 1.09(1.01, 1.18) 0.022
Self-efficacy 3.36(0.90)" 3.99(0.70)" 264(2.10,3.32) <0.001 251(1.91,3.28) <0.001
Risk perception 3.200087)° 354(092)° 152(127,1.83) <0.001 1.28(1.03, 1.60) 0028
Job stress 3.06(0.88)" 3.15(0.86)" 1.13(0.94, 1.36) 0.192 1.01(0.81, 1.26) 0951
Facilities adequacy 3790.72)° 4.06(0.73)" 1.6(1.32,2.09) <0.001 108(0.82, 1.43) 0.591

“The percentages in parentheses are calculated by row; based on the available information summed to 100 percent.
“The figures outside the parentheses refer o the mean and the figures inside the parentheses refer to the SD.
COR refers to crude odds ratio; AOR refers to adjusted odd ratio; C1 refers to confidence interval,
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Parameters

Population density

Elements

Inhabitants per km?

Inhabitants per household

Indoor space per person

Social demography

Age population

Household composition

Mixing patterns

Social events

Social practices

Social contacts

Handwashing, water and sanitation

Ventilation / air conditioning

Geography

Climate

Urbanization rate

Air traffic intensity

Population movements

Road networks

Immunity

Prior exposure

Non-specific immunity

Genomics analysis

Spatio-temporal analysis

ACE variability

Genomic surveillance
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Measured variable of the Building initial item bank Reliability and validity

questionnaire * Knowledge (12 items) assessment
+ Risk perception (4 items)
Questionnaire | Knowledge, risk perception, |, * Job stress(3 items) | ) <q
Development | self-efficacy, job stress, + Self-efficacy and facilities + Content validity
facilities adequacy. adequacy (2 items) * Internal consistency

Adherence practices (1 items)
Demographic variables (5 items)

adherence practices, and
demographic variables

* Translation equivalence 3

i * Survey form: cross-sectional survey: « Selection of survey locations: stratified random :
{Data face-to-face interviews sampling pattern i
{Collection | * Survey area: mainland China-wide * Selection of respondents: convenience sample; :
: investigation workers in food service establishments 3

Inferential analyses using binary logistic regression
Bivariate logistic regression calculates crude odds rations.

ata
nalysis Frequencies, percentages, means,

. * Multivariate logistic regression calculates adjusted odds

ratios (AOR)

2 —>  (COR)
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practices
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61,10.0%

Always
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List of reasons

Lack of awareness in healthcare professionals regarding the importance of
HH in preventing infection

Workload

Understaffing

Lack of leadership

Difficulty accessing hand hygiene resources such as running water and soap

Skin irritation due to frequent hand washing without moisturizing care

Lack of necessary antiseptic solutions

Indifference and negligence

The fallacy of glove protection

Urgent patient needs coming first

Cultural background and religious beliefs
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Epidemiological Month

202012
20211
20212

20213

Positive
COVID-19 cases

71,594
299,518
242,065

644,786

86 k cohort (total
sequences
uploaded to
GISAID)

24
557

1923

86 k cohort
(sequenced
genomes per
COVID-19 cases)

0.03%

43k cohort
(%)

79.17%

98.56%

89.39%

31k cohort
(%)

25.00%

63.38%

79.77%

20215 470615 582 0.12% 97.42% 94.67%
20216 191,525 2088 109% 9171% 87.12%
20217 303,198 6,640 219% 61.97% 59.98%
2021_8* 661,286 45,152 6.83% 14.11% 12.70%
20219 765,739 6537 0.85% 95.56% 85.02%
202110 878918 2330 0.27% 92.75% 68.80%
202111 762,600 5121 0.67% 99.65% 75.41%
2021112 686,962 6,301 0.92% 98.71% 64.75%
20221* 2,137,332 4,895 0.23% 97.83% 1.94%
2022 2% 1,733,794 1367 0.08% 73.15% 1.76%
TOTAL 11,429,085 86,429 0.76% 50.32% 36.60%
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WHO
Nomenclature

Alpha

Beta

Gamma

Delta

Omicron

Pangolin
Lineage

B.LI7

B.L351

Pl

B.1617.2

B.1.1529

Detected
country

United
Kingdom

South Africa

Brazil

India

South Africa

Date of
detection

(globally)

September 2020

October 2020

November 2020

October 2020

November 2021

Date of VOC
designation

December 18, 2020

December 18, 2020

Janvary 11,2021

May 11,2021

November 24, 2021

Date of
detection
in Tarkiye

December 24,
2020

January 21,2021
January 28, 2021
) March 9, 2021
b) May7, 2021
December 12,
2021

How long it took to detect
in Turkiye via NGS

compared
globally

3-4months

3-4months
3-4months
) 4-5months

b) 6-7months

2-6weeks

After VOC kit
deployment

3days

7days before
Odays

2) 19days

b) 78days

5days
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pe of resource

Time

Exemplary questions

o In total, how many hours did you spend designing, writing up materials (SOPs, FAQs, PPTs), filming and
editing videos, revising materials and, if necessary, translating materials?
 How much time did you spend in total in the Kick-off Webinar?

Equipment and consumables

o If you purchased or rented any laboratory or office equipment to provide training support (i.e., to be able to
implement the kick-off webinar, Q&A sessions or other training support activity), please name the equipment;
o If you purchased any laboratory or office consumables to provide the training support (for example,
stationary), please name the consumables;

Transport

© What means of transport did you use when you traveled outside of your normal work commute to perform
the activities required to prepare the training?

o If you paid money out of pocket in transport fares when you traveled outside of your normal work commute
to prepare the training, how much money did you pay in total (go and return)?






OPS/images/fpubh-12-1197729/fpubh-12-1197729-t001.jpg
Category

Involvement in the training

Exemplary questions

© What was your role in the PCR-CoV?2 diagnostics training (design/planning/implementation)?

Planning and implementation

o Can you tell me about the process from designing the training through to implementation?
 Which kind of learning methods did you base the training on?

Effectiveness © Can you tell me how the training affected the daily work activities of those working in the labs?
Relevance o How did the training fit within your organization’s mandate?
Coherence © How did the online training fit with the other training offers?

Sustainability and scale up

© In what kind of ways were you able to provide input/feedback on the training?
© Was the training changed at some point after its planning, e.g., after site testing or implementation or when it
was passed on to other partners?

Overall evaluation of the training

o Whatis your overall assessment of the training?
 What could have been done better?
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Frequency

(n=61)

Responses
(%)

Behavioral Beliefs (Beliefs underlying attitudes)

Advantages
Good to have tests at home
Iwould know if I had COVID-19

Feel closer to the person who gave me

the test
“Test is probably reliable if a friend gave it
Disadvantages

“Test kits might be tampered with or

opencd

“The friend would not have as many test
kits

Not sure of test kit quality

Social Referents (Normative Belicfs)
Approvers

Everyone I know

My family

My friends

My spouse

Disapprovers

Friends and family who do not believe
COVID-191is important

People who do not believe in masking or

vaccines
Control Beliefs (Self-Efficacy)
Facilitators

Home delivery

Tknow where the test came from
Barriers

Concerns of tampering of test kit
Feeling guilty if they need it instead
Concerns of spreading COVID-19

Difficulty obtaining the test from a

friend/ not havinga car

Finding time to meet friend

2

2

43%
33%

13%

7%

23%

18%

5%

32%

28%

17%

12%

3%

3%

17%

15%

20%

10%

8%

7%

7%
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Frequency

(n =30)

Responses
(%)

Behavioral Beliefs (Beliefs Underlying Attitudes)

Advantages

Feels good to help someone

Give others access to testing

Speed and ability to get tests sooner

Knowledge of infecti
spread of COVID-19

andlimiting

Disadvantages
Confusing test instructions
Needing to save test kits for myself
Feeling of rejection

Social Referents (Normative Beliefs)

Approvers

My family (parents, siblings)
Everyone I know

My friends

My co-workers

My spouse or partner
Everyone in my household

Disapprovers

People who do not beli

COVID-19 or conspiracy theorists
Family members

Control Beliefs (Self-Efficacy)
Facilitators

Ease of use

Others needing more test kits
Others collecting test kits from me
Barriers

Delivering test kits to people
Having a limited number of test kits
Uncomfortable offering test kits

Technologically complex

43%

30%

10%

10%

10%

7%

7%

37%

3%

7%

7%

7%

7%

16%

7%

13%

10%

7%

10%

10%

7%

7%
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Characteristic Received
self-test

kits
N=61(%) N=30(%)

Age (Interquartile range) 38 4
(IQR27-51)  (IQR28-52)

Gender identity

Male 1728 167
Female 43(70) 19.(63)
Transgender 1) 0(0)
Race

Black/African-American 38(62) 19.(63)
Asian 203) 0(0)
White 15(25) 8(27)
Some other Race 3(5) 1)
Prefer not to answer 3(5) 2
Ethnicity

Not Hispanic/Latino 52(85) 27 (90)
Hispanic/Latino 8013) 200
Prefer not to answer 1@ 16)
Education

Some high school or less 5(8) 16)
Graduated high school or 15.(25) 9(0)
equivalent

Some college 1220 6(0)
Graduated college 2139 10(33)
Advanced degree 8(13) 4(13)

Household annual income

Less than $25,000 16(26) 9(30)
525,000 - $49,999 14(23) 5(17)
$50,000 - $99,999 8(13) 5(17)
$100,000 and above 6(10) 3(10)
Prefer not to answer 12(20) 7(3)

Household size

One person (Lives alone) 1423) 8(27)
2 people 17(28) 9(30)
3-4 people 21(34) 10 (33)
5 or more people 6(10) 20)

Employment status

Unemployed 1423) 7(23)
Employed 43(70) 2(73)
In school, not employed 10 00)

Rows may not add to total N due to missing data.

Received
clinic test
referrals

N =31 (%)

3
(IQR 25-49)

6(19)
24(77)

1(3)

19(61)
2(6)
7(23)
2(6)

13)

25(81)
6(19)
0(0)

4(13)

6(19)

6(19)
1163)

4(13)

7(23)
9(29)
3(10)
300)
5(16)

6019)
8(26)
1135)

4(13)

7(23)
21(68)

103)
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Confirmed

Type of case n, (%)

Suspected

Close contact

TRP
ASP

Other
Students
Postgraduate
Faculty/school

Center for Technological and Social
Studies (CETYS)

Higher Polytechnic School
Communication Faculty
Experimental Science Faculty
Legal Business Faculty
Health Sciences Faculties

Physical activity and sports sciences,

nursing, physiotherapy, and nutrition
Education and Psychology Faculty
Medicine Faculty

Total, 1

220 (6:8%)
204 (6.3%)

59 (1.8%)

86 (2.7%)

140 (4.3%)

220 (6.8%)
451 (14.0%)
305 (9.5%)

576 (17.9%)

478 (14.8%)

283 (8.8%)
204 (6.3%)

3,226 (45.0%)

34 (5.6%)
44.(7.3%)

1(0.2)

21 (35%)

24 (4.0%)

62(10.2%)
77 (12.7%)
35 (5.8%)

86 (14.2%)

117 (19.3%)

71(11.7%)
34(5.6%)
606 (8.5%)

209 (6.8%)
307 (9.2%)

41(1.2%)

71(2.1%)

159 (4.8%)

194 (5.8%)
550 (16.5%)
277 (8.3%)
525 (15.8%)

492 (14.8%)

288 (8.6%)
220 (6.6%)
3,333 (46.5%)

463 (6:5%)

555 (7.8%)

101 (1.1%)
6047

178 (2:5%)

323 (4.5%)

476 (6.6%)
1,079 (15%)
617 (8.6%)

1,187 (16.6%)

2,187 (30.5%)

1,087 (15.2%)

642 (9.0%)
458 (6.4%)

7,165 (100.0%)

ASP: administration and services personnel; CETYS: Center for Technological and Social tudies; TRP: Teaching and Research Personnel; UFV:(by ts Spanish acronym): Francisco de Vitoria

University.
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Measures of hygiene

Hydroalcoholic gel pumps at the entrance of all classrooms, in customer service areas, and in common areas.

‘Waste containers for removal of masks and gloves.

Daily reinforcement of cleaning and disinfection throughout the campus, paying special attention to public areas, classrooms and laboratories, oilets, and offces, as well as

unique spaces for events. Emergency cleaning and disinfection if cases were detected on campus.

Increased ventilation levels: continuous switching on of air fresheners, natural ventilation whenever possible, switching on of all toilet exhaust fans 24/7, and reinforced

cleaning of the ventilation system.

Safty protocols for the different university activities and an awareness campaign aimed at the entire university community: training sessions, distribution of posters,

infographics, and videos, and open access to a specific web site.

Periodic dissemination of best practices

imed at the entire university community (more intensively during exam periods), including access to lectures and presentations of
interest about the COVID-19 pandem

Awareness campaign for the entire university community, especially students, to encourage individual responsibility and solidarity, including the signing of a responsible

declaration for safe coexistence on campus.

‘ Information and training measures

“If you take care of yourself, you take care of me” guidelines provided to UFV students and employees with basic health and safety measures to be followed on campus.

Awareness campaign “Live Christmas in a special but safe way” aimed at the entire university community to avoid contagions during these dates.
Organizational and technical measures related to the activity

 An emergency committee, as a decision-making entity, which adopts decisions upon identification of transmission sources in the University community.

Expansion of the surveillance services team for greater control of compliance with COVID-19 regulations on campus to ensure safe coexistence.

A capacity control system in enclosed spaces with a large influx of visitors.

Signage on campus to regulate the flow of movement of the UFY community (access, routes, distances...).

 Construction of new spacious and well-ventilated common areas for eating, studying, etc.

Massive videoconferencing systems in the classroom to be able to integrate students connected from home remotely.

Reduction of the size of the in-person groups for the master classes while preserving the distance between students.

the classroom) alternating so that students

‘ Master classes adapted to a mixed teaching (remote from home and in-persos ntain the highest teaching quality and preserve

their academic activity.

Small groups of students for in-person practical’s lecturers in laboratories and other spaces (clinical/surgical simulation center, sports center, film sets and recording area, etc),

and increase the number of practical’s lecturers to achieve practical training for 100% of the students.
Management measurements

A centralized service to respond to and accompany all COVID-19 members of the university community, which attends and follows them up and tracks close contacts.

A COVID-19 UEV manager who s responsible for the COVID-19 people in charge of each faculty center and the trackers.

A COVID-19 case management system for an adequate control of the evolution of the pandemic on campus. Continuous reporting system of COVID-19 cases, data dump,

and exploitation of pandemic evolution reports at the UFV.

 Weekly follow-up meetings in the Emergency Committee and with the COVID-19 managers to evaluate the evolution of the infections and make quick decisions.

Smoking ban on campus (October 2020) to avoid unprotected facial exposure.

Mandatory use of face masks i indoor areas.

| UFV provided FFP2 masks to the campus staff (in second wave) and asked students to use them.

Key: FEP2: Filtering face pieces 2; UEV (by its Spanish acronym): Francisco de Vitoria University.
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Frequency

(n=32)

Responses
(%)

Behavioral Beliefs (Beliefs Underlying Attitudes)

Advantages

Easy online order interface

Free

Reassuring to have test kits

Do not need to leave house to obtain
Fast delivery

Disadvantages

Waiting for test kits after ordering
Never received test kits

Needing a computer/device
Household limit of test kits

Social Referents (Normative Beliefs)
Approval

My family (parents, siblings)
Everyone I know

My friends

My spouse or partner

Disapproval

People who do not b vaccines or

that COVID-19 exists
Control Beliefs (Self-Efficacy)

Facilitators

Easy to order

Ability to re-order test kits

Barriers

Limit on number of test kits per household
Test kits never got delivered

Lack of commun

ation about delivery

38%

2%

2%

19%

9%

19%

9%

6%

6%

38%

34%

13%

9%

9%

4%

16%

19%

13%

6%
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Type of resource Net costs of online vs. face-to-face training by activity

1. Design of 2. Prep. of 3. Coord. 4. Training or 5. Coord. 6. Feedback to 7. Coord. with Total (all
training laboratory with partners training with partners participants or partners for activities)
materials equipment (pre-training) support (during participant labs further training

and PCR kits training) regarding the
training
1. Time of staff 14,078 2,983 ~736 —23,505 —1,037 —430 —2,670 —11,317 (~46%)
1.1. Work time 14,029 2,983 1,326 —14913 —1,037 —430 —2,670 ~712 (—3%)
1.2. Travel time 19 0 —4,124 —85,92 0 0 0 —12,667 (~25,800%)
2. Equipment 167 14 3 95 4 -1 -6 85 (+28%)
2.1. Laboratory 51 0 0 -76 0 0 0 —25 (=50%)
equipment
2.2. Other equipment 117 14 3 —-19 4 -1 -6 110 (+43%)
3. Consumables 422 22,019 -10 —381 —80 0 ~16 21,954 (+72%)
3.1. Laboratory 387 23,143 0 0 0 0 0 23,530 (+77%)
consumables
3.2. Other consumables 35 —1,125 -10 —381 —80 0 ~16 —1,576 (=2,897%)
4. Office space 212 37 25 —1,031 26 2 1 —728 (=123%)
5. Other 0 4,309 —13,852 —206,383 0 2 0 —215,923 (—3,964%)
Total 14,880 (+86%) 29,361 (+74%) —14,570 (—~682%) 231,394 —1,088 (—108%) —427 (—~647%) —2,691 (—8,505%) —205,928 (—334%)
(—14753%)
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pe of reso e o of fa a a
Desig Prep. o oord a go oord 6. Feedba (e} oord otal (a
a g aborato partne a g pa pa pa o partne a e
ateria equipme e-tra ppo d g pa pa ab er tra
d PCR a g egarding the
a g
1. Time of staff 2,087 (5.8) 1,013 (2.8) 2,823 (7.8) 25,039 (69.1) 2,013 (5.6) 491 (1.4) 2,700 (7.5) 36,165 (100)
1.1. Work time 2,087 (8.2) 1,013 (4.0) 761 (3.0) 16,447 (64.5) 2,013 (7.9) 491 (1.9) 2,700 (10.5) 25,511 (100)
1.2. Travel time 0(0) 0(0) 4,124 (32.4) 8,592 (67.6) 0(0) 0(0) 0(0) 12,716 (100)
2. Equipment 62(28.0) 33 (15.0) 11(4.8) 102 (45.9) 6(2.7) 1(0.7) 7(2.9) 222 (100)
2.1. Laboratory 0(0) 0(0) 0(0) 76 (100) 0(0) 0(0) 0(0) 76 (100)
equipment
2.2. Other equipment 62 (42.5) 33(22.8) 11(7.3) 26 (17.7) 6(4.1) 1(1) 7 (4.6) 146 (100)
3. Consumables 19(0.2) 8,011 (94.1) 10 (0.1) 381 (4.5) 80 (0.9) 0(0) 16 (0.2) 8,516 (100)
3.1. Laboratory 0(0) 6,886 (100) 0(0) 0(100) 0(0) 0(0) 0(0) 6,886 (100)
consumables
3.2. Other consumables 19(1.2) 1,125 (69) 10 (0.6) 381 (23.4) 80 (4.9) 0(0) 16 (1) 1,630 (100)
4. Office space 168 (12.7) 92 (7.1) 11(0.8) 1,048 (79.4) 0(0) 0(0) 0(0) 1,319 (100)
5. Other 0(0) 1,125 (0.5) 13,852 (6,3) 206,394 (93.2) 0(0) 0(0) 0(0) 221,370 (100)
Total 2,335(0.9) 10,273 (3.8) 16,706 (6.2) 232,963 (87.1) 2,099 (0.8) 492(0.2) 2,723 (1) 267,592 (100)
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Type of resource Costs of online training (%) by activity

1. Design of 2. Prep. of 3. Coord. 4. Training 5. Coord. 6. Feedback to 7. Coord. with Total (all
training laboratory with partners and/or with partners participants or partners for activities)
materials equipment (pre-training) training (during participant labs further training

and PCR kits support training) regarding the

training

1. Time of staff 16,165 (65.1) 3,995 (16.1) 2,087 (8.4) 1,534 (6.2) 976 (3.9) 61(02) 31(0.1) 24,849 (100)
1.1. Work time 16,116 (65.0) 3,995 (16.1) 2,087 (8.4) 1,534 (6.2) 976 (3.9) 61(02) 31(0.1) 24,800 (100)
1.2. Travel time 49 (0.03) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 49 (100)
2. Equipment 229 (74.9) 47 (15.2) 14 (4.4) 6(2.1) 10 (3.1) 0.7 (0.2) 03(0.1) 307 (100)
2.1. Laboratory 51(100) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 51(100)
equipment
2.2. Other equipment 179 (69.8) 47 (18.3) 14(5.3) 6(2.5) 10 (3.8) 1(02) 02(0.1) 256 (100)
3. Consumables 441 (1.4) 30,029 (98.6) 0(0) 0(0) 0(0) 0(0) 0(0) 30,470 (100)
3.1. Laboratory 387 (1.3) 30,029 (98.7) 0(0) 0(0) 0(0) 0(0) 0(0) 30,416 (100)
consumables
3.2. Other consumables 54 (100) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 54 (100)
4. Office space 380 (64.3) 129 (21.9) 36 (6.1) 17(3) 26 (4.4) 2(02) 1(0.1) 591 (100)
5. Other 0(0) 5434 (99.7) 0(0) 11(02) 0(0) 2(0.1) 0(0) 5,447 (100)
Total 17,215 (27.9) 39,635 (64.3) 2,136 (3.5) 1,568 (2.5) 1,011 (1.6) 66 (0.1) 32(0.1) 61,644 (100)
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1. Design of training materials, including: writing up standard operating procedures (SOPs)/lectures/presentations/other documents/filming and editing
videos/revising materials/translating materials

2. Preparation of laboratory equipment and PCR kits for the training, including: researching and purchasing the PCR test material and the relevant
consumables/preparing the Kits for shipment to the partner laboratories/organizing the shipments (i.e., performing the relevant administrative work to be able to
make the shipping, including customs clearance)/making the shipments/following-up on the shipments until they reach their final destination

3. Coordination with partners (pre-training), including: negotiating and establishing the final list of participating laboratories, coordinating with participating
laboratories, laboratory staff and other partners the training activities, organizing the reception of training materials and PCR kits, ensuring the training materials
and PCR kits were ready for the training

4. Training and/or training support, including: (1) for the online training, a kick-off webinar; weekly Q&A sessions; additional support activities; (2) for the
face-to-face training, lectures, practicals and additional support activities

5. Coordination with partners during the training in order to facilitate the training

6. Provision of feedback to participating labs or participants regarding the training after the training

7. Coordination with partners for further training
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« Survey questionnaire
« Literature review and thematic design

« Standardization for content validity, face validity and internal consistency
« Data collection

« SPRIS analysis

« Likert scale: qualitative to quantitative replies

« Quantitative replies in Streetlight Color System, identyfing strenghs and weaknesses
« Assignation of priority scores

« Next Generation-SWOT analysis, providing performance indexes

* Data interpretation
« Monitoring of improvement actions based on priority scores
« Evaluating the qualiy of care provided based on performance indexes
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Arizona

New Mexico

Language of the statute compels state agencies
to work with tribal nations (ARS 41-2051)

Y
Increased detail in how state agency must work in
unison with tribes on issues related to tribal affairs and
acquire consent in process (ADHSTCP, 2017).

Emergency Operations Plan
Tribal Relations Support Annex that details how all
agencies should work with tribal nations during
crises (Arizona State Emergency Response and
Recovery Plan, 2018).

Tribal nations must consent to having
data shared with state agencies and
presented to the public, otherwise

suppressed.

e Tribal Collaboration Act (2009)
Encourages agencies to make reasonable efforts to work
with tribes (STCA, 2009).

Department of Health Policy
Encourages use of tribal liaisons, tribal advisory boards,
work groups, informal communication (New Mexico
Department of Health State-Tribal Consultation,
Collaboration and Communication Policy, 2009).

Emergency Operations Plan
Lack of specifics on working with tribal nations (All-
Hazard Emergency Operations Plan, 2014).

Lack of specifics for how tribal nations would be
collaborating with state agencies (Coronavirus Pandemic
Plan, 2020).

Tribal nations consent not sought to release tribal specific
COVID19 data and zip code level data
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Number of original misinformation tweets 2201
about COVID-19

Total number of retweets 142,518
Total number of replies 19724
Total number of likes 1,973,553
Total number of followers of original authors 17,027,578
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Main category = Sub-categories Number of

codes

Origin Crises 1
Cases Cases on transmission 5

Cases on prevention and 28

treatment

Cases on vaccine 4
Impact Vaccination 7

Compliance with COVID i

guidelines

Death 2
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Mitigation strategy Frequency Percentage

Media 33 284
Storytelling 25 216
Local language 20 17.2
Researchers/policy makers 17 14.7
Local leaders 11 9.5
Visuals 9 7.8
Fact checking 1 09
Total 116 100.00
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Indicator/Country China
Population 1,425,887,360
Population density (per square 147.67
kilometer)

Aged 65 older 10,64
GDP per capita 15308.71
Total cases per million 137183
Total deaths per million 368
Stringency index 47.69
Hospital beds per thousand 434

The data came from our world in data (13).
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Impact Frequency Percentage

Poor decision making 17 L7 Wov )
Vaccine hesitancy 9 27.27
Non-compliance with 5 15.15
government policies

Death 2 6.06
Total 33 100.00
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Country/

Measure

Vaccine development

Vaccination

China

Germany

Australia

‘The United States.

South Africa

Italy

1. China’s Center for Disease Control and Prevention
has successfully isolated the country’s first strain of the
novel coronavirus.

2. A recombinant novel coronavirus vaccine has been
approved for dlinical trals.

3. China officially joined the COVID-19 vaccine

Implementation Plan.

1. Germany approved a clinical trial of a novel
coronavirus vaccine candidate made by German
biotech company BioNTech.

2.In the first phase of the c

between the ages of 18 and 55 were given several

ical trial, 200 volunteers

different vaccines.

1. A proprietary technology was used in a bid to fast-
track production of a vaccine against the novel
coronavirus,

2. Within 3 weeks, the team had the first vaccine
candidate in the lab.

1. The first US vaccine against COVID-19 was injected
into people in a human trial involving 45 volunteers.
2. Pfizer announced the simultaneous launch of its
mRNA vaccine, developed in collaboration with
BioNTech.

1. Afiigen, a South African biotechnology company,
has successfully developed and produced the
continents first mRNA vaccine against COVID-19,
1.1n2020, the first phase of a novel coronavirus
vaccine was successfully tested in Italy, where
antibodies produced in mice proved effective.

2. The National Institute of Infectious Diseases

recruited volunteers for a clinical trial of the vaccine.

The data came from the official websites of the six governments (15-20).

1. The first step was to vaccinate key groups, the second to vaccinate key groups and high-
risk groups, and the third to vaccinate the general population and other groups.
2. Recent vaccination has focused on bridging the immunity gap between different target

populations.

1. December 2020-April 2021: vaccinated very high-risk populations.

2. May-July 2021: vaccinated high-risk populations.

3. July-August 2021: Vaccinated moderate-risk groups.

4. August-November 2021: vaccinated relatively high-risk and relatively low-risk
populations.

5. December 2021: vaccinated low-risk populations.

1. The first doses were given to front-line workers and people who had been in contact
with international travellers

2. It announced plans to complete a mass vaccination programme for its 25 million
citizens by the end of 2021

1. December 2020: Health care workers and older adult people in nursing homes.
2. January-March 2021: Core job groups such as teachers and police offcers, patients with
high-risk discases and seniors over 65 years old.

3. April-June 2021: Free vaccine available throughout the United States.

1. The plan was to launch phase 2 and Phase 3 vaccinations on May 17 and October 17.
2. The plan was to vaccinate two-thirds of the population by the end of 2021.

1. Ttaly officially started the COVID-19 vaccination campaign on December 27, 2020, and
people in Ttaly can receive firee vaccines according to the order of vaccination published by
the Ministry of Health.

2. The vaccination of persons in Italy was phased in four phases. The first phase was from
January to March, the second from April to June, the third from July to September, and

the fourth from October to December.
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Platforms Frequency

Online platforms

Facebook 5
WhatsApp 4
Website 2
Instagram 1
Google 1
Total 13

Offline platforms

Public transportation 3
“Njangi groups” 3
Churches 3
Neighborhood 3
Media 2
‘Work place 2
Markets 2
Homes 1

Total 19
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Measure/

Country

The United States

South Africa

Overall strategy

Government

response

Community

policy

Medical system

District

‘management

Campus

measures

Border control

Relaxation

measures

Financial relief

The data came from the official websites of the three governments (18-20).

Mitigation strategy

‘The US. government declared a national state
of emergency on March 13, 2020. On April 1,
US President Donald Trump approved a

“state of disaster” for 30 states.

On March 16, 2020, the US government
prepared to take any necessary measures.
Consider implementing measures such as

olation and curfew in “hot spots but

temporarily do not consider implementing
them nationwide.

“The first temporary hospital in New York was
‘completed on March 28, 2020.

“The governor of New York State has said that
there is an extreme shortage of ventilators in
New York,

New York had only 5,000 to 6,000 ventilators,
but needed a total of 30,000, so it procured

them from around the world.

‘The Deputy Secretary of Defense has signed a
memorandum of understanding on the
internal travel ban.

Since March 8, 2020, many colleges and
universities in the United States have been
closed. Primary and secondary schools have
suspended classes; Schools in several states

began opening in August 2020.

‘The US government has announced it is

closing its borders with Canada and Mexico.

‘The United States reopened its borders by
lifting restrictions on foreign travelers from
33 countries and territories.

On March 20, 2020, the U.S. Treasury
Secretary said that the Trump administration
would extend this year’s tax deadline,
originally set for April 15, by three months to
July 15.

South Africa declared a state of national
disaster, activated a crisis management
‘mechanism and set up a national response
command committee.

South Africa’s president has announced a
level 2 natiomwide response to the third
wave of COVID-19.

Al social actvities were banned, people

were allowed to go out for food, me¢
and medical treatment, and most
businesses were closed.

A curfew was imposed.

A South African construction company has
builtan isolation facility at a hospital
specifically for the novel coronavirus

‘The second wave of the outbreak has puta
heavy strain on South Africa’s health
system, with hospitals temporarily
redeploying beds and staff and postponing
alarge number of non-emergency
operations.

‘The lockdown order was strictly enforced
across the country and the lockdown level

was set at level five, the most stringent.

‘The government decided to delay the
opening of public and private schools by
two weks.

Schools can resume full

e learning afier
the cabinet issued changes o coronavirus

regulations.

Borders have been closed, border controls
tightened and inter-provincial travel
banned.

‘The government gradually lowered the
lockdown level from phase 5 to Phase 1,
relaxed quarantine measures and began to
resume work and production.

In June 2022, South Afica repealed its
COVID-19 quarantine regulations

“The South African government further
improved and expanded employment-
related tax incentives, and increased
support for poor families, with social
benefits reaching more than 10 million

people.

A working group on COVID-19, led by ltaly’s health
minister, has been set up to review the progress of the
epidemic and propose measures to prevent and control t.
“The Italian government has declared a state of

emergency.

All activities were suspended, places of recreation close

All sports activities were suspended and all shops except
food stores and pharmacies were closed.
All non-essential and non-critical production and

business activities were halted.

“To ensure the safety of health workers, the Government
has taken urgent action to secure more protective
equipment and ensure the functioning of the health
system.

Makeshif hospitals have been set up, the first consisting
of 15 tents with 60 beds.

taly was declared a “red alert zone” and the country was

put under martial law by the military.

The Italian government decided on March 6 that all
schools and universities in Italy would be closed until
‘mid-March, and later announced that all schools would

be closed for an extended period.

“Travel restrictions were put in place, requiring all people
entering the country from Croatia, Greece, Malta and
Spain to undergo virus testing,

Residents were allowed to move from city to city,
industries began to resume work, schools resumed
classes, and entry and exit travel was allowed.

Since May 2022, Taly has gradually relaxed its control
over the COVID-19 outbreak.

“The government offered 32 billion euros in financial aid
10 businesses, self-employed people, local governments

and related industries affected by the pandemic.
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Origin Frequency

Religion 13

Social media 10 286
Conspiracy theory 4 11.4
Culture 4 11.4
Crises 4 11.4
TOTAL 35 100.0
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Measure/Count
Overall strategy

Government response

Community policy

Medical system

District management

Campus measures

Border control

Relaxation measures

Financial relief

Chi

Containment strategy

‘The National Health Commission has included
the novel coronavirus as a Class B infectious
discase under the Law on the Prevention and
“Treatment of Infectious Diseases and
implemented Class A management.

Led by the National Health Commission, a
joint prevention and control mechanism
involving more than 30 departments has been
established.

‘Thirty provinces, autonomous regions and

municipalities have formulated and
implemented community-based prevention
and control measures.

Community publicity prevention common
sense and actively guide response, climinate

panic.
Building makeshift hospitals and international
health posts.

In order to ensure people’s demand for medical

treatment and medicine purchase during the
epidemic, some regions have implemented the
policy of no referral for outpatient services.
‘Wuhan implemented the decisions and
arrangements of the CPC Central Committee,
closed the exit channel and put Wuhan on
lockdown

Some regions have implemented epidemic
control measures for transportation, and high-

risk areas have been closed.

Delayed opening, suspension of classes,

postponement of school-related work.

Strict border management, restrictions on
entry, full implementation of entry and exit
personnel health declaration system, and
strictly carry out entry health quarantine.
Under the joint prevention and control
mechanism of The State Council, it was
pointed out that scientific prevention and

control should be carried out with targeted

policies and at different levels. Low-risk areas
require full resumption of production.

‘The national epidemic prevention
headquarters has decided o basically lft the
coronavirus epidemic nationwide in early
December 2022.

Under the joint prevention and control
mechanism of The State Council four
preferential tax and fe policies have been put
forward to help enterprises resume work and

production.

The data came from the official websites of the three governments (15-17).

Germany

‘The Ministry of Health and the Ministry
of the Interior announced the
establishment of a federal outbreak
response headquarters.

“The level of i
COVID-19 has been improved and a

series of prevention and control measures

assessment for

have been developed based on the
assessment of the German Federal Centre

for Disease Control.

Postponed or cancelled community public
events.

Germany has made it mandatory for
people to wear face masks when

travelling.

Activated a medical emergency plan.
‘The federal and state governments have
reached an agreement to double the
‘number of intensive care beds as soon as
possible and have called for more beds in
hospitals.

‘The federal and state governments had a
no-contact agreement: people must stay at
least 1.5 meters away from each other.
Large gatherings and carnivals were
prohibited in public places and private

apartments.

Schools and childcare facilties were
closed and the government issued sacial

segregation policies

‘The government has tightened border
controls to control the importation of
cases from abroad. The European Union

restricts entry to non-EU citizens.

‘The German government announced a
partiallifting of the lockdown to cushion
the economic impact of the pandemic.
Itannounced the resumption of some

retailers and schools, but urged people to

wear face masks in public.
Germany has gradually relaxed in
accordance with the “three-step’” route,
and fully liberalized in March 2022.

‘The budget for the stabilisation
programme of the Federal Finance

Ministry amounted to 450 billion euros.

Australia

Australian Prime Minister Morrison has
announced the launch of a COVID-19
emergency response plan.

‘The premier of Victoria has declared a level
twoalertin Melbourne at a press
conference.

‘The Victorian government has upgraded its

state of emergency to a “state of disaster”

Enforced strict social distancing rules;
Maintain a social distance of every 4 square
meters/person, and 1.5 meters was

recommended for outdoor social distance,

Developed epidemic prevention tracking

software to better track populations and

control the epide:

Each state conducted nucleic acid testi

an orderly manner.

‘The Delta strain was so severe that parts of
Australia were under emergency lockdown
and several states have issued a state
lockdown.

‘The state of Victoria and the Capital
Territory have ordered lockdown as
COVID-19 rebounds.

Some epidemic-related measures have been
implemented, and students are studying
through online classes.

Prime Minister Morrison has successively
issued a travel ban and closed the border.
Australia announced a comprehensive
lockdown from March 20, 2020.

South Australia reopened its border to New.
South Wales, allowing residents of the two
states to move in and out of each other
without the need for a 14days quarantine.
Queensland opened its borders to parts of
New South Wales.

Australia has gradually relased its social
distancing restrictions, with plans to lft

them completely in July 2022.

‘The government has provided 100 billion
Australian dollars in subsidies to ensure
people’s livelihood and help them survive

the epidemic.
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Impact Freq

Death 2
Increase distrust 3
Noncompliance with government guidelines 8
Vaccine hesitancy 3
Increase spread of disease 4
Reduces ability of patient to access health service 2
Low uptake of research evidence in decision making 1
Drugs overdose 2
Fear and stigmatization 2
Total 27
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pes Freq

Conspiracy theories 8
Myth 10
Misconception 5
Propaganda 2!
Hoaxes 1
Hate speech 1
Infodemic 3
Folklore 1
Total 31
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Actors Freq

Pastors 6
Journalists 1
Citizens 6
Public authorities 2
Politicians 4
Community leaders 4
Opinion leaders 1
Bloggers 1
Opposing leaders 1
Total 26
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Sources/platforms Freq

Offline

Churches 2
Market 1
Family homes 5
Tv 2
Bars 0
Radio 2
Neighborhood 4
Street 1
Online

Messenger 1
Twitter 6
‘WhatsApp 9
Instagram 4
Facebook 7
YouTube 2
Websites 2
Telegram 1
Flickr 1
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Extended

Treatment Min.  1° Quart. Median Average 3° Quart.

tissue

Lumen cells Isotonic 00110 00313 0.0385 0.0465 00625 00884 00774 00263
Lumen cells Seawater 00179 0.0264 0.0400 0.0496 00630 0.1166 00987 00341
Intestinal epithelium | Tsotonic 0.0028 00103 00272 00312 00335 00825 00797 00282
Intestinal epithelium | Seawater 0.0063 00119 00180 00169 00226 00254 00191 00075
Enteric capillaries Isotonic 0.0001 0.0005 0.0009 0.0010 00010 00036 00035 00011
Enteric capillaries Seawater 0.0000 0.0005 0.0033 0.0063 0.0091 00237 00237 0.0082
Lumen cells Isotonic 0.0039 0.0068 0.0084 00105 00103 00335 00296 0.0090
Lumen cells Seawater 0.0052 00071 0.0097 00105 00129 00192 00140 00046
Intestinal epithelium | Tsotonic 0.0001 0.0005 0.0015 0.0019 00022 00055 00054 00020
Intestinal epithelium | Seawater 0.0002 0.0007 0.0011 0.0009 00013 00013 00011 0.0004
Enteric capillaries Tsotonic 0.0000 0.0001 0.0002 0.0003 0.0002 00008 0.0008 0.0003
Enteric capillaries Seawater 0.0000 0.0001 0.0014 0.0025 00053 0.0063 0.0063 00027

Min., Minimun; 1° Quart, First quartile; median, average: 3° Quart,, third quartile, maximum, range, and standard deviation (SD) relating to N gene for segments analyzed and for
treatments.
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Mathematical model logLikelihood AIC Lack of fit Residual v:

LogLogistic 3 4043 7286 663E-01 00012
Weibull 1.3 4042 ~7284 6.60E-01 00012
Cubico 4098 ~7195 NA 00012
Weibull 2.4 4044 ~70.87 376E-01 00013
LogLogistic 4 4043 ~7086 374E-01 00013
Weibull 1.4 4042 ~7085 371E-01 00013
Quadratic 3599 ~63.98 NA 0.0019
Linear 2796 ~1993 NA 00040
Weibull 2.3 293 ~37.86 1.33E-06 00070
Cubic 4840 ~8679 NA 0.0006
Quadratic 47.25 ~86.49 NA 0.0006
Weibull 1.4 47.77 —85.54 341E-01 0.0006
LogLogistic 4 47.46 —84.92 244E-01 0.0006
Linear 4537 8474 NA 0.0007
Weibull 2.4 4693 8387 145E-01 0.0007
LogLogistic 4037 7273 242E-03 00012
Weibull 23 4037 7273 242E-03 00012
Weibull 1.3 4037 7273 242E-03 00012

Reconstituted seawater. Mathematical models used to describe the number of ifecting virions over time after 0-90-min incubation with seawater. For each model,the logLikelihood, AIC, the
p value relating to the goodness-of-fit test, and the variance of the residuals are reported. The selected model is highlighted in gray.
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Treatment Minimum 1° Quart. Median Average 3° Quart.

Control 0 55152 55339 5.6575 5.6681 57879 5.8377
2 47446 47640 47926 47883 18169 4.8235
10 47452 47567 47679 47685 47797 47931
Seawater 30 47270 47367 47671 47679 47983 48102
60 47128 47312 47726 47698 48113 48213
90 45353 45477 45538 45537 45598 45717
2 48447 48574 48840 48824 49089 49169
10 48233 48299 48445 48438 48584 48629
Reconstituted seawater 30 47478 47648 47772 47767 47892 4.8048
60 46956 47085 47250 47246 47412 47529
90 46430 46503 46622 46621 46739 4.6808

Each comparison was made by a non-parameric satistical test (Kruskal-Wallstest), which represented the most appropriate choice i relaion to the small sample size and the characteristics
inherent to the data itself (normality and variance distribution).
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Infectious viral

I:g:ﬁjg{lon LOQrJfo/ LR load reduction
(V4]
Omin (CTR Positive) 5.672 - -
2min 4.788 0.883 86.915
10min 4.769 0.902 87.482
30min 4.768 0.904 87.518
60min. 4.770 0.901 87.447
90min 4.554 1118 92.376
Omin (CTR Positive) 5.672 - .
2min 4.882 0.789 83.759
10min 4.844 0.828 85.142
Somin a7 0595 57269
60min 4.725 0.946 88.688
90min 4.662 1.009 90.213

Reconstituted seawater. Number of infecting virions expressed as logarithmic viral titer [Log
(PEU/mL), logarithmic reduction (LR), and infectious viral load reduction n terms of
percentage after different treatment times (0-90 min).
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Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit
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Respondent Respondent Query Strengths Weaknesses Performance
aggregation level aggregation level index (%)
(a) All the OAs - for items. 174 26
for sections 16 25
(b) for each OA Inpatient Units for items 1665 2
for sections. 15 35
Diagnosis and Care foritems 24 12
Services for sections 255 15
| Hospital Polyclnics for items 174 B
for sections 15 25
(©)for each OU Orthopaedic- foritems 135 142
Traumatology for sections 9 135
Reanimation foritems 2265 545
for sections 165 25
Radiotherapy foritems 05 655
Pathological Anatomy for sections 255 1
[ ngiology foritems 309 105
for sections. 375 05
Orthopaedics foritems 1485 1345
[ Hospital Ptyclnics for sections 75 105
Accidentand Emergency  foritems 2835 215
for sections 27 35

Results for respondents by both the deeper and the shallower analysis.

50 h
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er  Section title Sub-sections Items

1 Context Analysis 1 5
2 Patient Access to the hospital 2 10
3 Impact on taking charge of non-COVID-19 patients 2 2
4 Impact on taking charge of COVID-19 patients 2 10
5 Impact on patient management 2 10
6 Experience at COVID-19 referral centre 6 6
7 Procedures and recommendations for healthcare 2 10
personnel/users
8 Education-Information-Training: healthcare 2 10

professionals’ management
4 Analysis of factors internal to the organization 10 10
10 Analysis of factors external to the organization 8 8

Total: 81





OPS/images/fpubh-11-1279364/inline_44.gif





OPS/images/fpubh-12-1279293/fpubh-12-1279293-g013.jpg
Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit

| O,

7=0)

O

[SINoT

X _o
[

]

1
0.74 0.76 0.89 091





OPS/images/fpubh-13-1337375/fpubh-13-1337375-t001.jpg
Organizational Articulations (OAs)

UOs (OA1)  Inpatient units UOs (OA2) Diagnosis and care services UOs (OA3)  Hospital polyclinics
(OA1) (0A2) (OA3)

A General Medicine A Pathological Anatomy A Audiology, Phoniatrics and

Ear-nose-laryngology

B Onco-haematology B Anesthesiology B General Surgery
c General Surgery c Angiology c Orthopaedics
D Obstetrics and Gynecology | D Cardiology D Pacdiatrics
E Ophthalmology E Dietetics E Hospital Polyclinics
Orthopaedic- Traumatology |~ F Gastrointestinal Endoscopy F Accident and Emergency
G Reanimation G Haepatology G Pain Therapy
H Analysis Laboratory
1 Nephrology and Dialysis
i Neurophysiopathology
K Radiology
L Radiotherapy
M Cardiovascular Rehabilitation
N “Transfusional and immunological Medicine

The Organizational Articulations (OAs) network is subdivided into several Operational Units (OUs). The 28 respondents to the survey are referents of each of the OUs listed in the table with
correspondences of their reference alphanumeric identifiers.
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7 Procedures and recommendations for healthcare personnel/users

m 8 Education-Information-Training: healthcare professionals’ management
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Country/Territory Cases (cumulative) Deaths (cumulative) Cases (per Deaths (per CFR (%)

100, 000) 100,000)
Arctic 2,713,063 29,664 22,1838 2026 L1
Teeland 208,999 213 573,962 57.9 [
Greenland 1971 21 21367.2 375 02
Faroe Islands 34,658 2 71464.2 57.7 [
Denmark 3,403,360 8,265 58,757.6 142.7 02
Alaska (USA) 306617 1,486 43,2666 2097 05
UsA 103,443,455 1119917 31,2515 3383 L1
Northern Finland 156,468 nla 19,6835 nia nfaa
Finland 1462169 8,892 26,3895 160.5 0.6
Northern Canada 20031 61 145137 442 03
Canada 4,602,806 51,405 12,1954 1362 11
Northern Norway 91421 13 18,643.0 2.0 01
Norway 1,479,032 5175 27,0231 95.3 03
Northern Sweden 114,559 1018 27,5913 252 09
Sweden 2,697,827 23,662 26713.1 2343 09
Northern Russia 1,768,339 26726 19,197 290.1 15
Russia 21,960,719 388,126 15,0483 2660 18

*Data for Denmark proper. **Finland reports fatalities using different spatial units than cases.
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Transportation time of specimen Detection time of specimen

Single rapid test Single routine test Pooling of the specimen Single rapid test Single routine test Pooling of the specimen

test test

Mean + SD Mean +SD Mean +SD Mean + SD Median (2.5th— Median (2.5th—
97.5th) 97.5th)

Two weeks

before the

outbreak of 5726 809343530 2845 1112823846 25,845 17152£65.40 5726 164453611 | 22845 | 23593(156.56-63472) | 25845 | 262.88 (158.37-745.82)
COVID-19in

April

Two weeks

after the

outbreak of 5562 71853384 32103 123,65 £42.48° 41,166 185.17£68.99° 5,562 1642853739 32103 24928 (163.62-696.81)° | 41,166 26337 (169.54-913.29)
COVID-19in

April

Towo weeks

before the

outbreakof 10389 59.40+29.03* 12,933 82.00+39.47 50,392 90.72+33.81 10389 1632563496 12933 | 21612(13347-37690)° | 50392 | 22250 (135.82-375.45)"
COVID-19in

July

Two weeks

after the

outbreak of 10,162 63.48:+28.87 11,934 87.38£42.75% 130,788 9L17+34.57" 10,162 164.09:+34.40 1,934 217.05(131.58-380.32)" | 130,788 | 238.82 (140.31-41554)™
COVID-19in

July

p <0001 <0.001 <0.001 011 <0.001 <0.001

Significantly decreased compared to 2 weeks before the outbreak of COVID-19 in April,‘Significantly decreased compared to 2 weeks after the outbreak of COVID-19 in April, Significantly increased compared to 2 weeks before the outbreak of COVID-19 in April,
‘Significantly increased compared to 2 weeks before the outbreak of COVID-19 in July:
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ole specimen  Outbreak of COVID-19 in April utbreak of COVID-19 in July p-value

359,845)
Two weeks Two weeks Two weeks Two weeks after
before before (n =152,884)
(n =54,416) (n=73,714)
Gender
Male (%) 4362 659 9.62 9.17 1824 <0001
Female (%) 56.38 853 1229 132 2424 <0.001
Age
< Lmonth (%) 042 009 014 0.06 013 <0001
1-12months (%) 288 055 052 047 104 <0.001
1-6years (%) 2143 328 493 418 9.0 <0001
7-18years (%) 645 095 143 132 275 0326
19-60 years (%) 6638 991 1404 13.97 2846 <0.001
> 60years (%) 244 034 055 049 106 0.007
Medical type
In-patient (%) 590 120 118 114 238 <0.001
Fever clinic (%) 733 136 135 241 221 <0001
General out-
4439 871 1215 162 191 <0001
patient (%)
Emergency patient
TR 380 086 075 110 109 <0001
(%)
Physical
9.02 299 523 037 043 <0001
examination (%)
Self-service
volunteer through
HIS or Tianfu 2956 0 125 384 2447 <0001

health platform
)
Name of SARS-CoV-2 RNA testitem

Single specimen

885 159 155 289 282 <0001
rapid test (%)
Single specimen

218 635 892 359 332 <0.001
routine test (%)
Pooling of the

6897 718 144 14.00 3635 <0001

specimen test (%)
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sosimens through Tiantu Health Platioma| sposimens through LIS
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Variables Crude OR (95% ClI) p-valu Adjusted OR (95% Cl) p-value
Sex,n (%)

Male Ref. Ref.

Female 197 (1.22-3.47) 0.019 215 (1.02-4.56) 0.046
Marital status, n (%)

Married Ref. Ref.

Other (single, divorced, or widowed) 171 (1.18-2.48) 0.005 1.4 (0.88-2.36) 0.145
Monthly income (RMB), n (%)

<2000 Ref. Ref.

2,000-5,000 0,61 (0.40-0.94) 0.026 0.68 (0.39-1.18) 0.168
5,001-10,000 079 (0.49-1.27) 0328 0.75 (0.40-1.42) 0.380
10,000 142(0.71-2.83) 0316 142 (0.55-3.69) 0472
Health status, n (%)

Good Ref. Ref.

Fair 344(234-5.08) <0.001 177 (1.09-2.87) 0022
Poor 14.46 (6.28-33.30) <0001 301 (103-8.86) 0,045
Allergic history, n (%)

No Ref. Ref.

Yes 261 (1.76-387) <0001 207 (1.25-3.45) 0.005
Comorbidities, n (%)

No Ref. Ref.

Yes 208 (1.40-3.09) <0001 218(1.28-3.71) 0.004
COVID-19 vaccination is effective

Yes Ref. Ref.

No 18.89 (8.62-41.37) <0001 671 (201-22.46) 0.002
Uncertain 9.14(6.13-13.64) <0.001 2,62 (1.48-4.63) 0.001
COVID-19 vaccination is safe

Yes Ref. Ref.

No 55.42(20.14-152.48) <0.001 601 (1.63-2217) 0.007
Uncertain 14.78 (9.83-22.22) <0.001 438 (249-7.69) <0.001
COVID-19 vaccination will affect ART efficacy

Yes 64.40 (27.22-152.34) <0.001 2542 (9.64-67.01) <0.001
No Ref. Ref.

Uncertain 14.46 (6.66-31.42) <0.001 7,56 (3.25-17.59) <0.001
Know at least one type of domestic COVID-19 vaccine

Yes Ref. Ref.

No 4.11(257-6.56) <0.001 359 (1.85-6.97) <0.001

Socio-demographic characteristics, health status characteristics and HIV-related characteristics, knowledge and attitudes toward COVID-19 vaccination were included in the regression
according to the nivariate analysis (p<0.05), and willingness to receive COVID-19 vaccination as the reference group.
OR, odds ratio; CI, confidence interval.
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Proportions Univariate-corrected for country and Multivariable
number of pre-pandemic cross-border
visits for everyday activities per month

Decrease>1N =967 Increase>1N Decrease>1 Increase>1 Decrease>1 Increase >1
N N OR  95%CI OR  95%Cl OR  95%CI P OR  95%CI P
Country 0.008 0.008 0.010 0.010
Belgium 122 277 30 68 Ref Ref Ref Ref
Netherlands 568 367 176 14 119 091-L57 020 156 102-237 0039 L4 087-150 036 174  LI2271 0014
Germany 277 346 55 69 138 103-184 0033 107 067-173 078 126 094-169 012 117 071-192 053
Number of pre-pandemic border 7.86 (6.97) 5.75(6.96) <0.001 <0.001 <0.001 <0.001
crossings per month (continuous) Mean
(SD)
136 132141 <0001 130 125-135 <0001 143 138-148 <0001 130 125-136  <0.001
Sex <0.001 <0.001 <0.001 <0.001
Female 559 346 19 74 Ref Ref Ref Ref
Male 408 38 142 121 091 076-110 032 157  120-206 0001 091 = 075-109 030 157 120207  0.001
Age group 077 077
18-29 72 316 2 14 102 069-153 091 169 095298 0072
30-39 91 318 2 70 099 068142 094 095 053175 090
40-49 139 39 » 80 097 070-136 087 106 063180 082
50-59 239 344 70 10.1 099 074-133 096 135 086-211 020
60-69 274 363 7 102 109 082145 057 134 086209 020
>70 152 366 35 84 Ref Ref
Level of education 098 098
Theoretical 453 341 126 95 Ref Ref
Practical s14 352 135 93 100 084-120 098 | 097  074-128 084
Work situation <0.001 <0.001 <0.001 <0.001
Working in own country 526 38 147 95 Ref Ref Ref Ref
Working in other country 29 453 14 219 020 009-047 <0001 100  041-241 100 021  0086-049 <0001 101 041-244 099
Not working a2 352 100 85 093 078-112 046 082  062-109 018 094 078-L13 049 083 063-L10 020
Presence of comorbidities 089 0.89
No comorbidities. 382 341 109 97 Ref Ref
Comorbidities 585 3 152 91 100 083120 100 | 094  071-123 065
Having family/friends across the border <0.001 <0.001 <0.001 <0.001
No 504 314 122 76 Ref Ref Ref Ref
Yes 463 39.1 139 7 057 046-069 <0001 094  070-126 066 057 046070  <0.001 094 070-126 068
Perceived difficulty (R1)
Limit group size 0.14 014
(very) easy/neutral 785 347 198 87 Ref Ref
(very) difficult 182 347 63 120 106 084134 061 139 101-192  0.044
Minimalize travel 0.20 0.20
(very) easy/neutral 814 341 211 88 Ref Ref
(very) difficult 153 380 50 124 098 075-127 085 135 095-193 0099
Work from home" 0073 0.073
(very) easy/neutral/not applicable 700 a8 174 86 Ref Ref
(very) difficult 267 345 87 12 103 084-126 076 140 105-187 0023
Perceived usefulness (R1)
Limit group size 0.009 0.009 0.032 0.032
(very) useful/neutral 880 350 219 87 Ref Ref Ref Ref
(very) useless 87 313 42 15.1 092 068-126 060 173 118255 0005 093  068-127 065 161 109-237 0017
Minimalize travel 0.027 0.027
(very) useful/neutral 904 349 233 90 Ref Ref
(very) useless 63 317 2 141 073 050-107 011 141 | 089224 014
Work from home* 0.10 0.10
(very) useful/neutral/ not applicable 91 349 27 91 Ref Ref
(very) useless 56 320 2 137 076 051-113 018 132 081-215 027

Reference = o change in short cross-border visits for everyday activities. OR, 0dds ratio; 95%CI =95% confidence interval. Nagelkerke pseudo-R’ value of the multivariable model =0.29.
Decrease > I indicates a decrease of 1 or more short cross-border visits for everyday activities (e.g., grocery shopping, visiting restaurants) per month in autumn 2021, compared to before the
COVID-19 pandemic. Increase > I indicates an increase of 1 or more short cross-border viits for everyday activites (e.g. grocery shopping, visiting restaurants) per month in autumn 2021,
compared to before the COVID-19 pandemic. R1, round 1 questionnaire. “For ‘work from home; all participants who were not working (e.g, retired, students) were grouped ‘not applicable.
This group was then included in the categories of ‘(very) useful or neutral' for perceived usefulness, and ‘(very) easy or neutral'for perceived efficacy of working from home.
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\ELELIES All participants Willing to receive Unwilling to receive

(N=1428) COVID-19 vaccination =~ COVID-19 vaccination
(N =1,292) (N =136)

COVID-19 vaccination is effective

Yes 1,213 (84.94) 1,152 (89.16) 61 (44.85) <0.001
No 28(1.96) 14 (1.08) 14(10.29)
Uncertain 187 (13.10) 126 (9.75) 61 (44.85)

COVID-19 vaccination is safe

Yes 1,196 (83.75) 1,151 (89.09) 45 (33.09) <0.001
No 19(1.33) 6(0.46) 13 (9.56)
Uncertain 213(14.92) 135 (10.45) 78 (57.35)

COVID-19 vaccination will affect ART efficacy

Yes 85(5.95) 50 (3.87) 35 (25.74) <0.001
No 651(45.59) 644 (49.85) 7(5.15)
Uncertain 692 (48.46) 598 (46.28) 94 (69.12)

Consulting proactively vaccination information through medical staff

Yes 854(59.80) 774 (5991) 80(58.82) 0806
No 574(40.20) 518 (40.09) 56 (41.18)

Knowat least a type of domestic COVID-19 vaccine

Yes 1,319 (92.37) 1212(93.81) 107 (78.68) <0.001

No 109 (7.63) 80(6.19) 29(21.32)





OPS/images/fpubh-12-1281072/fpubh-12-1281072-t003.jpg
Proportions Univariate-corrected for country and number of Multivariable
pre-pandemic long cross-border visits per month

Decrease>1N =287 Increase>1N =68 Decrease>1 Increase>1 Decrease>1 Increase >1
N % 3 OR  95%ClI OR 95%Cl OR 95%Cl 95%Cl

Country 054 054 0.95 0.95
Belgium 32 250 12 94 Ref Ref Ref Ref
Netherlands 187 267 0 57 135 081224 025 070 035-143 033 118 070200 053 108 048-245 085
Germany 68 257 16 60 135 077-237 030 078 034-175 054 119 067-212 056 127 | 051-318 061
Number of pre-pandemic 1246 (10.51) 1009 (9.94) <0.001 <0.001 <0.001 <0.001
border crossings per

month (continuous)

117 L14-121 <0001 | L14  LI0-LI9 | <0001 | LI§ | L4121 <0001  L12 | L08-L17  <0.001

Sex 092 092

Female 130 277 31 66 Ref Ref

Male 157 251 37 59 094 069-128 069 099 060-166 098

Age group 031 031

18-29 14 215 4 62 076 036-162 048 115 033-405 083

30-39 15 150 10 100 056 028-L12 0099 203 077-532 015

40-49 46 287 10 63 105 | 062-177 085 129 050-334 060

50-59 75 281 12 45 096 060-153 086 087 035-216 076

60-69 87 284 2 75 LIl 071-174 064 172 076389 019

270 50 255 9 46 Ref Ref

Level of education 043 043

Theoretical 127 26 3 63 Ref Ref

Practical 160 288 3 61 122 090-166 020 105 063175 085

Work situation (R1) 0.005 0.005 0.004 0.004
Working in own country 134 22 B 52 Ref Ref Ref Ref

Working in other country 18 316 14 26 066 029-150 032 373 149931 0005 | 064 | 028-146 029 410 | 162-1038  0.003
Not working 135 280 2 52 116 085-158 035 104 059182 090 114 083156 042 Ll4 064202 065
Presence of comorbidities 031 031

No comorbidities 98 238 2 68 Ref Ref

Comorbidities 189 277 0 59 127 092-174 014 098 058-164 092

Perceived difficulty (R1)

Limit group size 031 031

(very) easy/neutral 241 271 55 62 Ref Ref

(very) difficult 46 25 13 64 073 049-L10 013 093 049-179 083

Minimalize travel 0.027 0.027 0.021 0.021
(very) easy/neutral 212 265 3 53 Ref Ref Ref Ref

(very) difficult 45 250 20 1 080 053122 031 194 108-345 0025 081 053125 035 207 L4375 0016
Work from home* 091 091

(very) easy/neutral/not 207 256 50 62 Ref Ref

applicable

(very) difficult 80 282 18 63 094 066-132 071 091 051-162 075

Perceived usefulness (R1)

Limit group size 045 045

(very) useful/neutral 263 265 59 59 Ref Ref

(very) useless 2 25 9 838 084 049-143 052 145 067-301 035

Minimalize travel 016 016

(very) useful/neutral 263 258 58 57 Ref Ref

(very) useless u 316 10 132 109 061-197 077 221 102478 0045

Work from home* 016 016

(very) useful/meutral/ not 269 265 59 58 Ref Ref

applicable

(very) useless 18 28 9 14 073 039-137 032 174 079-383 017

Reference =no change in long cross-border vsits for visiting social network members. OR, odds ratio; 95%C1=95% confidence interval. Nagelkerke pseudo-R value of the multivariable
model =0.24. Decrease > 1 indicates a decrease of 1 or more long cross-border visits to visit family; friends or acquaintances per month in autumn 2021, compared to before the COVID-19
pandemic. Increase > 1 indicates an increase of 1 or more long cross-border visits to visit family friends or acquaintances per month in autumn 2021, compared to before the COVID-19
pandemic. R1 =round 1 questionnaire. *For ‘work from home all participants who were not working (e.g. retired, students) were grouped ‘ot applicable. This group was then included in the
categories of (very) useful or neutral for perceived usefulness, and ‘(very) easy or neutral' for perceived efficacy of working from home,
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Variables

Health status, n (%)

Good

Fair

Poor

Allergic history, n (%)

Yes

No

Comorbidities, n (%)

Yes

No

‘Time living with HIV (years), n (%)
<

1-5

>5

Mode of HIV transmission, n (%)
Homosexual transmission
Heterosexual transmission
Others/uncertain

‘The stages of HIV infection, n (%)
i

i

i

w

All participants
(N=1,428)

1144 (80.11)
260 (18.21)

24(1.68)

231 (16.18)

1,197 (83.82)

256 (17.93)
1,172 (82.07)
433(222,671)
163 (11.41)
650 (45.52)

615 (43.07)

1,071 (75.00)
313(21.92)

44 (3.08)

1,000 (70.03)
36(252)
35 (245)

357 (25.00)

“The symptoms associated with HIV infection last 3 months, n (%)

Yes
No

“The last CD4'T cells (cells/piL), median
(IQR)

<350

350-500

>500

“The last CD8'T cells (cells/pL), median
(IQR)
320-1,250

<320 or >1,250

141 (9.87)
1,287 (90.13)

438.50 (303.00, 604.00)

474 (33.19)
408 (28.57)
546 (38.24)

625.00 (457.50, 887.00)

1,177 (82.42)

251(17.58)

Willing to receive
COVID-19 vaccination

(N=1,292)

1,070 (82.82)
210(16.25)
12(093)

189 (14.63)

1,103 (85.37)

216(16.72)
1,076 (83.28)
435(230,675)
147 (11.38)
584 (45.20)

561 (43.42)

972(75.23)
280 (21.67)

40 (3.10)

914 (70.74)
34(263)
32(248)

312(24.15)

122(9.44)

1,170 (90.56)

441,00 (302.00, 612.00)

420 (3251)
369 (28.56)
503 (38.93)

632.00 (459.00, 882.00)

1,069 (82.74)

223(17.26)

Unwilling to receive
COVID-19 vaccination

(N=136)

74(54.41)
50 (36.76)
12(8.82)

42(30.88)

94(69.12)

40 (29.41)
96 (70.59)
428 (181,6.21)
16 (11.76)
66 (48.53)

54(39.71)

99 (72.79)
33(24.26)

4(294)

86(63.24)
2(147)
321

45(33.09)

19 (13.97)

117 (86.03)

380,50 (273.25, 566.75)

54(39.71)
39 (28.68)

43(3162)

66000 (454.00, 956.75)

108 (79.41)

28(20.59)

p-value

<0001

<0.001

<0.001

0285

0701

0785

0132

0092

0.062

0.162

0.609

0332
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Proportions Univariate-corrected for country and number Multivariable
of pre-pandemic cross-border visits per month

Decrease>1N=1,146 Increase>1N =324 Decrease >1 Increase >1 Decrease >1 Increase >1
N N OR 95%Cl OR 95%Cl p 95%CI p OR 95%ClI p
Country 0.001 0.001 <0.001 <0.001
Belgium 146 319 37 8.1 Ref Ref Ref Ref
Netherlands 680 22 209 130 092 069-123 058 162 110239 0014 089 067-L1I8 041 | 179 120-266 0004
Germany 320 384 78 94 120 088-163 024 125 082-192 030 LIS 085157 037 135 087-208 018
Number of pre-pandemic <0.001 <0.001 <0.001 <0.001

border crossings per month

12 160 121 140 106 Ref Ref Ref Ref

35 445 505 107 121 883 706-1104 <0001 | 220 | 166-293 <0.001 904  7.22-1132 <0001 212 159-283 <0.001
26 541 773 77 10 4408 32935901 <0001 | 626 | 436-900 <0.001 4728 3502-6382 <0.001 531 365773  <0.001
Sex <0.001 <0.001 <0.001 <0.001
Female 677 399 158 93 Ref Ref Ref Ref

Male 469 390 166 138 078 064-094 001l 140 | 109-180 0008 078  064-095 0014 139 108-179 0010
Age group 041 041

18-29 78 320 £ 135 092 061-139 068 166 098-281 0059

30-39 108 365 31 105 114 078-168 050 137 081232 025

40-49 166 395 37 88 110 077-156 061 LI 067-184 068

50-59 78 392 85 120 099 072134 092 145 095222 0089

60-69 325 412 9 126 L2 08152 046 157 104-239 0033

>70 191 52 39 88 Ref Ref

Level of education o o

Theoretical 518 376 159 s Ref Ref

Practical 628 a2 165 108 121 1L00-147 0049 101 078-129 097

Work situation <0.001 <0.001 <0.001 <0.001
Working in own country 606 380 189 18 Ref Ref Ref Ref

Working in other country 35 515 18 265 075 036-155 043 290 | 135-623 0007 074 036-155 043 284 132613 0.008
Not working 505 08 n7 95 094 078115 056 074 | 057-097 0026 094 077-L14 054 076 0.58-098 0035
Presence of comorbidities 025 0.5

No comorbidities 440 379 142 122 Ref Ref

Comorbidities 706 06 182 105 109 090-132 040 087 068-112 029

Having family/friends across 031 031

the border

No 506 312 166 102 Ref Ref

Yes 640 50.1 158 124 100 082-123 100 122 093158 015

Perceived difficulty (R1)

Limit group size 0.033 0.033

(very) easy/neutral 945 0.1 249 106 Ref Ref

(very) difficult 201 369 75 138 079 062-101 | 0063 | 117 | 087-158 030

Minimalize travel on [

(very) easy/neutral 968 390 265 107 Ref Ref

(very) difficult 178 27 59 141 098 075129 090 139 099-194 0055

Work from home" 0.023 0.023

(very) easy/neutral/ not 843 00 25 102 Ref Ref

applicable

(very) difficult 303 382 109 137 104 084-128 075 144 L1-188 0.007

Perceived usefulness (R1)

Limit group size <0.001 <0.001 0.003 0.003
(very) useful/meutral 1,049 401 72 104 Ref Ref Ref Ref

(very) useless 97 38 52 181 074 054-103 007 161 | 113-230 0009 076 055106 011 151 105216 0027
Minimalize travel 0.002 0.002

(very) useful/meutral 1074 398 287 106 Ref Ref

(very) useless 72 353 37 18.1 072 049-106 0098 163 | 107-248 0022

Work from home" 0.014 0.014

(very) useful/meutral/not 1,082 398 292 107 Ref Ref

applicable

(very) useless 64 354 32 17.7 076 051-L14 019 154 099-240 0056

Reference =no change in short cross-border visits. OR, odds ratio; 95%C1 =95% confidence interval. Nagelkerke pseudo-R value of the multivariable model =0.38. Decrease > | indicates a
decrease of 1 or more cross-border visits per month in autumn 2021, compared to before the COVID-19 pandemic. Increase >  indicates an increase of 1 or more cross-border visits per
month in autumn 2021, compared to before the COVID-19 pandemic. R1= round 1 questionnaire. *For ‘work from home al participants who were not working (e.g, retred, students) were
grouped ‘not applicable. This group was then included in the categories of ‘(very) useful or neutral for perceived usefulness, and (very) easy or neutral for perceived efficacy of working from
home.
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\ELELIES All participants Willing to receive Unwilling to receive

p-value

(N =1,428) COVID-19 vaccination =~ COVID-19 vaccination

(N=1,292) (N =136)
Age (year), median (IQR) 40.39 (31.78, 52.18) 40,50 (3201, 52.33) 39.00 (30.73, 51.83)
<60 1,308 (91.60) 1,184 (91.64) 124 (91.18)
260 120 (8.40) 108 (8.36) 12(882)
Sex, n (%)
Male 1,330 (93.14) 1,210 (93.65) 120 (88.24)
Female 98 (6.86) 82(6.35) 16(11.76)
BMI (kg/m?), median (IQR) 2286 (2076, 25.15) 2287 (2087, 25.16) 2204 (20.10, 24.66)
<185 102(7.14) 90(6.97) 12(882)
18.5-239 788 (55.18) 704 (54.49) 84(61.76)
2240 538 (37.68) 498 (38.54) 40 (29.41)

Ethnic minorities, n (%)

Yes 41287) 38 (2.94) 3(221)
No 1,387 (97.13) 1,254 (97.06) 133 (97.79)
Marital status, n (%)

Married 637 (44.61) 592 (45.82) 45 (33.09)
Other (single, divorced or widowed) 791 (55.39) 700 (54.18) 91 (66.91)

Education level, n (%)

Primary school or below 87(6.09) 77 (596) 10(7.35)
Junior high school 393 (27.52) 356 (27.55) 37 (27.21)
Senior high school 330 (23.11) 296 (2291) 34(25.00)
College degree or above 618 (43.28) 563 (43.58) 55 (40.44)

Occupation, n (%)

Public official 68 (4.76) 62(4.80) 6(441)
Professional and technical personnel 1399.73) 120(9.29) 19.(13.97)
Business/service staff 126 (8.82) 115 (8.90) 11(8.09)
Industrial worker 159 (11.13) 144 (11.15) 15(11.03)
company employee 229(16.04) 216 (16.72) 13 (9.56)
Farmer 146 (10.22) 132(1022) 14(1029)
Student 31(217) 29(2.24) 2(147)
Others 530 (37.11) 474(36.69) 56 (41.18)

Monthly income (RMB), n (%)

<2,000 395 (27.66) 349 (27.01) 46 (33.82)
2,000-5,000 627 (43.91) 580 (44.89) 47 (34.56)
5,001-10,000 330 (23.11) 299 (23.14) 31(2279)
>10,000 76 (5.32) 64(4.95) 12(8.82)

Area of residence, n (%)

Rural 374(26.19) 345 (26.70) 29(2132)
Township 133(9.31) 115 (8.90) 18(13.24)
Urban 921 (64.50) 832 (64.40) 89 (65.44)

BMI, body mass index.
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0853

0017
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0625
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0823

0346

0036
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CBM at

baseline

N=2,900
Country
Belgium 457 633
Netherlands 1,610 899
Germany 833 809
Sex
Female 1,698 820
Male 1,202 817
Age group
18-29 244 772
30-39 296 815
40-49 420 843
50-59 710 831
60-69 788 836
270 442 7.7

Level of education
‘Theoretical 1,377 825
Practical 1,523 813

Work situation

Working in own 1,595 842
country
Working in other 68 958
country
Not working 1237 784

Presence of comorbic
No comorbidities 1,160 822

Comorbidities 1740 817

No CBM
at
baseline
N=643

265
181

197

373

270
72
67

78

155

127

292

351

299

341

252

391

Having family/friends/acquaintances across the border

Yes 1277 94.0
No 1,623 743

Mobility at baseline (before the pandemic)

Yes, social visits and 1,001 100
visits for everyday

activities

Yes, only visits for 1806 100

everyday activities
Yes, only social visits 93 100
No o 0
Mobility in round 1 (spring 2021)

Yes, social visits and 218 98.6
visits for everyday

activities
Yes, only visits for 77 957
everyday activities

Yes, only social visits 130 985
No 1835 752
Mobility in round 2 (autumn 2021)

Yes, social visits and 525 985
visits for everyday

activities

Yes, only visits for 1522 899
everyday activities

Yes, only social visits 108 908

No 745 622

82

561

643

32

171

453

Number of pre-pandemic border crossings per month

0 0 0
1-2 1318 100
35 882 100

26 700 100

643

%

180

183

28
185
157
169
164

23

175

187

158

42

216

178

183

60

257

43

101

92
378

100

Total

1791

1,030

2071

1472

316
363
498
854
943

569

1,669

1874

1894

7

1,578

1412

2,131

1359

2,184

1001

1806

9
643

21

749

132

2441

533

1,693

jit]

1,198

643
1318
882

700
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Under the age of 18 (n = 3)
and under 180 seconds to
complete the survey (n = 67)

have been infected with
SARS-CoV-2 (n = 14)

provided incorrect
COVID-19 vaccination
information (n = 2) —

Finally analytic participants (n = 1428)
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AAAA

MARCH - JUNE 2020 JANUARY - APRIL2021  APRIL - JUNE 2021 SEPTEMBER- NOVEMBER 2021
March 2020: Start COVID-19 pandemic. ~ COVID-19 border restrictions  Data collectionround1  Data collection round 2
COVID-19 border restrictions in the EMR: _ in the EMR: (spring 2021): (autumn 2021):

« Belgian borders closed « Belgian borders closed « Assessment pre- « Assessment current CBM

* Non-essential CBM discouraged * Non-essential CBM pandemic CBM

+ Commuting certificates discouraged + Assessment current CBM

Commuting certificates
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Country

Ecuador
Bolivia
Peru
Brazil
Colombia
Chile
Mexico
Argentina
usA

India

Total number of COVID-19 Maximum
COVID-19 mortality crude / number of
officially reported rate deaths per day
deaths
17,965 101 1,120
12731 108 84
58,261 175 740
381,687 179 4249
69,396 136 429
25,532 133 316
214,957 168 1,584
60,083 132 515
586,152 178 5057
195,123 14 2624

% increases in
terms of excess
mortality

408%.
256%
178%
86%
83%
68%
60%
40%

4%

Highest mortality
rate/100.000 per
day

124

113

154

018
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Negative Univariate-corrected for country, Multivariable
experience of change in cross-border visits, and

border number of pre-pandemic cross-
restrictions border visits per month
OR 95%Cl P 95%Cl
Country 0.002 <0.001
Belgium 169 370 Ref Ref
Netherlands 808 502 134 107-168 0.012 14 L4182 0.003
Germany 22 387 101 079-1.29 094 109 084141 051
Change in cross-border visits per month <0.001 <0.001
between autumn 2021 and before the
pandemic
No change 548 383 Ref Ref
Decrease of >1 548 478 196 1.51-2.55 <0.001 1.84 141-241 <0.001
Increase of >1 203 627 068 055-0.83 <0.001 069 056-084 | <0.001
Number of pre-pandemic border crossings <0.001 <0.001
per month
1-2 430 326 Ref Ref
35 418 474 207 170-252 <0.001 191 156234 <0.001
>5 451 644 468 3.67-597 <0.001 391 302508 <0.001
Sex 014
Female 77 22
Male 582 484 113 0.96-1.32 014
Age group 0.002
18-29 4 167 137 099-191 0.062
30-39 136 459 138 101-1.89 0.043
40-49 196 467 134 101-178 0.044
50-59 336 473 125 098161 0078
60-69 324 411 090 071-116 042
270 193 37 Ref
Level of education 0.047
Theoretical 643 167 Ref
Practical 656 431 0386 0.73-1.00 0.047
Work situation <0.001 0.005
Working in own country 730 458 Ref Ref
Working in other country 51 750 209 116-3.77 0.014 221 121-401 0.010
Not working 518 419 079 0.67-093 0.003 088 074103 on
Presence of comorbidities 092
No comorbidities 524 452 Ref
Comorbidities 775 445 099 085116 092
Having family/friends across the border 0.001 0.002
No 613 3758 Ref Ref
Yes 686 537 131 L11-155 0.001 131 L10-155 0.002
Perceived difficulty (R1)
Limit group size <0.001 <0.001
(very) easy/neutral 978 a5 Ref Ref
(very) difficult 321 589 197 1.62-241 <0.001 154 124-191 <0.001
Minimalize travel <0.001 <0.001
(very) easy/neutral 1,027 414 Ref Ref
(very) difficult 72 652 260 207-327 <0.001 199 155256 <0.001
Work from home* 0.009
(very) easy/neutral/ not applicable 914 34 Ref
(very) difficult 385 485 126 1.06-1.49 0.009

Perceived usefulness (R1)

Limit group size <0.001

(very) useful/meutral 1134 54 Ref

(very) useless 165 575 164 126-2.12 <0.001

Minimalize travel <0.001 0.007
(very) useful/neutral 1,168 433 Ref Ref

(very) useless 131 612 223 163-305 <0.001 158 L3221 0.007
‘Work from home* 0.011

(very) useful/meutral/not applicable 1,19 1440 Ref

(very) useless 103 569 152 110-2.10 0011

Reference = no negative experience of border restrictions. OR, odds ratio; 95%CI =95% confidence interval. Nagelkerke pseudo-R* value of the multivariable model =0.17. Decrease> 1
indicates a decrease of 1 or more cross-border visits per month in autumn 2021, compared to before the COVID-19 pandemic. Increase>> 1 indicates an increase of 1 or more cross-border
visits per month in autumn 2021, compared to before the COVID-19 pandemic. R1, round 1 questionnaire. *For ‘work from home, ll participants who were not working (e.g, retired,
students) were grouped ‘ot applicablel This group was then included in the categories of (very) useful or neutral"for perceived usefulness, and ‘(very) easy or neutral for perceived efficacy of
working from home.
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Canton Total Expected Excess % Increase Population Rate x

deaths deaths [EEIGH 100,000
1 Santa Elena 1821 727 1,094 150% 188,821 5792
2 Guayaquil 29262 15,881 13,381 84% 2,723,665 913
3 Machala 2812 1516 1,296 85% 289,141 4482
1 Manta 2,601 1,448 1153 80% 264,281 4363
5 Milagro 1,768 1,033 735 71% 199,835 3680
6 Daule 1,145 516 629 122% 173,684 3622
7 Santa Lucia 396 238 158 67% 45,004 3518
8 Portoviejo 2820 1725 1,095 64% 321,800 3404
9 Tipijapa 638 406 232 57% 74,645 3108
10 Quevedo 1,591 940 651 69% 213,842 3043
1 Ambato 3,200 2032 1,168 57% 387,309 3016
12 Durin 1,299 476 823 173% 315,724 2606
13 Riobamba 2,147 1492 655 44% 264,048 2479
1 Latacunga 1462 956 506 53% 205,624 2162
15 La Libertad 635 348 287 83% 17,767 2440
16 Pedro Carbo an 288 123 3% 51,802 2368
17 Santo Domingo 2988 1934 1,054 55% 458,580 2299
18 Quito 18,017 11,880 6,137 52% 2781,641 206
19 Azogues 696 508 188 37% 86,276 2183
20 Tharra 1,594 1133 461 1% 221,149 2083
2 Esmeraldas 1397 949 448 47% 218,727 2050
2 Pasaje 514 339 175 51% 87,723 199.1
2 Salinas 528 348 180 52% 94,590 1899
2 Babahoyo 1,407 1,081 326 30% 175,281 186.2
2 Lago Agi 650 428 22 52% 119,594 1853
2% Rumifiahui 537 338 199 59% 115433 1727
27 Sucre 409 306 103 34% 62,443 1650
28 Salitre 370 264 106 0% 65,765 160.7
29 Tulcin 591 431 160 37% 102,395 1566
30 Samborondén 31 B 160 59% 102,404 1562
31 Chone 767 566 200 36% 131,002 1537
32 Montecristi 450 91 159 54% 107785 1472
B Colta 312 217 6 26% 44,838 1442
34 Cuenca 3977 3,064 913 30% 636,996 1433
35 Playas 373 288 85 29% 59,628 1420
36 Guaranda 59 458 138 30% 108,763 1266
37 Otavalo 582 441 141 32% 125,785 124
38 Tena 360 272 88 33% 79,182 116
39 Loja 1,699 1,403 296 21% 274,112 1080

0 Empalme 395 303 92 30% 86,073 1065
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Province Population Total Expected Excess % increase Rate per

deaths deaths deaths 100,000
Highlands Azay 881,394 4425 3,266 1,159 35% 1315
Bolivar 209933 951 673 278 41% 1324
Cafiar 281,396 1313 892 421 47% 1497
Carchi 186,869 850 576 274 48% 1468
Cotopaxi 488,716 2240 1,403 837 60% 1713
Chimborazo 524,004 2972 1,950 1022 52% 1950
Imbabura 476,257 2325 1628 697 43% 1462
Loja 521,154 2481 1925 556 29% 1066
Pichincha 3228233 17224 10,684 6,540 61% 2026
Tungurahua 590,600 3618 2216 1402 63% 273
Santo Domingo 458,580 2741 1712 1,029 60% 245
Coast ElOro 715751 4422 2439 1,983 81% 2770
Esmeraldas 643,654 1871 1279 592 46% 920
Guayas 4,387,434 34,661 17,079 17,582 103% 14007
Los Rios 921,763 4,465 2962 1,503 51% 163.1
Manabi 1,562,079 9,147 5210 3937 76% 2520
Santa Elena 401,178 2727 1073 1,654 154% 4124
Amazon Morona Santiago 196,535 541 39 145 37% 736
Napo 133,705 477 306 7 56% 127.6
Pastaza 114,202 340 253 87 34% 7647
Zamora Chinchipe 120,416 313 207 106 51% 883
Sucumbios 230,503 807 494 313 63% 1356
Orellana 161,338 487 326 161 50% 9.9
Galapagos Galipagos 33,042 a 37 4 1% 131
Islands

Ecuador 17,510,643 101,439 58,986 42,453 72% 2424
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Province Monthly Weekly Daily Monthly Weekly Daily Monthly Weekly Daily

excess excess  excess excess excess excess
Classic estimation Proposed new estimation Excess against deaths (%)

Azay 299 8 2 284 81 2% 45% 50% 69%
Bolivar 52 20 9 46 20 8 38% 54% 80%
Cafiar 7 31 12 7 31 12 45% 58% 80%
Carchi 6 29 8 7 27 7 4% 66% 78%
Chimborazo 215 6 15 20 66 16 51% 57% 70%
Cotopaxi 142 39 13 147 0 14 48% 53% 74%
ElOro 470 139 2 a1 132 27 60% 67% 75%
Esmeraldas 198 50 12 176 19 12 55% 60% 71%
Galapagos 4 0 2 3 2 2 3% 67% 100%
Guayas 10727 4926 795 10,383 4,860 787 83% 91% 92%
Imbabura 209 66 13 209 6 14 54% 61% 70%
Loja 191 57 12 179 5 12 6% 53% 63%
Los Rios 610 164 36 589 152 3 64% 67% 76%
Manabi 1,266 367 75 1,180 348 68 66% 72% 77%
Morona 4 12 5 3 13 5 4% 57% 83%
Santiago

Napo 56 16 6 52 16 6 60% 67% 86%
Orellana 52 2 7 49 2 6 58% 72% 86%
Pastaza 38 12 6 38 12 6 58% 67% 6%
Pichincha 1,785 453 7 1,658 408 67 58% 60% 63%
Santa Elena 1,047 339 59 1012 330 57 87% 91% 92%
Santo Domingo 266 7 18 28 67 18 55% 60% 75%
Sucumbios 134 36 9 123 30 8 68% 70% 80%
Tungurahua 384 107 2 362 98 2% 59% 63% 75%
Zamora 31 10 5 3 u 4 60% 69% 0%
Chinchipe

Country Total 15,009 5,826 931 14,057 5,764 889 67% 79% 79%
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Dependent variable = CFR

Time period Predictors = Fully vaccinated Estimates Cl
population (%)

January 2021 toJuly 2021 (Intercept) 28455 194-374
Regression coefficient ~0.04%5% ~0.06 - ~0.02
R/ R adjusted 0.300/0.283

January 2021 toJuly 2022 (Intercept) 190%5* 151-229
Regression coefficient —0.03%% ~0.04--002
R/ R adjusted 052770516

Cl stands for Confidence Interval. *, *, *** equal statis

ical significance at 5, 1, and 0.1 percent levels (* p<0.05, ** p<0.01, *** p<0.001). N=44.
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Dependent variable = Cumulative death per 100,000

Time period Predictors = Fully vaccinated Estimates Cl
population (%)

January 2021 to July 2021 (Intercept) 0.06%%% 0.04-0.09
Regression coefficient ~000%+ ~0.00 - ~0.00
R/ R adjusted 023470216

January 2021 toJuly 2022 (Intercept) 270854+ 22054-321.15
Regression coefficient —310%% —414--207
R/ R adjusted 046570453

Cl stands for confidence interval. *, %, ** equal statistical significance at 5, 1, and 0.1 percent levels (* p<0.05, ** p<0.01, *** p<0.001).
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COVID-19 outcomes Fully vaccinated individuals (%)
(Correlation coefficient)

January 2021 January 2021
to July 2021 to July 2022

Cumulative cases per 100,000 011 0.46%+*
Cumulative death per 100,000 —0.4g¥+¢ —0.68*++
CER (%) —0.554++ —073

*, %%, %% equal statistical significance at 5, 1 and 0.1 percent levels. Here, the total number of
observations (N=44)
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us strain (genus) (\ZED Route of transmission Estimated mortality
SARS-CoV-2 () China (2019) Primarily via aerosol <4%
MERS-CoV () Middle East (2012) No strong evidence 34-36%
SARS-CoV-1 () China (2003) No strong evidence 9-10%
HCoV-HKUI () Seasonal circulation (2004/5) No strong evidence Probably very low
HCOV-NL63 («) Seasonal circulation (2004/5) No strong evidence Probably very low
HCoV-0C43 () Seasonal circulation No strong evidence Probably very low
HCoV-229F () Seasonal circulation No strong evidence Probably very low

‘Belonging to the genus Alphacoronavirus.
'Belonging to the genus Betacoronavirus.
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Pandemic

Spanish Flu

Asian flu

Hong Kong flu

Swine flu
(HINIpdm09)

Years

1918-1920

1957-1959

1968-1969

2009

Influenza type

HINI

H2N2

H3N2

HINI

Mortality
50-80 million
deaths (69)

0.7-15 mi
deaths (70)

0.5-2 million
deaths (71)
0.1-0.2 million
deaths (72)
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Rhinovirus
e of virus ~300m
Genome RNA (7kb)
Baltimore w
classification”
Lipid envelope No
Seasonality Allyear but, peaks in
autumn
Transmission via Yes (documented)
aerosols

Transmission via hands  Likely in some situations
(indicated")

Transmission via Not likely (suggested)
fomite
As identified in the survey of Nickbakhsh et l. (33).
‘Classification by route of genome expression (34).

In the northern hemisphere; yearly variations.
‘Limited evidence for this route in natural settings.

RS-virus
120-300nm
RNA (15-16kb)
v

Yes
Peak incidence from
December to February
Yes (documented)

Likely

Notlikely (suggested)

Influenza-virus
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v
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Triage

-

Cases are triaged electronically based on a number of demographic
and clinical variables to prioritise who needs to be contacted first.

Allocation

‘

The MRCH allocator allocated cases in order of priority to a
member of the MRCH hub team.

Screening
assessment

-

A MRCH assessor conducts an initial screening assessment by
telephone (or via the mobile team if needed) of the case &
household. using a customised Maori screening assessment tool
integrating public health. clinical and social/welfare aspects.

Immediate welfare

p

If necessary. MRCH arranges for delivery of food and other
immediate welfare needs for the whanau in isolation at the time of
initial assessment.

Referral

&

MRCH arranges referral to the most appropriate community
provider to manage the clinical and welfare care for the case &
whanau for the remainder of their isolation period. This could
include a range of Maori providers, GP. hospital etc. When
government quarantine facilities were still available. this included
referring to a facility if this was most appropriate option.

Coordination &
support (“no gaps™)

p

The MRCH maintains oversight of Maori cases and whanau
throughout the entire pathway and trouble-shoots concerns from
providers. Support is provided for any reallocation of cases. and
whanau progress is monitored to ensure that no-one falls through
the gaps at any point in the pathway. This included MRCH always
being available to be the provider of last resort if needed.

Discharge

The MRCH and associated providers oversee the safe discharge of
cases and contacts, including confirming when isolation is
completed and arranging vaccination for unvaccinated cases &
contacts.
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Content area

Legal nature and b

of the treaty

Scope and relationship
with IHR

National sovereignty

Differentiated
obligations

Information sharing

Global cooperation

Compliance

‘mechanisms

China'’s position/proposal

Clarify binding vs. non-binding nature; Determine if under Article 19
or 21 of the WHO Constitution; Define early in the treaty development

process; Define relationship with IHR revision process.

Delineate scope between treaty and IHR; Avoid overlap and
duplication; WHO Secretariat to map issues between treaty and IHR.

Respect state sovereignty over health measures; Caution against
invasive external oversight; Propose softened language like “should duly

consider interests of others.”

Strengthen capacities of developing countries; Ensure equity in
countermeasures, tech transfer, and financing; Developed nations
provide more support; Caution against unrealistic obligations on

developing countries.

Support sharing pandemic info and pathogens; Align with CBD,
Nagoya Protocol on benefit sharing; Addres

igmatization.

Support cooperation based on state consent and sovereignty; Caution
against invasive mechanisms without consent; Favored flexibility like

allowing reservations.

Design oversight respecting state sovereignty; Consider capacities of

developing countries; Avoid invasive compliance measures.

Examples of original text

rtly, whether the treaty s to be developed under Article 19 or 21 of
the Constitution, the nature of the international instrument should

be clarified as soon as possible” (INB2 Day 1)

“Its important o clarify the issues that the international instrument is
intended to focus on..suggests that the Bureau and the Secretariat
conduct a preliminary screening and analysis of the elements proposal
proposed by Member States based on the relevant work done in the
previous period, and it not appropriate to repeat the discussions on
the INB mechanism for issues that can be resolved through other
‘means?” (INB2 Day 1)

“Member States have the right to manage and regulate their public
health measures” (INB2 Day 1)

*.awe suggest modifying “provided that activities within their

jurisdiction or control do not cause damage to other States and th
peoples” to “should duly consider the interests of other countries and
their people?” (INB3 Day 2)

“China believes that the scope of equity should be broader in addition

10 equitable access to prevention and control tools. It

lso important
to improve the capacity of developing countries to prevent, protect
against, and respond to health emergencies.” (INB2 Day 2)

“Information and pathogen sharing are important for Member States to
better understand the situation, conduct risk assessments, and respond
accordingly.” (INB2 Day 1)

“Align with CBD, Nagoya Protocol on equitable benefit sharing” (INB3
Day2)

“Enhancing coordination, collaboration, and cooperation betsween

countries is crucial for pandemic control” (INB3 Day 2)
...we suggest that the treaty should maintain flexibility, allowing
contracting parties to make reservations to attract more countries to

sign” (INB3 Day 2)

“Compliance mechanisms and accountability measures

re core
concerns for all parties. From a chronological perspective, the relevant
‘mechanisms and measures should be clarified first, after which

countries can decide whether to join the treaty. These mechanisms and

‘measures should respect national sovereignty.” (INB3 Day 2)
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Preventive measures related to buil

Preventive measures related to

organization

Preventive measures related to behavi

* for references see text,

Ventilation (mechanic/passive)

Air filtration / disinfection
Temperature / humidity
Physical distance
Occupant density

Policy for sick leave, quarantine and work from home (social

Hygiene practices (personal, building and objects)

Mask wearing

Acrosol-generating activities (singing/talking, coughing, tilet lushing etc.
Physical activities

Inside / outside time

Effct against air borne transmission’*:





OPS/images/fpubh-11-1293600/fpubh-11-1293600-t001.jpg
High performing district with

Precaution dose uptake and details of
the PHCs selected

Low performing district with Precaution
dose uptake and details of the PHCs
selected

1 Uttar Pradesh*
2 Tamil Nadu

3 West Bengal

4 Maharashtra
5 Assam

6 Chhattisgarh

Basti (54%)

» High-performing PHC: Sikanderpur
» Low-performing PHC: Narhariya
Nilgiris (33%)

» High-performing PHC: Ketty (42%)
» Low-performing PHC: Ithlahar (36%)

East Midnapore (Nandigram HD) (41.20%)

» High-performing PHC: Ramnagar I (52.21%)
» Low-performing PHC: Nandigram IT (37.21%)

Gadchiroli (30%)

» High-performing PHC:
> Kurud (53.1%)
» Low-performing PHC: Zinganoor (9.1%)

Maijuli district (27.53%)

» High-performing PHC: Ratanpurmiri MPHC (51.53%)
» Low-performing PHC: Rangachachi MPHC (30.68%)

Kanker district (98.78%)

> High-performing PHC: Lohattar (100%)
5 Low-performing PHC: PV63 (10.85%)

Gautam Buddha Nagar (25.4%)
> High-performing PHC: Bisrakh
> Low-performing PHC: Jewar

Coimbatore (14.23%)

» High-performing PHC: Semmedu (38.5%)
> Low-performing PHC: $'S Kulam (13.58%)

South 24 Parganas (15.63%)

> High-performing PHC: Baruipur
> (29.69%)
> Low-performing PHC: Canning I (6.45%)

Buldhana (5.3%)

> High-performing PHC:
» Sangrampur (8.05%)
> Low-performing PHC:Raigaon (0.63%)

Udalguri district (5.19%)

> High-performing PHC: Udalguri (4.11%)
> Low-performing PHC: Khoirabari (2.72%)

Baloda Bazar (28%)

» High-performing PHC: Barnawapara (16.24%)
» Low-performing PHC: Moper (0.29%)

“In UP,the PHC leveldata regarding precaution dose ptake was unavailable. Hence the block PHC precaution dose data was utilzed instead to identify the study sies. In High performing District, Basti
the Blocks with the highest coverage was Parashurampur (3rd Dose Coverage = 65.9%) and the lowest coverage was Urban Basti (18.3%). Under these blocks there were two PHC: each. Hence from
Parashurampur the best performing PHC. Sikanderpur was selected and from Urban Bastithe low performing PHC Narhariya was selected based on the inputs by the District Immunization Offcer.
Similarly,in the Low performing Distictof Gautam Buddha Nagar (3rd Dose Coverage = 25:4%), PHC or Block leveldata was not available with the District Immunization Offcer Based on the
discussions with the state immunization officer and other officials the PHCs with highest and lowest coverage were identified as PHC “Bisrakh” and PHC “Jewar. respectively.
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Barriers

. Lack of trust in modemn

medicine

. Lack of awareness/

importance regarding the
vaccine

. False myths, beliefs &

rumours regarding the
vaccine

. Fear of side effects/

adverse events related to
the vaccine

. Personal & community’s

experiences/beliefs and
attitudes

. Pandemic fatigue leading

to normalizationof the
pandemic

7. Complacency
8.
9. Vaccine stock outs

Geographical Barriers

10.Long waiting hours due

to multi-dose vial

11.Differences in

Vaccination schedule

12 Preference for specific

vaccines

Both facilitator &
Barrier

1. Role of Media
2. Previous experience
3. Health conditions
4. Cost of vaccine

Both
\ facilitator &
\_ Barrier /

e

Facilitators

Age

Gender

Rise in COVID-19 cases
Fear of COVID-19 &
mortality caused by it

accessibility of COVID
vaccine

Influencers and
initiatives for awareness
creation

Inter—sectoral
coordination
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9.

health care system and
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Mandatory vaccination
certificates & policies

10 Peer pressure
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COVID-19 treatment

12.Special Initiatives
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Multistage purposive Sampling Strategy used for the selection of Study Sites

6 Indian states selected across different
zones- North, South, West, East and Central
India- UP, TN, MH, W8, Assam, Chhattisgarh

High Uprake Low Uptake
Disrice Disuict
High Uptake Low Uptake Low Uptake
pHC pHC
High Uprake Lowuptake | [ High Uptake. Low Uptake High Uptake LowUptake | [ High Uptake Low Uptake
pHCtieidarea | | phcreidarea | | PHchedares | | pHefedares pctedares | | pCReldares | | pctisdares | | prcreiaares

‘Qualitative techniques used on study participants.
o State KIS0
* District-Kil- D¢/Municpality or corporation officer/DMO
© PHC-Kil- MOJASHA/ANM
© PHCfieldarea-

210is- exclusive ofal genders, differently abled/ vuinerable/special groups, formalfinformal leaders.
2FGDs- separately for males and females






OPS/images/fpubh-12-1332109/fpubh-12-1332109-g004.jpg
Average Stringecry Index

Vaccine Doses Admeistered (158, 204 & Jd dose)

+3¥¥85TITL

N

EEE

3%, SRR
l E
Epldemloloilcal Week

@ Wy Duah Coses = Wesky Pubod s @ Weakly e bourbors

Epldemlologlcal Week

@ Pomnen s vicead @ Vosems Dot Admrired

iz
Epldemlologlcal Week

Deaths

Percentage of population fully vaccnated (2 doses)





OPS/images/fpubh-11-1293600/crossmark.jpg
©

2

i

|





OPS/images/fpubh-12-1332109/fpubh-12-1332109-g003.jpg
e e
ey B —
101n i the VAL e
B | e
R | -
e e i i
T | etoi ot s e =
S | SRR .
B | S | | [ s
. ol Sl
o e
e, [
R E -
| s
v Co— i s
e e
we e Bz
woEm | Lo I
o oy |, E .
i s fsciona o) i o
|| e EL
|| P =
Events Variants. P
@ First COVID-19 case in Tarkiye I Apha variant [~
@ st CoVD-19elaced death nTarkye | g st varian B || s oy
B oo mesaro e S || B e
o ||
W start o ntial sequencingat v, | B Ga ant
M Vaccination campaign. M etta variant ey o an
O mctmorsvrar gty | Momeomarsne | || T || Bl
PS————
/\First detection of a variant in Turkiye.
o |
L





OPS/images/fpubh-11-1308267/fpubh-11-1308267-g005.jpg
A
Summary of After-Action Review of factors that contributed most to readiness

Epidemiology & Surveillance

« Team cooperation

« Training professionals from other fields

« Public advocacy

« Perform testing

« Enforce guidelines

« Manage plan to stop an outbreak

« Testing capabilties increased drastically (from a few 1000 to 100,000 tests daily), working with not only classical public health labs but also university labs and
research institutes for reagents and testing

outbreak investigations, building on training that was done for military, local MOH secretaries, and pharm

| Behavioral & Risk Communication

« Ability to influence public behavior through proper explanation, including when the threat becomes chronic

[ Vaccine & mitigation

« Maintaining infrastructure, and vaccines for million of people in a short period of time
+ Computerized medical records, enabling a national database of who has been vaccinated
« Monitoring corona & flu comorbidities

« Vaccine storage

« Maintaining the infrastructure is important for re-vaccinating people with boosters.

Behavior Risk Communication

 Home Front Command is a good source of risk communication in emergencies in srael and could be leveraged for COVID-19 risk communication
« Challenge for the Arab population to achieve cooperation and gain their trust

B
Summary of After-Action Review of Challenging Factors Towards Readiness

| Epidemiology & Surveillance

« High morbidity from fires and variants that may cause collapse in critical care:

« Large number of epi investigations without enough skilled personnel

« Public indifference and complacency, lack of cooperation and concern

« High morbidity after the floods, flu, and the new mutation

« Addressing challenges when there were confictsrelated to routine laboratory diagnostis to ensure everything was done well. Opportunties to training and
selection of the laboratories used for testing

Behavioral & Risk Communication

« Addressing minority subpopulations
« Psychological, psychopathological aspects
+ Complications i providing risk communication to the general population

« Issue of adapting risk communication to the changing nature of the pandemic as it evolves into a chronic threat. When the threat is chronic, the public tries to
assimilate the threat into their lives.

« Addressing the impact of public behavior on vaccine compliance

Vaccine & Mitigation
+ Convincing the public to get vaccinations
« Workin minority communities that may have lower vaccine coverage
« Low public compliance with flu and COVID vaccines despite comorbidity concerns
« Slow uptake of vaccines among children
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Geographical Regions of Tirkiye

[ Aegean Region [l Black Sea Region [l Central Anatolia Region ] Eastern Anatolia Region [l Marmara
Region [l Mediterranean Region [l Southeastern Anatolia Region
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n (%)

Total 37 (100%)
Gender

Female 17 (45.9%)
Male 20 (54.0%)
Region

North Baden 21 (56.8%)
North Wuerttemberg 6(16.2%)
South Baden 4(10.8%)
South Wuerttemberg 4(10.8%)
No information 2 (54%)
Professional background

(Local) medical association 8% (21.6%)
Clinics 11(29.7%)
Nursing homes 6(16.2%)
Association of Statutory Health Insurance Physicians | 5** (13.5%)
District offices/health authorities 7 (18.9%)
Age in years

Mean (standard deviation) 48.6 (11.6)
Minimum 23
Maximum 70

*Six primary care physicians, two specialists.

**Two primary care physicians; three institution employees.
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