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Editorial on the Research Topic
 Public health policy and health communication challenges in the COVID-19 pandemic and infodemic





Introduction

On 2 February 2020, the World Health Organization (WHO) characterized the COVID-19 infodemic as an overabundance of information, “some accurate and some not—that makes it hard for people to find trustworthy sources and reliable guidance when they need it.” Indeed, this assessment sheds light on the fact that we have struggled with both the COVID-19 pandemic and co-evolving infodemics (e.g., disinformation, misinformation, fake news, rumors, and lies) in the aftermath of the COVID-19 pandemic, as well as the need to foster interdisciplinary collaborations to fill crucial niches in public health policy and health communication (1–7).

The COVID-19 pandemic is fueling digital health transformation, accelerating innovations of digital health services, surveillance, and interventions, while further amplifying the social impact of deliberate COVID-19-related disinformation and misinformation activities. However, there is a relatively limited amount of research worldwide that has focused on the advancements in digital health innovations and surveillance strategies in the crux of both the COVID-19 pandemic and the COVID-19 infodemic from multidisciplinary perspectives, including proven innovations in public policy evaluation (PPE) (8).

The Research Topic “Public health policy and health communication challenges in the COVID-19 pandemic and infodemic” includes 14 articles reporting on research findings regarding public policy evaluation (PPE) with five overarching themes, including nine original research studies, two brief researcher reports, two reviews, and one perspective. The foci of these articles, published in the Frontiers journals Frontiers in Public Health, Frontiers in Medicine, and Frontiers in Education, are diverse, broadly including:

• Innovative approaches to public policy evaluation (Liu and Jiang; Carr et al.; Li et al.; Mejia et al.; Xu et al.).

• Public perception and collective behaviors (Wibowo et al.; Xue et al.; Carr et al.; Nagarajan et al.; Lee et al.; Gerretsen et al.).

• Innovative communication strategies against the COVID-19 infodemic (Adhikari et al.; Lee et al.; Hu et al.).

• SARS-CoV-2 vaccine inequity and vaccine hesitancy (Chen et al.; Shobako; Hu et al.).

• The challenges of science-based policymaking (Li et al.; Lee et al.; Wibowo et al.).



Think globally, act locally

The burdens of the COVID-19 crisis span both the direct health and societal impacts of the virus as well as the indirect impacts from the accompanying information environment. An infodemic response that promotes an accurate and consistent science-based narrative, while also supporting public mental health and wellbeing, is needed alongside measures to curb the actual spread of the virus. The crux of the issue is that we must control both the COVID-19 pandemic and the COVID-19 infodemic to overcome this global crisis. Failure in either domain will undermine the progress made in the other. An effective response requires international cooperation on both fronts.

Controlling the pandemic and infodemic requires global cooperation using place-based, tailored strategies because standard policies and messaging will not suit all social context and needs. Public health depends on addressing both the disease spread and the spread of accurate information that resonates with diverse experiences. In this Research Topic, researchers offer simple but compelling recommendations that encourage people to start making a difference in their community on issues that matter globally.

Evidence shows compliance with recommended measures depends on more than rules alone. It relies on a mix of factors like beliefs, traits, needs, and mental health that differ by groups. Alternative interventions may be needed to motivate change when experiences do not. Studies also found disproportionate impacts, needs, and information use in diverse populations based on gender, culture, vulnerability, and more. For example, Gerretsen et al. found adherence to social distancing during the COVID-19 pandemic depended on a mix of demographic factors, beliefs about the virus, personality traits, psychological needs, and more in the U.S. and Canada. While adherence was generally good, influencing the factors within our control, like risk perceptions and social support, can help strengthen public resolve, especially in the long term.

Research from across India, Latin America, Indonesia, and elsewhere shows success where policies and information were adapted to local contexts, barriers, and groups, and failure where not. Messaging must reach the vulnerable. Policies and technology improve responses, but depend on equity, inclusion, and understanding differences. In a cross-sectional study, Adhikari et al. examined the factors associated with holding stigmatizing views toward infected people and experiencing stigma as a recovered patient during India's first COVID-19 wave. Significant levels of stigma were found in communities and reported by recovered participants. Several sociodemographic factors were linked to higher stigma. Nagarajan et al. found adults in Chennai, India, generally knew masks reduce COVID-19 transmission, but many remained opposed to mask mandates. However, mask wearing when outside was still common. Knowledge was lower and attitudes less favorable in slum populations. Mejia et al. found education level and country of residence were associated with basic COVID-19 knowledge in Latin America. Most had knowledge of symptoms and transmission, but gaps remained in some areas. Peru's low knowledge and high case rates suggested limited health literacy may worsen outbreaks. Wibowo et al. found belief in health consequences motivated uptake of COVID-19 prevention behaviors during Ramadan in Indonesia, but psychological, social, and resource barriers also undermined adherence for some. Promoting new behaviors depends on recognizing their impacts in context.

Policies in the UK, Japan, and Australia aimed to curb infection but may have negatively and disproportionately impacted children and women. Balanced, evidence-based policies also consider wellbeing, development, and mental health. Information use depends on more than just access to facts. Anxiety and care duties shape experiences. In a brief research report, Carr et al. examined whether the COVID-19 pandemic impacted people's disgust sensitivity in UK adults, especially toward pathogens and COVID-19. The results found that both overall disgust sensitivity and COVID-19-related disgust sensitivity remained unchanged, despite the significant life disruptions and health crisis experiences during the pandemic. This suggests disgust sensitivity is stable and current experiences alone may not be enough to motivate behavioral changes during infection prevention and control (IPC) measures. The implications are that alternative interventions, possibly leveraging disgust, could still be useful for promoting compliance with recommended COVID-19 measures. Hu et al. argued that the disproportionate impacts of COVID-19 on South Asians in Britain reflected systemic racism that must be addressed for an equitable, just society. While vaccine hesitancy and health inequities were symptoms, the root causes ran much deeper. Tackling racism requires education, and decolonizing the secondary curriculum to teach cultural awareness, promote inclusion, and build understanding is key. In a perspective paper, Shobako et al. argued that Japan's health policies for COVID-19, while aiming to protect public health, may disproportionately and negatively impact children. The policies disrupt school, diet, physical activity, and development. They are also often promoted more by public opinion than by evidence. The article calls for policies that are balanced, evidence-based, protective of children's wellbeing, and informed by diverse experts and feedback. Health and development must be considered alongside just infection control. Lee et al. found Australians used authoritative sources for urgent COVID-19 information to enable decision making and daily activities. Some changes occurred in favor of better accuracy and timeliness. But anxiety and disproportionate mental burdens, especially for women managing care duties, require consideration in strategic response. Their experiences highlight that information use depends on more than access or proximity to facts alone.

In China, Liu and Jiang examined factors influencing individuals' compliance with the Chinese government's COVID-19 preventive measures during regular prevention and control. The results showed that greater media exposure significantly predicts higher perceived severity, maladaptive rewards, self-efficacy, response efficacy, and response cost. Perceived severity, self-efficacy, and response efficacy positively predict protection motivation, which predicts compliance. Protection motivation also positively affects compliance through implementation intention. Perceived cultural tightness–looseness moderates the effect of protection motivation on implementation intentions, such that the effect is stronger with higher perceived tightness. Xue et al. found most people in China reported following recommended COVID-19 preventive behaviors, but information sources influencing behaviors differed in various groups. While internet resources had the largest impact overall, more tailored guidance through family doctors and community health centers was important for more vulnerable populations. In a critical review by Chen et al., the modeling study compared how COVID-19 and influenza might spread in a hypothetical city under different scenarios in China. They found that vaccination has greater potential than non-pharmaceutical interventions (NPIs) alone for curbing influenza, while a combination of emerging COVID-19 vaccines and NPIs will likely be needed to control surges. But vaccination can transition societies to less restrictive, sustainable measures if caseloads are reduced sufficiently over time. Xu et al. analyzed the Omicron subvariant BA.5 outbreak and response in Macau and found that while highly transmissible, the subvariant could be effectively contained through a multi-pronged strategy. Coordinating vaccination, social measures, testing, tracing, and treatment helped curb the spread. Despite its high population density, Macau achieved a lower infection rate than other regions facing BA.5. An integrated policy including the innovative “relatively static” plan was key.

Furthermore, AI and modeling require diverse, updated data to improve performance and match changes. In an AI-powered assessment, Li et al. introduced a multistage multimodal deep learning (MMDL) model that uses consecutive rounds of symptoms, test results, and other data to determine COVID-19 severity and predict worsening conditions in Chinese patients. The proposed approach outperformed single-point or single-modal models. However, more diverse, larger datasets—especially for severe patients—are needed to improve performance. The model must be re-tested and retrained to keep up with viral changes. If validated, this approach could help identify high-risk patients early for treatment.



Peril and promise

In this Research Topic, the research makes a persuasive case for coordinated but locally-adapted strategies to address multifaceted global crises like the COVID-19 pandemic and infodemic. A one-size-fits-all approach will fail; progress depends on addressing diverse populations based on understanding differences in experiences, needs, and obstacles. Studies worldwide show why equity, inclusion, and place-based interventions matter. Public health success requires integrated, tailored strategies fitting local contexts. Outcomes depend on tailored solutions for populations, not policies serving assumptions. They rely on grasping various realities and motivating change by building knowledge and enabling action from within. Broad policies risk overlooking marginalized groups; targeted support and education are required to overcome barriers, curb disease, and combat informational threats straining social cohesion. Culturally-sensitive, anti-racist strategies can promote inclusion when crises test communities.

Though the WHO canceled the PHEIC (Public Health Emergency of International Concern) statuses for COVID-19 and Mpox in May, the threat remains. The rising concern now is that emerging large generative models (LGMs) like chatbots may proliferate future infodemics by generating false guidance or impersonating people online at a speed and scale overwhelming official information and responses (9–11). Without mechanisms ensuring transparency, oversight, and precision, chatbots like ChatGPT could spread infodemics quickly, fueling confusion and hampering crisis response (12). With planning and prudent policies, these technologies can support response; without them, they imperil it.

While such issues seem overwhelming in scale and scope, progress starts small, through raising awareness, personal action, community involvement, and advocating local policy changes (13). Together, these steps drive real change. But it begins with a global mindset and local solutions.
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Background: Wearing a mask is one of the simplest ways to reduce the spread of COVID-19. Studies reported poor mask compliance in Greater Chennai Corporation, India. Hence, we described the knowledge, attitude, and practice regarding mask use among adults (≥18 years) in Greater Chennai Corporation, Tamil Nadu, India.

Methods: We conducted a cross-sectional survey among residents of Greater Chennai Corporation in March 2021. We estimated the sample size to be 203 per strata (slum and non-slum). We used a simple random sampling technique to select 20 locations using a digital map in the slum and non-slum areas. After reaching the location chosen, we selected 10 consecutive households and one adult (≥18 years of age) from each household. We used a validated, semi-structured questionnaire for collecting data regarding knowledge, attitudes, and practices for mask use. We estimated proportions and 95% CI for key variables and compared the variables between slums and non-slums.

Results: Of 430 participants included in the study, 51.4% were males. The mean (S.D.) age of the participants is 41.1 (14.6) years. The majority (86.7%) of the participants felt that wearing a mask helped in reducing the spread of coronavirus and the knowledge differed (p-value < 0.05) between the slum (81.4%) and non-slum (92.3%). Nearly half (46.5%) of the participants did not like being forced to wear the mask. About 63.9% of the participants reported the practice of mask use while going out which was similar across slums and non-slums.

Conclusion: Although the knowledge regarding mask use was good among the public, the attitude was unfavorable. We suggest continuous reinforcement by spreading awareness and educating the community on the appropriate use of the mask.

KEYWORDS
  masks, COVID-19, compliance, public place, knowledge


Introduction

Mask usage is considered one of the vital non-pharmacological interventions to control the spread of COVID-19 (1). It has been scientifically proven and recommended by global public health organizations to reduce the transmissibility and risk of infection due to SARS-CoV-2 (2–8). The World Health Organization (WHO), the U.S. Centers for Disease Control and Prevention (CDC), the Government of India, and numerous other government and public health agencies have recommended that people use masks in public settings when SARS-CoV-2, the virus that causes COVID-19, is being transmitted in the community (9–11). Early in the pandemic, before accumulating evidence that mask-wearing can reduce the spread of COVID-19, some countries with no history of the practice resisted adopting mask-wearing recommendations (12). In settings, mainly in Asia, where mask-wearing is common for people with even a minor cold, people were likelier to wear masks in public spaces, even without mandates.

As scientific understanding of COVID-19 has evolved, the importance of widespread use of masks has become clear, in part because of the transmission dynamics of the virus (13). People with COVID-19 are most infectious early in the disease, including before symptoms develop, and many people infected with COVID-19 never develop symptoms (14). The higher prevalence of asymptomatic infection makes wearing masks crucial, even among people who feel healthy (15). Promotion of mask-wearing should be part of a package of measures that includes handwashing, physical distancing, and interventions to reduce indoor exposures, find infected people and their contacts quickly, and provide rapid and supportive isolation and quarantine services (16).

Even with the increased necessity of face mask use, there is a wide variation in the knowledge, attitude and practice of mask use across the globe. While Tajvar et al. has documented poor knowledge with good attitude and practice toward mask use in Iran (17), Pramana et al. has documented satisfactory results in Indonesia (18). However, according to Azlan et al., Malaysia majority had a positive attitude toward mask use, but only half of the study participants were using face masks regularly (19). But a study by Tan et al. in China showed good compliance to mask use (20).

Although transmission risk is higher in indoor settings, the mask mandate was monitored, and authorized officials-imposed fines on non-compliant individuals, predominantly in public places such as traffic signals and streets (21). Our team previously conducted three surveys to monitor mask compliance in Chennai. We conducted the surveys in October 2020, December 2020, and March 2021. We selected outdoor public places for the first survey and added indoor settings in the second and third surveys. The compliance to appropriate mask use in three rounds was 28, 29, and 21% in the slums. The compliance was 36%, 35%, and 27% in non-slums after observing 3,600 individuals from 64 selected city streets (22). Additionally, indoor compliance was 11% in slums and 10% in the non-slums, while malls in the city showed the highest compliance for appropriate use of masks (57%) during the second round (22).

Although we documented poor compliance, there was limited understanding regarding attitudes and awareness in the population, which could influence their behaviors. Understanding the knowledge, attitude and practices (KAP) of the population will help the program managers and policy makers in strategizing the Information, Education and Communication (IEC) activities related to mask use. Based on our literature search there are no other studies on mask use from Greater Chennai Corporation or Tamil Nadu in community setting to determine KAP regarding mask use in India. Hence, we carried out this study to bridge this gap by estimating the knowledge and practices regarding the appropriate mask use and attitude toward wearing masks among adults in Greater Chennai Corporation, Tamil Nadu, India.



Methods


Study design and population

We conducted a cross-sectional survey among residents of Greater Chennai Corporation in March 2021. Chennai is a city in southern India governed by Greater Chennai Corporation. It is administratively divided into 15 zones covering 200 wards. This study was conducted in all the zones of Greater Chennai Corporation, covering both the slum and non-slum populations equally. The study population was adults ≥18 years of age residing within Greater Chennai Corporation.



Sample size and sampling strategy

The sample size was estimated separately for the slum and non-slum populations. As per our previous survey (22), 70% of the population followed inappropriate mask use. With that we assumed that 70% of the study participants did not have the knowledge of appropriate mask use and estimated the sample size as 203 with 10% absolute precision, 95% confidence level, 20% non-response rate, and a design effect of 2. We included two strata, namely slum and non-slums. Hence sample size is 406 with 203 per strata.

All the zones under Greater Chennai Corporation limits were included in the study. We created a linelist of street separately for slums and non-slums. We randomly selected 20 sreets each from slums and non-slums. In each street we randomly selected a starting point using digital map. After selecting the starting point, we surveyed 10 consecutive households in the same street. We surveyed one adult (≥18 years of age) from each household available at home for the interview. If more than one eligible individual was available at home during the visit, we randomly selected one individual.



Data collection

We reviewed the sample questionnaire on mask use from other studies and adapted it to the local setting (23). It was a validated, semi-structured questionnaire. We collected details on the sociodemographic profile, information on exposure to COVID-19, knowledge regarding masks used in different settings such as public places, public transport, attitude related to the mandatory mask use, and mask disposal practices. Most knowledge, attitude, and practice questions were asked on a Likert scale. However, the scales varied across the questions depending upon the nature of the question (Supplementary File 1). The data collection tool was translated into the vernacular language, pre-tested, and revised before the survey. We trained the field-level data collection team members and conducted simulation sessions to minimize the inter-observer variation. The data collection teams then interviewed the selected members face-to-face using the Open Data Kit (ODK) tool. COVID-19 appropriate behaviors were followed during the interview process.



Operational definition

We defined “mask” as any cloth mask, medical mask, or N95 respirator worn over the face. “Public places” included both indoor and outdoor settings open to the public and did not have any entry restrictions (e.g., streets, bus stops, railway stations, grocery shops, vegetable shops, pharmacies, religious places, and apparel stores). Indoor Public places included places such as gyms, convention centers, and marriage halls. Outdoor places included places such as shops, bus stops, railway station, and religious places. “Workplace” included occupational settings open only to employees with limited access to the general public.



Data analysis

We estimated the proportions with a 95% confidence interval (CI) using Stata version 16. We estimated the proportion of individuals who felt adopting appropriate mask use while in public places and at public transportation is needed. We also estimated the proportion of individuals who thought they shouldn't be forced to use masks and those who adopted appropriate mask disposal methods. We also used the chi-square test to compare the variables between the slum and non-slum populations. A p-value < 0.05 was considered statistically significant.



Human subject protection

The approval for the study was obtained from the Institutional Ethics Committee, ICMR–NIE Chennai. Informed verbal consent was obtained from the study participants before collecting the data.




Results


Sociodemographic profile

Of 430 participants in our study, 221 were from slum areas and 209 from non-slum areas. Nearly half of the study participants (51.4%) were males (Table 1). The mean (S.D.) age of the participants was 41.1 (14.6) years (Slum: 42.4 (14.8) years; non-slum: 39.8 (14.3) years). Most of the study participants from the slums had secondary school education (34.3%), while those from the non-slums had graduate-level education (41.1%). Nearly 29.3% of the study participants were homemakers, followed by government employees (16.2%), and daily wage workers (8.8%), while rest of the population were self-employed, non-government employees, non-paid workers, students, retired personnel, and unemployed. Although the distribution of occupation did not vary between slums and non-slums (Table 1).


TABLE 1 Sociodemographic profile of the study participants, Greater Chennai Corporation, India, March 2021 (N = 430).
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Knowledge on mask use

A large proportion (86.7%) of respondents reported that mask-wearing reduces Coronavirus spread (Table 2). The knowledge was higher among respondents in non-slums compared to slums (92.3 vs. 81.4%, p < 0.05). The majority (87.6%) of the participants knew that masks should be worn while going to a public place, while 85.1% knew that masks should be worn while traveling in public transport. Nearly 80.9 and 83.9% of the participants knew that masks should be worn indoors and in public places. The indicators assessing the knowledge related to mask use in a public place and public transportation were similar among slums and non-slums (Table 2).


TABLE 2 Knowledge of mask use among the slum and non-slum population, Greater Chennai Corporation, India, March 2021 (N = 430).
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Attitude toward mask use

Nearly half (46.5%) of the participants felt they should not be forced to wear masks (Table 3). One-quarter (23.4%) of the participants reported that if they wear a mask in public, others will think they are affected by COVID-19. Nearly half of the subjects said masks disrupted breathing, caused overheating, and disturbed conversations. The proportion for attitude-related questions was similar among slums and non-slums. Out of 430 participants, 285 (66.2%) felt masks were not expensive.


TABLE 3 Attitude toward mask use among the slum and non-slum population, Greater Chennai Corporation, India, March 2021 (N = 430).
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Mask use practices

About 63.9% of the participants reported consistent mask use while going out (Table 4), while 58.8% used masks at their workplaces (Table 5). Most participants (86.7%) reported covering their chin, mouth, and nose while wearing the mask (Table 4). Handwashing after mask use was higher among non-slum respondents than among slum (47.4 vs. 26.2%, p < 0.05). Most participants disposed of their masks in a closed or public bin (91.2%).


TABLE 4 Practice of Mask use in Public Places among the slum and non-slum population, Greater Chennai Corporation, India, March 2021 (N = 430).
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TABLE 5 Practice of Mask use at Workplaces among the slum and non-slum population, Greater Chennai Corporation, India, March 2021 (N = 238).

[image: Table 5]

Only one-third (34.6%) reported that physical distancing is strictly followed at their workplace (Table 6). A large proportion (59.4%) felt that maintaining physical distancing was difficult in the local context.


TABLE 6 Physical distancing practices among the slum and non-slum population, Greater Chennai Corporation, India, March 2021 (N = 430).
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Discussion

Most of the study participants knew that wearing a mask reduced the spread of COVID-19. The knowledge of mask use was higher in the non-slum population (92.3%) compared to the slum (81.4%). However, there was also a negative attitude toward wearing the mask (46.5%). Two-thirds (63.9%; slum: 59.7%; non-slum: 68.4%) of the participants reported consistent use of masks while going out, which was incompatible with our previous three surveys (slum: 28, 29, and 21%; non-slum: 36, 35, and 27%) based on observations in public places (22).

Our findings were consistent with studies from other low and middle-income countries, which reported high awareness about mask use (24, 25). A survey of 1,114 participants in Uganda reported knowledge of protection against COVID-19 by face masks among 86.4%. Another study conducted in Nepal among 381 individuals reported adequate knowledge of face mask use among 95.5% of the participants (24, 25). The knowledge was high in all the study settings, possibly due to frequent mentions of masks used in social media and mass media (26).

The attitude toward mask use was not encouraging, consistent with our previous surveys in the city that reported poor compliance (22). One in two study participants felt that they should not be forced to wear masks because masks interfered with breathing and speaking and caused overheating—a study conducted by Taylor et al. (27). Canada reported a negative attitude toward mask use. The respondents felt wearing a facemask was a hassle, looked ugly and silly, made other people uncomfortable and untrustworthy, and caused breathing difficulty and overheating (27).

We observed a disconnect between knowledge and attitude regarding mask use among the general public. Our study reported two-thirds of the study participants self-reported mask use while going to a public place, but this was not consistent with earlier surveys, which showed only 32% were using masks properly (22). Safe disposal was an important issue of concern with the increasing use of a mask during the pandemic (28). Disposal of the mask using a closed bin or a public bin was followed by more than two-thirds of the participants, according to WHO guidelines (29, 30). Whereas, previous study by Islam et al. in Bangladesh stated that only half of the study participants followed a safe disposal of the used mask (31). Mask use has also been an essential strategy in reducing the spread of infection in the workplace. Though WHO recommends using a mask by everyone at the workplace, only half of our study participants comply with it (32). We recommend strictly enforcing rules on mask use in public and workplaces.

Apart from mask use, physical distancing is an effective way of reducing the spread of infection in the community (1). WHO has recommended maintaining physical distancing in public and workplaces (33). The same is also adapted in India to prevent SARS-CoV-2 infection (34–36). Even from the previous influenza pandemic, several studies supported the social distanceing at workplace to prevent spread of infection (37). However, only one-third of the study participants followed physical distancing at the workplace. This could be possibly due to practical challenges in distancing at markets, workplaces, and slums in our setting. Therefore, masks will be more important in crowded cities, especially where many people come together in closed spaces.

This major strength of our study was that we surveyed a representative sample of respondents from the slum and non-slum population in a large metropolitan city in India. Hence, the results can be generalized to the slum and non-slum of a meteropolitan city in India. One of the limitations was we could not observe the study participants for mask use. Hence, the reported practice of mask use could be overestimated as it was based on self-reporting by the respondents. Hence, we recommend combining methods, including questionnaire-based surveys and observation-based studies, to understand the mask use. The second limitation was inter-observer variation during the data collection as multiple teams collected data simultaneously. However, we tried to minimize this error through training all the data collectors simultaneously and simulation of the interviews.

We conclude that the community knew the benefits of masks used in a large metropolitan city in India. However, the attitudes and practice were not satisfactory. We suggest continuous reinforcement by spreading awareness and educating on the appropriate use of the mask in the community using mass media. We also suggest addressing the misconceptions related to mask use such as difficulty in breathing, conversation, and overheating. We also recommend strict enforcement of regulations in public places and workplaces to contain the spread of COVID-19 in the community.
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Background: The COVID-19 pandemic has lasted more than 2 years, and the global epidemic prevention and control situation remains challenging. Scientific decision-making is of great significance to people's production and life as well as the effectiveness of epidemic prevention and control. Therefore, it is all the more important to explore its patterns and put forward countermeasures for the pandemic of respiratory infections.

Methods: Modeling of epidemiological characteristics was conducted based on COVID-19 and influenza characteristics using improved transmission dynamics models to simulate the number of COVID-19 and influenza infections in different scenarios in a hypothetical city of 100,000 people. By comparing the infections of COVID-19 and influenza in different scenarios, the impact of the effectiveness of vaccination and non-pharmaceutical interventions (NPIs) on disease trends can be calculated. We have divided the NPIs into three levels according to the degree of restriction on social activities (including entertainment venues, conventions, offices, restaurants, public transport, etc.), with social controls becoming progressively stricter from level 1 to level 3.

Results: In the simulated scenario where susceptible individuals were vaccinated with three doses of COVID-19 coronaVac vaccine, the peak number of severe cases was 26.57% lower than that in the unvaccinated scenario, and the peak number of infection cases was reduced by 10.16%. In the scenario with level three NPIs, the peak number of severe cases was reduced by 7.79% and 15.43%, and the peak number of infection cases was reduced by 12.67% and 28.28%, respectively, compared with the scenarios with NPIs intensity of level 2 and level 1. For the influenza, the peak number of severe cases in the scenario where the entire population were vaccinated was 89.85%, lower than that in the unvaccinated scenario, and the peak number of infections dropped by 79.89%.

Conclusion: The effectiveness of COVID-19 coronaVac vaccine for preventing severe outcomes is better than preventing infection; for the prevention and control of influenza, we recommend influenza vaccination as a priority over strict NPIs in the long term.

KEYWORDS
 COVID-19 pandemic, seasonal influenza, non-pharmaceutical interventions, vaccine, transmission dynamics model


Introduction

The COVID-19 pandemic has lasted more than 2 years since its outbreak in 2019. According to the World Health Organization (WHO), as of 3 August 2022, there have been 577,018,226 confirmed cases of COVID-19, including 6,401,046 deaths (1). Despite multiple epidemic waves, the pandemic does not appear to have been effectively controlled. As more and more countries gradually relax their COVID-19 prevention and control policies and opt for a governance model of co-existence with the virus, the development trend of the COVID-19 and its future impact will be more and more worthy of attention. The reason COVID-19 has had such a widespread and dramatic impact is because the SARS-CoV-2 is highly contagious and spread rapidly. There are a large number of asymptomatic infections, which poses challenges to case detection. Fortunately, viral virulence and transmission characteristics can be estimated from existing and previous outbreaks, making it possible to model disease transmission using mathematical methods.

The transmission dynamic model is widely used in the analysis of epidemic trends of infectious diseases. Based on the simulation at different time, we can formulate targeted prevention and control strategies, allocate medical resources scientifically, and maintain the proper operation of the public health system.

Currently, COVID-19 is still a significant public health emergency in China. Therefore, the Chinese government has adopted a “dynamic zero-COVID” policy strategy to minimize the epidemic's peak and delay the time to peak. Today, this strategy still plays an important role in the rapid control of the outbreaks and the prevention of the spread of COVID-19 in China. If the “dynamic zero-COVID” policy is abandoned, it can be predicted that a large number of new cases will emerge in the short term (2). However, we cannot ignore the economic and psychological burdens on Chinese society. Therefore, in the context of the omicron variant being the dominant variant strain, it is necessary to fully understand and explore the new epidemic characteristics of the omicron variant and adopt a better strategy against COVID-19. At the same time, the vaccination against COVID-19 worldwide is continuing, and we expect to use the model to make a preliminary quantitative assessment of the vaccination effectiveness.

In the past century, there have been five pandemics of respiratory infectious diseases, each of which has caused serious infection and mortality in humankind. Among them, the 1918 influenza pandemic infected about a third of the world's population and caused about 50 million deaths worldwide (3). The death toll due to the influenza pandemic of 1957–1958 is estimated at over 1 million (4); the death toll due to the influenza pandemic of 1968–1969 is estimated at 1–4 million (5).

A study showed that NPIs applied to COVID-19 also reduced influenza activity intensity in southern and northern China and the United States by 79.2%, 79.4%, and 67.2%, respectively (6). The prevention and control of COVID-19 pandemic provide an opportunity to study the epidemic patterns and prevention and control strategies of the influenza pandemic. The influenza pandemic is uncertain and inevitable. It is difficult to predict what new subtype will cause the next influenza pandemic, when and where it will occur, and there is even the possibility of the coexistence of influenza and COVID-19 pandemic. Therefore, the exploration of NPIs and the protective effectiveness of vaccines also play a positive role in preventing and controlling the influenza pandemic. This study compares the infection process and scale of COVID-19 and influenza under different scenarios to provide quantitative evidence for countries to optimize prevention and control strategies appropriately.



Methods


Formulation of mathematical model

Modeling of etiological and epidemiological characteristics was conducted based on COVID-19 and influenza pandemics using transmission dynamics models to assess the vaccine protection against infection and its disease severity and the impact of non-pharmaceutical interventions (NPIs) on the prevalence intensity of COVID-19 and influenza pandemics. We designed an improved SEIR model to show individuals' transition between compartments based on disease status. Figure 1 shows the primary infectious disease transmission structure of the model. Different NPIs levels, vaccination effectiveness, and transmission patterns, all these factors have been considered in this model. Non-pharmaceutical intervention can prevent the infected rate per contact and can prevent contact rate per unit of time. Based on concepts developed for vaccine efficacy, the immune efficacy generated by infection or vaccination can reduce susceptibility to infection, reduce infectiousness, and reduce pathology. All these factors could change the value of parameters in the model.


[image: Figure 1]
FIGURE 1. The transmission chain of transmission dynamics model is constructed according to epidemic characteristics of diseases. The SEIR model includes six compartments, i.e., Susceptible (S), Exposed (E), Mild cases (I1), Moderate cases (I2), Severe cases (I3), and Removed (R).


The system of differential equations is shown below,
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Description of variables and parameters

As we mentioned above, the SEIR model includes six main variables, i.e., Susceptible (S), Exposed (E), Mild cases (I1), Moderate cases (I2), Severe cases (I3), and Removed (R). The relationships between them are linked by specific parameters. The variables and specific parameters in the model are set according to the relevant information, including references and expert suggestions. Details of the variables and parameters are shown in Table 1.


Table 1. SEIR model variables and parameters.
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Scenarios setting

Based on the epidemiological and virological characteristics of the epidemic, 10 different scenarios were constructed to simulate the epidemic curve in a city with a population of 100,000. There were three levels of NPIs included in this study. We assumed that levels 1, 2, and 3 NPIs reduced the effective reproduction number (Rt) by 47%, 55%, and 69%, respectively (7). The vaccination effectiveness in preventing infection of COVID-19 and influenza were set to 33% (after three doses of CoronaVac (0.5 ml given intramuscularly) vaccination) (8) and 50% (9), respectively. Scenarios 1–5 were simulations of COVID-19, and scenarios 6–10 were simulations of influenza, with different parameter combinations for each scenario. The effects of NPIs were not considered in scenarios 1, 2, and 6, 7, which represented the natural epidemic scenario and were used to exclude the difference between NPIs. Scenario 2 was compared with scenario 1 to analyze the epidemic pattern of COVID-19 under different effectiveness of vaccination; scenario 2 was compared with scenario 7 to analyze the epidemic pattern of COVID-19 and influenza after vaccination. In scenarios 3–5/8–10, the effect of NPIs intensity on the epidemic trend was evaluated by simulating the effects of different NPIs intensities on COVID-19 and influenza based on the description and analysis of the time to reach the peak of cases and the maximum number of cases. Finally, scenarios 1–5 were compared with scenarios 6–10 to analyze the effect of NPIs with the same intensity on the epidemic trend of COVID-19 and influenza in the same initial state. See Tables 2 and 3 for more details of all scenarios.


Table 2. Scenarios setting.
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Table 3. Parameter combinations of five scenarios of COVID-19.
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Statistical analysis

R software version 4.0.5 (the R Foundation for computing) software and deSolve software package were used for modeling and analysis, and Microsoft Office 2013 was used for data cleansing and description.




Results


Effects of COVID-19 vaccine—Scenario 1 vs. scenario 2

Simulation of the model shows that compared with scenario 1 (no NPIs or vaccination), the time for the number of mild, moderate and severe cases to reach the peak in scenario 2 (COVID-19 vaccination has 33% effectiveness for reducing the transmission coefficient of COVID-19) was shortened, and the peak number of mild and severe cases decreased. The number of severe cases in scenario 1 peaked at 17,019 on day 23, and the infections peaked at 51,294 on day 19. Compared with scenario 1, the peak number of severe cases in scenario 2 decreased by 26.57%, the day to reach the peak was delayed by 9 days, and the peak number of infections decreased by 10.16%; the day to reach the peak of infections was delayed by 6 days (Figures 2, 4A).


[image: Figure 2]
FIGURE 2. Changes in numbers of mild, moderate, and severe cases in scenarios 1 (A) and 2 (B). In scenario 1, we assumed no NPIs or vaccination against COVID-19. In scenario 2, we assumed no NPIs and 33% effectiveness of vaccination to prevent infection of COVID-19. The blue, yellow, and red curves represent the number of mild, moderate, and severe cases, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Table 3.




Effects of NPIs on COVID-19—Scenario 3 vs. scenario 4 vs. scenario 5

With the strengthening of NPIs, the peak number of mild, moderate, severe, and infections decreased. The peak of severe cases in scenario 3 (14,402) was 7.79% and 15.43% lower than that in scenario 4 (15,620) and scenario 5 (17,031), respectively, and the number of days to reach the peak decreased by 8 and 21 days, respectively. The peak number of infections in scenario 3 (36,695) was 12.67% and 28.28% lower than that in scenario 4 (42,020) and scenario 5 (51,170), respectively. The time to reach the peak number of infections was delayed by 7 and 21 days, respectively (Figures 3, 4B).


[image: Figure 3]
FIGURE 3. Changes in numbers of mild, moderate, severe cases in scenarios 3 (A), 4 (B), and 5 (C). The blue, yellow, and red curves represent mild, moderate, and severe cases, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Table 3.



[image: Figure 4]
FIGURE 4. Changes in numbers of severe cases and infections in scenarios 1, 2 (A) and scenarios 3, 4, 5 (B). In (A), the red and blue solid curves represent the number of infections in scenarios 1 and 2, respectively. The red and blue dotted curves represent the number of severe cases in scenario 1 and scenario 2, respectively. In (B), the red, blue, and yellow solid curves represent the number of infections in scenario 3, scenario 4, and scenario 5, respectively. The red, blue, and yellow dotted curves represent the number of severe cases in scenario 3, scenario 4, and scenario 5, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Table 3.




Effects of influenza vaccine—Scenario 6 vs. scenario 7

It showed that the peak number of severe cases was less than that of mild and moderate cases in scenarios 6 and 7. In scenario 7, the peak number of severe cases was 273, which was 89.85% less than that in scenario 6, and the day to the peak was 88 days later than that in scenario 6. The number of infections in scenario 7 peaked at 4,389, which was 80.01% less than that in scenario 6, and the time to peak was delayed by 83 days (Figures 5, 7A).


[image: Figure 5]
FIGURE 5. Changes in numbers of mild, moderate, and severe cases in scenarios 6 (A) and 7 (B). The blue, yellow, and red solid curves represent the number of mild, moderate, and severe cases, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Table 4.



Table 4. Parameter combinations of five scenarios of influenza.
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Effects of NPIs on influenza—Scenario 8 vs. scenario 9 vs. scenario 10

Figure 6 showed that after taking different levels of NPIs, the number of severe cases decreased significantly compared with mild and moderate cases. In scenario 8, the number of mild, moderate, and severe cases was <50, and the peak number of severe cases was 7, which was 99.27% lower than that in scenario 9. The time to peak was delayed by more than 3 months. The number of infections (46 cases) peaked on day 9, which was 93.23% lower than scenario 9, and the time to peak was delayed by 124 days. The differences in numbers of severe cases and infections between scenario 8 and scenario 10 could be negligible. The number of severe cases in scenario 10 peaked on day 45, which was about 2,693, and increased by 80.24% compared with scenario 9, and the time to peak was 96 days earlier. The number of infections in scenario 10 peaked on day 40, 93 days earlier than in scenario 9, and the number at its peak increased by 84.77% (Figure 7).


[image: Figure 6]
FIGURE 6. Changes in numbers of cases of different types in scenarios 8 (A), 9 (B), and 10 (C). The blue, yellow, and red curves represent mild, moderate, and severe cases, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Table 4.



[image: Figure 7]
FIGURE 7. Changes in numbers of severe cases and infections in scenarios 6, 7 (A) and 8, 9, 10 (B). In (A), the red and blue solid curves represent the number of infections in scenarios 6 and 7, respectively. The red and blue dotted curves represent the number of severe cases in scenario 6, scenario 7, respectively. In (B), the red, blue, and yellow solid curves represent the number of infections in scenario 8, scenario 9, scenario 10, respectively. The red, blue, and yellow dotted curves represent the number of severe cases in scenario 8, scenario 9, scenario 10, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Table 4.




COVID-19 vs. influenza

Scenario 1 and scenario 6 simulated the natural epidemic characteristics of COVID-19 and influenza without taking any measures. The results indicated that the total number of COVID-19 infections peaked on around day 23 (51,294), while influenza peaked on day 50 (21,827). The peak number of COVID-19 infections was more than twice that of influenza. The peak number of severe cases was about 6.32 times than that of the influenza (17,019/2,692), and the time to peak was 27 days earlier (Figure 8A). By comparing scenarios 2 and 7, it showed that the peak of severe cases in scenario 2 appeared on day 32, with 12,497 cases, which was about 45.77 times that in scenario 7 (12,497/273), the number of infections in scenario 2 peaked on day 32, and the peak number was about 10.50 times (46,081/4,389) than that in scenario 7 (Figure 8B). Scenario 3 and scenario 8 were the epidemiological trends of COVID-19 and influenza, assuming that the NPI level was level 3. The results showed that in scenario 8, the peak number of severe cases and infections were both at low levels, with 7 and 46 cases, respectively. In scenario 3, severe cases and infections peaked at 14,402 and 36,695, respectively (Figure 8C). Scenario 4 and scenario 9 simulated the trends of COVID-19 and influenza when the intensity of NPI was level 2. The results showed that the peak number of severe cases of COVID-19 was about 29.39 times than that of influenza (15,620/532), and the time to peak was 106 days earlier; the peak number of COVID-19 infections was about 12.62 times than that of influenza (42,020/3,327), and the time to peak was shortened by 95 days (Figure 8D). Scenarios 5 and 10 assumed that NPI level was level 1. In Figure 8E, it showed that the peak of severe COVID-19 cases was about 6.32 times than that of influenza (17,031/2,693), and the time to peak was 23 days earlier. The peak number of COVID-19 infections was about 2.34 times than that of influenza (51,170/21,859), and the time to peak was 23 days earlier.


[image: Figure 8]
FIGURE 8. Comparison of numbers of infections and severe cases in scenarios 1–5 and scenarios 6–10. (A) is the result of comparison of scenario 1 and scenario 6. (B) is the result of comparison of scenario 2 and scenario 7. (C) is the result of comparison of scenario 3 and scenario 8 (Applies to the Y-axis on the right side). (D) is the result of comparison of scenario 4 and scenario 9. (E) is the result of comparison of scenario 5 and scenario 10. The red and blue solid curves represent the number of infections in scenarios 1–10, respectively. The red and blue dotted curves represent the number of severe cases in scenarios 1–10, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Tables 3, 4.


A horizontal comparison of scenarios 1–10 indicated that the peak numbers of infections and severe cases of COVID-19 were far more than those of influenza pandemic. For COVID-19 (scenarios 1–5), the reduction in the peaks of infections was most significant with the adoption of strict NPIs, and the time to peak could be delayed significantly. We can see that vaccination was the best way to prevent severe COVID-19 cases for the decrease of severe cases in scenario 2. As for influenza (scenarios 6–10), strict NPIs could minimize the peak numbers of both infections and severe cases, and influenza vaccination could significantly delay the time to peak (Figure 9).


[image: Figure 9]
FIGURE 9. Comparison of peaks (A) and time to peak (B) of numbers of infections and severe cases in scenarios 1–10. In panel (A), the orange and indigo bars represent the number of infections and severe cases in scenarios 1–10, respectively. In panel (B), the orange and indigo lines represent the time to peak of numbers of infections and severe cases in scenarios 1–10, respectively. Scenarios setting are shown in Table 2. Parameter values used are given in Tables 3, 4.





Discussion

In the process of a global response to COVID-19, the prevention and control of influenza still need to be paid enough attention. Fortunately, in the process of responding to COVID-19, more and more people have developed good hygiene habits such as wearing masks and keeping their hands clean, which undoubtedly have positive significance for the prevention and control of influenza. Since severe cases have the greatest demand for medical resources, we focused more on the analysis of the scale of the severe/critically ill population. In order to compare the infections scale of COVID-19 and influenza in the same scenario, we conducted a model analysis on the infections scale and trend of influenza according to the epidemic characteristics of influenza and COVID-19.


Effectiveness of vaccination on COVID-19 and influenza

Due to differences in national policies, vaccine types, and study samples, the global study results on the effectiveness of COVID-19 vaccines are not uniform. What is certain, however, is that the vaccination effectiveness of coronaVac in preventing infection, morbidity, and hospitalization decreases over time, but by vaccinating a booster dose of coronaVac will increase the neutralizing antibodies and elicit stronger specific immunity than the second dose, today the pandemic is not yet over, and vaccination campaigns are still ongoing, so we chose to set the parameter of vaccine effectiveness to be after three doses of coronaVac. In fact, vaccine effectiveness preventing severe outcomes declines less rapidly than against infection and transmission (25). This is consistent with our findings, but the reduction in the peak number of infections is not as large as in severe cases. Many studies have proven that vaccines are more than 90% effective in preventing severe cases (26–28). At present, as the pandemic continues, many countries have move away from tough prevention and control measures to restrict the movement of people and instead have chosen a more moderate approach to epidemic prevention, that is, coexisting with the virus, thus making the importance of vaccines all the more self-evident. According to the data from WHO, as of 25 July 2022, a total of 12,248,795,623 COVID-19 vaccine doses have been administered (1). In China, as of 20 July, 2022, 92% of the population has been vaccinated with at least one dose of COVID-19 vaccine, 89% of the population has been fully vaccinated, and more than 56% of the population has been vaccinated with at least one booster dose (29). The high vaccination rate and strict NPIs controlled the COVID-19 epidemic at a low level in China. Coronavac is one of the WHO-approved vaccines and over two billion doses have been administered in more than 40 countries. One study showed that SARS-CoV-2 vaccination failed to stop the disease occurrence, but it inhibited the disease severity from mild or moderate to severe or critical (13, 14, 30).



Effectiveness of NPIs on COVID-19 and influenza

The results indicated that the final scale of both COVID-19 and influenza outbreaks declined significantly as containment efforts intensified. The results of this study showed that vaccination could greatly reduce the peak number of severe COVID-19 cases, and strict NPIs could effectively reduce the peak number of COVID-19 infections. Therefore, we recommend that at the beginning of one pandemic, strict NPIs can be taken to suppress the outbreak quickly, but the economic cost, mental health burden, and excess deaths due to not being able to seek healthcare given strict NPIs should be taken into consideration as well when the government decides to take strict NPIs. We find that influenza vaccination could effectively prevent infectiousness and clinical severity and delay the time to peak of the influenza epidemic. Under the assumption that the effectiveness of NPIs is level 3, the scale of influenza is almost negligible. However, we do not believe that strict NPIs are the most cost-effective method for influenza control in the long time. It is because the model shows that even without NPIs and with only influenza vaccination, the final scale of the influenza epidemic will eventually be within the healthcare system's capacity for most countries and regions.




Limitations

There are still some limitations to this study. First, scientific decision-making requires reliable evidence support, and the epidemic patterns of diseases should be fully understood. However, due to the complexity of the epidemic in the real world, it is challenging to accurately discover all indicators that impact the epidemic and incorporate them into the model. When evaluating the effect of NPIs, we did not subdivide NPIs and analyze the independent effect of each NPI (such as wearing masks, and maintaining social distancing). Second, the political, economic, cultural, and epidemic situations differ greatly from country to country and region to region, the above influencing factors were not considered in this model, so the real-world situation was not simulated and predicted. Third, we only referred to the effectiveness data of three doses of coronaVac COVID-19 vaccine, regarded the vaccine effectiveness as a constant and did not adjust the model according to the attenuation of vaccine effectiveness. Furthermore, the WHO Strategic Advisory Group of Experts on Immunization (SAGE) recommends that a third, additional dose of the Sinovac vaccine be offered to persons aged 60 and above as part of an extension of the primary series. Current data does not indicate the need for an additional dose in persons under 60 years of age (31), so the study has made overly optimistic vaccination estimates. Finally, the construction of model scenarios is a theoretical analysis. In fact, the effect of epidemic prevention and control is related to the prevention and control capabilities of different regions, and the disease trends may not be the same as predicted in the model.



Conclusion

The effectiveness of COVID-19 coronaVac vaccine for preventing severe outcomes is better than preventing infection; for the prevention and control of influenza, we recommend influenza vaccination as a priority over strict NPIs in the long term.
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Introduction: Knowing a disease is crucial for being able to fight it, especially in a region in which COVID-19 caused so many deaths, such as Latin America.

Objective: To determine the association between basic knowledge of COVID-19 and education level according to country of residence in Latin America.

Methodology: This is an analytical cross-sectional study. Basic level of knowledge was measured through nine close-ended questions (scale validated in Peru). The score obtained was analyzed through performing a crosstab vs. gender, age, education level, and country of residence.

Results: Of a total of 9,222 respondents, almost all of them knew the common symptoms (99%), modes of transmission (93%), and knew how to recognize which was not a specific symptom (93%). Through the multivariate model, we found that there was no association with gender (p = 0.716) or age (p = 0.059), in comparison with those who had primary or a lower education level. All the other higher education levels had statistically significant scores (all p-values p < 0.001). When comparing knowledge according to countries, and using Peru as reference for comparison, Chile, Paraguay, Mexico, Bolivia, Panama, Ecuador, Costa Rica, and Colombia had a better level of knowledge (all p-values < 0.001); however, only El Salvador had a lower level (p < 0.001).

Discussion: There was lack of knowledge of some topics, difference according to academic degree and country. As Peru was one of countries that obtained the lowest level of knowledge, it could have influenced the fact that it was the most affected country in the world.

KEYWORDS
 coronavirus, knowledge, pandemic, COVID-19, Latin America


Introduction

COVID-19 is a disease caused by SARS-CoV-2, discovered in the city of Wuhan, China, at the end of 2019 (1). This new disease was declared a pandemic by the World Health Organization (WHO) at the beginning of 2020, and it became one of the most important in recent times (2). Nobody can deny the great impact that COVID-19 had worldwide. It caused several repercussions which affected quality of life, health of populations, the economy of families and countries, among many others (2, 3).

The information and knowledge that we currently have about COVID-19 has arisen based on the research carried out, and different topics, such as pathophysiology, clinical manifestations, and evolution have become better known (4, 5). However, despite the fact that this disease has been present in our environment for more than 2 years, it is necessary to see retrospectively what could have influenced some countries to be more affected than others. Moreover, it is important to know that mortality can also vary according to the stage of the disease, the territory or country, the population group, as well as pre-existing comorbidities (6, 7).

In other pathologies there was minimal knowledge to fight them, such as MERS and SARS (8). Therefore, effectively dealing with this disease would have meant, at least, having general knowledge, such as the modes of transmission, the main symptoms, the population at risk, among other information, which can be measured with rapid and effective tests (9, 10). Therefore, it is necessary to know how Latin America faced the disease according to its level of knowledge, as it was one of the most affected regions in the world (11). We can add also that there was a large amount of low quality information that was shared in the media in this region (12). For this reason, the objective of this research was to determine the association between basic knowledge of COVID-19 and education level according to country of residence in Latin America.



Methods


Research type and design

During June, July, and August 2020, we undertook an analytical and multicenter study with a cross-sectional observational design. We used a virtual survey, since in those months, the population was experiencing mandatory quarantine in most of the countries; hence, we had to use virtual resources in order to administer the survey.



Population and sample

We included population living in any of the countries during the pandemic and who could fill in the survey. Those who did not answer completely the questions about knowledge level and secondary variables were excluded (1,274 eliminated surveys). It should be remarked that duplicate surveys, those with incoherent responses, and those with repetitive patterns were detected through a review process by 3 different authors independently and were not taken into account at the time of debugging.

A sample size calculation was performed to find a hypothetical minimum difference of 1.5% (49% vs. 50.5%), for which a minimum of 8,719 respondents was required, with a power of 80%, a confidence level of 95% and for a single sample (due to the analytical cross-sectional design). The final sample had 9,222 respondents; this number was reached through non-random sampling.



Instruments and procedures

In order to assess the level of knowledge of the 12 Latin American countries, the COVID−19 knowledge scale was used (10). It measures knowledge about basic aspects of coronavirus, such as mortality, vulnerable populations according to mortality, and modes of transmission. This was assessed through nine multiple-choice questions. The scale was validated in Peru during the first months of the pandemic and showed good values of comprehensibility, validity, and reliability.

This survey was composed of other questions that would serve to characterize the population, as well as other adjustment variables for the analytical section. These variables were gender (dichotomous variable with the following possible answers: male or female), age (quantitative variable in years), the highest level of education they had (primary or lower, secondary, bachelor's degree, technical, college/university, and postgraduate), as well as each of the 12 countries where the respondents said they lived (Peru, Chile, Mexico, Paraguay, Colombia, Bolivia, Panama, Ecuador, Costa Rica, El Salvador, Honduras and Guatemala).

All these questions were uploaded to a survey on the Google Forms platform. It could be distributed to all Latin American countries, through each of the authors and the FELSOCEM-ASOMEDISS COVID-19 Latam network, which generated a research group based on their contacts in each of the countries associated with this scientific collaboration network.



Statistical analysis

For the statistical analysis, first we had to obtain the frequencies and percentages of each one of the test's answers. Then, we calculated the percentage of correct answers by each country; here we could obtain p-values (we determined if there was a difference among the percentages of answers by each country, for which the chi-squared test was used). A box-and-whisker plot was also generated to compare the scores obtained in the test according to each level of education evaluated (a p-value was also obtained here, with the Kruskal Wallis statistical test).

Finally, the crude and adjusted model was obtained (a model adjusted for sex and age was obtained, and another without these variables, since, although they were not statistically significant, we wanted to see their influence on the other variables). To this end, linear regression was used, taking the score that each respondent obtained as the dependent variable. This score was based on the test of basic level of knowledge of COVID-19. For each of the statistical crosses, a p-value < 0.05 was considered statistically significant.



Ethical aspects

The ethical precepts of the research were respected at all times. After the project was set up, it was submitted to an institutional ethics committee, which evaluated and approved the protocol (resolution of the bioethics committee N°0233-2020-UPAO). It is important to mention that it was approved only by one institution, since the project was generated in April, when almost all the countries' educational institutions were not in operation or everything was paralyzed; therefore, each site agreed to participate with the current ethics committee of the main site of the research.

A consent form was sent with each virtual survey which was signed before filling out the survey. In addition, it was indicated that they were free to participate in the research, to answer the questions they wished, and that their participation was completely anonymous.




Results

Out of the 9,222 respondents in Latin America, 59.2% (5,455) were women, with a median of 22 years old (interquartile range: 20–30 years old). Regarding education level, 101 (1.1%) had primary or a lower level of education; 1,268 (13.68%), secondary education; 750 (8.1%), a bachelor's degree; 804 (8.7%), technical studies; 5,668 (61.5%), higher education; and 631 (6.8%), postgraduate studies. Almost the total of the respondents knew the common symptoms (98.6%), the modes of transmission (92.9%), and knew how to recognize which was not a specific symptom (92.5%). However, the lowest level of knowledge was about the percentage of mortality of this disease (40.0%), how to manage the symptoms (53.6%), and the treatment of a non-severe presentation of the disease (56.3%) (Table 1).


TABLE 1 Percentage of correct answers by each one of the nine questions of basic knowledge of COVID-19 in 12 countries in Latin America.
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When the percentages of correct answers were broken down by country, it was observed that the Central American countries had the lowest percentages of correct answers. Among them, El Salvador had the lowest percentages in four of the questions, and Costa Rica had the lowest percentages in two of the questions. Other countries with low answers were Bolivia, Mexico and Guatemala (each with a low percentage) (Table 2).


TABLE 2 Percentage of correct answers by each one of the nine questions of basic knowledge of COVID-19 in 12 countries in Latin America.
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The median of the correct answers was lower among those who had primary or a lower level of education. In the other education levels, we could obtain the same median and similar interquartile ranges (p-value < 0,001 with Kruskal Wallis test) (Figure 1).
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FIGURE 1
 


When performing multivariate model for the test score, we found that there was no association of gender (p = 0.716) or age (p = 0.059), in comparison with those who had primary or lower education. All the other education levels had statistically significant scores (all p-values were < 0.001. When comparing the knowledge according to country, and using Peru as reference for comparison, Chile, Paraguay, Mexico, Bolivia, Panama, Ecuador, Costa Rica and Colombia had a better level of knowledge (all p-values were < 0.001); however, only El Salvador had a lower level p < 0.001) (Table 3).


TABLE 3 Bivariate and multivariate models of the basic socio-educational factors associated with the score of basic knowledge of COVID-19 in 12 countries in Latin America.
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Discussion

The good implementation of sanitary measures was fundamental to control the spread of COVID-19. However, success depended largely on the mutual efforts of the population and their governments. In addition, a good level of knowledge of the population (13), as well as a good management of resources to possess the essential tools that help us face the disease was also imperative (14). In this study it was found that, although the surveyed population had good percentages of knowledge about the symptoms and route of transmission of COVID-19, the percentages of knowledge about how to act in case of suspicion of this disease, or of a non-severe presentation, were still not adequate. Thus, people considered that they should go to hospitals or health care centers, even if they had no symptoms or if these were mild. This could have led to the collapse of the health system in many countries, due to an excessive increased demand (15). It also led to self-medication with drugs that did not have sufficient scientific evidence (16), or that, in certain populations, could cause the disease to worsen (17).

On the other hand, in some countries such as El Salvador and Costa Rica, there was a lower number of correct answers, and although these results cannot be extrapolated in a conclusive way, this shows that each country should evaluate the knowledge that their population groups have at the moment of a serious event. This difference between Central American countries and the other Latin American countries may be due to the different information disseminated by the authorities of each country, as well as how they understand it (18–20). Therefore, it is important for governments and authorities to disseminate accurate information during a health crisis, such as the one produced by this pandemic, in print, social and electronic media. This information should be in the local languages of the population, because a better knowledge of the disease will allow people to take appropriate measures and remain calm (21).

In regard to educational level, it was found that those with a higher or postgraduate level of education had a better level of knowledge compared to those with only a primary or a lower level. This result is similar to what was reported by multiple studies, in which a better education level was associated with having correct ideas about COVID-19 (22–24). Therefore, governments and authorities should intensify information dissemination campaigns in the population with primary or lower educational levels, as well as implement measures to reduce the dissemination of false information. Thus, we could prevent this from hindering decision making and influencing negatively, generating excessive fear, or on the contrary, denying the existence of the disease or demanding the non-use of biosecurity measures, which favors the spread of the virus (25). This is especially true in Latin America, where there was an increase in false news as the pandemic progressed (26).

In several countries there was a better knowledge of this new disease, compared to Peru. This reality could have influenced the situation that took place in this country in July and August 2020, when it was considered the most affected country by the pandemic worldwide, according to mortality rates (27). This situation occurred despite the prevention measures adopted by the Peruvian government, such as social distancing and quarantine, and it was reported that these measures were not fully complied with by the population (28). Similarly, this study found that, in Peru, there was a lack of knowledge of COVID-19 mortality rate. This could be explained by the lack of transparency in reporting deaths from this disease, as when the number of deaths from COVID-19 was revealed, it turned out to be almost three times the number reported in the official count (29).

Regarding the low percentage of knowledge of the actions that should be taken in the event of suspected infection, these results could be explained by the deficient information provided by the Peruvian authorities regarding the management of this new disease (30). In addition, we can mention the population's fear of becoming infected, and the misinformation spread by some physicians when encouraging the use of drugs, such as Ivermectin or Warfarin, to prevent COVID-19 (31). All this was reflected in the saturation of health services in the country (32). Therefore, this evidence should be taken into account to improve the management of a health crisis, or any other type of crisis. These results could explain, partially, what was experienced. It is always necessary to inform the population adequately, since ignorance and uncertainty will always be the worst enemy in times of chaos.

The main limitation of the research was selection bias, since, due to the non-random sampling, it cannot be said that what was shown represents the knowledge of each of the countries surveyed or of the whole Latin America. However, this was already foreseen from the conception of the research, since the objective was to find specific associations (it was never to generate a research that could extrapolate the results to the territories mentioned, due to the aforementioned technical difficulties arisen during quarantine). Despite this limitation, we have a very large sample of respondents in a dozen Latin American countries, where the vast majority belong to the most affected country in the world (with the highest mortality per hundred thousand inhabitants in July and August) (27). Hence, it is considered that these results should be taken with the reservation, to show the knowledge that the surveyed populations had in the hardest months of the pandemic.

Based on the results, it is concluded that the best knowledge of the disease was about common symptoms, mode of transmission, and recognition of which was not a specific symptom. There was no association between the knowledge score with gender or age, but there was an association with education level and country of residence.
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It is everyone's desire to seek the sound growth of children through food education and there is a critical need for fostering an environment for this purpose. Health policies are important for this support. To the present, the Japanese society has been greatly disrupted by COVID-19 pandemic. “Stay at home”, “mokusyoku (silent eating)”, and mask wearing were encouraged in nationwide campaigns as public health measures to combat COVID-19. There are some papers reporting negative effects of “stay at home” and lockdowns such as weight gain, decrease in physical activities and change in eating habits. In Japan, while benefits and advantages of food education during mealtime were previously well studied, the “mokusyoku” rule may directly run counter to this food education. Moreover, there are several reports showing that nutrients might contribute to prevention of infectious diseases. Japanese children were also encouraged to wear masks all day long. The results of the clinical research, especially randomized control trials, show limited protective effect of masks. On the other hand, negative outcomes of the masks were reported in various scenes. This review focuses on these topics and arousing reconsideration for a better environment for children.
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 food education, stay at home, masks, COVID-19, pandemic, health policy


Introduction

Eating, learning, and playful behaviors are essential for healthy development of children. Societies around the world, including Japan, have been severely affected by the COVID-19 pandemic. It was well announced that Japan had controlled the infection successfully without draconian lockdowns or other harsh restrictions which unduly limit private rights of citizens.

However, the environment in which children eat, learn and play has greatly been affected by health policies in Japan. While no proven effect of school closures against spread of COVID-19 has been reported (1), a few schools are still taking temporary closure measures (2). Though most schools were opened, children were strongly encouraged to follow the “mokusyoku” rule of eating lunch silently during the lunch time (3). Although the Ministry of Education, Culture, Sports, Science and Technology (MECSST) has modified the guideline of mask wearing in schools to clarify that mask wearing is not necessary in physical education classes as long as the social distance (1–2 m) is maintained, the ministry still recommended to continue the mask wearing rule in schools (4). Typical events related to COVID-19 and children are summarized in Table 1. As shown, novel Coronavirus Response Headquarters present the basic policies for COVID-19 prevention, and each ministry announces relevant basic policies (5). MECSST presents guidelines describing the basic policy of countermeasures that the schools should take. Since most of them are only written recommendations, each municipality's board of education and school finally decide what kind of countermeasures to request for children. So, children were forced to comply with many kinds of measures. Examples of such measures are shown in Figure 1. As shown in the figure, children were forced to follow “The New Lifestyle (New Normal Lifestyle)” in the name of public health.


TABLE 1 Typical events about history of COVID-19 pandemic in Japan.
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FIGURE 1
 Example of “Infectious disease counter measures” for children taken for Japanese Children. (A) Children watching “somen (Japanese traditional noodle) flow” with their mask on in silence in summer. Under ordinary circumstances, children eat somen noodles flowing in front of them. (B) Special care is taken to keep “Physical distance” in a relay race of a school sport festival. The length of the baton was 2 meters. (C) Children are taking lunch following “mokusyoku rule”. (D) Children are watching TV program during lunch time to follow mokusyoku rurle. (E) “The New way of lifestyle” adopted in a school excursion. Children must follow “mokusyoku rule”. (F) Example of “Simple school lunch”. These pictures were taken from the following websites: (A) “Watch over them without eating. Somen flow in Tsuwano city preventing COVID-19 infection. 8/9/2020” Japan Broadcasting Corporation https://www3.nhk.or.jp/news/html/20200809/k10012560081000.html. (B) “2 meter baton, shouts on paper, broadcast on TV sports festival under COVID-19 pandemic. 9/27/2020” Mainichi Shimbun https://mainichi.jp/articles/20200927/k00/00m/040/122000c. (C) “Infection for children is increasing in COVID-19 seventh wave. What are the characteristics of the symptoms? What measures are needed for the new semester? 8/26/2022” Tokyo shimbun https://sukusuku.tokyo-np.co.jp/education/59471/. (D) “A strategy to follow mokusyoku rule by showing animated films during lunch time. In the second semester of the COVID-19 epidemic at an elementary school, the educational scene is undergoing a trial-and-error process for infection prevention measures. Nagano city. 9/1/2022” Shin-etsu broadcasting https://newsdig.tbs.co.jp/articles/sbc/140832?display=1. (E) “Dinner with mokusyoku rule and infection control measures 11/25/2021” Official Blog of Onohara east primary school http://www.kamisu.ed.jp/onoharanishi/19314.html. (F) Fuji News Network “Zero side dishes painful choice “simple school lunch” to prevent COVID-19 infection, 1.2 times the amount of hot dog buns, and concerns about nutritional deficiencies. 9/8/2021” https://www.fnn.jp/articles/-/235832. For privacy, part of the face is hidden. All sites were accessed at September 19th, 2022.


An object of this paper is to summarize the findings about the result of health policies taken in Japan and looking back the challenges of science-based policy making.



“Stay at home” campaign

Draconian lockdowns were enforced in many regions in the world such as China and Europe to prevent the wide-spread of COVID-19. “Stay at home” campaign was also strongly promoted in Japan even though Japan did not adopt any lockdown with severe restrictions. During the campaign, while adults were not subject to commuting restrictions, children were forced to stay at home due to the long-term school closures. Some negative effects of the lockdowns and “Stay at home” campaign were previously reported. In Japan, during the state of emergency, schools were closed and a “stay-at home order” was issued. As a consequence, it was reported that children had higher body fat percentage, shorter single leg standing time, and a larger number of falls per month compared with children before the pandemic (6). Abe also reported that fundamental movement skills, especially for object control skills were impeded during this pandemic (7). In low-income households, children's consumption of sweets, soft drinks, and ready-to-eat foods was increased (8). Horikawa et al. also reported children eating a balanced diet of meat or fish and vegetables at least twice a day decreased during the period (9). Horikawa's research also revealed the importance for the support of low-income households. Changes in eating habit was also observed in Kosaka's study and interfaced with feeling enervation and mental stress (10). Longer periods for video games were also reported in this study. Ueda et al. reported about half of children, participated in the research, experienced sleep pattern change during the period and its change was predicted by a high level of depression (11). In Nakachi et al. study, change tendency in sleep pattern was also observed in junior and high school students (12). Psychological problems were observed in lower grade of elementary school; they easily cried and complained, were unable to keep calm, and were dependent on parents and family members.

Similar results were reported outside Japan, where stronger behavioral restrictions have been imposed. For example, in China, significant increase in total food intake, especially snacks and drinks, and decrease in physical activities were reported (13). Negative effects of weight gain were also reported in research in U.S. (14, 15). Changes in eating habits and lifestyle during lockdowns were also reported (16, 17). Increased risk in type 2 diabetes was also reported (18). The restrictive lifestyle and weight gain due to the lockdown are considered be the causes of the increased risk in type 2 diabetes. The survey conducted on children also showed a significant increase in the consumption of potato chips, red meat, and sugary drinks, and a significant decrease in time spent in sports (19). The studies presented in this section are summarized in Table 2A.


TABLE 2 The typical studies about stay at home (A), mokusyoku and food education (B), and RCTs about mask-wearing (C).

[image: Table 2]



“Mokusyoku rule” and food education

The “Mokusyoku rule” is prohibition of conversation during meals in schools, working spaces, and restaurants (3, 20). The novel Coronavirus Response Headquarters announced “mokusyoku” as a basic policy for COVID-19 prevention (5), and the Japanese government and industry groups are promoting this health policy by spreading awareness (21). As described in Section Introduction, the final decision relies on each municipality; some local governments relaxed the “mokusyoku rule” in schools, while others continue to instruct children to follow. In order to ensure the rule implementation, each school is trying to search for the best way, such as using partition or TV animation even in 2022 (Figures 1C,D). In the early stage of the pandemic, droplet infection was thought highly threatening, and measures aimed at an assumed droplet pathogen were over-emphasized (22). The mokusyoku rule was thought to be a remnant of that time, the same as surrounding individuals with panels (Figures 1C,E). There are no reports on the benefits of the “mokusyoku rule,” and several Japanese articles have expressed worry about or negatively commented on its impact on children (20).

The importance of conversations during meals for children has been well studied in Japan. Kishida and Kamimura reported conversation positive group (group with frequent conversation) gained higher scores for good appetite, not feeling fatigue, sleeping well, and not readily catching cold (23). There are also reports of positive effects on eating habits and reducing soft drink consumption. Esaki reported frequent conversation during meals has positive relation with meal-related quality of life (QOL) (24). Previous studies also showed that Japanese children who had conversations during meals had better dietary attitudes, eating behavior and mental QOLs (25–27). Surveys outside Japan have also reported that conversations during meals in pre-kindergarten are effective for vocabulary acquisition because out-of-context conversations occur uniquely (28, 29). Although some papers suggest that people have indeed contracted COVID while eating in restaurants, such risk can be minimized by ventilation which is an important factor in preventing COVID (30, 31). As described above, conversations during meals are important for children to foster healthy minds and eating habits. Thus, it will be necessary to reconsider the “Mokusyoku rule” that would adversely affect physical and mental development and abolish the rule by taking measures such as sufficient ventilation. Articles describing mokusyoku and food education are summarized in Table 2B.

Some schools introduced “simple school lunch” with insufficient nutrition for fear of contact infection at the time of serving the meal (Figure 1F). This has been described as thoughtful for areas where the infection is judged to be spreading, as per the first version of hygiene management manual at schools to the latest version, established by MECSST (4, 32). Tanaka et al.'s survey showed simple school lunch was served in a certain number (55/205 schools for 10–40 days) of schools (33). The relationship between nutrients and infectious disease has been well studied (34). Vitamin D (VD) is probably the most well studied nutrient which has been reported to have a protective effect against COVID-19 infection (35). It is reported that serum 25-hydroxyvitamin D [25(OH)D] of <20 ng/mL is one of the risk factors of deficiency and according to a survey in South Korea, serum 25-hydroxyvitamin D [25(OH)D] of about the half of the 6–12 years old children was 20 ng/mL or less (36, 37). Not only from the diet, but also exposure to sunlight is important for vitamin D synthesis. During the pandemic, children's serum 25(OD)D concentration was significantly decreased. It was discussed that school closures and lockdowns were associated with this decrease (38). In the Turkey observational study for children under 18 years old, VD deficiency was significantly high in the COVID-19 patient group compared with the control group (39). Vitamin C (VC) and omega-3 fatty acids were also considered to prevent or reduce COVID-19 infection by cytokine modulation such as IL6, TNFα, and IL1β reduction and IL10 upregulation (40). Although some sufficient clinical observations have been reported, there are few data supporting active intervention especially for children (41). The situation of Vitamin E, considered as a natural killer cell and a T cell activator, was similar to VC (42). For children, there are a few RCTs showing positive effects of Vitamin A for preventing respiratory infections. However, the results of meta-analyses did not support active intervention (43). Zinc is well known for its important role for the development and maintenance of immune and other cells (44). Previous studies revealed that low zinc status is a risk factor of pneumonia infection for children (45). RCT studies for children also support the importance of Zinc (46). It was also reported that low selenium status is associated with COVID infection (47). Simple school lunch might be leading to opportunity loss of taking these nutrients.

Horikawa et al. discussed that school lunches play an important role in continuing well-balanced eating habits (9). Detailed research about the nutrition of simple school lunches and their effect has not been performed, but Kojima reported that it might not provide necessary nutrients compared to regular school lunch, while there was an apparent effort in the areas where a state of emergency was declared for a long time (48).



Mask rules (mandate): Review of its effectiveness

Wearing surgical masks was strongly recommended in Japan even for children in school, on the way to and from school, and even in the house (so called “family mask” in Japanese; Yamanashi Center for Infectious Disease Control and Prevention). Randomized control trials (RCTs) with appropriate sample sizes have reported the limited effectiveness of surgical masks for infectious diseases, COVID-19 and influenza (49–63). Especially, RCT demonstrated by Simmerman et al. showed significantly opposite effect in Influenza like illness (56) and demonstrated by Jacobs showed only significantly prolonged the duration of the headache (62) (Table 2C).

Significant effectiveness of masks for COVID-19 prevention was reported in numerous observational studies (64–70) and “Bangladesh study” (71). Regarding the “Bangladesh study”, there are some points to be noted in the interpretation of the results. First, the total sample size was too large to conduct proper evaluation (N = 342,183), and subgroup analysis revealed that no significant prevalence intervention ratio was observed in the age 50 subgroup for surgical mask. Second, increase of the physical distance was observed in mask group but not in the control group. Third, monetary reward was provided for participants. Chikina et al. recently reported the re-analysis results and pointed out potential biases that cannot be ignored (72). In support of this view, based on the results of meta-analysis of RCTs, the universal mask policy especially in community settings is not strongly recommended (73–75). While many observational studies reported on the effectiveness of face mask, Davies et al. pointed out that most of them were based on self-reporting, and <0.2% of studies studied the behavior in question objectively (76). Particularly, the frequency of hand washing tends to vary greatly between the actual and self-reported values, which might be the reason for overestimating mask-wearing effectiveness. Frequency of self-report mask use was also reported to differ from actual. Thus, we should carefully consider this when determining the effectiveness of personal protective equipment by observational studies. Given the sample size and results of RCTs, it may be necessary to reconsider overestimation of mask effectiveness for scientific integrity.

Effectiveness of the mask mandate should have been reconsidered as well. The survey in Europe and Texas state revealed that the mas mandate has no effect against COVID-19 infection, hospitalization, and mortality (77, 78). In Kansas, counties with mask mandate had significantly higher case fatality rates than counties without mask mandate, with a risk ratio of 1.85 for COVID-19-related deaths. The mechanism of this adverse effect is propounded as “Foegen effect” (79). This effect was supported by in vitro examinations. In the manikin model, favorable results of viral titer or viral RNA detection were observed when the receiver was not wearing a mask (80). It will be necessary to consider what happens if the simulation is continued for more than 20 min, extended from the experimented time. This paper also points out an important issue. The droplets captured by the mask might be transformed into aerosols and were floated in a chamber. Penetration and secondary atomization of droplets impacted on the surgical masks were also well studied (81, 82). People wear masks for a long period of time and, it is considered that, due to the deposition of respiratory droplets released through multiple respiratory events, mask matrix becomes wet and secondary atomization of the droplets was promoted to produce aerosol. Contamination of the mask due to wearing for the prolonged period should also be considered. Park reported the result of culturing bacteria and fungi from outer and inner layers of the masks wore by 109 Japanese people, and it was found that the mean colony counts were 13.4-times higher on the face-side of masks (83). To sum up, the effectiveness of masks, especially universal masking, seems to be limited based on the evidence described above. Regarding this point, the effectiveness of mask rules in schools has not been proven as well. For example, upon comparison of two cities, it was found that recommendation of face mask use in schools for pupils aged 10–12 didn't lower the number of COVID-19 infections (84). Similar results were also reported in school settings in various countries such as Norway (85), U.K (86), and Spain (87).



Mask rules (mandate): Review of side effects

Further, we should more deeply consider side effects of universal masking for children. Watanabe previously alerted mask addiction (88). Although wearing of masks makes it more difficult to read emotions and provides a temporary sense of security, the continued wearing of masks may diminish this sense of security, leading to a risk of worsening social anxiety.

Not only mental but also physical side effects of masks were well studied. Prolonged mask use is reported to cause headache and impaired cognition (89). Koseoglu et al. also reported increases in dyspnea, itching, ear pain, and headache induction (90). Ou et al. reported negative impact on the ventilation function of exercise with mask on in young healthy subjects (91). It is also important point that the weight of the surgical mask increased during the exercise (92). This means that masks were wet by evaporation of sweat. As described in the previous section, we should consider the accumulation of contaminated droplets for long periods and their release as aerosols. Children's modified Borgi score, an indicator of breath shortness, was significantly increased by the simple exercise with surgical mask compared to not wearing a mask (93).

Difficultly in recognition of emotion is also an important issue when considering universal masking for children. Ruba and Pollak reported aged 7–13 children have significant difficultly in reading emotion (94). In particular, mask inhibited accurate reading of fear emotion <25% (median value). Gori et al. also reported that masks inhibited reading of emotion of toddlers and children (95). Studies reported by Grahlow et al. was like this, and face masks inhibited all kinds of emotion from the face (96). When does emotional development reach adult levels? There are several scientific reports on this issue. Cohen et al. showed that cognitive abilities in emotional situations may be developing even in teenagers and young adults (97). Research on emotional understanding and prosocial behavior have been actively conducted in Japan, and some Japanese papers have been published. For example, Toda reported a significant correlation between emotional cognition and prosocial behavior in young children (98).



Discussion

Health policies during the COVID pandemic has changed our daily life especially in children in Japan. Children were encouraged to comply with “new way of life” which requires “stay at home”, “mokusyoku”, and wearing a mask all day long. This review summarized the scientific research related to these health policies.

First, I reviewed lockdown and “Stay at home” campaign. The relationship between COVID-19 and obesity in childhood was well reviewed (99). We should have to critically reflect on this health policy has caused changes in eating and exercise habits that increased obesity. The importance of nutritional education to prevent obesity is well studied (100). Dietary intervention programs to prevent body weight gain have also been developed (101). It will be important in the future to use these programs to develop health policies to prevent obesity during pandemic.

Second, I reviewed “mokusyoku rule” and food education and simple school lunch. Close contact is exactly risk factor of COVID infection (102) but for example, hand hygiene could reduce infection (103). In Japan, in-depth research has revealed the beneficial effects of food education and conversation during meals. Nutrients which are effective in preventing infectious diseases are also well studied. Health policies should be developed so that children can take enough these nutrients.

Third, I reviewed the mask rule. There was no mask obligation with penalties in Japan. However, mask wearing was strongly demanded. Over estimation of the effectiveness of mask might be impeding science-based health policy making and infection control. Psychological and physical adverse effect of prolonged mask wearing was also reviewed. As Thomson pointed out, any negative impact on mental or emotional wellbeing experienced by children who are required to wear masks may vary according to age and ability factors and which may yet be established, may be inconsistent with the WHO constitution (104). In the future, it will be necessary to proactively take less burdensome and less legally complex measures, such as adequate hand washing and ventilation.

Vaccination might have one of the key roles of the public health. The efficacy and safety of vaccination for children have been also well studied (105). However, the amount of spike protein synthesized in the body after vaccination has only been measured in adults and there is a discrepancy between the report of Ogata et al. which is in the pico-order (106), and the Cognetti and Miller in the micro-order (107). We should carefully consider the risk and benefits of vaccination and ensure that everyone's judgment is respected. In a recent survey, some parents (8.2%) answered that they intended to vaccinate their children because pediatricians might think less of them if they do not do so (108). This result might suggest that more thorough informed consent is needed. It is a matter of course that misleading media coverage focused only on the benefits or harms of vaccination should be refrained from, as such coverage only contributes to vaccine hesitancy.

As described in Section Introduction, Japan is a unique country that confronts the pandemic without measures with legal binding force, and administrative organs stayed with “recommendation” and avoided orders in most cases. It is reported that most Japanese people think “everyone should be responsible for their health” (109, 110) and should refrain from outside recreation during the pandemic (111). They wear masks (112) and wash their hands (113) voluntarily because they value peer pressure and are afraid of being left out of the community. Television broadcasts, which repeatedly report excessively about facemasks, might also play a part in the formation of the public opinion that it is acceptable to condemn not wearing a mask. Before the pandemic, immoral post for social network service (SNS) by healthcare workers were sometimes came to an issue (114). In the pandemic period, there were not a few posts on SNS by healthcare workers denigrating those who do not want to wear masks and such opinion also might have an influence. Public opinion formed by the accumulation of these factors might influence, sometimes excessively, societal pandemic measures, including in schools.

Health policy should be developed based on multifaced scientific evidence and respect for individual values. Even if the measures have no legal binding force, sometimes measures with greater disadvantages, like those reviewed in this paper, are enforced, especially for children. It is important to regularly receive feedback from schools and review measures from multiple perspectives, including not only the opinion of public health experts but also experts in nutrition science, food education, psychology, and of course, children's opinion and rights.
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Objective: To assess factors associated with COVID-19 stigmatizing attitudes in the community and stigma experiences of COVID-19 recovered individuals during first wave of COVID-19 pandemic in India.

Methods: A cross-sectional study was conducted in 18 districts located in 7 States in India during September 2020 to January 2021 among adults > 18 years of age selected through systematic random sampling. Data on socio demographic and COVID-19 knowledge were collected from 303 COVID-19 recovered and 1,976 non-COVID-19 infected individuals from community using a survey questionnaire. Stigma was assessed using COVID-19 Stigma Scale and Community COVID-19 Stigma Scale developed for the study. Informed consent was sought from the participants. Univariate and multivariate binary logistic regression analysis were conducted.

Results: Half of the participants (51.3%) from the community reported prevalence of severe stigmatizing attitudes toward COVID-19 infected while 38.6% of COVID-19 recovered participants reported experiencing severe stigma. Participants from the community were more likely to report stigmatizing attitudes toward COVID-19 infected if they were residents of high prevalent COVID-19 zone (AOR: 1.5; CI: 1.2–1.9), staying in rural areas (AOR: 1.5; CI:1.1–1.9), belonged to the age group of 18–30 years (AOR: 1.6; CI 1.2–2.0), were male (AOR: 1.6; CI: 1.3–1.9), illiterate (AOR: 2.7; CI: 1.8–4.2), or living in Maharashtra (AOR: 7.4; CI: 4.8–11.3). COVID-19 recovered participants had higher odds of experiencing stigma if they had poor knowledge about COVID-19 transmission (AOR: 2.8; CI: 1.3–6.3), were staying for 6–15 years (AOR: 3.24; CI: 1.1–9.4) in the current place of residence or belonged to Delhi (AOR: 5.3; CI: 1.04–26.7).

Conclusion: Findings indicated presence of stigmatizing attitudes in the community as well as experienced stigma among COVID-19 recovered across selected study sites in India during the first wave of COVID-19 pandemic. Study recommends timely dissemination of factual information to populations vulnerable to misinformation and psychosocial interventions for individuals affected by stigma.

KEYWORDS
 COVID-19, stigma, stigmatizing attitudes, first wave, India


Introduction

The outbreak of the novel Coronavirus Disease in 2019 (COVID-19) and public health preventive measures to contain the spread of the virus led to worry, uncertainty and fear among people (1). Further, lack of reliable information about the virus transmission and prevention, and apprehension about contracting it during the initial periods of the outbreak resulted in stigma and discrimination against people infected with or vulnerable to COVID-19 (2–4). Stigma is a social dynamic characterized by negative attitudes and exclusion of those who are perceived to be potential carriers of the disease (5). Stigmatization can increase unfavorable consequences of disease in multiple ways which could pose a challenge to the path of recovery. Literature review on experiences of people with Tuberculosis (TB), Human Immunodeficiency Virus (HIV) and Severe Acute Respiratory Syndrome (SARS) reported delay in testing and diagnosis, and non-adherence to or non-completion of treatment due to stigma or fear of stigma that led to increased disease transmission and impeded disease control (6–8).

Across the globe, several instances of COVID-19 stigma were reported among patients (and their families), persons suspected of having the infection, belonging to certain religious groups or geographical areas, people returning from overseas, healthcare workers, and migrant workers (2–5). A recent systematic review estimated prevalence of COVID-19 stigma (enacted stigma and perceived public stigma) as 35% [95% CI: 26–44%] (9) among affected individuals. People from low- and middle-income countries or with lower education were more vulnerable to stigma. In some countries, COVID-19 survivors continued to experience stigma even after the outbreak was well-contained (10).

Stigmatizing acts included social exclusion, stereotyping, insults, blame or threat, verbal abuse or gossip, physical abuse, denial of housing, and essential healthcare service including medicine, dismissal from job, and refusal from stores and restaurants during the pandemic (11–15). Being a part of a particular race, occupation, religious identity and social minority (migrants), illiteracy, poor knowledge, and lower income were reported to be some factors associated with COVID-19 stigma (5, 11).

Studies from India have documented stigma experienced by COVID-19 infected individual or those at risk; however, to our knowledge few have reported about the stigmatizing attitudes prevalent among those non-infected individuals and the factors associated with it, and about stigma experienced by those who were affected by COVID-19 or perceived to be affected by the same. Although, with greater understanding of COVID-19, its transmission pathways, treatment options, and better preventive measures including vaccination, there is a considerable decrease in stigma (16), instances of discrimination continue to exist in certain communities and groups. Hence, it is pertinent to understand the factors associated with stigma which will in turn inform strategies for mitigation. In this regard, a multi-centric study was conducted during the first wave of the COVID-19 pandemic in India to understand COVID-19 knowledge, risk perception, preventive measures and stigma so as to suggest appropriate mitigation strategies for minimizing stigma related to COVID-19. The study aimed to assess stigmatizing attitudes toward COVID-19 infected; stigma experienced by COVID-19 recovered individuals and factors associated with stigmatizing attitudes and experienced stigma.



Methodology


Study design

A cross-sectional national level study was conducted in 18 districts (administrative divisions) located in 7 States (Delhi, Uttar Pradesh, Madhya Pradesh, Odisha, Assam, Tamil Nadu, and Maharashtra) representing Central, East, North, North East, South, and West zones in India during the pandemic outbreak in the country (September 2020 to January 2021). The Ministry of Health and Family Welfare (MoHFW), India order dated 30/04/2020 number 28015/19/2020-EMR was used to select the states and districts according to the prevalence of COVID-19 epidemic (red zone indicating high prevalence and green zone indicating no cases until then). Out of the 18 districts, 12 belonged to the red zone and 6 to the green zone. For the study purpose, COVID-19 recovered individuals were defined as persons who were COVID-19 positive and had recovered and completed their isolation/hospitalization period, while, non-COVID-19 participants from the community were defined as persons who had not been infected with COVID-19 till the time of the survey.

Participants for the study included adults above the age of 18 years. Assuming prevalence of 30% stigmatizing attitudes in the community with 10% margin of error, 5% level of significance and design effect of 1.5, the sample size calculated was 1,800 for non-COVID-19 respondents. For COVID-19 recovered respondents, assuming prevalence of 70% experienced stigma, 16% margin of error, 5% level of significance and with design effect 1.5, the sample size calculated was 302. The required sample size for both non COVID-19 participants and COVID-19 recovered was equally distributed among 18 districts.



Tools

A Survey questionnaire was designed to elicit information on socio-demographic characteristics, COVID-19 related knowledge (cause, transmission mode, symptoms and preventive measures), risk perception for the family and self, place of quarantine (for COVID-19 recovered participants) and COVID-19 stigma. Given the absence of standardized scales for measuring COVID-19 related stigma, the research team referred to the existing established framework (17) and researched scales for measuring HIV related stigma (18, 19). The HIV stigma frameworks (18, 19), for example, comments on the interaction between the individual and societal level factors in triggering stigma, the power differentials between those who are infected and non-infected, and also the differing mechanisms of stigma (manifested through enacted, anticipated and internalized stigma for those who are infected and through the prejudiced attitudes, discriminatory behaviors for those who are not infected). Hence, experienced stigma among COVID-19 recovered and prevailing stigmatizing attitudes displayed by the non-infected community members were assessed using two different scales (COVID-19 Stigma Scale and Community COVID-19 Stigma Scale) in the present study. Drawing from the HIV stigma framework, the Community COVID-19 stigma scale, comprising 6 statements, assessed prejudice, labeling, and discrimination by the non-infected community members. On the other hand, drawing from the same framework and the HIV stigma scale, COVID-19 stigma scale, comprising 13 statements, measured personalized stigma (perceived negative results of others knowing about the person's disease status), disclosure concerns (hiding information or worrying about breach of information) and concerns with public attitudes toward COVID-19 disease (harmful consequences of public attitudes). Details of scale development and pilot testing are available elsewhere (20). Survey questionnaires were translated to local languages (Hindi, Oriya, Tamil, Marathi, and Assamese). Due to restrictions imposed on conducting face-to-face data collection during COVID-19 pandemic, telephonic surveys were conducted by trained investigators across the study sites. Data collected was entered into the Census and Survey Processing System (CSPro) and later transferred to SPSS for analysis.



Participants

Community (non-COVID-19) participants: The contact tracing list of COVID-19 infected persons above 18 years of age maintained by the health department as well as beneficiary data available with community-based organizations from the respective study areas were used to prepare a heterogenous and representative frame of non-COVID-19 participants from the community. The participants were selected from this frame using systematic random sampling Information was elicited from a total of 1,976 participants who had not been infected with COVID-19 till the date of the survey administration.

COVID-19 recovered participants: The sampling frame was prepared using the list of COVID-19 recovered individuals, as provided by the district health officials or the institutes conducting COVID-19 diagnosis between May and July 2020. A systematic random sampling procedure was used separately for the selection of the female and male participants. A total of 303 participants were included in the study.

The selected participants from both the groups were informed about the study and consent was sought orally over telephone; those who consented were included in the study. Total response rate ranged from 11.5% in Tamil Nadu to 43% in Odisha with an overall response rate of 22%. The success rates of contacting participants depended on the completeness and accuracy in obtaining telephone numbers of the selected participant in the sample frame and this may have induced bias. Few of the challenges reported by the sites in conducting telephonic surveys included: wrong numbers, discontinued numbers, participants not interested in the study, phone number in the name of another family member and network coverage issues. Persons not owning a mobile such as those from low-income communities, rural areas may have got excluded and also, since the participants were selected from lists available with health departments or community-based organizations, the population dynamics may have been different than the general population. However, given the urgency of conducting the study for providing information for mitigating stigma, telephonic surveys were the only possibility.

For ensuring the quality of data across the study sites, a manual was prepared to guide the investigators in collection of accurate information and training was conducted on best practices for telephonic data collection and recording information. Supportive supervision was provided, and data collected from each site was verified. Skipping and range checks were incorporated in the data entry forms and 10% post-entry check from the hard copies of the data were carried out. Data validation using frequency distributions at the time of data analysis was conducted.



Ethical considerations

The study proposals and data collection tools were reviewed and approved by the Indian Council of Medical Research (ICMR)-National Task Force for Operations Research for COVID-19, ICMR-Central Ethics Committee for Human Research for COVID-19 (File No. NCDIR/BEU/ICMR-CECHR/75/2020, reference number: CECHR 015/2020 dated 10th June, 2020) and the Ethical Review Committees of all the institutes participating in the study. Scientific robustness and accountability were audited by the ICMR Institute's Annual Scientific Advisory Committees (SAC). Participant Information Sheet (PIS) and Informed Consent (IC), translated to local languages, were read out to the participant over the phone and shared where ever possible through email or whatsapp. Consent was sought from the participants and recorded by the investigators from the respective sites.


Data sharing
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Measurements

Independent variables were chosen as per literature review (5, 11–15) and expert advice. These included State, zone (red, green), socio demographic profile of the participant, place of quarantine (home/institution), any family member (s) with COVID-19 positive (yes, no), knowledge of cause (yes, no), transmission (yes, no), symptoms (>4, at least 4) and preventive measures (>3, at least 3), and risk perception of COVID-19 (unlikely, neutral, likely).



Dependent variables
 
COVID-19 stigmatizing attitudes (outcome indicator)

Community COVID-19 Stigma Scale consisting of 6 statements assessed the stigmatizing attitudes of the community participants. Each statement was rated on a 3-point scale ranging from 0 = disagree to 2 = agree with higher scores indicating higher stigma attitudes. All the 6 statements were in the same direction. In the case of Community-19 stigma Scale, total score ranged from 0–12. The reliability of the scale was 0.60 and the median score was 6 (Table 1). In the absence of valid cut off points, it is generally advisable to use tertiles or quartiles to categorize scale score (21, 22). In the study, based on the sample size, tertile distribution was considered appropriate to categorize the stigma scores. The tertile distribution stigma score for community participants were 4 and 6 and were used as cut off points. Based on the categorization of the participants as per tertile distribution stigma scores ranged from no/mild stigma (<4), moderate stigma (4–5) and severe stigma (6+), and 51.3% of participants from the community displayed severe stigmatizing attitudes toward COVID-19 patients. A separate binary stigma variable was developed recoding the tertile stigma score of <4 as 0 and else 1 for binary logic regression analysis.


TABLE 1 Community COVID-19 stigma scale and COVID-19 stigma scale.
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Experienced COVID-19 stigma (outcome indicator)

A total of 13 statements assessed the stigma experiences of COVID-19 recovered participants. Each statement in the scale was rated on a 3-point scale ranging from 0 = disagree to 2 = agree with higher scores indicating higher experienced stigma. All 13 statements were framed in the same direction, to sustain logical interpretation and reduce the need for reversed responses. Total score ranged from 0–26. This composite stigma score was categorized based on tertiles, mild (less than 1st tertile stigma score), moderate (between 1st and 2nd tertile stigma score) and severe stigma (≥ 2nd tertile stigma scores). The tertile stigma score for COVID-19 recovered participants were 2 and 10 and were used as cut off points. The reliability of the scale was 0.85 and the median score was 6 (Table 1). Based on the categorization of the participants as per tertile distribution stigma scores no/mild stigma (<2), moderate stigma (2–9) and severe stigma (10+), 38% of the participants reported experiencing severe stigma. A separate binary stigma variable was developed recoding the tertile stigma score of <1 as 0 and else 1. This recoded variable was used for binary logic regression analysis.




Statistical analysis

To study the bivariate association between the outcome variable and the background characteristics and covariates, test of significance with cross tabs, chi-square test with p-value were conducted. The multivariate binary logistics regression analysis was conducted between the recoded outcome variable (no or mild stigma as 0 and else 1) and the variables which were significantly associated with stigma in the bivariate analysis. The multivariate binary logistic regression gave the adjusted Odds ratio, p-value and Confidence Interval of the adjusted ORs, adjusting for the confounding effect of all the other covariates.




Results


Profile of participants

The mean age of the community participants (n = 1,976) was 36 years, 71.8% were married, 54.3% had higher secondary and above education, and 51% of the participants resided in urban areas (Figure 1). Nearly three-fifths perceived no risk of getting infected with COVID-19.


[image: Figure 1]
FIGURE 1
 Socio-demographic characteristics of community participants.


The mean age of the COVID-19 recovered participants (n = 303) was 38 years, 69% were married, 61.5% had higher secondary and above education, and 63% were residing in urban areas (Figure 2). Many (83%) participants reported of institutional quarantine during the time they were COVID-19 positive.


[image: Figure 2]
FIGURE 2
 Socio-demographic characteristics of COVID-19 recovered participants.


Majority of the participants from the community reported knowledge about the cause (66.0%), modes of transmission (69.0%), symptoms (54.0%) and preventive measures of COVID-19 (75.0%). Similar results were observed for the COVID-19 recovered participants.



Factors associated with COVID-19 stigmatizing attitudes in the community and stigma experiences

Table 2 illustrates the percentage distribution of COVID-19 stigmatizing attitudes by selected socio demographic and COVID-19 related variables. Majority of community participants from Odisha (92%) and Maharashtra (90%) reported of moderate and severe stigmatizing attitudes. Participants from Assam reported the lowest (53%) stigmatizing attitudes (Table 2). Fifty-four percent of participants from rural as compared to 48% from urban area reported stigmatizing attitudes. Fifty percent of males compared to 47% of females reported of severe stigmatizing attitudes. Participants in the age group of 18–30 and 45–60 years reported of severe stigmatizing (56.1 and 52.5 %, respectively) attitudes. Community participants with a COVID-19 positive family member had less stigmatizing attitudes (67.8%) than those without (76%). All the above differences were statistically significant.


TABLE 2 Stigmatizing attitude among non-COVID-19 community participants and stigma experienced among COVID-19 recovered participants by selected variables (socio demographic, COVID-19 knowledge and risk perception) (bivariate analysis).
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The multivariate binary logistic regression analysis for factors associated with stigmatizing attitudes, revealed that the inter-state differences were statistically significant (p < 0.001) with least stigmatizing attitudes reported in Assam (Table 3). Stigmatizing attitudes were significantly higher among the participants from Maharashtra (AOR = 7.3), and Odisha (AOR = 6.3). People living in red (high COVID- 19 prevalence) zones and rural areas had more stigmatizing attitudes with adjusted odds ratio of around 1.5. The difference between red and green (zero prevalence) zones were statistically significant. Individuals in the age group of 31–45 years had less stigmatizing attitudes as compared to the younger age group, i.e., 18–30 years (AOR = 1.6) or the older age group (AOR = 1.4), i.e., 46–60 years. Men had more stigmatizing attitudes (AOR = 1.6) toward COVID-19 patients. Illiterate participants had more stigmatizing attitudes than those with education higher than secondary level (AOR = 2.7).


TABLE 3 Factors associated with stigma experience among the COVID-19 recovered participants and stigmatizing attitude among non-COVID-19 community participants (multivariate analysis).
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Significant differences were observed in stigma experiences of COVID-19 recovered participants based on the State to which they belonged. A little more than half (56%) of COVID-19 recovered participants from Odisha reported of experiencing severe stigma compared to 28% from Uttar Pradesh (Table 2). Stigma experiences were significantly different among residents who were staying at their current residential address for more than 5 years than those who were living at the current place for short duration of time. Experienced stigma was significantly higher among participants who did not know about the mode of transmission of COVID-19 infection.

Multivariate logistic regression model for factors associated with reporting of experienced stigma by COVID-19 recovered individuals is presented in Table 3. Experiences of COVID-19 stigma were statistically significant and more likely to be reported by COVID-19 recovered individuals who belonged to the state of Delhi (AOR = 5.28) and Tamil Nadu (AOR = 4.01). COVID-19 recovered individuals who were staying at the place of residence (district) for more than 6 years experienced more stigma as compared to those who were residing at the current place for <6 years (AOR>2). Individuals who had good knowledge about modes of transmission of COVID-19 were less likely to have experienced stigma as compared to those who did not have the knowledge (AOR = 2.83).




Discussion

The widespread stigma associated with COVID-19 experienced by many and reported by media especially during the initial phases had devastating health consequences such as prompting people to hide the illness and preventing from seeking help and adopting healthy behaviors (1–3, 5). It also led to debilitating psychological and social consequences (12, 15, 23). To design targeted strategies for information dissemination, disease prevention, and stigma mitigation in India, a multi-centric study was undertaken during the onset of COVID-19 pandemic in India. The aim of the study was to understand COVID-19 stigmatizing attitudes in the community and stigma experienced by COVID-19 recovered individuals as well as factors associated with the same. Findings from this study document that nearly three-fourths of the study participants reported of stigmatizing attitudes and majority of the COVID-19 recovered participants had experienced some levels of stigma. Similar findings on stigma experiences of COVID-19 patients were reported from studies conducted in India and China (24, 25). Stigmatizing attitudes and discrimination toward COVID-19 patients were also observed among 60–80% of individuals from the general population in China and Jordan (26, 27). Higher levels in reporting of stigma, both experienced and stigmatizing attitudes, may be due to fear and paucity of knowledge on prevention or possible treatment options during the COVID-19 outbreak in India when the study was conducted. Fear of infection has been reported to be associated with heightened perceived stigma (28, 29). These results have implications for developing strategies in mitigating stigmatizing attitudes in the community and providing support to those who may experience stigma particularly during the initial phases of any infectious disease outbreak.

In this study, severity of stigma experienced by COVID-19 recovered individuals as well as prevailing stigmatizing attitudes in the community were associated with the state in which the participants resided at the time of the interview. Participants selected for the study belonged to districts located in States that had higher number of COVID-19 confirmed cases during the first wave and were declared red zones during the outbreak in the country (30). News reports had also highlighted the presence of COVID-19 stigma in these locations (31). Similar reports of increased COVID-19 stigma experiences were reported by individuals residing in highly affected countries or in hotspot zones (32–34). Also, residents living in geographical locations with the greatest number of cases reported higher levels of stigmatizing attitudes due to fear for potential infection (35, 36).

Good knowledge about COVID-19 was significantly associated with lesser stigma experiences. Having an appropriate knowledge on COVID-19 pandemic may have helped in judging misinformation and stereotypes (37) resulting in reduced stigma experiences. However, this is contrary to the study conducted by Saine and colleagues (38) that reported an increase in perceived stigma among patients who had hepatitis C virus (HCV)-related knowledge.

Stigmatizing attitudes were found more among the younger (18–30) and older (46–60) age groups of community participants. Older population had significantly higher stigmatizing attitudes toward COVID-19 infected due to higher perceived susceptibility and severity of COVID-19 (33, 39). Our study findings differ from other studies that reported lower stigmatizing attitudes among older (40) and younger adults (39, 41). Higher stigmatizing attitudes among younger population may have been due to their heightened exposure to misinformation which was widely circulated through social media groups. Male compared to female participants in the study had higher stigmatizing attitudes toward COVID-19 infected. The findings are consistent with previous studies on COVID-19 (33, 42, 43). Fear of increased risk of morbidity and mortality reported among men due to COVID-19 during the initial phases of pandemic may have resulted in higher stigmatizing attitudes among this group (44).

Our findings show that community participants with lower literacy levels were more likely to have stigmatizing attitudes toward COVID-19 infected. Education level of an individual could have a significant influence on their knowledge and thereby result in lesser stigmatizing attitudes (23, 45). Similar findings have been stated in several studies (13, 33, 40, 46–48), which reported that participants who had difficulties to find and understand information about COVID-19 were more likely to have stigmatizing attitudes toward people with the infection.

The present research not only corroborates media reports published during the onset of COVID- pandemic in India regarding stigma experienced by majority of COVID-19 infected individuals, but also provides supporting evidence for the presence of stigmatizing attitudes and factors associated with the same among non-COVID-19 infected individuals from the community Given the devastating health, social and psychological consequences of COVID-19 pandemic, our study findings call for timely deployment of anti-stigma programmes along with public health protective measures for mitigation of discriminatory attitudes and stigma experiences that may interfere with overall health and wellbeing and come in way of pandemic containment responses. For example, responding to initial media reports of COVID-19 stigma and its impact, the Ministry of Health and Family Welfare (MoHFW) in India released guidelines on do's and don'ts for mitigation of stigma. Likewise, other initiatives undertaken by the GoI (Government of India) included psycho-social toll-free helpline and the “Break the Stigma” campaign (49). Such steps not only eased the struggle of the COVID-19 affected individuals against stigma but also dealt with the infodemic of misinformation and rumors that played a crucial role in creating stigma.

In addition to dissemination of correct information as currently undertaken by the Government and other organizations engaged in infection prevention, the study also emphasizes the need to particularly focus on populations more vulnerable to misinformation. These include less educated, those living in high prevalence States, people living in rural areas or migrant workers. Since lack of proper knowledge and poor literacy resulting in fear are major factors associated with stigma, mass media, and social media outreach could be leveraged to disseminate updated, accurate and easily understandable information, dispel myths, fears and stigmatizing attitudes, and promote empathic behaviors toward those infected. Lastly, the study recommends the need for timely psychosocial interventions to alleviate negative impacts of stigma in individuals affected by COVID-19 and to provide necessary support.



Strengths and limitations

Certain limitations may be considered while interpreting the results of the present study. Collection of sensitive information on stigma experiences and attitudes through surveys, in the absence of face to face methods of data collection may have induced biases. This also might have resulted in greater non-response rates. Since, findings are based on participants chosen from selected districts in India, the results although largely indicative of the COVID-19 stigma situation in India, may not be generalizable. A cross sectional study design may have posed challenges in assessing the factors associated with COVID-19 stigma as both stigma and its independent variables were examined at the same time. Use of robust methodology, triangulation of COVID−19 stigma from stigmatized and stigmatizers from major geographical zones affected by COVID-19 during the first wave in India are the strengths of the study.



Conclusion

Study indicates the presence of COVID-19 stigma in the study population and emphasizes the need for timely interventions to mitigate stigma by increasing awareness and knowledge on COVID-19.
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Introduction: It has been approved that information sources would affect public behaviors. However, due to the outbreak of COVID-19, this influence was enhanced and showed a distinctive pattern among different populations, which has been less noticed before. We aimed to investigate the potential roles of different information sources in COVID-19 preventive behaviors of different publics.

Methods: A cross-sectional online survey with 11,190 participants from 33 province-level regions in China was conducted during the COVID-19 pandemic. Sociodemographic characteristics, COVID-19 preventive behaviors, and information sources for COVID-19-related information were assessed. A mixed linear model was used to analyze risk factors of COVID-19 preventive behaviors. The effects of different information sources on COVID-19 prevention behaviors of different publics were analyzed.

Results: Generally, the Chinese public had good COVID-19 preventive behaviors, and the top three COVID-19 preventive behaviors with the higher action rate were avoiding eat bushmeat (76.1%), a healthy diet (74.8%), and avoiding contact with people with symptoms of respiratory diseases (73.0%). About information sources, 12320 telephone (National Public Health Hotline) (−0.62, 95% CI: −0.94 to −0.31) and acquaintances consulting (−1.00, 95% CI: −1.31 to −0.69) were negatively associated with COVID-19 preventive behaviors, while internet resources, family doctors, hospitals, and community health centers were positively associated with COVID-19 preventive behaviors (1.00 vs. 0.47 vs. 0.46 vs. 0.33, P < 0.05). For older adults, accessing to COVID-19-related information through family doctors and community health centers were positively associated with COVID-19 preventive behaviors. For the non-educated, family doctors and community health centers had positive effects on their COVID-19 preventive behaviors. Family doctors and internet resources were positively associated with COVID-19 preventive behaviors among those earning 5,000 yuans and above. The effects of family doctors, hospitals, and internet resources were higher for COVID-19 preventive behaviors of urban publics than for rural publics. Finally, the effect of internet resources on COVID-19 preventive behaviors of females was lower than males.

Conclusions: Obtaining COVID-19-related information through internet resources had the most significant effect on COVID-19 preventive behaviors, but was not significant among publics with old age, low education, low income, and living in rural area.

KEYWORDS
 COVID-19, preventive behaviors, information sources, internet resources, public health


Introduction

COVID-19 is a new infectious disease with a strong transmission ability and has caused hundreds of millions of infections worldwide. The World Health Organization (WHO) has declared COVID-19 as a public health emergency of international concern, and WHO Information Network for Epidemics was launched to address the vast amounts of information being disseminated (1, 2). The COVID-19 pandemic requires large-scale behavior change to control virus spreading (3). The government issued COVID-19 preventive behavioral guidelines to the public, including wear masks, wash hands frequently, not agglomerate, and others (4). Despite the efforts of the government and related agencies, there are still some people who do not take protective behaviors against COVID-19.

Scientific information and knowledge are important to improve COVID-19 preventive behaviors for public. It is essential to help the public learn more about COVID-19 as soon as possible (5). During the COVID-19 pandemic, obtaining credible information from trusted information sources are helpful to reduce the public fear and stress when facing COVID-19 and stop the spread of rumors (6). Currently, there are numerous information for the public, and some of them are not scientific, misinformation about COVID-19 is a major threat to public health (7). For example, social media can be a vehicle to disseminate erroneous, alarmists, and exaggerated information (8). And the dissemination of these misinformation can affect public COVID-19 preventive behaviors, which can lead to an increased risk of infection (9).

Social media such as internet and WeChat are the main sources to obtain COVID-19-related information in China, whereas health professionals, academic institutions, and governments were trusted sources of information (10, 11). Several studies indicated that different information sources had different effects on public psychological health regarding COVID-19. People who obtained COVID-19-related information through the internet, traditional media, and friends presented a higher current worry (12), while receiving information from medical staff was positively related with psychological wellbeing (13). However, the existing studies mainly focused on the effect of information sources on public psychology and risk perception, while their effects on public COVID-19 prevention behaviors also deserves to be studied (14, 15). Meanwhile, different publics often have different primary information sources. For example, females and higher income groups are more likely to select doctors or healthcare providers as their first source of health information than males and lower-income groups (16). Younger people prefer to obtain information through the internet, while older people prefer to use traditional media (12). Therefore, there may be differences in the effects of different information sources on COVID-19 prevention behaviors of different publics.

We conducted a nationwide network survey among Chinese citizens to evaluate the influence of different information sources on COVID-19 preventive behaviors, and to identify differences between publics. We hypothesized that information sources would have the effects on COVID-19 preventive behaviors and there would be differences across different publics. The results can help governments and related agencies to provide more scientific and accurate COVID-19-related information for different publics, which will improve public COVID-19 preventive behaviors and reduce the risk of COVID-19 infection.



Materials and methods


Study design and participants

We conducted a nationwide network survey among Chinese citizens from January 30, 2020 to February 20, 2020. We recruited university students as investigators from around the country, ensuring 1–3 investigators for each province-level region. Students from Taiwan Province were not recruited. All investigators were trained uniformly through the internet. Owing to the impact of the closed-off management, the communities where the investigators live were used as the investigation sites. The investigators randomly selected families in the community and, with the people's informed consent, sent the electronic questionnaires to these families through an online survey platform (SurveyStar: Changsha Ranxing Science and Technology). Members of the selected family who were 16 years and above, without cognitive impairment, without serious mental illness, and voluntarily participated in the survey could answer the questionnaire. For people who do not use electronic questionnaire, they could complete questionnaire with the help of other family members, or have the investigator complete the survey on them over the telephone. In order to ensure the quality of the questionnaire, investigators would check questionnaires at the end of the day's survey, and would confirm and verify unclear or incomplete answers by contacting participants. A total of 11,190 participants from 33 province-level regions (except Taiwan Province) were involved in this study. Regarding the participants, the age ranged from 16 to 67 years. 6,697 were females and 4,493 were males, 7,294 lived in urban area and 3,896 lived in rural area.

Province-level regions were categorized into different risk levels based on the number of COVID-19 confirmed cases on February 12, 2020, obtained from the National Health Commission of the People's Republic of China (17). Hubei Province was assessed as high-risk area (level-1). In addition, the number of confirmed cases in other provincial-level regions were ranked from largest to smallest, and the data were divided into 3 levels according to the method of quartile. The results showed that level-1 risk area including Hubei Province, level-2 risk area including 6 province-level regions, level-3 risk area including 17 province-level regions, and level-4 risk area including 10 province-level regions.



Measures
 
COVID-19 preventive behaviors

In this survey we included 10 COVID-19 preventive behaviors, including (1) Wearing protective masks; (2) Covering your mouth and nose with a tissue when coughing or sneezing; (3) Washing hands carefully; (4) Indoor ventilation; (5) A healthy diet; (6) Avoiding eat bushmeat; (7) Health surveillance; (8) Avoiding contact with people with symptoms of respiratory diseases; (9) Avoiding crowds; (10) Avoiding visit their relatives and friends. For each behavior, participants were asked “which stage is your behavior?”. There were five stages can be selected, including pre-intention (I do not plan to take this behavior), interruption (I carried out this behavior, but now I stop), intention (I realized the importance of this behavior), planning (I have the plan of taking this behavior), and action (I carry out this behavior). The five stages were recorded as 0, 1, 2, 3, and 4 points, respectively. COVID-19 preventive behaviors scores ranged from 0 to 40, with higher scores indicating better COVID-19 preventive behaviors. Cronbach's α for this section was 0.958.



Information sources

The question “During the COVID-19 pandemic, when you encounter health problems or need health information, how do you get help? (You should choose any that apply)” was used to collect information sources of participants. Answers including: (1) 12320 telephone (National Public Health Hotline); (2) Acquaintances consulting; (3) Family doctors; (4) Hospitals; (5) Community health centers; (6) Internet resources (including social media, internet diagnosis and treatment platforms).



Covariates

Several sociodemographic characteristics were collected, including sex (female, male), age (25 and below, 26–40, 41–50, 51–60, 60 above), residence (rural, urban), income (no income, 1,000 below, 1,000–2,999, 3,000–4,999, 5,000 and above), education (non-educated, primary education, secondary education, higher education, and graduate education), smoke (non-smoker, current and former smoker), and drink (non-drinker, current and former drinker).




Statistical analysis

Continuous variables were described as means ± standard deviations. Categorical variables were summarized as the counts and percentages in each category. The X2-test was used for categorical variables. A mixed linear model was used to analyze risk factors of COVID-19 preventive behaviors. Provincial units were used as clustering units to account for a within-clustering correlation attributable to the complex sample. Candidate related factors included sex, age, residence, income, education, smoke, and drink. All analyses were weighted by the distribution of sex and age ranked on a national survey (The Sixth National Census). The effects of different information sources on COVID-19 preventive behaviors of different publics were analyzed. The mean difference along with the 95% confidence interval were reported. The significant level was set up P < 0.05. All analyses were conducted with SPSS 24.0.




Results


Adoption of COVID-19 preventive behaviors

For the 10 COVID-19 preventive behaviors evaluated, the top three of them with the higher action rates were avoiding eat bushmeat (76.1%), a healthy diet (74.8%), and avoiding contact with people with symptoms of respiratory diseases (73.0%) (Table 1). The publics who were female, aged 26–40, lived in urban area, earned 5,000 yuans and above, had graduate education, and were non-smokers and non-drinkers had higher action rates on COVID-19 preventive behaviors. The adoption of four COVID-19 preventive behaviors (health surveillance, avoiding contact with people with symptoms of respiratory diseases, avoiding crowds, and avoiding visit their relatives and friends) had significant differences in different COVID-19 risk areas (P < 0.05) (Appendix).


TABLE 1 COVID-19 preventive behaviors by stages.
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Risk factors for COVID-19 preventive behaviors

Figure 1 presents the COVID-19 preventive behaviors scores of different publics and the effects of different factors for COVID-19 preventive behaviors. The COVID-19 risk in different province-level regions was the random effect that varied across provincial units. The Intra-Class Correction (ICC) of the model was 0.027. The results showed that older adults had the lowest scores. Compared to those with graduate education, those with non-educated (−5.77, 95%CI: −6.63 to −4.90) presented the lowest scores. Those who had no income (−1.90, 95% CI: −2.31 to −1.48) and earned below 1,000 yuans (−0.84, 95% CI: −1.34 to −0.34) showed lower scores than others. Urban publics (1.37, 95%CI: 1.10–1.64) had higher scores than rural one. Males (−1.38, 95% CI: −1.64 to −1.12) scored lower than females. The scores of current and former smokers (−0.90, 95%CI: −1.29 to −0.51) was lower than non-smokers. The public that lived in the area with higher COVID-19 risk presented higher scores (level-1, 36.24 > level-3, 34.84 > level-2, 34.79 > level-4, 34.13).
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FIGURE 1
 Risk factors for COVID-19 preventive behaviors.




The association between information sources and COVID-19 preventive behaviors

Among the six information sources, internet resources, family doctors, hospitals, and community health centers were positively associated with COVID-19 preventive behaviors (1.00 vs. 0.47 vs. 0.46 vs. 0.33, P < 0.05) (Figure 1). Table 2 presents the effects of them on COVID-19 preventive behaviors of different publics. For older adults, accessing to COVID-19-related information through family doctors (1.38, 95% CI: 0.63–2.12) and community health centers (1.22, 95% CI: 0.48–1.97) was positively associated with COVID-19 preventive behaviors. For the non-educated, family doctors (6.08, 95% CI: 4.71–7.45) and community health centers (3.69, 95% CI: 2.32–5.05) had positive effects on their COVID-19 preventive behaviors, except for internet resources and hospitals. Family doctors (0.72, 95% CI: 0.29–1.15) and internet resources (0.97, 95% CI: 0.51–1.42) were positively associated with COVID-19 preventive behaviors among those earning 5,000 yuans and above. The effects of family doctors (0.36, 95% CI: 0.07–0.65), hospitals (0.43, 95% CI: 0.13–0.73), and internet resources (0.92, 95% CI: 0.60–1.23) on COVID-19 preventive behaviors of urban publics were higher than rural publics. The effect of internet resources (0.43, 95% CI: 0.09–0.77) on female COVID-19 preventive behaviors was lower than on male. These four information sources had positive association with COVID-19 preventive behaviors in all areas, except for family doctors in level-4 risk area (−0.98, 95% CI: −1.81 to −0.14).


TABLE 2 The association between different information sources and COVID-19 preventive behaviors of different publics.
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Discussion

This study found that the Chinese public generally had good COVID-19 preventive behaviors, mean COVID-19 preventive behaviors score was 34.82 (total score: 40). Action rates for all COVID-19 preventive behaviors were above or near 70%. The top three COVID-19 preventive behaviors with the higher action rate were avoiding eat bushmeat (76.1%), a healthy diet (74.8%), and avoiding contact with people with symptoms of respiratory diseases (73.0%). This indicated that the Chinese public had a comprehensive understanding of the infection sources, pathogenesis and virulence of the virus, transmissibility, and risk factors for infection and disease progression of COVID-19. In addition, we found that publics with old age, low education, low income, living in rural area, male, current and former smoker presented worse COVID-19 preventive behaviors. Therefore, more attention should be paid to the COVID-19 preventive behaviors of these publics to reduce their risk of COVID-19 infection. To information sources, internet resources had the most significant effect on COVID-19 preventive behaviors, while each information source presented different effect on COVID-19 preventive behaviors of different publics.

We analyzed the association between information sources and COVID-19 preventive behaviors. We found that obtaining COVID-19-related information through internet resources had the most significant effect on COVID-19 preventive behaviors. The internet has advantages such as timely information release, wide coverage, and fast dissemination (18, 19). In response to public health emergencies, like the outbreak of COVID-19, the government can release related information, collect public opinion and reaction, and deal with rumors in a timely manner through internet (20). At the same time, the public could be advocated and guided to take good protective measures by releasing information through internet, for example, a variety of COVID-19-related knowledge and guidelines for public were issued by the National Health Commission of the People's Republic of China and Chinese Center for Disease Control and Prevention through their official websites, microblogs, WeChat, and other social media. This provided the possibility to take preventive behaviors for public. Due to the large number of medical personnel from across the country traveling to help Hubei Province during the COVID-19 pandemic, some areas experienced weakened medical services and public basic medical needs could not be met in a timely manner (21). At the same time, the public was inconvenient to go to hospitals for medical services due to the closed-off management. Therefore, the public turned to internet diagnosis and treatment platforms to obtain health services, such as Ali Health, Ping An Good Doctor, and other internet hospitals. Besides providing basic medical services to the public, internet diagnosis and treatment platforms also have functions such as COVID-19-related information release, symptom diagnosis, psychology health assessment, dispelling rumors, and purchase of epidemic prevention supplies during the COVID-19 pandemic (22). These internet diagnosis and treatment platforms could provide professional information for the public.

However, we did not analyze the relationship between different types and contents of information from internet resources and COVID-19 preventive behaviors in this study. Therefore, we could not understand the impact of professional and unprofessional information on COVID-19 preventive behaviors. Some misinformation may exist on the internet and the public lack sufficient ability to discern the information accuracy, leading to inappropriate COVID-19 preventive behaviors, such as panic shopping, buying medical supplies or drugs, and taking drugs without a medical prescription (23). But it is undeniable that in the face of public health emergencies, governments, medical experts, and other authoritative institutions or individuals can release COVID-19-related information to the public, disclose policy measures, and carry out health promotion and education through the internet promptly. The public can also take the initiative to obtain the needed health knowledge through a series of internet platforms to raise preventive awareness and related preventive behaviors.

While accessing COVID-19-related information through internet resources is an important way to improve public COVID-19 preventive behaviors, we further found that it is not effective for all members of the public. Accessing COVID-19-related information through family doctors and community health centers can improve COVID-19 preventive behaviors of older adults, rather than internet resources. This can be related to the fact that older adults prefer to obtain information through traditional media (12). Wang et al. also found that older adults more like to obtain health information from radio instead of internet (24). Additionally, it has also been found that older adults were skeptical for information released through the internet (25), which also affected them access to COVID-19-related information through the internet resources. In this study, we found that the public with higher income and higher education had better COVID-19 preventive behaviors and obtaining COVID-19-related information through internet resources did not have positive effect on improving COVID-19 preventive behaviors in low income and low education publics. Incomes and education were associated with people's healthy behaviors (26, 27). The low income and low education public tend to have lower socioeconomic status, the low socioeconomic status group is more likely to ignore health promotion behavior (28). Guo et al. found that education and income were positively associated with seeking of web-based information on COVID-19 (29). The low income and low education public may lack the ability and effective way to access COVID-19-related information through internet, and have difficulty learning related knowledge and identifying misinformation on internet. Internet resources also did not improve COVID-19 preventive behaviors of rural public. There is a digital divide between urban and rural areas (30). Compared to the urban public, the rural public is less likely to access information through internet. The income and education levels of rural public are generally lower than urban public, and the network construction in rural area is relatively poor than urban area, especially in remote area. These factors are not conducive to the rural public to obtain COVID-19-related information through internet resources to improve their COVID-19 preventive behaviors. In addition, we found that females had better COVID-19 preventive behaviors than males. This may be related to the fact that females have better lifestyles and more health literacy than males (31). However, internet resources had a more significant effect on COVID-19 prevention behaviors in males. Compared with females, males could be paying more attention to health-related information during the COVID-19 pandemic than before, leading to a significant improvement in their healthy behaviors.



Limitations

Our findings should be considered with several limitations. Firstly, we performed a cross-sectional survey, which makes it impossible to build causal relationships between variables. Secondly, owing to the impact of closed-off management, data were collected online. Although we helped people who do not use electronic questionnaires by performing a telephone survey and matched the age and the sex of our sample to the national population, the generalizability of our sample may still be a limitation. Finally, we mainly focused on whether participants obtained information through internet resources, while other variables related to internet resources, such as the type and content of the information obtained, were not be considered. The same situation existed for other information sources, so we cannot know the quality of the information provided by each information source. Future studies should incorporate more comprehensive variables to further analyze the association between information sources and COVID-19 preventive behaviors.



Conclusion

Internet resources had an important and positive role in improving COVID-19 preventive behaviors, and governments and related agencies should timely provide COVID-19-related information on internet. However, it is important to focus on publics with old age, low education, low income, and living in rural area who have difficulty obtaining COVID-19-related information through internet resources to improve their behaviors. Therefore, in addition to internet resources, traditional offline health promotion and education should be conducted through hospitals, community health centers, and other professional institutions and personnel. This would ensure these publics can access scientifically and valid information, and improve their COVID-19 preventive behaviors and reduce the risk of COVID-19 infection.
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The COVID-19 pandemic led to the introduction of a range of infection prevention and control (IPC) measures that resulted in dramatic changes in people's lives however these IPC measures are not practiced consistently across the population. One predictor of an individual's responses to the pandemic is disgust sensitivity. Understanding how disgust sensitivity varies within the population could help to inform design of public health messages to promote more uniform behavioral change during future pandemics. To understand the effect of the current COVID-19 pandemic on an individual's pathogen disgust sensitivity we have compared pathogen disgust sensitivity during the current COVID-19 pandemic to baseline pathogen disgust sensitivity, determined prior to the COVID-19 pandemic, in the same sample of UK adults. We find that the COVID-19 pandemic did not alter overall pathogen disgust sensitivity suggesting that disgust sensitivity is stable despite IPC measures, public health messaging, media coverage and other factors associated with the COVID-19 pandemic.
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Introduction

In March 2020 the World Health Organization (WHO) declared the outbreak of COVID-19 a global pandemic (1). As of 20th December 2021 there were over 250 million confirmed cases of COVID-19 worldwide and over 5 million deaths (2). In the UK the government introduced social distancing and social isolation guidelines, restrictions on public gatherings and recommended a number of preventative health behaviors, including washing hands more frequently, in late March 2020 (3). These infection prevention and control (IPC) measures prompted many people to dramatically change their everyday lives in order to avoid contracting and spreading COVID-19. However, IPC measures are not practiced consistently. In the month after the UK government introduced social distancing measures the UK police force issued more than 9,000 fixed penalty fines (4) under new public health regulations (5) aimed at enforcing the lockdown suggesting that some people did not comply with guidelines. Conversely, a survey of Britons conducted by IPSO-MORI during the lockdown at the end of April 2020 suggested that some people would feel uncomfortable returning to “normal” activities such as visiting friends and family even once the lockdown restrictions were lifted (6).

What underlies these differences in behavior? Engagement with IPC measures is likely to be multi-factorial with an individual's engagement being influenced by a number of demographic and psychological factors such as functional fear, risk perception, socioeconomic status, disgust, engagement with social media, belief in conspiracy theories and moral values regarding the importance of caring for others. A number of studies have shown that pre-pandemic disgust sensitivity and proneness are important predictors of an individual's responses to the current COVID-19 global pandemic (7–10). Disgust sensitivity and proneness correlate with anxiety related to COVID-19 and predicts levels of concern about COVID-19 and efforts to comply with official recommendations (7–10). These studies are broadly in agreement with studies during previous pandemics (11), and disease outbreaks (12) which found disgust sensitivity to be a predictor of disease-related anxiety.

The emotion of disgust is the psychological mechanism for producing disease avoidance behaviors that protect us from infection by reducing our contact with pathogens and parasites (13). This pathogen avoidance theory of disgust (PAT) (13, 14) is supported by strong correlations between disgust elicitors and pathogen sources (15, 16). Sensitivity to disgust elicitors varies considerably amongst individuals (16) and one prediction derived from the pathogen-avoidance theory is that disgust sensitivity will be higher when the threat of infection is higher.

In support of this hypothesis Skolnick and Dzkoto (17) have demonstrated an association between disgust sensitivity and differing levels of national pathogen stress in Ghana and the USA however existing data do not fully support this association. Tybur et al. (18) comparing over 30 nations with differing levels of national parasite stress failed to find a correlation between disgust sensitivity and national rates of infectious diseases while a similar pattern of disgust sensitivity was found across nine different cultural regions using photo-based disgust stimuli (14). Overall, the findings of these studies do not consistently support the hypothesis that pathogen disgust sensitivity is correlated with vulnerability to infection therefore further research is warranted.

According to PAT, it could be hypothesized that disgust sensitivity should be higher during the COVID-19 pandemic in response to the increased real and perceived threat of infection globally. Recent studies have supported this hypothesis by demonstrating an impact of the COVID-19 pandemic on disgust sensitivity (19, 20). Using the Disgust Scale (16) to assess disgust sensitivity Stevenson et al. (20) reported overall higher levels of disgust sensitivity and higher scores for core disgust in a cohort of Australian university students during the first Australian lockdown in March/April 2020 when compared to previous cohorts of university students. Consistent with this, a study by Milkowska et al. (19) found that a cohort of women living in Poland assessed photographs depicting sources of infection as more disgusting during the COVID-19 pandemic when compared to a matched, pre-pandemic cohort. However, using questions adapted from the pathogen and moral disgust domains of the Three-Domain Disgust scale (21), the same study found a reduction in moral disgust during the pandemic when compared to the pre-pandemic cohort and no significant effect of COVID-19 on the pathogen disgust domain (19).

One limitation of these studies is their between-subjects design in which data was collected from different cohorts of individuals pre- and post-pandemic which does not allow disgust sensitivity in the same group of individuals to be compared pre- and post-pandemic. Thus, despite cohorts being matched, it remains possible that the observed differences in disgust sensitivity are a result of variation between individuals in the cohorts rather than as a result of increase threat of infection during the pandemic. Here we report a comparison of pathogen disgust sensitivity during the COVID-19 pandemic to baseline pathogen disgust sensitivity, determined in the same individuals prior to the COVID-19 pandemic, in order to better understand the effect of the current COVID-19 pandemic on pathogen disgust sensitivity.



Materials and methods


Survey instrument

A pathogen disgust survey comprised of 30 disgust elicitor statements derived from infectious disease transmission routes that included a statement reflecting transmission routes, signs and symptoms associated with COVID-19 was used (Supplementary Table 1). This shortened pathogen disgust survey was based on a pathogen disgust survey previously described by Curtis and de Barra which comprised 75 disgust elicitor statements derived from infectious disease transmission routes (22). To develop our shortened pathogen disgust survey we selected the 30 items which loaded most strongly onto the six factors identified by Curtis and de Barra (22). Invariance testing and cluster analysis were used to determine whether removing the remaining items impacted on the survey structure as described below. Participants were asked to rate their disgust toward each item on a scale from 1–100 from no disgust to extreme disgust. The default position of the scale was set to 50. In addition to these disgust elicitor statements participants were also asked to indicate how often they experienced disgust. Basic demographic data including age, occupation and gender was also collected.


Exploratory factor and principal component analysis

Exploratory factor analysis was conducted by splitting the sample into a 2019 cohort (N = 299) and 2020 cohort (N = 340). Factors that had eigenvalues > 1 (23) were extracted and principal component analysis (PCA) with oblique rotation to extract factors was used, mirroring the analysis conducted by Curtis and de Barra (22). Internal consistency for extracted factors was analyzed using Cronbach's α.



Invariance testing

Invariance testing on the pathogen disgust scale was carried out to ensure that measurement of pathogen disgust had not significantly changed before the COVID-19 pandemic (2019 cohort) and during the COVID-19 pandemic (2020 cohort) using the steps described by van de Schoot et al. (24) to test for measurement invariance. Metric invariance was tested by constraining the factor loadings (i.e., how important each question item is to the underlying factor). Finally, scalar invariance which forces both the intercepts and factor loadings to be equal across the 2019 and 2020 cohorts was tested.




Data collection

All data were collected using the online participant recruitment platform Prolific (www.prolific.co) and the Gorilla Experiment Builder (RRID: SCR_020991) to create and host all experiments. All study participants were aged between 18 and 65 and were UK nationals resident in the UK at the time of the study. The infection status of participants was not determined. Data were collected in two stages; once before the COVID-19 pandemic (09/06/19) (referred to as the 2019 cohort throughout) and once during the pandemic (between 13/03/20 and 07/04/20) (referred to as the 2020 cohort throughout). The 2020 cohort consisted of a repeated sampling of the 2019 cohort (N = 151) [referred to as the 2020 cohort (group 1)] and a new sample (N = 189) [referred to as the 2020 cohort (group 2)]. All received financial payment for taking part in the study (£1.25).



Data analysis
 
Regression analysis

Various regression models were conducted, primarily a linear regression and a multilevel linear regression with factor responses (level-1 units) nested within participants (level-2 units). Three models were used to demonstrate that statistically significant improvements in fit could be observed by allowing disgust to vary by participant and that additional assumptions about disgust were supported at each step. The primary aim of the second stage was to establish the effect of COVID-19 on disgust responses while controlling for covariates such as age, gender, and disgust factor.

A series of three multivariate regression analyses were conducted using the following set of predictors: disgust factor, study group, gender, age. In addition to these main effects, several two-way interactions were considered, including study group by disgust factor, gender by disgust factor, age by disgust factor, and gender by age. Finally, two three-way interactions were considered - gender by age by disgust factor and gender by study group by disgust factor. The most important predictors to the current investigation were the main effects of study group (which shows the overall effect that responding during the COVID-19 pandemic had on pathogen disgust), the interaction between study group and disgust factor (which shows the factor specific effect that responding during the COVID-19 pandemic had on pathogen disgust e.g., “Hygiene” disgust or “Animal” disgust).

The first was a linear regression and did not account for the correlation between pathogen disgust responses within each participant (i.e., did not account for the fact that the same participant responded to the six disgust factors).

The second regression analysis used the same set of predictors but accounted for the “nested” structure of our data (with each participant responding to each of the six factors of pathogen disgust) using a random intercept. This allows each participant to have a unique component of their “disgust” response, accounting for individual differences in mean disgust ratings.

The third regression analysis used the same set of predictors as the first and second analysis but introduced a random effect of disgust factor i.e., the influence that a disgust factor (such as hygiene) has on disgust response was allowed to vary between participants. For example, for the majority of participants responding to hygiene factor statements reduced disgust response by 20 points on average compared to lesion factor statements. However, this relationship may not hold for all participants e.g., some participants may find lesion factor statements less disgusting than hygiene statements. The random effects model allows for individual differences in response to each disgust factor.

All analysis was conducted in R version 1.2.5001. Packages used were sjPlot (25), GGally (26), lme4 (RRID: SCR_015654), ggplot2 (RRID: SCR_014601), and psych (RRID: SCR_021744).




Ethics approval statement
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Results


Participants

Of the 499 unique participants, 21 either failed to respond correctly to an attention check question or reported an age < 18 or > 65 and were excluded from the analysis. Participants were not excluded on the basis of whether or not they had COVID-19. There were 299 participants in the 2019 cohort and 340 participants in the 2020 cohort. This cohort contained 151 participants who were part of the 2019 cohort (2020 cohort group 1) and 189 new participants (2020 cohort group 2). Participant demographic data is summarized in Table 1.


TABLE 1 Participant demographic data.
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Factor analysis and measurement invariance shows that the measurement of pathogen disgust does not vary with COVID-19

Before investigating the effect of the COVID-19 pandemic on pathogen disgust sensitivity we established whether pathogen disgust responses were measured in a similar way before the COVID-19 pandemic and during the COVID-19 pandemic i.e., ensuring that a one point increase in response to a statement represents the same increase in “disgust” for both 2019 and 2020 groups. This stage involved conducting a factor analysis and measurement invariance testing. The first stage had two aims: (1) establish that the underlying factor structure is unchanged between the 2019 and 2020 cohorts and (2) identify whether mean factor scores are comparable between the 2019 and 2020 cohorts.

Similar factors were extracted for both the 2019 and 2020 cohorts (Supplementary Table 2). This factor structure was broadly similar to the factor structure of the 75 item pathogen disgust sensitivity instrument described by Curtis and de Barra that our survey was derived from (22). Therefore, in agreement with Curtis and de Barra (22), we labeled our factors “Hygiene,” “Lesion,” “Food,” “Animal,” “Sex,” and “Atypical” disgust based on the common theme of the statements that loaded onto each of these factors. The factors had broadly the same factor structure with some key differences between the 2019 and 2020 cohorts (Supplementary Table 2). Firstly, some cross-loading was seen in the 2019 cohort. The questionnaire item “Walking in your bare feet, you step on and squash a slug” had a significant loading (>0.3) for both the Animal and Hygiene factors. The loading on Hygiene only marginally passed the definition of a significant loading, 0.304, and was excluded from the Hygiene factor. Secondly, there were some differences in the items that loaded onto the six disgust factors. The items “A hairless old cat rubs up against your leg,” “Eating a sausage 2 weeks past its use by date,” and “Eating onion flavored ice-cream” did not have significant loadings on their respective factors in the 2019 cohort but achieved significant loadings in the 2020 cohort. Cronbach α's for each disgust extracted factors were between 0.73 for the Food factor and 0.88 for the Lesion factor (Hygiene 0.78, Lesion 0.88, Food 0.73, Animal 0.76, Sex 0.83, Atypical 0.79) reflecting satisfactory internal consistency.

Following the exploratory factor analysis, we carried out invariance testing on the pathogen disgust scale to ensure that measurement of pathogen disgust had not significantly changed before the COVID-19 pandemic (2019 cohort) and during the COVID-19 pandemic (2020 cohort). Firstly, to ensure that the underlying factor structure (i.e., what factor each question item relates to) was equivalent between the 2019 and 2020 cohorts we tested for configural invariance. Across a range of criteria [comparative fit index (CFI), Root mean square error approximation (RMSEA), and standardized root mean square residual (SRMR)], there was not a significant reduction in model fit when the factor structure was constrained to be equal between the two groups (Table 2) indicating that there was no difference in the underlying factor structure between the two cohorts. Secondly, we tested for metric invariance to determine how important each question item was to the underlying factor. Again, there was not a significant reduction in model fit after constraining the factor loadings to be equal across the 2019 and 2020 (Table 2) implying that there was no difference in the importance of the question between the two cohorts. Finally, we tested for scalar invariance to determine whether that the starting point of the disgust scale was equivalent for both the 2019 and 2020 cohorts i.e., the 2020 cohort might have a higher average disgust response but equivalent measurement across the factor loadings which would upwardly bias the disgust responses taken in 2020 when compared to 2019. Again, we found that there was no reduction in model fit for the model compared to the metric model (Table 2) indicating that measurement in 2019 and 2020 is equivalent allowing for comparison of factor scores.


TABLE 2 Results of invariance testing.
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Taken together the results of invariance testing indicate that measurement of pathogen disgust in both cohorts was comparable.



Age, gender and disgust sensitivity

Previous work has demonstrated associations between pathogen disgust sensitivity, age and gender (22). To determine whether there were any interactions between age, gender and pathogen disgust factor in our sample we used a series of multivariate regression analyses as detailed in the Materials and Methods section to consider two-way interactions between gender and pathogen disgust factor and also age and pathogen disgust factor and three-way interactions between age, gender and pathogen disgust factor (Supplementary Table 3 and Figure 1A). Three factors, animal, sex and hygiene disgust, showed a significant three-way interaction with age and gender while no significant interaction was observed between food, lesion or atypical disgust, age and gender. The effect of gender on disgust factors broadly mirrors that observed by Curtis and de Barra who found the most significant effect of gender on sex and animal disgust (22). Given that we observed effects of age and gender on disgust responses we controlled for both of these factors as covariates in our analysis of disgust sensitivity before and during the COVID-19 pandemic.


[image: Figure 1]
FIGURE 1
 Analysis of disgust responses. (A) Three-way interaction between age, gender, and disgust factor. For each disgust factor, a pair of lines with a 95% confidence interval (shaded region) indicates average disgust response across age. (B) Average disgust response across all 30 items by study group. 2019 group which refers to the sample collected in 2019. 2020 – Group 1 refers to the subset of responses collected in 2020 that had previously completed the disgust survey. 2020 – Group 2 refers to responses collected in 2020 that had not previously completed the disgust survey. (C) Average disgust response across 6 disgust factors separated by study group.




COVID-19 and disgust sensitivity
 
The COVID-19 pandemic did not alter overall pathogen disgust responses in this cohort

To determine whether there was an effect of the COVID-19 pandemic on pathogen disgust sensitivity we performed a series of regression analyses comparing pathogen disgust responses in the 2019 and 2020 cohorts as detailed in the Materials and Methods section. We found no significant influence of cohort on pathogen disgust responses (Figure 1B). Both the 2020 cohort (group 1), who had previously completed the survey as part of the 2019 cohort, (β = 1.75, 95% CI: −1.52, 5.02) and 2020 cohort (group 2), who had not previously completed the survey, (β = 2.06, 95% CI: −3.30, 7.42) did not have significantly different pathogen disgust responses compared to the 2019 cohort or each other (Figure 1B).



The COVID-19 pandemic did not alter pathogen disgust responses to COVID-19 transmission routes in this cohort

Since overall pathogen disgust sensitivity was not altered during the COVID-19 pandemic (2020 cohort) when compared to baseline pathogen disgust (2019 cohort) we looked at interactions between the 6 disgust factors, identified by our exploratory factor analysis, and our cohorts. In particular, we hypothesized that disgust responses to a statement reflecting COVID-19 disease transmission routes (Supplementary Table 1), which loaded onto the hygiene factor, might be altered during the COVID-19 pandemic. Using regression analysis as detailed in the Materials and Methods section we found a significant interaction between the cohort and one disgust factor (Figure 1C). The 2020 cohort (group 2) had significantly lower disgust responses for the food disgust factor (β = −6.48, 95% CI: −12.36, −0.60) than the 2019 cohort (Figure 1C). No interactions were found between the cohort and other disgust factors including hygiene disgust [2020 cohort (group 2): β = 0.67, 95% CI: −4.99, 6.33; 2020 cohort (group 1): β = 1.03 95% CI: −5.54, 3.48] (Figure 1C).





Discussion

The pathogen avoidance theory of disgust predicts that disgust sensitivity is associated with the threat of infection. In this study we tested this prediction by comparing pathogen disgust sensitivity during the COVID-19 pandemic in 2020 to baseline pathogen disgust sensitivity in the same sample of UK adults. Given the magnitude of the COVID-19 pandemic, its impact on people's lives and the scale of media coverage relating to the outbreak, we hypothesized that, if disgust sensitivity is correlated with the threat of infection, as predicted by pathogen avoidance theory, individual's disgust sensitivity will be increased during the pandemic when compared to their baseline disgust sensitivity.


Key findings

To test pathogen disgust sensitivity we utilized an online pathogen disgust survey containing 30 items reflecting signs, symptoms and transmission routes of disease. This instrument was derived from a 75 item pathogen disgust survey previously described by Curtis and de Barra (22). Analysis of our data across both cohorts shows that our shortened version of this survey has a broadly similar factor structure to that previously described by Curtis and de Barra (22), validating their six factor structure model and demonstrating the robustness of the model across multiple cohorts. Furthermore, it demonstrates that a shortened version of the pathogen disgust survey can be used to measure pathogen disgust sensitivity.

Using this shortened pathogen disgust survey we compared overall pathogen disgust sensitivity before and during the 2020 COVID-19 pandemic in a sample of UK adults. When controlling for covariates such as age, gender and disgust factor we found that the COVID-19 pandemic did not alter overall pathogen disgust sensitivity in our sample. Therefore, we accept our null hypothesis that overall pathogen disgust responses are equal during the COVID-19 pandemic and prior to the COVID-19 pandemic.



Comparisons to existing disgust literature

Our findings are consistent with previous data which do not fully support an association between disgust sensitivity and infection susceptibility or risk of infection (18, 27–29), however they are in contrast to other studies, in different populations under different COVID-19 restrictions, which found that disgust sensitivity was increased during the early stages of the COVID-19 pandemic (19, 20). There are a number of possible explanations why our results may differ from those of past studies on COVID-19 and disgust sensitivity. Firstly, this difference may be due to the disgust sensitivity measures used across studies. In contrast to Milkowska et al. (19) and Stevenson et al. (20), who used measures using disgust elicitor statements based on self-reported lists of disgusting items (16, 21) the pathogen disgust measure in this study uses disgust elicitor statements derived from infectious disease transmission routes (22). Furthermore, the disgust scale (16) and Three Domain disgust scale (21) used by Stevenson et al. (20) and Milkowska et al. (19) are based on a Likert-scale however, in this study pathogen disgust was assessed using a scale from 1–100. These differences may have resulted in differing baseline disgust sensitivity across the measures.

Secondly, our study controlled for co-variates including age and gender therefore demographic differences between studies are unlikely to account for these different findings. However, it should be noted that the proportion of males and females differs across studies. In this study the population was equally balanced with respect to gender in contrast to Stevenson et al. (20) (75% female) and Milkowska et al. (19) (100% female). A supplementary analysis of only the female data from our study gave broadly similar results to our analysis of the whole cohort with the exception of a significant decrease in disgust for the Sex factor in the 2020 (group 2) cohort which was not observed in the analysis of the whole cohort or females in the 2020 (group 1) cohort (data not shown). This data suggests that differences in the proportion of males and females does not account for the different findings of our study.

Thirdly given that each study collected data from a sample taken from a different geographic location, one possible explanation may be that the pandemic altered disgust sensitivity in some countries but not others. Similar patterns of disgust sensitivity have been observed across all regions of the world (14) however differences in the severity of the pandemic and/or the IPC measures introduced in each country may account for the different findings of our study. Related to this point it should be noted that these studies were all conducted at a similar time point prior to the introduction of COVID-19 vaccination programmes and therefore differences in the availability of vaccines between countries do not explain the different findings between studies. Fourthly, since study participants were not asked to report their COVID-19 infection status in any of the three studies it remains possible differences in the prevalence of COVID-19 amongst the different survey cohorts may have served to alter the perceived risk of COVID-19 and therefore disgust sensitivity.

Finally, in contrast to Milkowska et al. (19) and Stevenson et al. (20) who both used matched populations to compare disgust sensitivity pre- and post-pandemic, our study included data collected from a group of individuals whose pathogen disgust sensitivity had been determined prior to the COVID-19 pandemic allowing us to compare responses from the same individuals before and during the COVID-19 pandemic and so reduce the confounding effect of inter-individual differences. Studies investigating differences in disgust sensitivity in response to infection risk in a single population are limited. Previous studies have used natural variation in vulnerability to infection across the female menstrual cycle and during pregnancy to relate disgust sensitivity to physiological changes in vulnerability to infection within individuals (28–31). However, to our knowledge, this is the first study of pathogen disgust sensitivity that collected data from the same group of participants before and during an outbreak of an infectious disease in order to investigate the effect of external changes in the threat of infection.



The relationship between COVID-19 and pathogen disgust factors

While a general pathogen avoidance response may be appropriate for all infectious disease cues, specific behavioral responses to infection are likely to be related to the nature of the pathogen threat. Therefore, we hypothesized that disgust sensitivity would be greatest toward disgust elicitors that reflect transmission routes, signs and symptoms associated with COVID-19. Our pathogen disgust survey included one statement reflecting COVID-19 transmission routes “Feeling someone cough into your face” and one statement reflecting failure to comply with IPC social distancing measures “On the subway, you are forced to stand close to someone with body odor and greasy hair.” Consistent with previous results (22) both of these statements loaded onto the hygiene disgust factor in both cohorts however when controlling for other covariates we did not find a significant difference in hygiene disgust during the COVID-19 pandemic when compared to baseline responses. Therefore, we accept our null hypothesis that disgust responses to COVID-19 related statements are not significantly altered during the pandemic with the following caveats. Firstly, scores for statements that loaded onto hygiene disgust were relatively high in the 2019 cohort raising the possibility that baseline hygiene disgust was too high to detect any increase as a result of COVID-19. Secondly, our survey was designed prior to the current COVID-19 pandemic and therefore statements were not specifically designed to reflect COVID-19 signs, symptoms, transmission routes or IPC measures. It is possible that the inclusion of further statements reflecting specific aspects of COVID-19 may have revealed effects on specific behavioral responses.

Although COVID-19 did not alter hygiene, lesion, sex, atypical or animal disgust sensitivity we did observe a small but significant decrease in food disgust during the COVID-19 pandemic when compared to baseline. Lowered food disgust does not immediately seem consistent with the hypothesis that disgust responses reflect the nature of the pathogen threat however food disgust sensitivity has been shown to affect eating and food behavior including a positive association between food disgust sensitivity and frequency of wasting food (32). Interestingly food disgust sensitivity has been identified as a predictor of shopping behavior and disease preventative behavior related to the COVID-19 pandemic with higher food disgust associated with shopping behavior aimed at reducing exposure to the virus such as purchasing pre-packed and long-life foods (33). Our study did not specifically address individual's eating and food behavior however changes in shopping and eating habits such as a more relaxed attitude to best before dates and a reduction in food waste in the early stages of lockdown (when data from cohort 2 was collected) have been reported (34, 35) raising the possibility that the lowered food disgust that we observed could be associated with changes in shopping and eating habits during the pandemic.

Although our findings do not support an association between overall disgust sensitivity or hygiene disgust and threat of infection by COVID-19, they do reveal possible associations with other disgust factors that it is tempting to speculate could be attributed to consequences of IPC measures.



Study strengths and limitations

Previous studies exploring the relationship between COVID-19 and disgust sensitivity have used a between-participant design in which data was collected from different cohorts of individuals pre- and post-pandemic which does not allow disgust sensitivity in the same group of individuals to be compared pre- and post-pandemic. Thus, despite cohorts being matched, it remains possible that the observed differences in disgust sensitivity are a result of variation between individuals in the cohorts rather than as a result of increased threat of infection during the pandemic. The main strength of this study is the use of both within- and matched-subjects approaches which find replicable results. However, while our data may provide further insight into the relationship between COVID-19 and disgust sensitivity which can be used to inform the design of public health messages to promote uniform behavior change they are not without their limitations. Firstly, our survey was designed prior to the current COVID-19 pandemic and therefore statements were not specifically designed to reflect COVID-19 signs, symptoms, transmission routes or IPC measures. It is possible that the inclusion of further statements reflecting specific aspects of COVID-19 may have revealed effects on specific behavioral responses. Related to this point our findings do not exclude the possibility that epidemic or pandemic diseases with different signs, symptoms or transmission routes could alter individual's disgust sensitivity. Further studies comparing baseline pathogen disgust sensitivity to disgust sensitivity during other disease outbreaks with varying transmission routes, signs and symptoms in the same group of individuals are needed to determine whether pathogen disgust sensitivity is associated with threat of infection in other contexts. Secondly, as previously mentioned the COVID-19 status of participants or their experience of the pandemic were not determined in our study. Factors such as recent or current infection with COVID-19, hospitalization or death of a family member, inclusion in a vulnerable/at risk group and the degree to which they were involved in employment that increased their exposure to COVID-19 may all have served to alter participants perceived risk of COVID-19 and therefore their disgust sensitivity.



Conclusion and implications

Understanding the psychological, behavioral and cultural factors that influence compliance with evidence-based IPC measures such as social distancing can help to inform the design of public health messages to promote more uniform behavioral change. Disgust sensitivity appears to be an important predictor of individual's responses to the COVID-19 pandemic (7–10) leading to suggestions that emphasizing aspects of the virus that induce feelings of disgust could be used to promote behavioral change and improve compliance with public health measures designed to tackle COVID-19. Disgust has previously been leveraged in this way to influence social behaviors such as hand washing to prevent the spread of disease. For example, during the 2009/10 H1N1 influenza pandemic, the UK Government's information leaflet which was delivered to every house in the UK depicted the aerosol spread of a sneeze on its cover. Exposure to this material was associated with increases in hygienic behavior although disgust was not explicitly evaluated (36). Our study suggests that current IPC measures, public health messaging, media coverage and other factors associated with the 2020 COVID-19 pandemic do not alter people's overall disgust sensitivity or their disgust in relation to symptoms, signs and transmission routes for COVID-19. Indeed, evidence shows people tend to show solidarity and cooperation in times of emergency (37) and UK Government public health messaging during the COVID-19 lockdown promoted social responsibility and moral values associated with caring for others. However, our findings do not exclude the possibility that novel interventions targeting disgust could be leveraged to promote compliance with IPC related to COVID-19.
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The outbreak of coronavirus disease 2019 (COVID-19) has caused massive infections and large death tolls worldwide. Despite many studies on the clinical characteristics and the treatment plans of COVID-19, they rarely conduct in-depth prognostic research on leveraging consecutive rounds of multimodal clinical examination and laboratory test data to facilitate clinical decision-making for the treatment of COVID-19. To address this issue, we propose a multistage multimodal deep learning (MMDL) model to (1) first assess the patient's current condition (i.e., the mild and severe symptoms), then (2) give early warnings to patients with mild symptoms who are at high risk to develop severe illness. In MMDL, we build a sequential stage-wise learning architecture whose design philosophy embodies the model's predicted outcome and does not only depend on the current situation but also the history. Concretely, we meticulously combine the latest round of multimodal clinical data and the decayed past information to make assessments and predictions. In each round (stage), we design a two-layer multimodal feature extractor to extract the latent feature representation across different modalities of clinical data, including patient demographics, clinical manifestation, and 11 modalities of laboratory test results. We conduct experiments on a clinical dataset consisting of 216 COVID-19 patients that have passed the ethical review of the medical ethics committee. Experimental results validate our assumption that sequential stage-wise learning outperforms single-stage learning, but history long ago has little influence on the learning outcome. Also, comparison tests show the advantage of multimodal learning. MMDL with multimodal inputs can beat any reduced model with single-modal inputs only. In addition, we have deployed the prototype of MMDL in a hospital for clinical comparison tests and to assist doctors in clinical diagnosis.
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 COVID-19, disease severity assessment, disease progression prediction, sequential stage-wise learning, multimodal feature fusion


1. Introduction

Since December 2019, a novel viral pneumonia caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), also known as coronavirus disease 2019 (COVID-19) (1–3), first occurred in Wuhan, Hubei Province, China (4), then swept the globe very quickly. As of Sep 1, 2022, data from the World Health Organization (WHO) revealed more than 600 million infections confirmed worldwide with approximately 6.45 million deaths since the outbreak of COVID-19 (5). In view of its strong infectivity and high mortality, WHO declared the pandemic as a Public Health Emergency of International Concern (6).

In practice, the clinical manifestations of COVID-19 vary diversely from asymptomatic, mild infection to severe symptoms (4, 7–9). According to clinical statistics, the majority of COVID-19 cases are mild, and only approximately 5% of the total patients (a part of severe cases) require admission to ICU (10, 11). One of the serious problems we are facing is that the surge of COVID-19 infections leads to rapid depletion of the limited medical resources. The fact is that most of the mild patients can heal without supportive treatment (2, 3), and only a small proportion of them will progress toward severe illness. However, patients whose condition subsequently deteriorate are more prone to be older adults with comorbidities of diabetes, hypertension, cardiac disease, obesity etc. (9, 12), Once the illness changes for the worse, the mortality rate increases significantly, moreover, treating critical patients consumes more medical resources and takes longer treatment courses.

During COVID-19 treatment, doctors perform clinical examinations and laboratory tests on patients every few days. Hence, in every round of the tests, massive multimodal (i.e., various types or categories) clinical data are generated, including the patient demographics, clinical manifestation, laboratory outcomes, the use of drugs and medication, etc. Naturally, it is of great importance that we quickly and accurately distinguish mild and severe patients on admission, then identify those mild cases who are at high risk of turning for the worse in the future based on clinical data analysis and modeling. As a result, early intervention can be taken to prevent mild patients from deterioration.

In the past decade, AI and big data technologies have been widely applied in healthcare and medication and made remarkable achievements (13), which also play an important role in COVID-19 prevention and containment, including screening, testing, contact tracing, treatment and vaccination, and drug development (14–16). So far various forecasting models have been developed for the diagnosis and prognosis of COVID-19 (17–19), which leveraged X-ray and CT images (20–22), clinical characteristics (23, 24), blood test results (25), etc., for model development.

Most of the existing literature for the diagnosis and prognosis of COVID-19 simply makes use of one or two modalities of clinical data, which fails to explore the complementary information provided by multimodal sources. Moreover, the prognostic model is purely based on a single round of lab test results and cannot track the disease progression since onset. To address the characteristics of the consecutive rounds of multimodal clinical test data, in this paper, we propose a multistage multimodal deep learning (MMDL) model to (1) first assess the disease severity, and (2) identify those who are at an early stage of illness and are likely to grow worse. In MMDL, we conceive and implement a sequential stage-wise learning architecture, which abandons the classic structure of RNN (26, 27)/LSTM (28). It is because most patients take no more than five rounds of exams and lab tests before they recover from COVID-19 and are discharged from the hospital, so if we insist on using the RNN/LSTM (Recurrent Neural Network/Long Short-Term Memory) model, the input time step of RNN/LSTM is too few to forecast the future. The design philosophy of MMDL is motivated by the sequence-to-sequence (seq2seq) model (29, 30) in contextual sequence prediction, which extracts the latent feature of one sequence (encoder) and turns it to another sequence (decoder), then the decoded word in a sentence is based on the output from its previous contexts. Concretely, the embodiment of sequential stage-wise learning incorporates the input of the latest round of multimodal clinical data and the past information, and higher weights are given to recent inputs because it has direct influences on the final assessment and prediction results. In each round, to extract the feature of the multimodal clinical data, we design a two-layer multimodal feature extractor: in the 1st-hierarchy, we build multiple separate fully-connected multi-layer perceptron (MLP) neural networks sharing the same network architecture, and each MLP extracts the intra-modal latent feature of an independent modality of clinical data; in the 2nd-hierarchy, the extracted latent features of all modalities are concatenated, then input to another similar MLP for cross-modal feature fusion.

Extensive experiments are conducted on a dataset consisting of 216 patients diagnosed with COVID-19, which has passed the review of the medical ethics committee and can be used for research purposes only. These patients were admitted to the Public Health Medical Center in Chongqing, China, and received intensive medical care. The experimental results of the prognostic study show the advantage of sequential stage-wise learning of MMDL over conventional single-stage learning. In addition, the results also prove that MMDL with multimodal inputs can surpass the reduced model with any single-modal clinical data input by a large margin, particularly for the severe group in disease severity assessment and the mild-to-severe incidence group in the disease progression prediction.



2. Dataset description


2.1. Patient demographics

We retrospectively review the medical records of 216 patients with COVID-19 who were admitted to the Public Health Center in Chongqing, China from January 24, 2020, to February 16, 2020. These patients were admitted fulfilling the following criteria: (1) tested positive with two consecutive nucleic acid tests; (2) showed distinct characteristics of pneumonia in CT images.

Figure 1 shows the demographics of these admitted patients that 103 cases (47.69%) out of the total number were male patients while female patients occupied 52.31% (113 cases). Depending upon the patient's severity of symptoms, 186 cases (86.11%) and 30 cases (13.89%) are diagnosed with mild and severe symptoms, respectively. By age, patients aged between 41 and 50 are the largest group with 50 cases (23.15%), which is followed by the group 31–40 and the group 60+ accounting for 20.83% (45 cases) each. Patients under the age of 18 and aged 19–30 only make up 5.09% (9 cases) and 11.57% (25 cases), respectively. Moreover, Figure 1d shows the average duration of onset of symptoms to hospital admission. A total of 76 and 20% of the patients were admitted in the first and the second week, respectively, since the onset of the disease. The remaining 4% of the patients developed symptoms after 2 weeks.


[image: Figure 1]
FIGURE 1
 Demographics of the COVID-19 patients contained in the dataset. (a) Severity of disease. (b) Gender ratio. (c) Age group. (d) From onset to admission.


Figure 2 reveals the top 10 clinical manifestations of the 216 patients with COVID-19 infections. As it shows, cough [135 cases (62.50%)], fever [108 cases (50.00%)], and expectoration [68 cases (31.48%)] are reported as the most typical symptoms. It records 53 cases (24.54%) of fatigue and 38 cases (17.59%) of shortness of breath, which are another two common clinical manifestations. In addition, about 35 patients show no symptoms on admission.


[image: Figure 2]
FIGURE 2
 Clinical manifestation of the COVID-19 patients contained in the dataset.




2.2. Multimodal clinical data

During the COVID-19 treatment, numerous patients' clinical data are produced including patients' vital signs, laboratory test results, CT image findings, medical experts' diagnoses, and corresponding treatment plans. Among these clinical data, laboratory test results comprise 11 different categories, which is termed “multimodal” in the context of big data and machine learning. Specifically, the 11 modalities are named blood test, flow cytometry, inflammation, liver function, renal function, blood lipids, glucose, electrolyte, myocardial zymogram and heart failure indicator, coagulation, and arterial blood gas. Each modality contains many laboratory test items. For example, the blood test modality consists of white blood cell count (WBC), red blood cell count (RBC), neutrocyte count (NEUT#), monocytes count (MONO#), lymphocyte count (LYMPH#), etc., and the inflammation modality contains erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and hypersensitive C-reactive protein (hs-CRP), and procalcitonin (PCT).

Table 1 describes the statistical results of the 11 modalities of laboratory tests of the mild group, the severe group, and the total population below:


TABLE 1 Characteristics of multimodal lab test results of the COVID-19 patients contained in the dataset.

[image: Table 1]




3. Summary of notations

All the notations used in this paper are summarized below:

[image: Table4]


4. Problem formulation

Given patients infected by COVID-19 take N rounds of clinical examination and laboratory tests in total during the treatment. In each round, K different modalities of clinical data (e.g., clinical manifestation, blood test, inflammation, liver function, etc.) are collected for disease assessment and prediction. Take the n-th round as an example, the notation X(n) is used to denote the stage-wise multimodal input:

[image: image]

where 1 ≤ n ≤ N and 1 ≤ k ≤ K.

By leveraging the stage-wise multimodal clinical data, X(1), X(2), …, X(n), …, X(N), our goal is to develop a model [image: image] to: (1) assess the disease severity of patients diagnosed with COVID-19, and (2) forecast mild cases who have a high risk of progressing to critical illness. The two tasks share the same network architecture but are trained separately with two different sets of network parameters.

Mathematically, in the disease severity assessment task, it can be expressed as:

[image: image]

where [image: image] is used to denote the obtained result of assessment, [image: image] represents the MMDL model with the parameter Θ that maps the multistage input to the output [image: image].

Similarly, in the disease progression prediction task, it can be written as:

[image: image]

Likewise, [image: image] is the predicted results and [image: image] is the corresponding prediction model with network parameters Φ.



5. Multistage multimodal deep learning model

In this section, we introduce the multistage, multimodal deep learning (MMDL) model in detail. We first illustrate the sequential stage-wise learning framework, then present the feature extraction of the multimodal clinical data at each stage, and finally come to the end-to-end training of MMDL.


5.1. Sequential stage-wise learning

Sequential stage-wise learning and sequence prediction share some common ground, although they are different in some respects. The sequence-to-sequence (seq2seq) model (29, 30) is one of the classical benchmarks in contextual sequence prediction. It transforms one sequence into another sequence, and the context of the decoded sentence is based on the output from its previous contexts.

Motivated by this, we propose the sequential stage-wise learning architecture of MMDL, which is illustrated in Figure 3. As we can see, it meticulously joins the extracted cross-modal latent feature of the previous stage and the current stage, then concatenates the result with the extracted multimodal feature of the next stage sequentially for further processing.


[image: Figure 3]
FIGURE 3
 An illustration of the architecture of the sequential stage-wise learning of the MMDL model.


In the first stage, the model takes the patient demographics D and the initial examination and laboratory test results Z(1) when admitted to the hospital as the model input. It should be noted that D is the extracted latent feature of the patient demographics modality only, and Z is the merged multimodal feature representation across all different modalities of lab test results. How Z is extracted and merged will be justified in the next subsection in detail.

D and Z first multiply with WD and [image: image] respectively, and add together, then pass through the ReLU activation function.

[image: image]

where S(1) is the output of the first stage. WD and [image: image] are the weight matrices, and [image: image] is the bias term. ReLU is short for rectified linear units (31), which can be expressed as ReLU(x) = max(0, x) and is a non-linear activation function.

Then [image: image] multiplies with the weight [image: image] accordingly and adds to the result of the multiplication of Z(2) and [image: image]. Similarly, we can derive the expression of the learning process of the second stage:

[image: image]

in which Z(2) is the extracted cross-modal latent feature of the second stage and [image: image] is the corresponding weight. It should be mentioned that [image: image] is attenuated by multiplying with a decay factor α ∈ [0, 1] because the new round of test results has a direct impact on the predicted results while the influence of the test result obtained long ago weakens as time passes.

Note that the modality of patient demographics is incorporated into the model in the initial stage only since the patient demographics modality contains patients' basic information, like gender and age, that does not change in every round of test.

For the n-th stage (2 ≤ n ≤ N), a more general form can be written as:

[image: image]

Finally, the learned representation of the last stage [image: image] is further fused to get the output vector [image: image]:

[image: image]

and pass it through a multi-class Softmax classifier to get the predicted outcome [image: image].

[image: image]

[image: image] is the output scalar, which is either mild or severe in the first task and not−develop−severe or develop−severe in the second.



5.2. Multimodal feature extraction

As mentioned above, the input to each stage is multimodal lab test results. To address the characteristics of the multimodal input data, we would like to introduce a two-layer multimodal feature extractor conceived by us and the architecture of which is shown in Figure 4. As we can see, the 1st-hierarchy aims to perform intra-modal feature learning and extraction, while the 2nd-hierarchy attempts to perform cross-modal feature fusion.


[image: Figure 4]
FIGURE 4
 An illustration of the architecture of multimodal feature extractor of the MMDL model.


Concretely, in the 1st hierarchy, we build up K (K = 13) independent multilayer perceptron (MLP) neural networks. Each MLP is responsible for extracting the latent feature of a separate input modality, including the patient demographics, clinical manifestation, and 11 other modalities of laboratory test data.

For example, the extracted feature of the k-th modality of the n-th round test can be expressed as:

[image: image]

where [image: image] denotes the extracted latent feature vector of the k-th modality (1 ≤ k ≤ K), and MLP represents the multi-layer fully-connected neural network.

Afterwards, the extracted intra-modal feature vectors of all modalities [image: image] are concatenated:

[image: image]

Finally, the concatenated feature vectors [image: image] are further processed by another MLP to obtain the fused cross-modal feature representation Z(n), which is then taken as the input of the n-th stage of MMDL:

[image: image]
 

5.3. Model training

Before training the model, we have to define the loss function in the first place, which gives the learning objective during the training process. The loss function compares the difference between the predicted results [image: image] and the ground truth labels y given by medical experts, and a smaller value of [image: image] means the model's performance is better. Either the patient disease assessment or the disease progression prediction can be regarded as a classification problem, hence we choose cross-entropy as the loss function, which is widely used in multi-class classification problems:

[image: image]

where j represents the predicted class, and j = {mild, severe} for the disease severity assessment and j = {not − develop − severe, develop−severe} for disease progression prediction. [image: image] is the predicted probability of the class j using Softmax, i.e.,

[image: image]

The notation #class represents the number of classes, and #class = 2 in our settings because there are two results for both the assessment and the prediction tasks.

During the training process, the end-to-end supervised learning is used to train MMDL. Adam optimizer is adopted to backpropagate the calculated loss to the input layer of the model, and all network parameters (weights and biases) are updated through iterative optimization. MMDL is trained two times separately to learn two different sets of network parameters, i.e., Θ and Φ, one for the disease severity assessment and the other for the disease progression prediction.




6. Experiments

In this section, we will present the experimental part of MMDL in detail. We first introduce how we set up the experiment, then the evaluation metrics, and finally present the comparison results for both tasks.


6.1. Experiment setup

In the experiment, we first assess the severity of illness of patients using different numbers of consecutive stages of multimodal inputs (#Multistage Input), then forecast whether patients with mild symptoms will progress to severe illness or not with different prediction steps (Prediction Step). To start with, we assess the severity of illness of patients using the initial exam and lab test data on admission, then identify patients diagnosed with mild symptoms who are prone to develop severe symptoms. Subsequently, we extend it to the scenario of the diesese severity assessment using multistage input, i.e., use multiple successive rounds of clinical test data to assess the disease severity.

In addition, in view of the limited samples contained in the dataset, 10-fold cross validation is adopted, that is, in each round of training, 10% of the cases are randomly selected for testing and the remaining 90% cases are used for training, while in another round, another 10% cases are selected as the test set.



6.2. Evaluation metric

We use a group of evaluation metrics to evaluate the classification performance of MMDL, including accuracy, error rate, precision, recall, and F1 score, which are computed as follows:

[image: image]

where TP, FP, TN, and FN represent True Positive, False Positive, True Negative, and False Negative samples, respectively. The higher the value obtained, the better performance is achieved for all evaluation metrics but the error rate.



6.3. Results
 
6.3.1. Disease severity assessment with different numbers of multistage input

To show the advantage of learning with multistage data, we compare the performance of MMDL using a single stage's inputs (i.e, #Multistage Input = 1) and multiple successive stages' inputs (i.e, #Multistage Input>1) on disease severity assessment (i.e., Prediction Step = 0).

Table 2 shows the obtained results. Accuracy is the proportion of the correctly classified samples (i.e., TP + TN) to the total number of samples, so the mild and the severe groups have the same accuracy, which increases from 96.26% using the current stage inputs only to 98.10% using five consecutive stages' inputs. Precision is the correct predictions (i.e., TP) out of all patients predicted to be infected (i.e., TP + FP), which grows from 97.52% with #Multistage Input = 1 to 98.69% with #Multistage Input = 5, respectively. Recall, which represents the percentage of truly predicted infections (i.e., TP) among all infections (i.e., TP + FN), goes from 98.33 to 99.60%. F1 is the harmonic mean of precision and recall, which is a more balanced evaluation metric to reflect the overall classification results. Moreover, we plot the curve depicting the change of F1 as the increase of the numbers of used multistage input in Figure 5. We can see that in the training phase, the obtained results are all 100% for both the mild and severe groups, which reveals that MMDL fits the training set perfectly. In the testing phase, the F1 score of the mild and the severe groups increases from 0.9792 and 0.8091 by simply taking a single stage's inputs to 0.9890 and 0.9436 by considering all five successive stages' multimodal data, respectively.


TABLE 2 Performance comparison of MMDL model with different numbers of multistage inputs.

[image: Table 2]


[image: Figure 5]
FIGURE 5
 The change of the F1 score of MMDL model as the increase in the number of multistage inputs of the mild group (left) and the severe group (right).




6.3.2. Prediction of disease progression with different prediction steps

In this subsection, we would like to forecast progression from mild to severe COVID-19. First, it gives a brief introduction to the labels of the dataset. Medical experts assess patients' status after every round of the exam and lab test, which is treated as the ground truth labels of the prediction task of that stage. We set Prediction Step = 1 if we want to predict the patient's condition after the next round's test, and Prediction Step = 4 if we predict the patient's situation four stages ahead.

Table 3 describes the predicted results as the increase of the PredictionStep. The accuracy, precision, and recall of the mild group are 96.26, 97.52, and 98.33%, respectively, when Prediction Step = 0, then gradually decrease to 93.44, 95.74, and 97.12% when predicting the state of the illness of patients four stages away from now (Prediction Step = 4). For the severe group, these figures start from 96.26, 84.12, and 77.94%, then drop rapidly and finally stop at 93.44, 48, and 36.36%, respectively. Figure 6, left, right plot the curves of the F1 score of the mild-to-mild and mild-to-severe progressions as the increase of Prediction Step. In the testing phase, the F1 of the mild-to-mild incidence decreases from 0.9792 (Prediction Step = 0) to 0.9653 (Prediction Step = 4) gradually. But the situation worsens when predicting progression from mild to severe COVID-19 that F1 begins at 0.8091 (Prediction Step = 0), then declines dramatically to 0.5957 (Prediction Step = 1) and 0.5098 (Prediction Step = 2), then continues to decrease and finally stops at 0.4137 for Prediction Step = 4.


TABLE 3 Performance comparison of MMDL model with different prediction step.

[image: Table 3]
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FIGURE 6
 The change of the F1 score of the MMDL model as the increase of the prediction step of the mild group (left) and the severe group (right).




6.3.3. The ROC and AUC of disease severity assessment and prediction of disease progression

Figure 7 shows the receiver operating characteristic (ROC) and the area under the curve (AUC) of disease severity assessment (left) with #Multistage Input = 1 and Prediction Step = 0 and prediction of disease progression (right) with #Multistage Input = 1 and Prediction Step = 4. An ROC curve is a graph showing the performance of a classification model at different classification thresholds. The x-axis is FPR (False Positive Rate) which is calculated as [image: image], and the y-axis is TRP (True Positive Rate), also known as recall, which is computed as [image: image]. Lowering the classification threshold classifies more items as positive, thus increasing both False Positives (FP) and True Positives (TP).


[image: Figure 7]
FIGURE 7
 Diagrams of the ROC and AUC of the disease severity assessment (left) and the disease progression prediction (right).


As Figure 7 (left) illustrates, the blue and red curves represent the ROC of the mild group and the severe group, respectively, and the green curve is the arithmetical average of them. The blue curve approaches the top-left corner, which means the MMDL model is a good classifier for distinguishing mild cases out of all infections. The classification result of severe cases is worse than that of the mild cases as the red curve is not as steep as the blue one in the beginning until FPR equals around 0.3, then the red curve approaches the blue one. In the right subfigure of Figure 7, it shows the ROC and AUC of patients' progression from mild to severe infection (denoted by the light blue curve) and of the ones that deteriorate (denoted by the red curve). As the figure shows, the achieved results of the MMDL model for predicting disease progression are not as good as those for assessing the patient's status. We can observe a distinct plateau region in Figure 7, right where both the blue and red curves do not go up. It means the MMDL model has difficulty distinguishing between the one developing and not developing severe symptoms when 0.2 ≤ FPR ≤ 0.7.



6.3.4. The impact of multimodal deep learning on the performance of the MMDL model

To show the advantages of multimodal learning for feature extraction and fusion across different modalities of clinical data, we compare the performance of the complete MMDL model with multimodal inputs and the reduced models with separate single-modal inputs only in the testing phase.

Figure 8 (upper) and (middle) compare MMDL using the latest round of exam and lab test results as the model input (Multistage Input = 1 and PredictionStep = 0) and leveraging the last five consecutive rounds of test data (Multistage Input = 5 and PredictionStep = 0). As we can see, the overall performance of the MMDL model for assessing the mild group exceeds that of the severe group by a large margin regardless of using single-stage or multistage inputs. Noted that the performance gain is limited for the mild group, particularly for #Multistage Input = 1, but significant for the severe group, which grows at least 15% for both #Multistage Input = 1 and #Multistage Input = 5.


[image: Figure 8]
FIGURE 8
 Performance comparison between MMDL model with multimodal input and reduced cases with separate single-modal inputs with different #Multistage Input and Prediction Step.


Figure 8 (lower) depicts the bar chart of the F1 score for forecasting a patient's condition four stages away from now (Prediction Step = 4). From the diagram, we have the following observations: the achieved F1 score is good for mild-to-mild but, to some extent, terrible for mild-to-severe incidence prediction. It reveals the false-negative rate of the mild-to-severe incidence prediction is high, that is, samples are more prone to be classified as not developing severe symptoms. Nevertheless, MMDL predicting with multimodal inputs outperforms reduced models using any single-modal clinical data, which validates the superiority of multimodal learning. Furthermore, it is worth pointing out that among all modalities, inflammation, liver function, blood lipids, and arterial blood gas reach much higher F1 than any other modality. Hence, further explorations need to be conducted to discern the effective biomarkers within these modalities, which can be treated as signs to discriminate between mild cases developing and not developing severe symptoms.





7. Discussion

We notice that in the disease severity assessment task, MMDL's classification performance in the severe group is not as good as the mild group irrespective of using single-stage or multistage inputs. Similar observations are made in the disease progression prediction task as well that the prediction results of the mild-to-severe incidence fall far behind the mild-to-mild incidence. From our perspective, the reasons for this are twofold: (1) The patient samples contained in the dataset are quite limited for clinical data analysis and model development. We are only authorized to use these 200+ samples legally that pass the review of the ethics committees (RECs). However, ethics and compliance are extremely important in clinical research, and samples that fail to pass RECs are strictly forbidden to use; (2) What makes the situation even worse is the imbalanced distribution of patient samples (only 30 severe cases). As a result, it is insufficient to learn the characteristics of the patients of the severe group and the transition from mild to severe symptoms.

Besides the small sample learning, another challenge is that patient samples contained in the dataset were collected during the first wave of the pandemic, and the pre-trained model may no longer take effect as the virus has evolved to the Omicron variant in 2022. To address the challenge, we have deployed the prototype of MMDL in Chongqing Public Health Center, China, to validate the effectiveness of MMDL when facing new variants of COVID-19. Alongside model testing, we also collect new patient samples and attempt to train MMDL using new samples incrementally. Furthermore, to test the MMDL's availability in other chronic diseases, we are extending it to epilepsy prediction characterized by many follow-ups.

Another observation is that MMDL using multiple sequential stages' exam and lab test data outperforms the current stage's data in disease severity assessment. In particular, the latest three rounds' inputs dominate the assessment results, and history long ago has little influence on the model's output. Moreover, in predicting the disease progression, we can observe prediction results deteriorate as Prediction Step increases. It is because, according to our point of view, biomarkers show no significant abnormality to discriminate whether patients will turn for the worse in the distant future.

Also, experimental results validate multimodal feature extraction and fusion can provide complementary information to single-modal feature learning. Another interesting finding reveals that either in assessment or prediction, merely leveraging the modality of inflammation, liver function, or blood lipids data, etc., overwhelms any other single-modal input. It suggests that some test items in the inflammation modality and the liver function modality, such as C-reactive protein (CRP), hypersensitive C-reactive protein (hsCRP), γ-glutamyltransferase (GGT), and Albumin (ALB), are potential biomarkers in distinguishing COVID-19 infections.



8. Conclusion

In this paper, we have conceived and implemented a multistage, multimodal deep learning (MMDL) model to assess the disease severity and forecast the disease progression of patients with COVID-19. In summary, the novelty of MMDL embodies sequential stage-wise learning with multimodal inputs. MMDL shows the advantage of studying whole courses of the disease compared to single-stage learning. Also, mining the multimodal clinical data can provide significant performance gains over using single-modal data only. Some potential biomarkers have been identified in the control experiment, such as C-reactive protein (CRP) and hypersensitive C-reactive protein (hsCRP) of the inflammation modality, and γ-glutamyltransferase (GGT) and Albumin (ALB) of the liver function modality. A strong correlation is seen between these potential biomarkers and the assessment/prediction results. In addition, we have deployed the prototype of the MMDL model in Chongqing Public Health Center, China, to test MMDL's robustness to the new variants of COVID-19 and collect more clinical data for further incremental training.
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Introduction: Due to its high transmissibility and immune escape, Omicron subvariant BA.5 has become the dominant strain of the SARS-CoV-2 virus and led to escalating COVID-19 cases, how to cope with it becomes an urgent issue. A BA.5 infection surge burst out on 18 June 2022 and brought an unprecedented challenge to Macau, the most densely populated region worldwide. This study aimed to analyze the characteristics of this outbreak and summarize the useful anti-epidemic measures and experiences during this outbreak.

Methods: All data were obtained from the Government Portal of Macao SAR (https://www.gov.mo), and the Special Webpage Against Epidemics, the Macao Health Bureau (www.ssm.gov.mo). An epidemiologic study was performed to analyze epidemic outcomes, including the infection rate, the proportion of symptomatic cases, the case fatality ratio (CFR), etc. Data were analyzed using SPSS Version 20. A p-value <0.05 was considered statistically significant. The anti-epidemic measures and experience were reviewed and summarized.

Results: The BA.5 outbreak resulted in 1,821 new cases, which was significantly more than the cumulative cases of the previous variants of COVID-19 in Macau. The symptomatic cases accounted for 38.71% of the total cases, which was higher than that of the previous variants. After 6-week concerted efforts, Macau effectively controlled the outbreak, with an infection rate of 0.27%, which was much lower than many BA.5-attacked regions. The CFR was approximately 0.86%, which was not statistically different from that of previous variants. Six victims were chronically ill senior elders and their vaccination rate was much lower than the average level. Macau took a comprehensive anti-epidemic strategy to win a quick victory against BA.5, especially the “relatively static” strategy that was first formulated and applied by Macau for the management of the COVID-19 pandemic. Successful experience showed that although BA.5 was highly contagious, it could be contained by comprehensive anti-epidemic measures, including adequate anti-epidemic preparation, herd immunity through vaccination, repeated mass nucleic acid tests and rapid antigen tests, KN-95 mask mandate, the “relatively static” strategy, precise prevention and control, epidemiological investigation and tracing, and traditional Chinese medicine treatment, etc.

Discussion: In Macau, compared with the previous subvariants, BA.5 is associated with increased transmissibility and a higher proportion of symptomatic cases, however, the risk of death remains similar, and the infection rate is much lower than that in many other BA.5-attacked regions. BA.5 is highly contagious but still containable, Macau's experience may offer hints for the regions experiencing the BA.5 waves to choose or adjust a more rational anti-epidemic strategy.

KEYWORDS
 successful experience, Macau, Omicron subvariant BA.5, “relatively static” strategy, anti-COVID-19, containable


1. Introduction

The BA.5 variant of Omicron was first detected in February 2022 in South Africa (1, 2). Currently, it has been spreading rapidly throughout the world and leads to a significant rise in new cases and health concerns amid the ongoing wave of the COVID-19 pandemic (2, 3). Compared with previous variants (including the Alpha, Beta, Gamma, and Delta variants of SARS-CoV-2, and the BA.1, BA.2., BA.3, BA.4 lineages of Omicron, etc.) (4–7), the latest BA.5 variant is better at evading the immune system and has become the most easily transmissible variant to date (5, 8). It has gradually become the dominant strain of the SARS-CoV-2 virus in many parts of the world and has been associated with the rapidly escalating COVID-19 cases and hospitalizations.

In the U.S., BA.5 has accounted for an estimated 80% of new cases (around 100,000/day), and the number continues to grow (9, 10). The coronavirus hospitalization rate in New York has boomed by 70% in the past month (11). In Europe, the rapid spread of Omicron subvariants (BA.4 and BA.5) has also contributed to a summer surge of COVID-19. New cases have tripled and the hospitalization rates doubled over the past 6 weeks. New cases rose to 3 million in a week, accounting for nearly 50% of global new cases. There will be nearly 3,000 COVID-19 deaths every week due to the rising infection rate in older groups (12, 13). BA.5 is more than four times as vaccine-resistant as its predecessors and appears to be able to infect individuals who have been previously vaccinated and boosted against COVID-19 or have been previously infected with COVID-19 or even both. Due to the characteristics of BA.5 with strong concealment and fast transmission speed, how to cope with it becomes an urgent issue (11–15).

On 18 June, a new outbreak of COVID-19 occurred in Macao Special Administrative Region (SAR), China. As of 28 July, a total of 1,821 new COVID-19 cases have been recorded. Fortunately, adhering to the principles of scientific and precise prevention and control, Macau took a series of timely and effective anti-epidemic measures in response to epidemic changes (16). After 5-week concerted efforts, the spread of the most transmissible variant of COVID-19 has been effectively minimized, the outbreak has been successfully controlled, approaching the ultimate goal of “dynamic zero-COVID-19 strategy” in the community (17).

The COVID-19 Omicron subvariant BA.5.1 was the culprit of this largest spike in infections since the emergence of COVID-19 in Macau. To the best of our knowledge, so far, Macau is the first region in the world that took the “relatively static” control measures and active anti-epidemic strategy to win the battle against the BA.5 epidemic in a very short period (40 days), thus keeping the epidemic under control and resuming the normal socioeconomic activities as soon as possible, successful experience from Macau shows that timely and effective anti-epidemic measures, especially the “relatively static” strategy, may offer hints about the future prevention and control of the BA.5 subvariant, although BA.5 is highly contagious, insidious, and daunting, it can be contained (18).



2. Methods

All data were obtained from the Government Portal of Macao SAR (https://www.gov.mo), and the Special Webpage Against Epidemics, the Macao Health Bureau (www.ssm.gov.mo).

An epidemiologic study was performed to analyze the outcomes of the epidemic, including the infection rate of the total population, the proportion of symptomatic cases or asymptomatic cases, and the case fatality ratio among the total BA.5 subvariant cases, etc. The differences between BA.5 and the previous variants were compared. Data were analyzed using SPSS Version 20. A p-value < 0.05 was considered statistically significant. The anti-epidemic measures and experience from Macau during this outbreak of the BA.5 subvariant were reviewed and summarized.



3. Results


3.1. The facts of Omicron subvariant BA.5 in Macao SAR

In the past 2½ years, the cumulative number of COVID-19 cases in Macau was only 335 (the total population: 683.2 thousand), but a BA.5 infection surge burst out on 18 June 2022, resulting in 1,821 new cases, with six deaths, as of July 28 when the last positive case of this outbreak was reported (Figure 1) (17), which was significantly more than the cumulative cases of the previous variants of COVID-19 in Macau, suggesting that BA.5 is more transmissible than the previous subvariants. The symptomatic cases accounted for 38.71% of the total BA.5 subvariant cases, which was higher than that of the previous variants of COVID-19 (SARS-CoV-2 virus, Delta variant, Alpha variant, Omicron BA.1, etc.; 25.67%) in Macau (Table 1) (17). The COVID-19 vaccination rate in Macau was 90.04%, and most positive cases were fully vaccinated, but still infected with BA.5. The facts of Omicron subvariant BA.5 in Macau are consistent with its known characteristics: more transmissible and immune-evading, even people who are fully vaccinated are likely still at risk for BA.5.


[image: Figure 1]
FIGURE 1
 Cumulative positive cases during the BA.5 subvariant COVID-19 outbreak in Macau (data from the news bulletin of the Macao Health Bureau, was last updated on July 29, 2022).



TABLE 1 Clinical outcomes of the positive cases with BA.5 or previous subvariants.

[image: Table 1]

The Case Fatality Ratio (CFR) of the BA.5 subvariant of COVID-19 was ~0.86%, which was not statistically different from that of previous variants, suggesting that the risk of death seemed similar between the BA.5 and previous variants (Table 1) (17). All six victims of the BA.5 subvariant were chronically ill senior elders (over 88 years old) and their vaccination rate was much lower than the average level (Table 1) (17). All the patients had a history of chronic diseases, such as heart and lung diseases, brain degeneration, fractures, hyperlipidemia, stroke, and other chronic underlying diseases (Table 2). The facts reminded us again that chronically ill elders are the most vulnerable population during the pandemic and they need focused protection and should get vaccinated or boosted as soon as possible.


TABLE 2 The characteristics of six COVID-19 victims.
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3.2. Successful experience from Macao SAR

In response to this epidemic, the Macao SAR government assessed the epidemic development scientifically and adopted a series of comprehensive measures to combat the pandemic, meanwhile keeping the balance between minimizing the virus transmission and ensuring the socio-economic operation and the essential living needs of residents (17). BA.5 brought an unprecedented challenge to Macau, the most densely populated region worldwide. Fortunately, after 6-week concerted efforts, Macau effectively controlled the outbreak, with an infection rate of 0.27% (1,821/6,832,000), which was much lower than that in some BA.5-attacked regions, such as the US and Europe (9–13). Macau took a comprehensive anti-epidemic strategy to win a quick victory against BA.5, especially the “relatively static” strategy that was first formulated and applied by Macau for the management of the COVID-19 pandemic. Macau won the battle against the BA.5 epidemic in a very short period (40 days). Successful experience shows that although BA.5 is highly contagious, it can be conquered by comprehensive anti-epidemic measures, including adequate anti-epidemic preparation, herd immunity through vaccination, repeated mass nucleic acid tests and rapid antigen tests, KN-95 mask mandate, the “relatively static” strategy, precise prevention and control, epidemiological investigation and tracing, etc. The comprehensive measures are as follows, and are roughly summarized in Table 3 and Figure 2 (17).


TABLE 3 The comprehensive measures dynamically adjusted by Macau to combat the pandemic.

[image: Table 3]
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FIGURE 2
 Daily positive cases and dynamically adjusted measures during the BA.5 subvariant COVID-19 outbreak in Macau (data from the news bulletin of the Macao Health Bureau, last updated on July 29, 2022).



3.2.1. Adequate anti-epidemic preparation in advance

In case of a large-scale outbreak, the SAR government keeps promoting the precise prevention and control level through science, continuously perfecting anti-epidemic measures, and making adequate preparation in advance. In April 2022, the SAR government prepared and formulated a 118-page “The Contingency Plan Regarding Large-scale COVID-19 Outbreak” to enact a full and rapid deployment and response in case of a large-scale COVID-19 outbreak in Macau (16). The Contingency Plan was released to the public in different languages, and drills were organized, therefore, when the BA.5 epidemic burst out, the well-prepared government, health professionals, social organizations, volunteers, and residents could respond calmly, quickly, and methodically.

Besides, the SAR government prepared and provided free adequate anti-epidemic supplies and services, such as the efficient citywide nucleic acid testing (NAT) capability, sufficient isolation and treatment facilities, information and communication outlets, epidemiological tracing capacity, the KN-95 masks, rapid antigen test (RAT) kits, etc., which laid a solid foundation for the victory in fighting the epidemic.



3.2.2. High COVID-19 vaccination rate

The WHO goal was to achieve 70% COVID-19 immunization coverage by June 2022, which remains a daunting challenge due to limited vaccine supply to some regions (19). In Macau, the COVID-19 vaccination rate has reached 90.04%, and over 86% of residents have received a second COVID-19 booster shot (20), indicating that Macau residents have achieved herd immunity against COVID-19 before this BA.5 outbreak, which might be one of the important reasons why most infected cases during the outbreak were asymptomatic (61.39%), there were very few hospitalizations or severe cases, and only six victims. The six victims were chronically ill senior elders (over 88 years old) and 4 of them did not get vaccinated (Tables 1, 2). These facts were consistent with the previous findings, although BA.5 is more adept at slipping past immune defenses, vaccination is still the best way to reduce the risks of infection, hospitalization, severe illness, and mortality (21).

Common side effects of the COVID-19 vaccines and statistics of Adverse Events Following Immunization (AEFIs) in Macau were presented in Tables 4, 5. The vaccines have succeeded in preventing severe disease or death, but more novel next-gen COVID-19 vaccines are still necessary for keeping people from catching and spreading the virus because SARS-CoV-2 has become more contagious and it is evolving to dodge the vaccines (7, 22, 23).


TABLE 4 Statistics of Adverse Events Following Immunization (AEFIs).
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TABLE 5 Rate of Adverse Events Following Immunization reported (per 1,000 doses).
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3.2.3. The efficient citywide nucleic acid test (NAT) capability

The SAR government kept improving the NAT capacity, the efficient mass NAT capability ensured that each round of citywide NATs for about 680,000 residents could be implemented every 2 days (usually in 36 h) (16, 17). Anyone who refused to take the NAT test would be sent to medical observation for 14 days. Vast numbers of volunteers and civil servants in Macau have participated in the epidemic prevention work with selfless dedication, residents and different sectors of the society have actively cooperated, and frontline anti-epidemic staff have been committed to their duties and responsibilities without complaint. The support of 650 samplers from mainland China significantly enhanced Macau's NAT capability (17).



3.2.4. KN-95 masks

The SAR government distributed KN-95 masks to all residents and it was a mandatory demand that members of the public should wear a KN95 mask at all times when going out or at workplaces (24). KN95 Masks can filter 95% or more airborne particles, a higher filtration rate for fine particles as compared with surgical masks, thus providing sufficient protection against the SARS-CoV-2 Omicron variant (25).



3.2.5. Daily rapid antigen test (RAT)

All people in Macau were required to take RATs every day and report the result via the “Macau Health Code app” (26). Self-RAT at home could reduce the mobility of people, the risk of transmission in the community, and the burden on medical and public health services. If the test result was declared as positive, the health code would be converted to a “red code,” one should call an ambulance to undergo a NAT as soon as possible. In addition, if one had a positive RAT, his/her roommates were not allowed to go out, and a nucleic acid test would be arranged for all of them by the authorities (26).



3.2.6. Precise prevention and control by zones and levels

Macau abided by a “zone-specific, multi-level targeted approach to epidemic prevention and control,” classified buildings with positive cases as medium or high-risk areas, and promptly implemented precise prevention and control measures according to the levels of risk. Areas were classified as “red-coded zones” and “yellow-coded zones,” with a tentative quarantine period of 7 days. Comprehensive restriction and closure management were implemented. The government catered to the daily living needs of people in the red- or yellow-coded zones (27).



3.2.7. The “relatively static” control measures

In the mainland of China, a strict lockdown plays a crucial role in the successful control of serious outbreaks of the pandemic, however, which demands huge manpower to ensure that every household in the lockdown areas gets the supply of the necessaries of life, and the precise street- or community-based committees are essential at the operation level. Similar to most countries or regions, Macau lacks the logistics support capacity, and it was almost impossible to implement a strict lockdown in Macau. Therefore, when the proportion of community infections remained high, the SAR government took the “relatively static” control management in the third stage, intending to prevent the wide spread of BA.5 in communities (17, 18).

The “relatively static” strategy (or a relative lockdown) was a unique anti-epidemic measure that Macau adopted according to its situation (a strict lockdown was impossible), which played a key role in the control of the BA.5 outbreak in Macau, measures were adopted to reduce unnecessary movement and gathering of people, to break the chains of virus transmission as soon as possible, and create necessary conditions for achieving “dynamic zero-COVID-19.” With the region-specific approach, the lockdown area was defined as small as possible, usually limited to buildings, and the residents outside of the lockdown area were ordered to stay home when community infections rapidly increased, while short trips for essential services, necessaries of life were allowed, for example, going to supermarkets or drugstores for daily necessities or medicines when necessary, thus keeping the balance between adopting rigorous pandemic measures and satisfying the basic demands of residents (17, 18).

The implementation of the “relatively static” measure inevitably brought some inconvenience to normal work and life. But, almost all residents could fulfill their civic responsibility, and strictly comply with the relevant laws and regulations on epidemic prevention, contributing to fighting against the epidemic. Since the implementation of “relatively static” management measures on 9 July, the number of new daily positive cases was gradually decreasing, with 10 cases on July 18, 2022. These results suggested that the “relatively static” measures were effective, contributing to achieving the “dynamic zero” goal (17, 18).



3.2.8. The efficient epidemiological investigation and tracing capacity

Macau continues to reinforce and upgrade the epidemiological investigation and tracing capacity, including establishing and perfecting the epidemiological contact tracing database, recruiting and training epidemiological investigation staff, rolling out the “Macao Health Code” Mobile App to receive NAT or RAT reports and record itinerary and risk assessment, posting venue QR codes for residents to scan upon entering to record their itineraries, enhancing the collaboration with the neighboring areas, thus tracing the contacts of any positive cases and its source of infection, determining the chain of infection and risk sites, making recommendations on public health measures, and arranging further examination for various risk groups (17, 18).



3.2.9. Traditional Chinese medicine (TCM) treatment

Evidence-based medicine has confirmed that TCM combined with western medicine may have clinical advantages for COVID-19 patients, such as alleviating symptoms, improving prognosis, etc. (28, 29). WHO Expert Meeting on Evaluation of TCM in the Treatment of COVID-19 recommended Member States consider the potential use of TCM for the management of COVID-19 (29). During this outbreak, the TCM practitioners actively volunteered to participate in the Chinese Medicine Anti-epidemic Team and provided consultations and guidance to the residents. Two hundred and seventy-five TCM practitioners participated in the treatment process and gave medication guidance. Finally, 74.14% (1,500/1,821) positive cases including some foreign nationals chose to receive TCM treatment and took Chinese patent medicines (30), Chinese patent medicines including Lianhua Qingwen capsules (29) and Huoxiang Zhengqi soft capsules / oral solution (31, 32) were most commonly prescribed for the patients based on their consent, which greatly facilitated to improve symptoms and promote recovery (28–32). Two hundred and sixty-eight out of the 408 (67%) foreign patients also chose to receive TCM treatment.





4. Discussion and conclusion

The mutations of novel variants facilitate the virus to dodge the immune of individuals with either vaccination or previous infection, the emergence of new variants, such as BA.5, has posed an increased risk to global public health (15, 33). Macau is the most densely populated region in the world, and the highly contagious Omicron subvariant BA.5 posed an unprecedented challenge to the prevention and treatment of COVID-19 in Macau. Macau could not choose to “lie flat” policy, on the other hand, it was extremely difficult for Macau to enforce a strict lockdown.

Since the pandemic broke out, divides have emerged about the right path out of COVID-19 (34). Currently, most countries have chosen to co-exist with coronavirus, or so-called “lying flat,” which means that epidemic control measures are relaxed, mask mandates, mass COVID-19 testing, social distancing, or quarantine is not required. But, along with the worldwide spread of BA.4 or BA.5, many countries or cities are seeing rapid spikes in COVID-19 cases, globally, there are over 6,700,000 new cases and 12,000 deaths in a week (35). Easing coronavirus policies is one of the reasons for the surge of COVID-19 new cases and hospitalizations in the relevant regions. WHO Director-General Tedros Adhanom Ghebreyesus recently expressed his concern that many countries are drastically reducing epidemic control measures (36).

According to their own situation, a few countries/regions think “lying flat” policy may bring disaster to vulnerable populations and overwhelm the healthcare system, therefore they choose to hold on to the “dynamic zero-COVID-19 strategy” goal, which is usually achieved by the strict lockdown measures, but, it is very difficult to enforce a strict lockdown and may cause counterproductive damage to the economy and living of the public (17).

Successful experience from Macao SAR indicates that Omicron subvariant BA.5 is highly contagious but still conquerable, which can be prevented and controlled by comprehensive measures including adequate preparation, vaccination, mass NAT and RAT, KN-95 masks, precise prevention and control, epidemiological investigation and tracing, TCM treatment, etc. Among them, the “relatively static” strategy is crucial for the success of epidemic control in Macau and may provide a new choice for the global fight against subvariant BA.5, the “relatively static” strategy is a middle way between “lying flat” and lockdown, aiming to strike a balance between pandemic control and enabling residents to live normal lives. The “relatively static” strategy is a unique anti-epidemic measure that Macau took according to its situation and based on the experience of other regions, and it has been proven as effective as a strict lockdown to achieve “dynamic zero-COVID-19 strategy-19” in the community even in a COVID-19 spike caused by the most contagious Omicron BA.5 (17, 18). Macau's experience may offer hints for the regions experiencing the BA.5 waves. The regions experiencing the latest variant waves may be encouraged and inspired by Macau's success and experience, thus choosing or adjusting a more suitable strategy.

Considering that the emergence of the latest Omicron variants has caused a serious situation, and the rapidly spreading viruses have chances to mutate into possibly more devastating variants, it might be necessary for regions that already removed their anti-pandemic measures to reflect and re-evaluate their COVID-19 policies. On the other hand, increasing evidence has suggested that the Omicron variants appear to be more contagious but less deadly than other lineages of the virus, with the potential decrease in toxicity of new Omicron variants and the increasing COVID-19 vaccination rate, in the long run, for those regions that hold on to a strict lockdown policy, there is also a need or a tendency to gradually relax the strict measures, thus promoting the recovery of the normal socioeconomic activities and international exchanges, but it must be a long process of exploration, Macau's experience also provides some perspective for these regions in decision-making on the strategy against the pandemic.
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Introduction: Governments and public health authorities across many jurisdictions implemented social (physical) distancing measures to contain the spread of the 2019 novel coronavirus disease (COVID-19). Adherence to these measures is variable and likely influenced by various factors. This study aimed to 1) identify the individual sociodemographic, COVID-19 and social distancing related, and psychological determinants of social distancing adherence, and 2) explore regional differences in social distancing adherence in the United States (U.S.) and English-speaking Canada based on each region's discrepant response to social distancing restrictions.

Methods: A web-based repeated cross-sectional survey was conducted in 4,942 English-speaking participants from the four most populous U.S. states, specifically New York, California, Texas, and Florida, and Canada (www.covid19-database.com). The study was conducted at two timepoints, from May 1 to 5, 2020 (n = 1,019, Canadian participants only) and from July 6 to 10, 2020 (n = 3,923). Separate univariate models were computed for individual sociodemographic, COVID-19 and social distancing related, and psychological determinants of social distancing adherence. To determine the total variance explained, a univariate analysis including all of the determinants was performed. Regional differences in social distancing were compared between the four U.S. states and Canada, and between the U.S. as a whole and Canada.

Results: Adherence to social distancing was higher in May (mean = 4.4/5.0±0.7) compared to July (mean = 4.3/5.0±0.7) [t(4940) = 6.96, p < 0.001], likely a reflection of relaxing restrictions. There were no regional differences in adherence. Sociodemographic, COVID-19 and social distancing related, and psychological determinants explained 10, 36, and 23% of the variance of social distancing adherence, respectively. Higher perceived seriousness of COVID-19 [β (SE) = 0.39 (0.01), p < 0.001, partial η2 = 0.22], lower risk propensity [β (SE) = −0.15 (0.01), p < 0.001, partial η2 = 0.06], germ aversion [β (SE) = 0.12 (0.01), p < 0.001, partial η2 = 0.03], age [β (SE) = 0.01 (0.00), p < 0.001, partial η2 = 0.02], and greater social support [β (SE) = 0.03 (0.00), p < 0.001, partial η2 = 0.02] had the largest effects on social distancing adherence.

Conclusion: Public service initiatives to emphasize the serious consequences of infection and targeted interventions toward certain sociodemographic groups, such as younger adults and vulnerable individuals in greater need of social support, may help enhance the public's adherence to social distancing measures during subsequent waves of COVID-19 and future pandemics.
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  COVID-19, pandemic, social distancing adherence, disease prevention, survey, infection prevention and control, sociodemographic determinants, psychological determinants


Introduction

The 2019 novel coronavirus disease (COVID-19) was first identified at the end of 2019 in stallholders working at the South China Seafood Market in Wuhan, a city in the Hubei Province of China. On December 31, 2019, Chinese authorities alerted the World Health Organization (WHO) of an outbreak of a novel coronavirus. The first confirmed cases of COVID-19 were reported in the United States (U.S.) and Canada in January 2020 (1, 2). In March, the WHO characterized the COVID-19 outbreak as a pandemic. As of May 1, 2020, there were 3 million cases of COVID-19 and 224,172 deaths attributable to COVID-19 globally. Two months later, as of July 1, 2020, the global number of cases and deaths increased to 10 million and 508,055, respectively (3).

Government agencies around the world had advised social (physical) distancing and other infection prevention and control measures to prevent the transmission of COVID-19 (4, 5). These included public gathering bans, school and nonessential business closures, and advisements to maintain physical distance from non-household contacts. These interventions are considered essential to ‘flatten the curve’ (6). The aim of flattening the curve is to avoid overwhelming the healthcare system (7), as occurred in Lombardy, Italy and New York City, U.S. If enacted early, through a coordinated response among public agencies, and with cooperation of the population, mortality attributable to the pandemic can be reduced (6, 8). By pushing cases into the future, social distancing measures allow more time for the creation of additional healthcare infrastructure and the development and testing of antiviral drugs and vaccines.

There is evidence that social distancing measures have been effective in countries that enacted epidemic control measures in a timely manner (Supplementary Figure 1) (9). Prolonged or intermittent social distancing is required to mitigate further transmission of COVID-19 until the adequate dissemination of vaccines (10, 11). Lessons from past pandemics indicate that relaxing social distancing leads to an increase in cases of infection, and that the rate and number of cases is proportional to implementation delays in social distancing restrictions. Communities that enacted prolonged social distancing fared better than those that withdrew social distancing prematurely (6, 12).

Although these measures are advised by the leading health authorities around the world, including the WHO and U.S. Center for Disease Control and Prevention (CDC), other potent factors influence the political decision to maintain or relax social distancing restrictions. Specifically, the economic impact of “nonessential” business closures weighs heavily on the minds of policy decision-makers and is the rationale for loosening restrictions (13, 14). Many jurisdictions have made allowances for some businesses to be reopened and small gatherings permitted. A resurgence of cases may halt or reverse the phased relaxation of government mandated restrictions (15). Additionally, some members of society may oppose social distancing restrictions, for example, by minimizing the seriousness of COVID-19, and in turn, not adhere to infection prevention measures (16), which may undermine the public health response.

With the increase in new COVID-19 cases and deaths around the world, and given the evidence in favor of extended social distancing measures to reduce morality (6), it is important to identify the determinants of social distancing adherence. A scoping review carried out in 2021 that incorporated 84 studies investigating the determinants of social distancing adherence found that “Environmental Context and Resources” and the “Person X Environment Interaction” were the two most coded constructs identified (17). The former refers to a broad category that depicts a person's situation, such as their economic status, their demographic characteristics, the severity of the pandemic in their locality, and the specific public health policies, while the latter represents the interaction between participants' demographic characteristics or personality traits and their environment. Other frequently coded constructs include “Beliefs about Consequences,” “Emotion,” and “Social influence” (17). Another systematic review that included 28 studies about the barriers to social distancing adherence identified several individual and community level factors. Individual level factors included lacking trust in government and authority, knowledge or misconceptions about the disease, and perceived lack of threat of COVID-19 (18). Additional influences identified by this review that might hinder social distancing adherence included financial hardship, dependence on social networks and support systems, and social-cultural norms (18). Both reviews highlighted the influence of individual sociodemographic and psychological factors on adherence to social distancing restrictions.

This study aimed to add to the literature investigating the determinants of social distancing adherence. Specifically, the study intended to: (1) identify the individual sociodemographic, COVID-19 and social distancing related, and psychological determinants of social distancing adherence, and (2) explore regional differences in social distancing adherence in the U.S. and English-speaking Canada. We hypothesized a higher degree of adherence to social distancing in New York, California, and Canada compared to Florida and Texas based on each region's discrepant response to the public health recommendations at the time of the study (19).



Methods


Data collection

Responses from a web-based repeated cross-sectional survey were collected from 4,942 participants 18 years of age or older from the most populous U.S. states, including California, New York, Texas, and Florida, and English-speaking Canada (www.covid19-database.com). The survey was conducted from May 1 to 5 (n = 1,019) and from July 6 to 10, 2020 (n = 3,923) (Figure 1). Responses from the U.S. were collected in July only. Our target sample was quota controlled for age. All participants provided written informed consent. Information regarding survey development and quality-control can be found in Supplementary material 1. All participants provided written informed consent prior to starting the survey. The study was approved by the Centre for Addiction and Mental Health's Research Ethics Board.


[image: Figure 1]
FIGURE 1
 Weekly number of new confirmed COVID-19 cases per million people in the United States and Canada. The survey data was collected from May 1 to 4, 2020 (n = 1,019) and from July 6 to 10 (n = 3,923). Source: COVID-19 Data Repository by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (20) via Our World in Data.




Measures

We developed the Social Distancing Adherence Scale based on recommendations from the WHO, CDC, and Public Health Agency of Canada (5, 21, 22). The scale consists of 6 items each assessed using a Likert scale, from “1, Never” to “5, Always” (Supplementary material 2). A summary score was calculated to assess the degree of social distancing adherence. The scale items had high internal consistency (Cronbach's alpha = 0.90).

Participants provided sociodemographic information and completed a battery of measures including: Citizen Trust in Government Organizations' Scale (CTGO) (23), Risk Propensity Scale (RPS) (24), Perceived Vulnerability to Disease Questionnaire (PVD) (25), Multidimensional Iowa Suggestibility Scale (MISS) (26), Duke University Religion Index (DRI), religiosity/spirituality subscale (27), Ten-Item Personality Inventory (TIPI) (28), Vaccine Attitude Examination (VAX) (29), Holistic Complementary and Alternative Medicine Questionnaire (HCAM) (30), Brief Locus-of-Control Scale (LOC) (31), General Trust Scale (GTS) (32), Authority Behavior Index (ABI) (33), Positive and Negative Affect Schedule (PANAS) (34), and Experiences in Close Relationships Scale (ECR) (35). A detailed description of each of the above measures and their internal reliability can be found in Supplementary material 3. All variables were categorized as a sociodemographic, COVID-19 and social distancing related, or psychological determinant.



Statistical analyses

Univariate analyses were performed to identify the main determinants of social distancing adherence. A separate model was created for: (1) sociodemographic, (2) COVID-19 and social distancing related, and (3) psychological determinants. Beta (β) and partial eta squared (η2) values were generated and a threshold of p < 0.01 (0.05/3 models) was used to determine significance. Partial η2 values were used to define small (η2 = 0.01), medium (η2 = 0.06), and large (η2 = 0.14) effect sizes (36, 37). The above analyses were repeated with timepoint as a covariate (i.e., responses collected in May or July). To determine the total variance explained, a univariate analysis including all of the determinants in a single model was performed.

For exploratory purposes, the associations between the determinants and social distancing adherence were examined using spearman correlations and one-way analysis of variance (ANOVA) tests for continuous and categorical determinants, respectively. Correlation coefficients and VIF values were inspected for multicollinearity as defined by correlation coefficients ≥0.7 and VIF values ≥10.

Regional differences in social distancing adherence were compared between New York, California, Florida, Texas, and Canada, and between the U.S. as a whole and Canada using ANOVA. As no data from the U.S. was collected in May, only the responses from July were used to compare regional differences. A threshold of p < 0.05 was used to determine significance.

Statistical analyses were performed using SPSS Statistics (version 26 IBM Corp., Armonk, N.Y., USA).



Subgroup analyses

Univariate analyses using the same methodology described above were performed for the following groups: males and females, and participants >60 years of age.




Results


Sample characteristics

Participants were broadly representative of the U.S. and Canadian population with respect to age [mean (SD) = 44.7 (17.3)] and gender (50.8% woman). The majority of participants identified as White/Caucasian (66.8%). The majority of participants identified with a religion (63.4%), with the greatest representation from Christians (45.4%), the majority identifying as Roman Catholics (20.9%). A large proportion of the sample identified as “No religion” (39.5%). The most frequently reported political affiliation was center (35.6%), followed by liberal (29.4%) and conservative (27.4%). Although most of the participants were employed (55.3%), close to 12% of participants were unemployed. Students and retirees represented 5.7 and 22.1% of the sample, respectively. The most frequently reported household income was $60,000–$99,999. The majority of the participants reported drinking alcohol (63.7%). Close to 19, 13, and 18% of the participants endorsed smoking cigarettes, using electronic cigarettes/“vape,” and cannabis products in the past week, respectively.

Participants reported knowing someone personally close who is at higher risk of COVID-19, including a healthcare worker (37.5%), someone who is elderly or has an underlying health condition (63.4%), or lives in a senior's residence (20.6%) or a long-term care home (17.4%). At the time of the survey, the majority of participants did not know anyone personally close who is or was infected with COVID-19 (71.7%). Close to 15% of the survey participants indicated that they were tested for COVID-19 and 2.6% reported that they had tested positive. Although the majority of participants believed COVID-19 originated naturally from animals to humans (64.6%), a substantial proportion believed COVID-19 originated intentionally in a lab (19.2%), accidentally in a lab (8.4%), or does not exist (1.2%) (Table 1).


TABLE 1 Participant characteristics including sociodemographic and clinical, COVID-19 and social distancing related, and psychological determinantsa.

[image: Table 1]


Social distancing adherence

The mean (SD) social distancing adherence score was 4.3/5.0 (0.7). Adherence was higher in May [mean (SD) = 4.4/5.0 (0.7)] compared to July [mean (SD) = 4.3/5.0 (0.7) [t(4940) = 7.0, p < 0.001], likely a reflection of relaxing restrictions.

There was no regional difference between New York, California, Florida, Texas, and Canada. Social distancing adherence scores were higher in the U.S. compared to Canada [mean (SD) = 4.3 (0.7) and 4.2 (0.7), respectively, F(1, 3922) = 4.68, p = 0.031].




Sociodemographic determinants of social distancing adherence

Sociodemographic determinants explained 10% of the variance of social distancing adherence. Sociodemographic determinants of social distancing adherence with small effects were older age, women, and left-wing political affiliation (Table 2, Supplementary Figure 2). Controlling for timepoint (i.e., responses collected in May or July) did not change the results.


TABLE 2 Univariate analysis examining the association between sociodemographic, COVID-19 and social distancing related, and psychological determinants and social distancing adherence.1
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COVID-19 and social distancing related determinants of social distancing adherence

COVID-19 and social distancing related determinants explained 33% of the variance in social distancing adherence. The main COVID-19 and social distancing related determinant with a large effect was higher perceived seriousness of COVID-19. Greater social support and believing that COVID-19 originated naturally rather than believing that it does not exist had small effects on social distancing adherence (Table 2). Controlling for timepoint did not change the results.



Psychological determinants of social distancing adherence

Psychological determinants explained 26% of the variance in social distancing adherence. The main psychological determinant of social distancing adherence with a medium effect was lower risk propensity. Other psychological determinants with small effects were germ aversion, the personality trait of openness to experience, positive attitudes toward vaccinations and holistic health approaches, higher internal locus-of-control, and general trust in others (Table 2). Controlling for timepoint did not change the results.

The total variance explained by sociodemographic, COVID-19 and social distancing related, and psychological determinants was 40% [F(96, 3861) = 27.58, p < 0.001] (Figure 2).
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FIGURE 2
 Variance of social distancing adherence explained by sociodemographic, COVID-19 and social distancing related, and psychological determinants. The percentages represent R2 that was derived from separate univariate models for each category. The total variance explained by sociodemographic, COVID-19 and social distancing related, and psychological determinants was 40%.




Exploratory analyses

Exploratory analyses examining the associations between the individual determinants and social distancing adherence are presented in Supplementary material 5.



Subgroup analyses

Descriptive analyses and results of univariate analyses in men, women, and participants 60 years of age or older can be found in Supplementary materials 4–14.

The principal determinants of social distancing adherence identified in the subgroup analyses are consistent with those found in the main analysis. Of note, in women, less negative mental health impact of COVID-19 and source of health information (i.e., preference for television over social media) had a small effect on social distancing adherence. In men, knowing someone personally close who is elderly was associated with a small effect on social distancing adherence. Also, in men, and in participants 60 years of age or older, an avoidant attachment style emerged as a determinant of social distancing adherence with a small effect.




Discussion

At the time of this study, perceptions of COVID-19 and the determinants of adherence to the recommended social distancing measures remained largely unknown. With the number of new cases of COVID-19 rising around much of the world, adherence with social distancing restrictions remained an active issue in relation to the containment and reduction of mortality attributable to COVID-19. While sustained social distancing strategies can save lives (6), prolonged social distancing may have considerable negative consequences, including loneliness, adverse mental health effects (38), and substantial social, educational, and economic disruption.

Our study found that adults in the U.S. and Canada were generally adherent to social distancing measures. At the time of the survey, messaging from the Government of the United States and Canada was to ‘Reopen’ (14, 39). As a whole, the U.S. states studied were modestly more adherent to social distancing restrictions than Canada. This may be due to reversal of reopening plans at that time due to the rising number of COVID-19 cases in some U.S. states, including California (see Figure 1, Timepoint 2, when regional differences were analyzed) (40).

Sociodemographic and psychological determinants explained 10% and 26% of the variance in social distancing adherence, respectively. COVID-19 and social distancing related factors explained 33% of the variance in social distancing adherence (Figure 2). The main determinant of social distancing adherence was higher perceived seriousness of COVID-19, followed by higher risk propensity. The principal finding that an individual's perception of the of seriousness of COVID-19 is consistent with the results of a systematic review that reported an individual's perception of COIVD-19 as a threat contributes to adherence to social distancing restrictions (18). Risk propensity refers to an individual's general tendency to take risks (24). Few studies have explored the role of risk propensity on social distancing behavior during COVID-19. All of these investigations, however, indicate that individuals with lower risk tolerance are more likely to adhere to social distancing restrictions, independent of the perceived seriousness or objective threat of COVID-19 (41). In contrary, people with higher risk propensity are more likely to engage in behaviors that are considered risky in the context of COVID-19 (42, 43).

In summary, our results describe individuals most likely to be nonadherent with social distancing restrictions as younger men with a right-wing political affiliation. They do not believe COVID-19 is serious or that it exists. They have a higher propensity for risk, negative attitudes toward vaccinations or holistic health approaches, a weak sense of self-agency (i.e., low internal locus of control), and are generally distrusting of others. Although there were minor differences in the determinants of social distancing adherence in men, women, and participants 60 years of age or older, the main determinants of social distancing adherence identified in these subgroups were consistent with those found in the main analysis. Other studies in varied countries have also supported our findings that age, gender, political affiliation, distrust, and perceived self-control are individual determinants that contribute to adherence to social distancing measures (44–48).

Of note, other studies have found that COVID-19 awareness of the COVID-19 pandemic and lack of concrete knowledge about the disease influence social distancing adherence, highlighting the importance of public education (18, 48, 49).

The results of our study are limited by the known biases associated with research participation, namely, individuals that consent to participate in research are often more conscientious and willing to sacrifice their time to support the greater good than are nonparticipants (50). Another limitation that is intrinsic to web-based surveys is that participants who are unfamiliar with using a computer or have no internet access are not represented. However, given the time sensitivity of the study, a web-based survey allowed for reaching a larger number participants within a short period of time without compromising validity and reliability (51). Further, we are unable to comment on the direction of the associations given the cross-sectional nature of the study.



Conclusions

The success of public health interventions, such as social distancing, depend on public support and adherence (6). Our study identified individual sociodemographic, COVID-19 and social distancing related, and psychological determinants that can inform public health and other authorities to develop public service interventions to improve social distancing adherence and contain the spread of COVID-19 and future infections more effectively. These may include public service initiatives to emphasize the seriousness of COVID-19 and future infectious diseases, and tackle false or misleading information about them. Targeted interventions toward certain sociodemographic groups, such as younger men and vulnerable individuals in greater need of social support, and health communications promoting a sense of control over COVID-19 and future infections and their consequences may also be beneficial.



Targeted recommendations

1) Seriousness of infection: Emphasize the seriousness of COVID-19, including increasing awareness of the risk of transmission, likelihood of serious illness, and the associated morbidity.

2) Risk propensity and germ aversion: Increase knowledge of the risk of transmission without infection prevention measures, including social distancing, and the elevated risk of mortality, particularly in the elderly. Influence perceptions by emphasizing the likelihood of a serious negative outcome with COVID-19 infection. Individuals may minimize the seriousness of COVID-19 after acquiring personal knowledge of individuals with mild cases of the infection.

3) Social support: Promote virtual social connection and support to address social isolation. Concerned, consistent, accessible others may alleviate one's sense of social isolation and attachment anxiety (52).

4) Attitudes toward vaccinations: Enhance the public's confidence in safety and effectiveness of vaccines and the systems recommending and providing it. Increase awareness that vaccination is required to prevent infection and transmission of COVID-19, and that the benefits of any safe and effective vaccine outweigh the possible consequences.

5) Perception of holistic health: Promote a holistic attitude where individuals are mindful of the effects of emotional wellbeing on physical health, i.e. “Mental health is health” (53).

6) Internal locus-of-control: Promote individual agency or sense of control over COVID-19 and its consequences (e.g., the message “Conquering COVID-19 is in my hands! By adopting good hygiene and social distancing practices, I am keeping myself, family, friends, and my community safe,” may instill a sense of control over the impact of COVID-19 and enhance one's ability to practice protective behavior).
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Providing accurate and timely public health information is an ongoing challenge for public health officials. The COVID-19 pandemic has exacerbated such challenges and presented unique difficulties in providing public health information, through the parallel rise of an “infodemic” of mis/dis-information. Understanding why individuals select, use and change their public health information seeking behaviors around COVID-19, and the relationship of these decisions relative to participant characteristics, is therefore an important step in understanding and responding to infodemics. This study used a qualitative survey (n = 255) and free-text qualitative questions to ask (1) Why participants use an information source, (2) How participants used an information source, and (3) How information seeking behavior has changed since the COVID-19 pandemic. Participants were primarily women, born in Australia, with de-facto/married relationships, without children at home, with university/college qualifications, and employed full-time or unemployed/retired. Most participants identified “easiness” and “immediacy” as reasons why they chose and used information, with sources primarily used for planning, communication, and decision making. A minority of participants changed their information seeking behavior since the COVID-19 pandemic. Those who did change, desired more immediate and accurate information. Emergent themes of care and anxiety were also noted, raising questions around the impact of mental load and cognitive labor in some female populations. Women may be suffering from increased cognitive labor and a gendering of public health information seeking behavior in the context of COVID-19. The impact of these attributes on women requires greater empirical research and consideration amongst front line practitioners and public health professionals.
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Introduction

Providing accurate and timely public health information is an ongoing challenge for public health officials. The COVID-19 pandemic has exacerbated such challenges and presented unique difficulties in providing public health information. One such challenge is misinformation (i.e., misleading information), particularly through digital platforms, which has negatively influenced health behaviors such as vaccine uptake (1–3). As Stein et al. (4) note, the success of COVID-19 responses such as mask wearing and vaccination is contingent upon what Lippmann (5) calls the pseudo-environment, the mediatory space between an individual and their environment, where public opinion and other stimuli shape our perception of the world. Exposure to anti-vaccination messaging and other forms of health misinformation on these platforms has distorted the pseudo-environment for some populations. This has increased the presence of vaccine hesitant attitudes, that otherwise informed citizens have, toward vaccines (2), it has spurred conspiracy theories (6), and promoted false and dangerous treatments (7), all while degrading faith in proven measures like vaccines. As Knight et al. (8) note, whilst social media platforms can contribute to vaccine hesitancy, they also possess the potential to improve vaccine uptake. The latter suggests that the relationship between public health information sources and the public varies, and that information seeking behaviors might change depending on the context and medium (9). For example, users might be using different social media platforms to as a part of different information seeking behaviors; they may (hypothetically) be exposed to, and respond to, misinformation on Twitter, but seek out trustworthy sources on TikTok, depending on their external circumstances.

Relatedly, health information seeking during COVID-19 has been impacted by an over-abundance of information, or an “infodemic.” Excessive amounts of information make it more challenging to locate health-related information from trusted sources (9). A recent systematic review identified five key contributors to infodemics, including information sources, communication channels, and message content (3). However, there is currently little qualitative research regarding this.

Evidence suggests that information seeking sources may also vary depending on personal characteristics. For example, women have been shown to more frequently access public health related information than men, and to take the role of “health information gatekeepers” of their family (10). During the COVID-19 pandemic, the burden of care for women increased, whilst their wellbeing decreased (11). One potential reason for this is that women and mothers experienced a greater than usual “mental load” or “cognitive labor” particularly during lockdowns. These terms describe responsibilities such as planning, decision making, and monitoring, required as a part of everyday life (12, 13), for which women are disproportionately responsible even in the absence of a global pandemic (14). However, it remains unclear whether an increased burden of care is attributable to not only physical but cognitive dimensions of labor, and whether the latter could be attributed to increased health information seeking behavior.

The current study aimed to provide preliminary insights into why participants selected, used, and changed their sources of public health information during COVID-19, and the relationship of these decisions relative to participant characteristics.



Methods


Participants and design

Adults aged over 18 years who were currently residing in South Australia and not currently isolating or in lockdown were eligible to participate in the study. Participants were recruited via the CSIRO Nutrition and Health Clinic volunteer database (a standing database of interested research participants) to evaluate website content containing resources related to COVID-19 and then asked optional questions about information seeking. All volunteers in the stated database were invited to take part in the study. The current study employed a mixed-methods cross-sectional study design.



Materials

This study employed an online survey comprising questions about public health information seeking behavior and COVID-19, which were included as part of a larger study evaluating a COVID-19 self-isolation preparedness checklist. Questions for this study subsection were developed through a brainstorm of potential COVID-19 information sources, which were distilled into clear categories and used as closed choice survey questions. These categories are consistent with other previous studies, and cover different online sources, social and mobile media sources, personal sources, and community sources (15–17). To ascertain the meaning behind these choices and collective qualitative data on these meanings, three open questions followed (see the “Open ended questions” section in the results). The other questions related to the COVID-19 preparedness materials are not relevant for this analysis.



Procedure

The study was approved by the CSIRO Human Research Ethics Low Risk Review Panel (#2021_105_LR), before invitations were emailed to participants registered on an existing volunteer database. Interested participants accessed an anonymous online survey hosted on the Alchemer survey platform where consent and information sheets were provided. Participants then reviewed materials for the preparedness checklist (18) and completed a short feedback questionnaire relating to these materials. Information seeking questions were included at the end of the survey. Completing the survey took ~30 mins, and those who completed the survey were offered the chance to win 1 of 3 $100 AUD vouchers. The data was collected throughout December of 2021.



Data analysis

The quantitative data are presented descriptively and compared using Chi-Square analyses. Chi-Square was applied to compare use (vs. not) across demographics including gender, age group, employment status, education level, marital status and whether participants were born in Australia (or not) for the top five information sources. Given repeated analyses, significance levels were adjusted to p < 0.01.

For the qualitative data, an abductive thematic analysis was conducted using NVivo 12 (Melbourne, Australia) with data constantly being reflected upon vis-a-vis existing theory and data. Results were generated using Green et al.'s (19) approach to achieving rigor in qualitative analysis. This consisted of (1) data immersion through reading and reflection, (2) open code generation, (3) sorting codes into descriptive categories, and (4) developing explanatory themes informed by appropriate theory.




Results


Participant characteristics

The survey was sent to ~18,000 participants on the volunteer database and a total of N = 438 commenced it (2.4%). Based on the eligibility screening questions, n = 61 participants were deemed ineligible from further participation due to not residing in South Australia (n = 15) or being in isolation or lockdown (n = 46). Of the remaining n = 377 participants, n = 123 had missing data. The final sample comprised n = 255 adults aged 18–84 years (female: 73.3%, n = 187). We received the majority of our results from women, born in Australia, with a de facto or married relationship status, without children living at home, with university/college qualifications, and employed full-time or unemployed. Sample characteristics are presented based on the sample included in the current research analysis (see Table 1).


TABLE 1 Participant characteristics for those who provided open-ended responses.

[image: Table 1]



COVID-19 information sources

Australian Government sources were the most widely used, with the majority of participants selecting this source type, followed by privately owned mainstream media (Figure 1). Professional sources, closely followed by personal/familiar sources were the next most used. “Other” responses included newspapers and workplaces.


[image: Figure 1]
FIGURE 1
 Percentage of people selecting (vs. not selecting) information sources used to learn about COVID-19. Participants (n = 255) could select multiple options.


For the top five information sources, use of Australian Government sources varied significantly by level of education (see Table 2 for inferential statistics). Participants who had not completed high school were less likely than expected to use Australian Government sources relative to the sample's average (64.5% vs. 87.8%). Use of mainstream media sources varied significantly by employment status. Participants with full-time employment were less likely than expected to use mainstream media sources relative to the sample average (62.9% vs. 77.3%).


TABLE 2 Chi-square values for comparisons between use (vs. not) of top five sources of information by key participant characteristics (n = 255).

[image: Table 2]

Online resources were used by almost three quarters of the sample who preferred online methods for accessing information such as webpages, whilst only half of the sample used television (see Figure 2). Nevertheless, traditional media sources such as television, radio, and print are still relevant for much of the sample, and 38.0% (n = 95) used two to three of these sources in combination. Search engines were also amongst the key methods for accessing information about COVID-19.


[image: Figure 2]
FIGURE 2
 Percentage of method of access (vs. not) for different sources of information (n = 255).




Open-ended questions

We observed a large gap in unique coding references for female participants compared to male participants, in line with the female bias of our sample. Comparison of coding frequency and gender illustrates this issue with Question 1 split 265 vs. 83, Question 2 split 179 to 61, and Question 3 split 364 vs. 124, all in favor of female vs. male participants.1 Thus, the qualitative results should be interpreted with caution as they may provide greater insights into female participants only.


Question 1: Why do you use these information sources?

Participants' responses focused on immediacy and quality. Immediacy (20) refers to whether information sources reflect convenience and easiness in their interaction with the participant. For example:

Easier and can be accessed anywhere and anytime. The information is more current (Participant 34—F).

Easily accessible. Simple, succinct to read. Links to other websites/news sources if I want to read more (Participant 16—F).

They are available when I have the time. I can re-read things to better understand what is being said. I don't have to be polite to people (Participant 137—M).

Accessing and using preferred sources is not limited by time and space; they have desirable physical and user interface qualities (such as succinctness and privacy), and also easily connect to further content (i.e., links to other sources). These allow the preferred source to fit seamlessly into a participant's existing context.

The importance of connectivity amongst sources accentuates the theme of quality. Rapidly accessing information is a necessary condition for selecting a source, but there are also sufficient requirements reflecting the quality and validity of a source:

The television news is easy to access and gives an overview of the current state of affairs. If I want to access more accurate information, I use the Government COVID app or website. I don't want to read “opinion” of people based on their fame. I only want facts and hope that the information I get from government websites reflect professional medical opinion (Participant 80—F).

Easily accessible and substantially authoritative (Participant 225—M).

Reliable, trusted, unbiased, every day, plus free sources (Participant 147—F).

They are generally reliable with the best up to date information and can be cross checked (Participant 125—F).

There is no competition of themes here, but a contingency; sources are preferable only if they are truthful, but this truth needs to be easily accessible.



Question 2: How have you used these sources to respond to, or prepare for COVID-19 related events?

Remaining informed and coordinating responses to COVID-19 are the primary reasons that participants use the identified sources. Changing COVID-19 restrictions and outbreak locations meant participants leveraged accessible and trustworthy sources to stay abreast of a rapidly changing situation:

I have checked government websites carefully to make sure I am following the latest COVID guidelines. People also share information socially but it's important to check the news and government websites to make sure the information is objective and accurate (Participant 228—F).

Up to date and relevant information and keeping abreast of changes and how they will impact me and my family (Participant 89—F).

By staying up-to-date with changes, participants are able to better coordinate how they, or those immediately around them, are able to respond to the pandemic:

Warnings for changes to restrictions, including mask requirements. Changing interstate travel plans. Locating vaccine suppliers and arranging appointments as well as being aware of rules changing for my employment (Participant 1—F).

Kept up with outbreaks, local rules and stocked the house with essentials (Participant 114—F).

Checked on restrictions when considering travelling interstate and what was required when arriving in another state. Also checking on where outbreaks may have occurred (Participant 145—F).

These coordination activities reveal the range of impacts individuals responded to during the pandemic. Rapidly changing, and sometimes complex, rules meant changes to individual and familial tasks. This includes the need to negotiate travel restrictions across different jurisdictions, a need to monitor potential exposure sites for infection risks, and changes to how to find appropriate medical care. Essential workers were especially vulnerable to these rapid changes.



Question 3: How has your information seeking behavior changed?

Like the way that accuracy is a contingent quality for choosing information sources, participants (n = 100) who indicated that they have changed their behavior indicated accuracy and truthfulness as a motivator:

At the start of the pandemic, I read and listened to as much as possible about the situation. This included all media, Facebook posts, friends, and international news. These days I have concluded that there is too much misleading information and opinion-based information, so I try to look only to “official” sources. I hope that these sources are providing true information (Participant 80—F).

Too much misinformation circulating on social media and in conversation. I seek out peer reviewed materials, and guidance from Health authorities (Participant 156—F).

Dual concerns of information overload and misinformation encouraged participants to change their practices, which often meant switching sources:

Go straight to government sites. Do not use social platforms, e.g., Facebook (Participant 32—F).

Or changing the focus of their information seeking to topics of the most immediate saliency and importance:

I seek to know less about the virus and how it's impacting other countries/states in terms of healthcare, welfare, social etc. I now just want to know local information like exposure sites etc. I just want quick facts now (Participant 16—F).




Emergent themes

We also examined our data for any crosscutting, emerging themes. Although no all-encompassing narrative was found, we noted “care” and “anxiety” as themes worthy of further discussion in the context of COVID-19, especially given recent research on cognitive labor.


Care

The desire to care for others extended across multiple questions. For example, in responding to Question 2, participants described a consideration of those immediately around themselves, and the potential impacts of COVID-19 on these groups as a reason for their public health information seeking:

Awareness of what might be brewing, instructions for workplace compliance, awareness of how my family might be feeling about issues (Participant 47—F).

Consideration of risks to me and my family so we can try to be as safe as possible (Participant 142—F).

[…]I am particularly mindful of my elderly mother whom I care for as if she were to contract the virus, is most likely to come from me given my work (Participant 229—F).

Female participants foregrounded care more often than males, with only one male participant mentioning family relationships (specifically to Question 3). While references to care understandably emphasize family, it does not exclude other situations, as Participant 47 notes compliance with their workplace's rules, as important in their information seeking rationales.



Anxiety

Participants also noted feeling overwhelmed and emotionally distressed at the amount and quality of information available to them, and consequently reduced their information seeking:

In the beginning I was monitoring multiple sources of information as I wanted to know what was going on at all times. Over time I have reduced the number of sources I monitor, as I found it became overwhelming and I was spending too much time obsessing over every small detail (Participant 177—F).

I try and limit any unofficial content because I don't trust the “noise.” I only read/watch what I have to because it makes me anxious to process too much (Participant 47—F).

The need to moderate the information one consumes also appears to merge with issues of care, as one participant succinctly described:

I have kept myself and my family healthy, by not listening to the news I am not swept up into the stress and anxiety of everything, I try to understand how the virus works to the best of my knowledge through credible sources, kept my house stocked up and knowing we will have sufficient items during a lockdown (Participant 19—F).

Managing both the amount of information and emotional consequences of information overload is as important as keeping the participant and their family healthy, as selecting the right source. These choices play out through practical caregiving activities, such as managing the family's groceries.





Discussion

Our study aimed to explore why individuals selected, used, and changed their public health information seeking behaviors in the context of COVID-19. The relationship of these decisions, relative to participant characteristics, was also explored. Responses were unintentionally skewed toward female, born in Australia, educated, older, married/de-facto participants, without children at home, and while not representative, do provide qualitative insights into how public health information is being experienced (21). This paper notes the following findings: (a) that source selection is motivated by easiness, immediacy and quality, (b) that people use sources to support decision making and to keep up-to-date, (c) that a minority of people have changed their information seeking behaviors and those who do, seek easiness or quality, and (d) that there are emergent themes of care and anxiety worthy of further investigation, especially around themes of cognitive labor.

Regarding information sources, the majority of people relied on online resources provided by the government or mainstream media. Our qualitative findings illustrate the continued importance of providing high quality public health information in an accessible and immediate way attuned to individuals' situational needs. The finding that only 100 participants (i.e., 39%) changed their information seeking behavior and are motived by the validity of information, aligns with existing research on public health information (22). We observed minimal gender differences in the sources and delivery of COVID-19 information, but did observe significant differences in level of education, with participants without a high school education less likely to use government information.

Crosstabulation of qualitative themes against demographic variables indicated that most information seeking practices and responses were provided by female participants across all three questions. While neither the emergent themes nor primary questions capture causal or representative answers, there are interesting questions raised concerning the intersections of gender, public health information seeking behaviors. Particularly regarding our understanding of the gendered nature of public health information behaviors in the context of COVID-19. By providing the greatest number of detailed responses, women seem more engaged in public health information seeking behaviors relating to COVID-19. However, this engagement may also connect to experiences of care provision and anxiety, which suggests women may (un)willingly assume a greater burden of responsibility for managing information during complex health situations such as the COVID-19 pandemic. These observations, however, should be considered in the context of limitations of this study (see below).

The latter findings connects to emerging research on concepts including cognitive labor (12) or mental load (13). In the context of family life, Daminger (12) notes that this labor can be gendered, with women taking on more work even when male partners are uniquely qualified in cognitive labor (for instance, when male partners were professional project managers). Dean et al. further develop this noting intersections with emotional labor (23), especially within the contexts of COVID-19 related lockdowns. Here, women were increasingly burdened with household chores, work-from-home employment, social isolation, and potentially childcare arrangements, in a way that was neither recognized or rewarded by decision makers or partners alike (24, 25).

In the context of this article and public health information behavior research more broadly, this finding raises questions around how cognitive labor mediates public health information. The need for accessible, quality information sources may reflect the greater burden women face in managing situational needs in the context of COVID-19 given that they are already mentally and emotionally overworked and may desire immediate and truthful answers. The minority result for changing information seeking behaviors may be viewed less as the preferred choice, but instead the reality that women lack the time and mental space to change their information seeking through reflection and deeper engagement. The latter may connect to the caring work that participants describe, and how additional burdens of care work are placing an increasing cognitive burden upon women in the context of COVID-19. Given that previous research (26) has established that women are more likely to respond to health information and seek appropriate medical care, establishing how an experience, like cognitive labor, impacts women is an important public health question, particularly given that public health relies heavily on health communication techniques. Those practicing in public health need to consider the invisible burden that excessive and constant change has, as well as how this could unequally impact those already being further burdened by the health issue.

The practical implications of these initial findings for public health professionals are that cognitive labor may mediate how public health information is being received by women, and that consideration should be given to whether this represents a gender disparity in public health. Given the resources that people often rely on, this may be even more important for online government resources. For public health professionals in government, they may also wish to consider how they approach engaging with demographics who have lower levels of education, as they appear less reliant on government sources of information and may respond better to other non-government sources of influence.

If women are expected to engage in the cognitive labor of managing COVID-19 information sources, this adds further demands to their lives. Unequitable cognitive labor compounds existing disparities in care work (27–30) and the complications of COVID-19. This overburdening may be detrimental to the emotional, physical, and cognitive wellbeing of women, and may negatively mediate their experience of public health information seeking, such as through seeking quick and easy sources, leaving them vulnerable to misinformation. Given that women also act as gatekeepers for health information (31–33), it is important that cognitive labor is further investigated and its impacts gauged and appropriately responded to by public health practitioners. Aiming to alleviate existing structural disparities, designing messaging that accounts for cognitive labor and women's contexts, and finding ways to identify excessive or unnecessary cognitive labor in frontline engagements, are all potential practical pathways if increased cognitive labor is identified. An alternative solution would be to empower alternative members of social groupings to become gatekeepers for this information through improving engagement and self-efficacy of these groups.

Our study does not claim to be representative of all women, but instead signposts experiences potentially important in understanding public health information seeking in context, but which requires further investigation to validate. While we note the potential implications of cognitive labor, and call for greater investigation into its effects, we acknowledge limitations to our research. The qualitative sample was skewed, and whilst it did yield important insights into women's experiences, we have attempted to position the significance of these findings within this limitation. We further wish to emphasize that the low number of male participants means these results should be treated cautiously, and as indicative of a potentially important area for public health research and practice. This should not be considered as a generalizable truth on the experiences of COVID-19 information seeking behaviors, or the relationship of these with gender. Furthermore, given that female participants are more likely to complete survey research, there is the possibility of a cofounding variable at play, although this does not detract from the qualitative stories that participants shared. Further research is required to validate the gendered nature of cognitive labor, including studies that better capture male and gender-diverse populations. Despite these limitations, we positively associate the validity of this study with emerging research highlighting the gendered nature of labor in the context of COVID-19 (24, 25), and on the gendered nature of information seeking behaviors (34–36).



Conclusion

Participants' listed government sources, followed by mainstream media, professional sources, and familial sources, as their preferred health information sources for COVID-19. Use of government sources varied depending on education level, with mainstream media use varying depending on employment status. The qualitative data collected and thematically analyzed here captured key themes around how people seek information relating to COVID-19. Our findings have generated a potentially novel direction of further investigation on cognitive labor, which may mediate public health information seeking. Further research on cognitive labor, healthcare, and COVID-19 will improve the rigor of this initial finding and develop practical actions that might be used to support both better health information seeking, and a more equitable relationship between gender, healthcare, and information seeking.



Data availability statement

The datasets presented in this article are not readily available because sharing of qualitative datasets potentially violates ethics and privacy requirements for this research, as there is the potential for identifiable data to be shared. Sharing of quantitative datasets may be possible with checks to ensure privacy and ethical compliance. Requests to access the datasets should be directed to emily.brindal@csiro.au or ashlin.lee@csiro.au.



Ethics statement

The study was assessed and approved by the CSIRO Human Research Ethics Low Risk Review Panel (#2021_105_LR). Written, informed consent was given by participants for this research. The patients/participants provided their written informed consent to participate in this study.



Author contributions

AL: background research, conceptualization, qualitative data analysis and write up, and manuscript writing and rewriting. NK: manuscript writing and rewriting, quantitative data analysis and write up, critical feedback, and conceptual development. LH: critical feedback, editing, and proofing. AR: critical feedback. EB: critical feedback, quantitative data analysis, and table building. All authors contributed to the article and approved the submitted version.



Acknowledgments

We thank our internal reviewers Dr. Kaley Butten and Dr. Jane Li for their helpful advice on improving this paper.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1041944/full#supplementary-material



Footnotes

1 Note that coding frequency refers to the number of unique references made in a participant's statement. Depending on the length and depth of statements, multiple references may be appropriate. This means that it is possible for the number of coding references to exceed the number of participants, as is the case with Question 3. The purpose of referring to this is to indicate that female participants not only provide more text, but that their responses were of greater qualitative depth, raising more themes than male participants.
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COVID-19 has brought to light the systemic racism faced by ethnic minorities in the UK. During the pandemic, we saw an increase in anti-Asian hate crimes and a lack of support from the government given to both patients and healthcare workers from minority backgrounds on the front lines. This lack of support potentially contributed to the increased susceptibility of ethnic minorities to COVID-19 and also their hesitancy toward the vaccine, particularly the south Asian communities. In this paper we discuss potential reasons for COVID-19 vaccine hesitancy among south Asian groups. Additionally, we propose that introducing a decolonised curriculum in secondary school may enhance cultural awareness with historical context among the white British populations, allowing for more inclusion for south Asian communities. By exploring ways to decolonise specific subjects in the secondary curriculum, this paper aims to set out a guideline for teachers and education professionals on expanding secondary school pupils’ knowledge of racial issues and equality, to start the process of educating a new generation appropriately. We propose that decolonising the secondary school curriculum is a potential long-term solution to eradicating racism and discrimination.
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1. Introduction

COVID-19 (Coronavirus disease 2019) is a disease caused by the SARS-CoV-2 virus, originating in Wuhan, China, with the first known case identified in December of 2019. Since then, this disease has spread worldwide and was declared a pandemic by the World Health Organization (WHO) in March of 2020. There have been over 251 million cases of COVID-19 worldwide and it has claimed the lives of over 5 million people to date with over 9 million of cases and approximately 143 thousand deaths in the UK (WHO, 2021). The COVID-19 pandemic has thus been a prevalent and ongoing event across the world and indeed the UK in the last 2 years as cases rose and fell through the first and second major waves. However, studies have shown that for south Asian communities in the United Kingdom in particular, the pandemic has been exceptionally taxing.

Public Health England (PHE) COVID-19 surveillance report presents cumulative data from 29 June 2020 to 29 September 2020 which states that 24.2% of all COVID-19 cases and 12.8% of all mortalities belonged to Asian/ Asian British people (PHE, 2020). Yet this group makes up only 7.5% of the total UK population, suggesting that the south Asian community in the UK has been disproportionally affected by this disease (Gov.uk, 2018). Furthermore, research has found that south Asian patients were 1.54 times as likely to be admitted to the intensive care unit as white ethnic patients even though they were on average younger in age. Additionally, the mortality rate of this population was 1.49 times higher than their white counterparts (Apea et al., 2021). The data is suggestive of major ethnic disparities which have been brought to light by COVID-19, these include biological factors, socio-economic conditions, educational and environmental factors. These factors contribute to the significant increased risk of infection and death faced by south Asian communities in the UK.

Compounding their increased susceptibility to COVID-19, south Asian communities in the UK currently face COVID-19 vaccine hesitancy. The UK Household Longitudinal Study in 2020 showed that, after Black respondents with 71.8% unlikely to take up the vaccine, 42.3% of people from Pakistani and Bangladeshi (Asian or Asian British) backgrounds were unlikely or very unlikely to take the vaccine, whereas only 15.6% of white British people were hesitant (SAGE, 2020). With almost half of the south Asian population in the UK unwilling to take the vaccine, this paper will also consider the possible reasons for a collective reluctance of ethnic communities to have the COVID-19 vaccines, even though it could decrease cases and deaths. A major issue encompassing this vaccine hesitancy could potentially be the racism, xenophobia and prejudice faced by south Asian people both during recent events and throughout history (Corbie-Smith, 2021). Before and during the pandemic, ethnic communities have always been confronted with discrimination (Le et al., 2020). This systemic racism comes from a long history of colonialism and the resulting coloniality (Maldonado-Torres, 2007). However, surprisingly, the education system in the UK, particularly at secondary school level, does not teach the negative impacts of colonialism the British had worldwide. Therefore, it is important that in a multicultural society like the UK, the impacts that the colonial system had and continue to have today are taught. By having these taught, south Asian, and other minorities can develop trust in the system and white students can develop empathy and understanding of the south Asian experience. This paper will briefly explore how Britain’s history of colonialism, imperialism and expansionism has shaped its society today, and how a decolonised secondary school curriculum could ultimately reduce discrimination faced by the UK south Asian communities and build trust within the communities. These effects could augment future government-led intervention to improve national health such as vaccine uptake.

In this paper, we will be focusing on south Asian communities in the United Kingdom. The data provided by the UK Government on ethnicity facts and figures characterizes people of south Asian descent into the groups Bangladeshi, Indian and Pakistani with all other Asian statistics grouped as “Asian Other” (UK Government RDU, n.d.). This is reflected in the importance of the south Asian community as an immigrant group in the UK. Therefore, while many minority ethnicities have faced a history a racism and hardship in light of COVID-19, this paper will focus on south Asian communities in the UK.



2. Why are people from South Asian ethnic minorities more at risk of COVID-19 in the UK?

There are both biological and sociological factors that affect people of south Asian ethnicity’s susceptibility to COVID-19. The biological factors include lower vitamin D levels and higher rates of diabetes. These highlight the exceptional importance of vaccination in these communities. Whereas the sociological factors are much more varied and include careers, living conditions and access to health care.

These risks are likely the cause of the significantly higher rate of COVID-19 case rate within the south Asian community (Table 1). People of Bangladeshi background had a 390.6 COVID-19 case rate per 100,000 people-weeks in the second wave of the pandemic and Indian ethnicity had 240.7 case rate. In comparison, people with white British backgrounds suffered a 166-case rate.



TABLE 1 COVID-19 case rates by ethnic group according to Public Health England categories in the second wave of the pandemic, England (case rate per 100,000 person-weeks) (Larsen et al., 2021).
[image: Table1]

Vitamin D levels tend to be low in south Asian population which implicates a higher risk of diabetes, heart disease and tuberculosis (Shaw, 2002; Martineau et al., 2017; Pardhan et al., 2020; Jayawardena et al., 2021). More relevantly, low Vitamin D is also associated with an increased susceptibility to upper respiratory tract infections, similar to that of COVID-19 (Martineau et al., 2017; Mitchell, 2020). Vitamin D plays a significant role in supporting the fight against infection by the production of antimicrobial agents in the respiratory system and also its ability to reduce the inflammatory response to such infection (Mitchell, 2020). This has led researchers to suggest that there is a strong connection between vitamin D levels and COVID-19 susceptibility (Martineau and Forouhi, 2020). In the early 2000s, there was a resurgence of vitamin D deficiency reported in south Asian children all over the UK (Shaw, 2002). As a result of this, south Asian populations in the UK during the pandemic are substantially more vulnerable to COVID-19 than their white counterparts due partially to their vitamin D deficiency.

Additionally, a common comorbidity of COVID-19 is diabetes mellitus. Studies have shown that there is evidence of increased severity and incidence of COVID-19 in patients with pre-existing diabetes (Singh et al., 2020). Diabetes is more prevalent in south Asian men and women than in white people (Simmons et al., 1989), as diabetes tends to develop at a younger age in south Asian populations (Ramachandran et al., 2010). Furthermore, diabetes induces a more severe case of COVID-19 in patients and even doubles the mortality risk due to negative pulmonary and cardiac involvement (Peric and Stulnig, 2020). Hence, diabetes contributes to the growing list of factors that ultimately causes people of south Asian descent to be more at risk of COVID-19.

Although biological factors are significant in understanding south Asian people’s particularly high susceptibility to COVID-19, we must also consider the prevailing socio-economic conditions that surround and influence this topic. People of ethnic minorities tend to work in more “at-risk” jobs (Table 2) such as medical and dental practitioners, opticians, nurses and medical technicians (ONS, 2020a). For example, people from Asian backgrounds make up 27% of the professional workforce whereas white British accounts for 20%. Professional occupations include paramedics, nurses, and all kinds of health care professionals. Thus, especially in the midst of the COVID-19 pandemic, these occupations, especially medical practitioners, and nurses harbor the most risk of infection as they are to be in close contact with those who are infected every-day. These figures reflect that occupation had a drastic effect on the risk of contracting COVID-19 and that Asian people working in the frontlines were extremely at-risk.



TABLE 2 Percentage of workers in each ethnic group employed in different occupations UK, 2018 (Gov.uk, 2021a).
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Another socio-economic factor that influences COVID-19 susceptibility are living conditions. Reports have shown that people over the age of 70 of south Asian descent are most likely to live in a multi-generational household (ONS, 2020b). During the UK national lockdown, vulnerable people such as those of old age were recommended to isolate. In south Asian multigenerational households, it would be more difficult to maintain isolation and uphold safety for those who are at risk, due to the combination of key workers and older vulnerable people living in close quarters. In the UK, ethnic communities are more likely to be based in urban, built up areas that are more deprived (ONS, 2018). This socio-economic factor has contributed to south Asian communities’ higher death rates from COVID-19 as reports have shown that COVID-19 has had a proportionally higher impact on the deprived areas of the UK (ONS, 2020c). This was also shown in Bangladesh where vaccine hesitancy was significantly high among unemployed population and people with lower or equal education level to high school (Ali and Hossain, 2021; Ali, 2022). Overall, socio-economic conditions play a significant part in increasing the likelihood of COVID-19 infection in south Asian people. In both their home and work environments, Asian communities are at a higher risk of contracting COVID-19. At home they face overcrowding, which hinders them from following social distancing guidelines. In the workplace, many have occupations in sectors such as caring, transportations, catering and security that cannot be performed at home meaning that they have to attend work, often on the front line, leading to an increased exposure to COVID-19 (PHE, 2020). Furthermore, as Table 3 shows, people of Asian descent are faced with a higher risk of death due to these various factors. People of Bangladeshi/Pakistani and Indian descent are on average 1.91 and 1.38 times, respectively, more likely to die of COVID-19 compared to those of white ethnicity. Biological, socio-economic, and environmental factors that influence the risk of COVID-19 infection and death in people of south Asian descent contribute to the health inequality faced by ethnic minorities in the UK.



TABLE 3 Risk of COVID-19 related death by ethnic group and sex in England and Wales (White and Nafilyan, 2021).
[image: Table3]

Furthermore, there is a concerning health gap in the UK for ethnic minorities (Szczepura, 2005). According to Raleigh and Holmes, people from ethnic minority groups in the UK are more likely to report poorer health and experiences using health services than their white counterparts (Raleigh and Holmes, 2021). This is further supported by statistics from the UK Government website for “Ethnicity facts and figures” where it is shown that east and south Asian ethnicities in particular had a lower-than-average percentage rate of reporting a positive experience for both primary care and hospital care (UK Government RDU, n.d.). This suggests that there could be unfair treatment of south Asian ethnic minorities and unequal access to health care in the UK for these people as in the same set of statistics, it was shown that they also had a lower-than-average percentage rate of reporting a positive experience making a GP appointment. If south Asian minorities are experiencing negative interactions while trying to access primary health care, it could be the cause of a significant health care gap in the UK. During COVID-19, this gap has become more prevalent, as many of the south Asian health care workers who contracted COVID-19 on the front lines could have been avoided. As senior clinicians in specialities from foreign countries such as countries in Asia have to temporarily work as junior front-line workers due to long approval times from the General Medical Council (GMC) to be registered (Chaudhry et al., 2020). Additionally, sources have stated that 64% of BAME (Black, Asian and minority ethnic) doctors in the UK have been pressured into working in the front line with inadequate PPE in comparison to 33% of white doctors (Cooper, 2020). This source has not provided a specific ethnic group breakdown. However, south Asian demographics are included in BAME groups. Therefore, a significant factor that contributes to an increased risk of COVID-19 in ethnic minorities such as south Asian is the systemic discrimination they are faced with. Having poorer access to health care as a patient and having unequal treatment as a health care worker is due to the ingrained racial prejudice in our society that could be the cause for them to be so at-risk in this pandemic.



3. Vaccine hesitancy and modern-day racism

Although the south Asian communities in the UK are one of the most at-risk ethnic groups for life long illnesses, they are the second most unwilling to be vaccinated in the UK (SAGE, 2020). Historically, ethnic minority groups are less likely to take vaccines in general in the UK (Razai et al., 2021). This is a significant issue especially during a global pandemic. The likely cause of such ethnic disparities in vaccine hesitancy is discrimination as well as both systemic and cultural racism (Razai et al., 2021). As COVID-19 originated in Wuhan, China, many individuals have placed the blame of the pandemic on those of East Asian origin. These individuals include people of significant power and influence such as Donald Trump who referred to COVID-19 as the “China virus” and “kung flu” (Jaworsky and Qiaoan, 2020; Jia and Lu, 2021). Often only epidemics and pandemics originating in non-white populated countries are proceeded by a period of extreme xenophobia. The Ebola epidemic in 2013 provides another example of disease being an excuse to augment existing racist and xenophobic views to the forefront of people’s minds (Kim et al., 2016).

People with political influence in the United States and Europe have promoted xenophobic expression in both verbal and the physical form. In 2020 there was a reported 300% increase in anti-Asian hate crime reports (Coates, 2020; Gover et al., 2020; Bahia, 2021; Gao and Sai, 2021; Haynes, 2021), with limited media coverage on this topic. Anti-Asian hate crime in the UK is perpetuated by a lack of action taken by the government and thus causes further distrust in the authorities by minority communities (Razai et al., 2021).

These patterns may extend a feeling of another generation of British-Asians feeling ostracized, unsafe, and underrepresented by their government. In light of this, how can these communities trust a vaccine program that is completely government run and controlled? The specific type of vaccine given to individuals is dictated by these government-led programs and is mostly dependent on accessibility, supply and region, which may contribute to inequalities (Campos-Matos et al., 2021). For instance, initially, UK National Health Service (NHS) national booking service, predominantly an online booking service available, was launched in English which meant that minority ethnic groups, particularly the first generation, may not have been able to access and book appointments (NHS, 2021; Watkinson et al., 2022). Although there were letters posted to patients and GPs inviting patients over telephone calls, the majority of vaccination appointments available were located in out of town in mass vaccination centers or hospital hubs, creating additional barriers to access the vaccines (Watkinson et al., 2022). When compared with seasonal flu vaccine uptake from 19/20, COVID-19 vaccine uptake was found to be significantly low among the most vulnerable Bangladeshi and Pakistani people living in the most deprived areas in the UK due to low trust and accessibility to the vaccination program, exacerbating pre-existing health inequalities in vaccine uptake (Watkinson et al., 2022).

A total of 90, 895 racially and religiously aggravated offenses were recorded in 2020/21 year in the UK, a rise of 12% from 2019/20 (Gov.uk, 2021b). Schumann and Moore investigated on how COVID-19 has affected racially motivated hate crimes in the UK where they conducted a victimization survey which was completed by a total of 393 East Asian, South Asian, Caribbean, and African individuals in the UK. Participants were asked whether since the first of February 2020, if they had experienced hateful comments or behavior which was believed to be racially motivated. They were further asked to clarify how many times they had been victimized since that date. They were also asked to provide a more detailed account of the crime (s) or incident (s). Finally, the participants were asked whether they had reported the crime/incident to the police and where it had happened. This study assessed accounts occurring on 1 February 2020 (before lockdown), 24 March - 13 May 2020 (during lockdown), and since 14 May 2020 (after lockdown). Findings showed that after the outbreak of COVID-19, ethnic communities such as south Asians, experienced a higher likelihood of hate crime victimization (Schumann and Moore, 2021), which correlated with low uptake of vaccines among these populations in the UK (SAGE, 2020). For instance, media portrayal of the “Indian variant” increased an anti-Indian sentiment among the population (Bahia, 2021). Racial hate crime incidents in the UK increased exponentially during April of 2020, when COVID-19 lockdowns were extended (Schumann and Moore, 2021). This was likely due to the government implementing a national lockdown in March of that year and proceeded to extend lockdown in April (IFG, 2021). This unprecedented event likely came as a shock to the UK public, causing uninformed individuals to channel their fear and displeasure into south Asian communities such as Indian community in Britain (Bahia, 2021).

Although it may seem anti-Asian hate crimes would decrease during national lockdowns when there is less interaction between individuals, it actually increased after lockdown was initiated (Schumann and Moore, 2021). This is due to technology’s impact on today’s society, as Williams et al. (2019) states, online hate speech is now widely recognized as a major social problem and is likely the form of many of the racial hate crimes reported (Williams et al., 2019). Hate speech can now be released in the form of messages and comments on various social media platforms, leaving south Asian communities unable to escape from the hate they face due to COVID-19. Thus, this pandemic has aroused deeply ingrained racist and xenophobic beliefs in the western public. Historic beliefs still play a significant part in modern day society. For example, the connection between race and disease comes from the 1800’s where people believed that races were biologically distinct and racial minorities were biologically and socially inferior (Gee et al., 2020). The ease and rapidity of Chinese people becoming the scapegoats of this pandemic is a prime example of the deep-rooted racism in western society; without reformation of the government or the public, it is inevitable that even positive scientific contributions from the government such as vaccines with the aim to combat the pandemic, will be subsequently met with doubt and criticism from the wronged communities.

A history of racism in the UK has ultimately led to the eventual distrust of the government by south Asian communities. As recent Asian hate crime events have shown, racial prejudice is embedded into western society and to fully understand how this came to be, we must first explore these views’ link to an imperialistic history. For south Asia, one of the most prevalent historical events was the century of exploitation and unfair trade by the East India Company that acted on behalf of British imperialism in India (Lawson, 2014). This event has influenced India’s history, even until recently, as they became independent from the United Kingdom only in 1947 (Chandra, 2000). A critical influence Britain’s rule had on India was that their cultural development was put on hold as the progression was infiltrated by western influences for nearly a century.

As south Asian communities in the UK are made up of mainly first- and second-generation immigrants (Dustmann et al., 2010), they either have these memories of the colonial transgressions fresh in their memory or have had family of a different generation inform them on these significant historical events to their culture. As these events are not widely discussed in the UK’s media, history books and education curriculum, this influential part of the country’s history is seemingly unaddressed (Taylor et al., 2021). Therefore, it suggests that the UK government does not deem these actions important enough to properly address and take accountability for. Ultimately, the actions of the leaders of the UK both historically and currently contributes to build significant distrust. In order to achieve successful vaccine uptake from south Asian ethnic communities, the government must address past wrongdoings in an attempt to build trust, confidence, and faith from the people.

Overall, a history of imperialism and racial prejudice from the colonial past has been ingrained into the minds of south Asian communities in the UK, and a subsequent distrust in the government in these communities feeling like they need to fend for themselves in both social and medical environments. This is demonstrated by health disparities. One example is the severe underrepresentation of ethnic minorities in recent COVID-19 research. People of white descent constituted 74–91% of participants in UK COVID-19 studies, leaving 9–24% representation for all ethnic minorities and therefore even less for south Asian minorities (Etti et al., 2021). In the past, this underrepresentation was due to systemic racism and white people being considered the standard of medical research. However, researchers are now highlighting the difficulty in recruiting for diverse studies and trials. Even when researchers are willing to diversify, south Asians are now often reluctant to participate due to the fear of discrimination, stemming from the same systemic racism (Hussain-Gambles et al., 2004; Ioannidis et al., 2021).

How can south Asian communities feel assured that the government offered vaccine has the same positive effects on them as they do on white people when the government itself has failed to properly represent them in vaccine trials? Moreover, the ongoing racism which are highlighted in media does very little to encourage south Asian communities to uptake government-led vaccine interventions. Initiatives such as “grab-a-jab,” where participants were asked to be vaccinated in walk-in centers, have demonstrated improvements in vaccine uptake from ethnic minorities however, we believe that more substantial, systemic changes need introducing to change this perception and to eliminate distrust on government (NHS, 2021).

The concerning health gap in the UK is also a potential problem in regard to vaccine hesitancy in south Asian communities. Modern day discrimination in health care is clear as south Asian ethnic minorities experience less-than-average patient satisfaction in hospital and primary health care (UK Government RDU, n.d.). With this underlying negative view of the British health care system, south Asian communities are more inclined to dismiss the COVID-19 vaccine in fear of having a negative experience and not being treated equally by the system. Furthermore, during this pandemic, ethnic minorities have been overlooked. For example, the UK National Health Service recently warned that the pulse oximeter device which is used to measure oxygen levels in COVID-19 patients by beaming light through the skin may not be as effective on darker skin tones (Fierce Biotech, 2021).

The oversight of the government and health services on issues such as this proves how inadequate they were on securing the safety of ethnic minorities during the COVID-19 pandemic. Oversights such as these perpetuates distrust in the government, especially on COVID-19 related matters such as the vaccine programs. Additionally, only recently has the UK approved China-manufactured Sinovac and India-manufactured Covaxin vaccines (Duffy, 2021). Previously, only people with one of four vaccines have been approved to be considered as fully vaccinated for travel. These includes the Janssen vaccine from the Netherlands, Moderna and Pfizer from the US, and AstraZeneca from the UK. More relevantly, the Astra Zeneca vaccine produced in India was considered suspect by the EU and the British public (Fierce Pharma, 2021). Disapproving of vaccines manufactured in countries that are from developing countries could reinforce ingrained discrimination. They have set an example to south Asian communities in the UK of the distrust and fear of vaccines made by non-western nations.

To tackle vaccine hesitancy, crucial changes need to be introduced in a sector such as the secondary education system as a way to tackle a systemic racist belief to target the minds of pupils in early education. It is important to educate learners from a young age to shape their view of the ethnic minority communities that they live alongside for enhanced social integration. Educating secondary school pupils, who will become integral members of society (e.g., government policy makers), in equality, diversity and inclusion through a decolonised curriculum could potentially ensure that everyone is treated fairly and with respect regardless of their ethnic origin. Focusing on early education and decolonising the secondary school curriculum could be a long-term solution, more substantial to our societal problems regarding systemic racism.



4. Decolonising the UK secondary school curriculum to tackle racism- a potential solution

Decolonising the curriculum is to not only start teaching the history of colonialism and targeting academics and teachers but to open a dialog to all members of society to help create a space for people to both learn and think about cultures and diversity. Opening up an environment where people can respect each other can help begin to rebuild both an education system and a society where everyone is supported and understood equally.

In late 2020, an official UK government and Parliament petition was made to “Teach Britain’s colonial past as part of the UK’s compulsory curriculum” (Petition 324,092) (Long et al., 2021). As stated in the details of the petition, currently, it is not compulsory for primary or secondary schools in the UK to teach Britain’s colonial past. However, teaching such topics in school’s curriculum can help educate pupils at a young age of the truth behind Britain’s historical power. The education system now showcases Britain’s past of being a strong nation and yet does not delve deeply into the exact reasons and their consequences. The curriculum focuses on Britain’s vision throughout history, lacking perspective on the consequences of certain historical decisions and not addressing injustices imposed by Britain during those times (Parsons, 2020).

Changes to the curriculum could involve alternative perspective accounts of historical events (Parsons, 2020). This can teach pupils to empathize with the ever-broadening multi-cultural side of history instead of learning to dehumanize ethnic minorities following the current curriculum. Learning to treat people of other races as equals at a young age is an important step to decreasing deeply conditioned racial prejudice in adult life. As we strive for eradicating racism and therefore hopefully making people of south Asian ethnic minorities feel safe enough to consider the vaccine program, we must start with education.

In regard to decolonising the secondary curriculum in the UK, having a secondary school curriculum that glorifies Britain’s past of colonialism and imperialism can be very damaging toward south Asian-British pupils’ perceptions of themselves. Knowledge of the real history behind their own countries and the struggle with Britain’s past imperialism tend to come from parents and family educating these learners. Having it overlooked in the UK history syllabus creates an unnecessary sense of divide between their country of origin and their country of residence from a young age. This perpetuates the idea that the UK must be somehow against them and their family, as these south Asian-British pupils are told by the curriculum that real hardships faced by their family/ancestors were not significant in British history. It is vital that the secondary school curriculum is targeted in particular as learners are beginning to learn about detailed parts of British history in which colonialism plays a significant part (DoE, 2013). If at this learning stage, the past actions of the British Empire are “white-washed,” there is a risk of normalizing racial prejudice at a young age.

To decolonise the curriculum is to teach Britain’s history in full, without skipping over the major events of colonialism and imperialism that had built up the British Empire. Furthermore, these events must be taught from a factual point of view, to recognize that the power Britain had often stemmed from oppression of others.

The Department of Education’s history key stage 3 (secondary school year 7 to 9) national curriculum in England states to aim to “gain and deploy a historically grounded understanding of abstract terms such as ‘empire’, ‘civilisation’, ‘parliament’ and ‘peasantry’” (DoE, 2013). A crucial step in aiding the curriculum is to add terms such as ‘colonialism’ into the syllabus alongside ‘empire’. The education system needs to open the usage of key words such as ‘colonialism’ to start the discussion of the morals and ethics surrounding Britain’s actions in history rather than glorifying them. Being open with Britain’s past, such as the events discussed in this paper, and considering the effects and outcome for the south Asian people in the curriculum can help promote empathy in learners. Whereas the current curriculum strongly depicts a sense of divide between Britain and Asian countries and also promotes a lack of empathy within white students, ultimately leading to many learners growing up internalizing the idea that systemic racism is acceptable.

It is clear that racism is a problem from a young age. From 2016 to 2021, UK schools reported more than 60,000 racist incidents (Batty and Parveen, 2021). Additionally, teachers of black and minority ethnic backgrounds also reported racism is a contributory factor to the underrepresentation in position of leadership in schools in England (Elonga Mboyo, 2017). Therefore, it seems necessary to start educating learners in these important historical events early in secondary education as well as embedding decolonisation in teachers’ training. Furthermore, it is important to represent every race in the classroom. As this source states, pupils of ethnic backgrounds are often taught about their own heritage by their parents and when their true versions of history they know clash with that of the school curriculum, it causes distress (BBC, 2020). By decolonising the curriculum, we are attempting to look at history from the viewpoint of other ethnic groups. This way of teaching may help represent pupils with minority ethnic backgrounds in the classroom and encourage them to learn accurate History of the interacting with non-Western cultures.

Another secondary subject that should be targeted in this curriculum change is geography. As Puttick and Murrey state, the word ‘race’ does not appear once in the Key stage 3 or GCSE geography curriculum (Anderson, 2021; Puttick and Murrey, 2021). As a subject that revolves around human activity such as anthropology, countries and therefore race, the absence of the word ‘race’ is shocking. Geography emerged as the science of European imperialism, in regards to exploration and colonial geography (De Rugy, 2020). Implicit racism can come from the observation in class that Europeans “discovered” lands and naming it their territory, without regard for the native inhabitants (Beck, 2021). The curriculum makes no effort to delve deeper into the ethics and consequences of this. In geography as well as history, the key to decolonising the curriculum is to teach from other perspectives and viewpoints.

Although there is a very little room in the secondary science curriculum to include topics on race and equality, many improvements could be adopted elsewhere to positively impact learners’ views on STEM subjects. For example, modules in history such as History of Medicine can promote learners’ understanding of the revolution of science and ethical aspects of medicine in different countries in the world and different cultural backgrounds. Currently, the syllabus consists of mainly Western medicine such as inoculations developed by Edward Jenner and the importance of Louis Pasteur (AQA, 2019). Modules such as this is a significant opportunity to teach about unethical science applied by westerners onto minority ethnic groups from their home countries. For example, secondary school students could be taught how discoveries of drugs and vaccines were trialed unethically on ethnic minorities. This is not only from history, such as the injection of asbestos into black prisoners by Pfizer in the 1970s, which recently came to light, but also more recent events. A prominent example is Pfizer’s unapproved trailing of an antibiotic trovafloxacin during a 1996 meningitis epidemic in Nigeria (Lenzer, 2006). These examples of recent historical events in medicine and science could allow for inclusion, empathy, and integration among pupils.

Another subject that can integrate the decolonisation of science is citizenship, which can help tackle the modern-day racial issues surrounding science. The specification of the current citizenship syllabus underlines the need for students to learn “the human, moral, legal and political rights and the duties, equalities and freedoms of citizens” (AQA, 2022). This subject can become a space for discussion to talk about current racial issues to both make ethnic minority students feel represented and heard and to educate sympathy and compassion in other students. These discussions and inclusion of the history of science is important as the science subjects are so full of facts and impartial information that racial issues get looked over.

This is a conundrum as science focused on major discoveries, which have occurred in the past, when the overwhelming majority of scientists were white males. For example, all pupils are taught in biology that Watson and Crick discovered the DNA helix, however there is no mention of James Watson’s racist and misogynistic viewpoints (Klug, 1968). Another key component that could be taught is eugenics and its influence within the education and societal systems. According to Galton, Eugenics is “the science which deals with all influences that improve the inborn qualities of a race; also with those that develop them to the utmost advantage”(Atherton and Steels, 2015). The effect of eugenics is ongoing and impacts our societal systems and educational policies (reviewed in (Lowe, 1998; Bessant, 2016)), which should be taught at secondary school. These views promoted by influential white males who dominate the British society still persist in today’s education system which need to be addressed and dismantled. Therefore, it can be other subjects such as history or citizenship that brings to light these racial issues in science, so that pupils can understand the underlying unfounded biases that men such as Watson exemplify.

The English literature subject can also be decolonised. As the current curriculum has mainly books and poems by white authors, there is room for literature by authors of other ethnicities and also to demonstrate the systematic system of oppression of non-Western peoples, whether it be in the colonial era or for their descendants who live in the United Kingdom today. However, even literature depicting day to day lives of south Asian or British south Asian people can be beneficial for students to learn about, as being able to see people of other ethnicities in normal stories at school can improve learners’ understanding of other cultures and how they live day to day life. This example can also be encouraged in areas outside of English literature, as in subjects such as citizenship and history where case studies are used to improve learning, these case studies can benefit by including a wider range of ethnicities. Reading and learning about a diverse range of perspectives in English can be extremely beneficial to learners as it opens up their minds to other points of view. This extends to the media that is used in English lessons, movies made by ethnic minorities or made about racial topics and historical events can also be advantageous as it is a great opportunity to introduce pupils to these concepts in an engaging format.

Encouragement of ethnic minority pupils into STEM fields and higher education is also important. This can be done by increasing funding for outreach programs for disadvantaged students and deprived areas. The University of Manchester operates a Black, Asian and minority ethnic program with the aim to reduce barriers between black and minority ethnic students and higher education (UoM, n.d.). This project also partners with schools, colleges, and community groups to inspire learners and celebrate black and minority ethnic achievements. More funding for programs such as this and more access to them for minority ethnic students can provide them with opportunities. To ensure this we can incorporate these programs with the secondary curriculum so that all ethnic minority pupils can have access to this. Overall, the new curriculum should teach students about both the history of ethnic minorities in different subjects and also their current affairs and achievements. This allows for inclusion, proper representation in the curriculum for students of ethnic minority backgrounds and also gives them access to programs to further develop themselves.

Decolonising the curriculum, education of learners in various subjects and actively promoting anti-racism in schools, leading to more adults supporting racial equality could have potentially saved south Asian people from harassment and hate-crime during this pandemic, which reinforced alienation from the broader British public. Furthermore, if immigrant south Asian communities were not faced with discrimination and received more support and recognition from the government and associated services, perhaps they would be more confident in up taking the COVID-19 vaccine. Decolonising the secondary school curriculum can help ensure that people of ethnic minorities in the UK will rest assured that their peers in the workplace, school and society are sufficiently educated in racial history. Furthermore, future members of the government can benefit from learning about ethnicities other than white from a young age, leading, potentially, to a government that promotes racial equality. From COVID-19 we have learnt how important government and social support for Asian ethnic minorities are. With this reform in secondary education, the aim is to ensure than in the event of another pandemic, ethnic minorities are supported by the government and society rather than racially targeted and blamed, allowing them to feel safe and trust necessary government-led schemes such as the COVID-19 vaccines.

More than just education, decolonisation is a means to end the cycle of prejudice and marginalization faced by ethnic minorities. For example, although the Tuskegee syphilis study, ended well before the 21st century, the underlying issue of treating ethnic minorities as ‘lesser’ people is still just as prevalent. Even though times have changed, and the scenarios ethnic minorities find themselves in are different throughout history, the underlying issues they face and the discrimination they must overcome in their lives remain. The racial disparities caused by unethical medical testing in history as well as present day racial discrimination has led to mistrust in present day medical research. For instance, Pfizer, a western pharmaceutical company, conducted a drug trial during meningitis outbreak in Nigeria in 1996 which resulted in numerous deaths (Lenzer, 2007). The trial was concluded illegal in a report leaked to the Washington Post in May 2006. As shown by a study conducted by Devlin et al., which concluded that racial discrimination while seeking medical care lowered the likelihood of patients’ participation in clinical trials (Devlin et al., 2020). Therefore, confirming that racial discrimination is still an ongoing and prevalent issue within the medical research sector. Furthermore, its effect on medical testing participation results in less ethnic minority representation in crucial modern-day clinical trials, which in turn causes a cycle of discrimination, as ethnic minority communities are then less likely to trust even a beneficial drug or vaccine that has little to no representation of their own race.

To decolonise is to create a society that no longer treats ethnic minorities as less valued members, where they can live free of the discrimination that were faced by their ancestors. We must overcome the idea that just because the situations and crimes are less extreme, that they are still just as prevalent in the eyes of the people who face them and should be taken seriously.

Decolonisation should be seen and treated as reaching equity rather than an extra step for the benefit of the minority. It’s a voice for the people who have been marginalized and should be viewed as the bare minimum to achieve true equality in society. As Gillborn’s analysis concludes, “the most dangerous form of ‘white supremacy’ is not the most obvious and extreme fascist posturing of small neo-Nazi groups, but rather the taken-for-granted routine privileging of white interests that goes unremarked in the political mainstream” (Gillborn, 2005).

Ultimately, decolonisation can undeniably benefit the lives of ethnic minorities, however, the true goal of decolonisation and achieving equality is to also enhance the knowledge and empathy of everyone in society and expose how colonialism has shaped the global south and impacted British society today. We can stride toward creating an environment where learners of different ethnicities can grow up with equal opportunities and not be pushed into a box, having their futures decided by their ethnic background. This society can also further reach true equality by first taking this first step of being inclusive of difference. We can already see the younger generations strong desire for this change. Meda brings to light university student’s demand for a decolonised curriculum, the study found that student’s views on decolonisation were “distinct, congruent and unambiguous” (Meda, 2020). This further emphasizes that society is ready to take on this challenge for change and that decolonisation is not a distant goal but something that can be achieved now.

However, there is resistance toward the decolonisation movement, as Hall et al. (2021) argue, institutions such as some universities in the UK still reinforce whiteness and dissipates radical energy (Hall et al., 2021). This also applies to secondary school where teachers are predominantly white (Lander, 2014; Katsha, 2022). This means that the systemic implementation of the decolonisation concept into education will be a long and trying process, however, this also implicates that the suggestion of facing this issue by targeting the young generation in hopes of invoking change in society as a whole may be the only solution. As learners notice race from a young age and the absence of dialog about race can allow stereotypes, biases, and racism to be reinforced (Lingras, 2021). Therefore, if the education system were to be reformed to adequately teach them about race and racism at this crucial age, the future generation will already have successfully implemented decolonisation into their society.



5. Conclusion

In conclusion, COVID-19 has brought to light the systemic racism that is present against south Asian communities in today’s society. From the racial hate crimes due to fear of COVID-19 to the vaccine hesitancy among south Asian communities in the UK, there is a clear problem with the way ethnic minorities are perceived by both the public and the UK government. Decolonising the secondary curriculum can be the first step to achieving a racially equal society in the UK as it allows for early learning on cultural awareness. Although this will take a long time, it can enhance integration and compassion between white and black, asian and minority ethnic pupils from a young age and eventually lead to a society that is safe and understanding for all races. Further research into the exact curriculum changes needs to take place to fully restructure the secondary syllabus to include thorough representation of ethnic minorities in all taught subjects.
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Introduction: In the period of regular prevention and control of the COVID-19 pandemic, the public must continue to comply with the government's recommended preventive measures to further curb the pandemic. Based on the theories of protection motivation and cultural tightness-looseness, this study investigates individuals' compliance with the government's recommended preventive measures during this period in China. It also establishes a moderated mediation model to explore the underlying mechanisms.

Methods: We used structural equation modeling and latent model structural equations to analyze data from an online survey of 443 participants.

Results: The analysis showed that media exposure significantly predicted perceived severity, maladaptive rewards, self-efficacy, response efficacy, and response cost. Perceived severity, self-efficacy, and response efficacy were positively associated with protection motivation, which, in turn, was positively associated with individuals' compliance. Additionally, protection motivation positively affected individuals' compliance via implementation intention, and perceived cultural tightness-looseness significantly moderated the association between protection motivation and implementation intention.

Discussion: This study helps to better understand individuals' compliance from a theoretical perspective and provide practical advice on promoting individuals' compliance with the government's precautionary measures.

KEYWORDS
media exposure to COVID-19-related information, the government's recommended preventive measures, protection motivation theory, perceived cultural tightness-looseness, moderated mediation model


1. Introduction

The COVID-19 pandemic posed a serious threat to the public's physical and mental health, with rising cases of suicide and depressive disorder (1). It also caused a huge impact on the national economy, as seen in the stock price crash risk (2). To deal with these negative effects, the government has issued some precautionary measures which were seen as the key to containing the pandemic. In China, the government's actions, including quarantine, social distancing, and isolation of infected cases, helped contain the pandemic well in the early period (3), finally leading to the period of regular prevention and control of the COVID-19 pandemic (4). This means that the public should take preventive measures in their daily life. As there continue to be infected cases in this period, the government has accordingly adopted some precautions as regular prevention and control protocol to further curb the pandemic (5). For instance, the Chinese Centers for Disease Control and Prevention developed the “COVID-19 Prevention Guidelines”, which was recommended as the basic rule for citizen health behaviors (6). The public must comply with the government's recommended preventive measures during regular prevention and control—a directive that deserves to be examined with rigor. A large body of empirical research has examined individuals' preventive behaviors against the pandemic [e.g., (7, 8)]. Nonetheless, individuals' preventive behaviors during regular prevention and control remains unclear. Some scholars have conducted research on regular prevention and control, but their research has mainly focused on individuals' mental health and spontaneous behaviors [e.g., (4, 9)], without considering government's recommended measures. To address the above research gap, this study aims to investigate individuals' compliance with the government's recommended preventive measures during the period of regular prevention and control of the COVID-19 pandemic.

Protection motivation theory (PMT) provides a conceptual explanation for the cognitive processes underlying attitudinal and behavioral change (10). According to PMT, after receiving risk messages or encountering health issues, individuals would take adaptive or maladaptive responses that were predicted by protection motivation and the perception of the threat and the recommended actions. Therefore, PMT may be suitable for examining individuals' compliance with recommended preventive behaviors against the COVID-19 pandemic. In fact, in the context of the COVID-19 pandemic, PMT has been widely used to investigate people's preventive behaviors and has an ideal predictive effect [e.g., (11, 12)]. In addition to PMT, extended parallel process model (EPPM) has also been utilized to predict individuals' compliance behaviors against the pandemic (13, 14). EPPM is seen as an integration of the main theories, including PMT, of fear appeals. Although it is very similar to PMT, it removes the construct's maladaptive rewards and response cost (15). However, research has also found that maladaptive rewards and response cost significantly predicted individuals' preventive behaviors (16, 17). Consequently, to be more comprehensive, this study takes PMT as the basic theory to predict individuals' preventive behaviors against the COVID-19 pandemic.

Additionally, culture has been considered a crucial factor in examining individuals' preventive behaviors against the pandemic (15). According to the cultural tightness-looseness theory, tight-culture societies have strong norms and a low tolerance of deviant behaviors, and promote people to perform behaviors with features of conformity, risk avoidance, and stability seeking. On the other hand, loose-culture societies are represented by relatively flexible norms and a high tolerance for undesirable behaviors, motivating people to perform behaviors with characteristics of deviance and risk seeking (18). Therefore, people in the tight-culture societies may adopt government's measures more than those in the loose-culture societies. Previous research has provided some empirical evidence that people in China showed better compliance with mask-wearing and other preventive measures than those in European countries (19). Likewise, people in Asian countries reportedly adopted more preventive behaviors than those in Europe and the United States (20). In addition to country-level differences, cultural tightness-looseness varies across individuals within a certain country (18). It means that influenced by perceived cultural tightness-looseness, people in the same country may also perform different preventive measures against the COVID-19 pandemic. However, there is minimal empirical evidence supporting the above view, and little is known about the influence of cultural tightness-looseness on preventive behaviors at the individual level. To address this research gap, this study introduces perceived cultural tightness-looseness and examines its effect on individuals' compliance with the government's recommended preventive measures.

In brief, this study mainly has the following contributions. In terms of theoretical significance, this study establishes a theoretical framework based on PMT and cultural tightness-looseness to better understand individuals' compliance with the government's recommendations during regular COVID-19 pandemic prevention and control. It not only expands the theoretical perspective of cultural tightness-looseness, but also contributes to the literature on individuals' preventive behaviors. Besides, it provides practical guidance for promoting individuals' compliance behaviors against the pandemic. More detailed implications are presented in the discussion.



2. Literature review and research hypotheses


2.1. The government's recommended preventive measures

At different times of the COVID-19 pandemic, the government has taken different types of preventive measures or policies. In the early stage of the pandemic, some mandatory measures, such as mandatory vaccination and mask-wearing were adopted to limit the pandemic (21, 22). For these mandatory measures, the public showed good compliance; for instance, about 74% of participants supported mandatory vaccination and 62% intended to get vaccinated for the COVID-19 in Greece (21). Similarly, people showed a high level of acceptance for mask-wearing in China (22). With the pandemic gradually under control, the period of regular prevention and control has arrived; nevertheless, there were still some cases of local and imported infections. This means that the pandemic may persist for a long time, and prevention and control may also be a long-term task. Accordingly, the government took some preventive measures as regular prevention and control protocol and suggested that individuals should follow these recommended precautions in daily life. For example, the Chinese Centers for Disease Control and Prevention developed the “COVID-19 Prevention Guidelines” (6). It includes the following recommended measures: washing hands frequently, wearing masks scientifically, reducing gathering, keeping toilets clean, implementing individual serving, cleaning disinfection and ventilation, observing social etiquette, and maintaining a healthy life. It is essential to abide by these recommended measures to further curb the pandemic. As mentioned above, previous research reported that the mandatory measures were well observed. However, few studies have investigated individuals' obedience to the government's recommendations during regular prevention and control of the pandemic; hence, this study intends to explore individuals' compliance with the government's recommended preventive measures during the regular prevention and control phase of the COVID-19 pandemic in China.



2.2. Protection motivation theory

PMT initially emerged to explain the effect of fear-inducing messages in fear appeals (10). Rogers (23) modified PMT into a more comprehensive version that proposed the cognitive processes underlying individuals' attitudinal changes and expanded the broader information sources. Specifically, it assumes that the components of a fear appeal arouse individuals' cognitive processes, which, in turn, shape their protection motivation in the form of an intention to perform protective behaviors. Two cognitive processes were proposed: threat appraisal refers to the components related to how threatened individuals feel; coping appraisal refers to individuals' assessment of the recommended responses (23). Threat appraisal is composed of perceived severity, perceived vulnerability, and maladaptive rewards, and coping appraisal is composed of self-efficacy, response efficacy, and response cost.

According to PMT, individuals would adopt adaptive or maladaptive responses in the face of significant health issues. A large body of empirical evidence supports that PMT is useful for explaining individuals' health protection behaviors [e.g., (24, 25)]. More recently, PMT has been commonly applied and has effectively predicted individuals' preventive behaviors against the COVID-19 pandemic [e.g., (16, 26)]. PMT could potentially explain individuals' compliance behaviors in the context of the COVID-19 pandemic. Thus, this study uses PMT as the theoretical framework to examine individuals' compliance with the government's recommended preventive measures during regular prevention and control.



2.3. Media exposure to COVID-19-related information

In PMT, a wide range of information sources, including fear appeals, observational learning, and prior experience, were included as materials that might trigger individuals' cognitive processes leading to protection motivation. Among them, media information is seen as one of the antecedents of cognitive processes (27). Four media information components, including magnitude of seriousness, probability of occurrence, self-efficacy depictions, and response efficacy depictions, cause corresponding cognitive processes. Specifically, the magnitude of seriousness influences perceived severity, probability of occurrence influences perceived vulnerability, and self-efficacy and response efficacy depictions influence perceived self-efficacy and response efficacy (27). Empirical evidence suggests that when individuals are exposed to increased media information about public health emergencies, their perceived severity and vulnerability tended to be higher (28); likewise, individuals who accessed more risky media information details were more likely to exhibit higher perceived self-efficacy and response efficacy for performing risky behaviors (29). Therefore, it is reasonable to assume that media information related to COVID-19 might initiate the cognitive processes of threat and coping appraisals.

As mentioned above, the magnitude of seriousness and probability of occurrence among media information components result in increased perceived severity and vulnerability (27). In the context of COVID-19 pandemic prevention and control, Truong et al.'s (30) study investigated how the media influenced perceptions of the pandemic among Vietnamese people. They showed that media exposure was directly related to increased perceived severity and vulnerability. Likewise, exposure to COVID-19 information from both mass media and social media was found to increase individuals' perceptions of severity and vulnerability of the pandemic (31). In other words, media information might be the source that positively drives people's threat appraisal. Besides, media exposure to the COVID-19 information was found to significantly increase individuals' knowledge about the pandemic, which, in turn, positively affected their coping appraisal and health-related behaviors against the pandemic (30, 32). Thus, if individuals perceive a high level of information about the pandemic, they tend to believe it is necessary to take adaptive coping behaviors; on the contrary, they may not be aware of the benefits of performing maladaptive responses. Thus, media exposure may reduce individuals' maladaptive rewards. Consequently, we assume that media exposure to COVID-19-related information increases perceived severity and perceived vulnerability, and decreases maladaptive rewards. The following research hypotheses are proposed:

H1a: Individuals' media exposure to COVID-19-related information is positively associated with perceived severity.

H1b: Individuals' media exposure to COVID-19-related information is positively associated with perceived vulnerability.

H1c: Individuals' media exposure to COVID-19-related information is negatively associated with maladaptive rewards.

Furthermore, self-efficacy and response efficacy depictions of media information lead to individuals' self-efficacy and response efficacy (27). As a pre-condition for coping appraisal, existing research has explored how media information about COVID-19 influenced individuals' efficacy beliefs [e.g., (33, 34)]. Social cognitive theory provides a conceptual framework to analyze the determinants and mechanisms through which symbolic communication affects human thought, emotion, and behavior (35). In terms of the direct pathway, informing, enabling, motivating, and guiding promote changes in people; in the socially mediated mechanism, media links individuals to social networks that provide incentives and guidance for changes. As such, according to social cognitive theory, media is one of the sources for behaviors through which observational learning occurs (35), which in turn strengthens people's efficacy beliefs to motivate behavioral intention (36). In the context of the COVID-19 pandemic, on the one hand, positive information may increase people's efficacy beliefs; on the other hand, exposure to negative information, such as false news and the increasing number of infected people, may have an adverse impact on efficacy beliefs. In either scenario, media information plays a significant role in shaping people's perceptions of the COVID-19 pandemic (34). Empirical studies have found that media exposure to information about the pandemic increased individuals' self-efficacy and response efficacy (30, 33). In other words, individuals who are exposed to more media information tend to perceive high self-efficacy and response efficacy, whereas they are not inclined to perceive response cost. Based on these considerations, we suppose that media exposure to COVID-19-related information may increase individuals' self-efficacy and response efficacy, and decrease response cost. Thus, the following hypotheses are proposed:

H2a: Individuals' media exposure to COVID-19-related information is positively associated with self-efficacy.

H2b: Individuals' media exposure to COVID-19-related information is positively associated with response efficacy.

H2c: Individuals' media exposure to COVID-19-related information is negatively associated with response cost.



2.4. Protection motivation and its predictors

According to PMT, both threat and coping appraisals shape individuals' motivation to protect themselves via the modality of behavioral intentions (23). Specifically, protection motivation is the reason and impetus for individuals to adopt protective behaviors. Some scholars consider it as the intention of individuals to engage in actions that protect them from threats (24). In the existing research, protection motivation was partially evolved into behavioral intention according to the specific context. For instance, Farooqet al. (37) investigated, based on PMT, the impacts of online information on individual-level intention to voluntarily self-isolate during the COVID-19 pandemic. Considering the context of preventing the pandemic, they redefined protection motivation as the intention to voluntarily self-isolate as the outcome of threat and coping appraisals. Thus, in the current study, protection motivation is assumed to evolve into individuals' intention to comply with the government's recommended preventive measures and is assessed based on behavioral intentions. For protection motivation or behavioral intention, a positive impact is generated from the perceptions that: (a) the threat is serious, (b) the individual is susceptible to the threat, (c) the individual is able to perform the recommended response, (d) the recommended response is effective, while there is a negative impact of the perceptions, (e) it is beneficial to not perform the recommended response, and (f) it is costly to perform the recommended response (24). Thus, for protection motivation, perceived severity, perceived vulnerability, self-efficacy, and response efficacy are positive predictors; meanwhile, maladaptive rewards and response cost are negative predictors.

More specifically, for threat appraisal, when individuals perceive high severity and vulnerability, and low maladaptive rewards, they will develop strong protection motivation. Existing research on the COVID-19 pandemic prevention and control has provided empirical evidence for the association between threat appraisal and protection motivation [e.g., (16, 38)]. Rad et al. (16) applied PMT to explain individuals' preventive behaviors against the pandemic and found that perceived severity and vulnerability positively influenced their motivation to maintain protective behaviors. In contrast, the results showed that maladaptive rewards negatively affected their protection motivation. Likewise, based on PMT, Chen et al. (38) explored the differences in people's motivation for getting vaccinated against COVID-19. The study suggested that perceived severity and vulnerability were positively associated with their protection motivation and maladaptive rewards negatively predicted them. Thus, we assume that when individuals perceive high severity and vulnerability of the COVID-19 pandemic and perceive low maladaptive rewards for the government's recommendations, they might tend to formulate a strong protection motivation. Hence, we propose the following research hypotheses:

H3a: Individuals' perceived severity is positively associated with protection motivation.

H3b: Individuals' perceived vulnerability is positively associated with protection motivation.

H3c: Individuals' maladaptive rewards is negatively associated with protection motivation.

For coping appraisal, self-efficacy and response efficacy would strengthen protection motivation in the form of intentions, while response cost would weaken protection motivation. In the context of the COVID-19 pandemic prevention and control, some research has examined the factors influencing individuals' intention to adopt or maintain preventive behaviors [e.g., (17, 37)]. On one hand, Farooq et al.'s study (37) reported that self-efficacy was positively associated with individuals' intention to adopt the self-isolation strategy, while response cost had an adverse influence on their behavioral intention. On the other hand, He et al.'s study (17) also found that for individuals' intention to maintain social distancing and mask-wearing, self-efficacy played the role of a positive predictor; on the contrary, response cost was a negative predictor. Besides, self-efficacy and response efficacy positively influenced individuals' adherence to social distancing (33). That is, individuals who perceive high self-efficacy and response efficacy, and low response cost for the recommended precautions, might be inclined to form a strong motivation to protect themselves from the COVID-19 pandemic. Hence, the following research hypotheses are proposed:

H4a: Individuals' self-efficacy is positively associated with protection motivation.

H4b: Individuals' response efficacy is positively associated with protection motivation.

H4c: Individuals' response cost is negatively associated with protection motivation.

Additionally, protection motivation further promotes individuals' protective behaviors (23), which indicates that the stronger the protection motivation individuals have, the more likely they are to perform protective behaviors. There are several empirical studies on preventive behaviors against the COVID-19 pandemic [e.g., (12, 39)]. Lahiri et al. (12) and Grano et al. (39) explored the predictors of individuals' protective behaviors during the COVID-19 pandemic and consistently found that protection motivation was positively associated with individuals' actual preventive behaviors, such as washing hands, wearing masks, and maintaining social distance. Hence, we suppose that if individuals have a strong motivation to protect themselves from the COVID-19 pandemic, they might be more likely to comply with the government's recommended preventive measures. The following research hypothesis is proposed:

H5: Individuals' protection motivation is positively associated with compliance with the governments' recommended preventive measures.



2.5. Implementation intention

Intention is a proximal factor of individuals' behaviors and is even considered the best predictor in some intention-based theories (40). However, the predictive effect was not as ideal as the theory suggests, just explaining 19–38% of the variance in some empirical research (41). In this regard, Gollwitzer (42) divided the intention into goal intention and implementation intention to represent varying degrees of proximity to behaviors. Goal intention puts more emphasis on thinking about performing certain actions, whereas implementation intention is more focused on the specific plan for performing certain actions. Thus, in general, when individuals formulate the implementation intention, their actual behaviors would correspond more to their intended behaviors (42). Compared to goal intention, implementation intention might be a more proximal predictor of people's actual behaviors. Many studies have provided empirical support for the above view [e.g., (43, 44)]. Milkman et al. (43) investigated individuals' vaccination rate in the context of influenza and found that people who accepted the more specific prompt had a higher vaccination rate. Even so, implementation intention promotes individuals' actual vaccination. More importantly, a comparison of the predictive power of goal intention and implementation intention suggested that both goal intention and implementation intention predicted individuals' health behaviors during rehabilitation, and implementation intention was more frequently predictive (44). Based on these considerations, this study uses implementation intention to predict individuals' compliance with the government's recommended preventive measures. This could contribute to a better understanding of individuals' preventive behaviors during regular prevention and control.

Gollwitzer argued that implementation intention could transfer control over goal-directed behaviors to situational cues, thereby automating the initiation of behaviors (42). In other words, implementation intention facilitates the transition of goal intention into actual behaviors. Specifically, in the stage of thinking, goal intention promotes individuals to form an “unequivocal behavioral orientation” (45). However, it does not guarantee the practice of behavioral orientation. Implementation intention comes into play by connecting a certain goal intention with situational cues. It makes a more detailed plan to promote the efficient execution of goal intention, which means that implementation intention generally serves one or another goal intention (45). Therefore, the stronger the goal intention is, the stronger might be the implementation intention. Furthermore, individuals might be more likely to engage in actual behaviors. In the current study, protection motivation, synonymous with behavioral intention (24), represents individuals' orientation to protect themselves from the COVID-19 pandemic. Thus, we assume that protection motivation might positively influence implementation intention regarding specific situational cues, which, in turn, promotes individuals' compliance with the government's recommended preventive measures. Consequently, the following hypotheses are proposed:

H6: Individuals' protection motivation is positively associated with implementation intention.

H7: Individuals' implementation intention is positively associated with compliance with the government's recommended preventive measures.

Moreover, implementation intention promotes the conversion from intention to action, which helps address the intention-behavior gap (46). It strengthens the relationship between expected situations and target behaviors. As such, implementation intention is considered an important mediator between intention and behavior (47). In the current study, implementation intention is a more proximal factor of individuals' compliance than protection motivation. Moreover, it might facilitate the conversion from protection motivation to individuals' compliance. Thus, we try to examine the mediating effect of implementation intention to reveal the underlying mechanism. Protection motivation might affect individuals' compliance with the government's recommendations via the mediation of the implementation intention. Thus, we propose the following hypothesis:

H8: Implementation intention has a significant mediating effect between protection motivation and individuals' compliance with the government's recommended preventive measures.



2.6. Perceived cultural tightness-looseness

Cultural tightness-looseness has increasingly become an important construct for differentiating cultures, and it contributes to understanding cultural differences in social behaviors (48). Gelfand et al. (18) developed the theory of cultural tightness-looseness to represent the strength of social norms and the degree of sanctioning within societies from a cross-cultural perspective. In fact, it is largely similar to social norms—the accepted standard of human behavior in a particular social context (49). Individuals' behavioral intention will change under the influence of social norms. For instance, a study on preventive behaviors against the COVID-19 pandemic found that social norms positively affected individuals' intention to follow social distancing guidelines (50). According to the theory of cultural tightness-looseness, tight culture expresses more distinct and definite social norms, while loose culture expresses social norms indirectly and inclusively (48). Accordingly, individuals' behaviors would also be influenced by cultural tightness-looseness. Specifically, individuals tend to perform behaviors with features of conformity, risk avoidance, and stability seeking in the tight culture, whereas they tend to perform behaviors with characteristics of deviance and risk seeking in the loose culture. More recently, in the context of COVID-19 pandemic prevention and control, the above ideas have been supported empirically. For instance, Schmidt-Petri et al. (51) investigated people's preventive behaviors against the pandemic in Germany and Japan and found that in two tight cultural countries, the majority of participants enacted preventive behaviors and avoided risk behaviors, such as washing hands and avoiding crowds. Moreover, perceived cultural tightness-looseness was positively associated with their health-related behaviors, such as washing hands and wearing masks (52). In other words, cultural tightness-looseness might be a significant predictor of individuals' intention to perform preventive behaviors against the pandemic. Therefore, this study introduced perceived cultural tightness-looseness to better understand individuals' preventive behaviors during regular prevention and control.

In this study, the government's recommended preventive measures, such as washing hands frequently, wearing masks scientifically, and minimizing gathering, are important for avoiding risky behaviors against the COVID-19 pandemic. Implementation intention to comply with the government's recommendations is behavioral intention with characteristics of conformity, risk avoidance, and stability seeking. As mentioned above, unlike loose culture, tight culture promotes people to perform behaviors with features of conformity, risk avoidance, and stability seeking. Therefore, we assume that perceived cultural tightness might strengthen individuals' implementation intention to comply with the government's recommended preventive measures. Additionally, the moderating role of cultural tightness-looseness has been confirmed in existing research (53, 54). For instance, Dong et al. (53) explored the role of cultural tightness in relation to psychological disorders during the COVID-19 pandemic. The results indicated that risk perception positively predicted psychological disorders; however, the increase in psychological disorders with risk perception was less pronounced among people in tight cultural areas. To further reveal the mechanism of individuals' compliance behaviors, this study attempts to explore the moderating effect of perceived cultural tightness-looseness. We presume that perceived cultural tightness-looseness might significantly moderate the effect of protection motivation on implementation intention. Consequently, we posit the following hypothesis:

H9: Individuals' perceived cultural tightness-looseness is positively associated with implementation intention.

H10: Individuals' perceived cultural tightness-looseness has a significant moderating effect on the relationship between protection motivation and implementation intention.

Based on H8 and H10, we try to explore the moderated mediating effect to further examine the mechanism underlying individuals' compliance. The mediating effect of implementation intention may also be different at the different levels of perceived cultural tightness-looseness. Hence, we posit the following hypothesis:

H11: Individuals' perceived cultural tightness-looseness moderates the mediating effect of implementation intention between protection motivation and individuals' compliance.

The research model for this study was developed based on the above literature review and research hypotheses (see Figure 1).


[image: Figure 1]
FIGURE 1
 The research model. The interaction of protection motivation and perceived cultural tightness-looseness.





3. Materials and methods


3.1. Participants

We conducted a nationwide questionnaire survey in July 2022 through Wen-Juan-Wang, one of the largest real-name registration online platforms in the Chinese mainland. The platform randomly sent questionnaires to real-name registered users in the database. Finally, we collected 538 questionnaires from 30 provinces, municipalities, and autonomous regions in the Chinese mainland. After screening with attention-test items, a total of 443 valid questionnaires were collected.

Table 1 presents the sample characteristics. The average age of participants was 28.4 years (SD = 8.1). Among all the participants, 162 were male (36.6%) and 281 were female (63.4%). Most had a college education (75.2%) and had a monthly household income of 10,000 CNY and more (35.9%). Besides, only 0.7% had been infected with the COVID-19.


TABLE 1 Baseline characteristics of the participants (N = 443).
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3.2. Measurements

Measurements for each variable in the study were adapted from previous research and modified to fit the context of this study with 5-point Likert scales (see Appendix 1).

Media exposure refers to the degree of accessing certain information in the media (55). We used three items adapted from Liu et al. (56) to measure media exposure to COVID-19-related information (M = 4.21, SD = 0.68). Since formative measurement was used, its internal consistency reliability was not presented. Next, we adopted items from Prasetyo et al. (57) to measure perceived severity (M = 4.09, SD = 0.82, and Cronbach's α = 0.81) and vulnerability (M = 2.75, SD = 1.19, and Cronbach's α = 0.91), which respectively refer to individuals' belief that the threat would be serious to themselves and that they are susceptible to the threat (24). The variable maladaptive rewards is defined as perceived benefits of not performing the recommended responses (24), and three items adapted from Kim et al. (58) were used to measure maladaptive rewards (M = 1.84, SD = 1.20, and Cronbach's α = 0.95). Self-efficacy and response efficacy refer to the beliefs that the individual possesses the ability to perform the recommended responses and that they will be effective, while response cost refers to the beliefs of how costly individuals perform the recommended responses (24). We adapted previous scales from Kim et al. (58) to measure self-efficacy (M = 4.45, SD = 0.67, and Cronbach's α = 0.84), response efficacy (M = 4.34, SD = 0.72, and Cronbach's α = 0.87), and response cost (M = 2.55, SD = 1.25, and Cronbach's α = 0.94). Three items were adapted from Ling et al. (59) to measure protection motivation (M = 4.33, SD = 0.73, and Cronbach's α = 0.88), which refers to individuals' psychological disposition to adopt protective behaviors (60). Cultural tightness-looseness is defined as the degree to which cultures impose clear social norms and reliably provide sanctions for deviation from social norms (48). We used six items adapted from Gelfand et al. (61) to measure perceived cultural tightness-looseness (M = 4.05, SD = 0.64, and Cronbach's α = 0.80). To maintain the internal consistency reliability, we removed the reverse-scored item “In this country, in most cases, people have a lot of freedom to decide what they want to do.” Implementation intention refers to when, where, and how individuals perform planned behaviors in the future (42). We utilized three items adapted from Ziegelmann et al. (44) to measure implementation intention (M = 4.21, SD = 0.76, and Cronbach's α = 0.87). Additionally, according to the “COVID-19 Prevention Guidelines” developed by the Chinese Centers for Disease Control and Prevention (6), eight items were used to measure individuals' compliance with the government's recommended preventive measures (M = 4.49, SD = 0.55). As formative measurement was used, its internal consistency reliability was not calculated.



3.3. Data analysis

We used SPSS 25.0 and Mplus 8.0 to conduct data analysis. First, we conducted confirmatory factor analysis (CFA) to test the measurement model. Second, we treated participants' age, gender, education, monthly household income, and infection with COVID-19 or not as control variables, and adopted the structural equation model (SEM) to test Model 0 (null model where the interaction was not estimated). Third, based on Model 0, we used implementation intention and tightness-looseness as the mediator and moderator, respectively, and applied the latent moderated structural (LMS) equations to test the moderated mediation model.




4. Results


4.1. Testing the measurement model

The results indicated a good fit of measurement model [χ2/df = 1.98, comparative fit index (CFI) = 0.94, Tucker-Lewis index (TLI) = 0.94, standardized root mean squared residual (SRMR) = 0.04, and root mean square error of approximation (RMSEA) = 0.05] (Table 2). We also examined factor loading, average variance extracted (AVE), and composite reliability (CR) to ensure convergent and discriminant validity (Table 3). Factor loadings of all items were higher than 0.55, suggesting acceptable measurement validity (66). For CRs, all values <0.60 were desirable (67). The AVEs for media exposure and perceived cultural tightness-looseness were <0.36, but that of others were higher than 0.50, which was acceptable (68). Overall, it indicated acceptable convergent validity.


TABLE 2 Model fit indices for measurement and structural models.
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TABLE 3 Convergent validity test.
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Moreover, we evaluated discriminant validity by the square root of AVE (SRAVE). The results showed all SRAVEs were greater than the correlations between each pair of variables (Table 4), suggesting good discriminant validity (69). Additionally, we tested the multicollinearity and found that the maximum variance inflation factor was 2.84, which suggested that multicollinearity was not significant (70).


TABLE 4 Discriminant validity test.
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4.2. Testing the moderated mediation model

A two-step method was proposed to assess the LMS model fit. First, we run Model 0 (null model where the interaction is not estimated) to obtain general model fit indices, such as χ2/df, CFI, TLI, SRMR, and RMSEA. Second, use a log-likelihood ratio test to compare the relative fit of Model 0 and Model 1 (alternative model where the interaction is estimated). If Model 0 fits well, and Model 0 represents a significant loss in fit relative to Model 1, Model 1 will be a well-fitted model (71). Besides, researchers have adopted Akaike Information Criterion (AIC) to assess model fit. AIC represents the degree of information loss. Ideally, the model with the smallest AIC is the optimal one (72).

In this study, we first run SEM analysis to test Model 0, using participants' age, gender, education, monthly household income, and infection with COVID-19 or not as control variables. The results suggested a good fit (χ2/df = 2.25, CFI = 0.91, TLI = 0.90, SRMR = 0.07, and RMSEA = 0.05) (see Table 2). We then applied LMS to test Model 1 (moderated mediation model) through 3,000 bootstrapped samples, treating implementation intention and tightness-looseness as the mediator and moderator, respectively. We assessed the significance of log-likelihood ratio change (see Table 5). The p-value was >0.05, indicating that Model 0 represented a significant loss in fit relative to Model 1. Besides, the AIC for Model 1 (36,024.17) was smaller than that for Model 0 (36,028.13) (Table 5). Thus, Model 1 is well-fitted.


TABLE 5 Model fit indices for Model 0 and Model 1.
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The results of the moderated mediation model explained 54.3% of the variance in individuals' compliance with the government's recommended preventive measures (Figure 2). Media exposure was positively associated with perceived severity (β = 0.52 and p < 0.001), whereas it was negatively associated with maladaptive rewards (β = −0.40 and p < 0.001), supporting H1a and H1c. Next, media exposure was positively associated with self-efficacy (β = 0.87 and p < 0.001) and response efficacy (β = 0.91 and p < 0.001), whereas it was negatively associated with response cost (β = −0.40 and p < 0.001), thereby supporting H2a, H2b, and H2c. Perceived severity (β = 0.17 and p < 0.001), self-efficacy (β = 0.39 and p < 0.001), and response efficacy (β = 0.37 and p < 0.001) were positively associated with protection motivation, thereby supporting H3a, H4a, and H4b. Lastly, protection motivation was positively associated with individuals' compliance (β = 0.55 and p < 0.001), thereby supporting H5.


[image: Figure 2]
FIGURE 2
 The moderated mediation model. Solid lines represent significant paths, and dotted lines represent insignificant paths. The interaction of protection motivation and perceived cultural tightness-looseness; *p < 0.05, ***p < 0.001.


With respect to the mediating effect, protection motivation was positively associated with implementation intention (β = 0.50 and p < 0.001), which was positively related to individuals' compliance (β = 0.22 and p < 0.001), thereby supporting H6 and H7. Additionally, implementation intention had a significant mediating effect between protection motivation and individuals' compliance [Effect = 0.08, SE = 0.03 and 95% boot CI = (0.02, 0.13)] (Table 6), thereby supporting H8. In terms of the moderating effect, perceived cultural tightness-looseness was positively associated with implementation intention (β = 0.42 and p < 0.001), thereby supporting H9. The interaction of protection motivation and perceived cultural tightness-looseness was negatively associated with implementation intention (β = −0.08 and p < 0.05), thereby supporting H10.


TABLE 6 Mediating effect and conditional mediating effect.
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Besides, the results of conditional mediating effect were presented (Table 6). When perceived cultural tightness-looseness was low (M – SD), implementation intention had a significant mediating effect [Effect = 0.10, SE = 0.03 and 95% boot CI = (0.03, 0.17)]. When perceived cultural tightness-looseness was high (M + SD), implementation intention also had a significant mediating effect [Effect = 0.05, SE = 0.02 and 95% boot CI = (0.01, 0.10)]. This suggests that perceived cultural tightness-looseness significantly moderated the indirect effect of protection motivation on individuals' compliance via implementation intention. Specifically, as perceived cultural tightness-looseness increased, the mediating effect decreased. Thus, H11 was supported.




5. Discussion

The current study introduces perceived cultural tightness-looseness in PMT to explore influencing factors and mechanisms of individuals' compliance with the government's recommended preventive measures during the regular phase of COVID-19 pandemic prevention and control. It generated several noteworthy findings that help to better understand individuals' compliance behaviors.

First, the findings showed that media exposure partially predicted individuals' threat appraisal for the COVID-19 pandemic. Consistent with previous research (30), we found that media exposure positively influenced perceived severity, while it had no significant impact on perceived vulnerability. This could be because with the arrival of the period of regular prevention and control, individuals' perception about vulnerability to the COVID-19 pandemic was relatively low (M = 2.75 and SD = 1.19); therefore, media exposure did not significantly influence perceived vulnerability (30). Besides, the findings showed that media exposure was negatively associated with maladaptive rewards, which is rarely confirmed in previous research. This may be explained by exposure to COVID-19 information increasing perceived knowledge, which, in turn, promotes individuals to actively response to the pandemic (32). Thus, individuals who are exposed to more COVID-19 information are less likely to perceive the benefits of not performing the government's recommendations.

In addition, the findings also indicated that media exposure significantly influenced individuals' coping appraisal. Specifically, we found that media exposure positively predicted self-efficacy, which is in accordance with existing research (30). Meanwhile, we discovered that media exposure positively influenced response efficacy and negatively predicted response cost, which has been found in few studies. According to social cognitive theory, media exposure is an important information source of obtaining knowledge and indirect behavioral experience, which enhances individuals' perceived efficacy (36). Thus, when individuals are exposed to more media information, they are more likely to have a high perception of efficacy for the government's recommendations. Consequently, they tend to believe the recommended measures can reduce the threat of the pandemic, and they are able to perform them; inversely, they are less likely to perceive the cost of execution. The above findings confirm that information is the antecedent of cognitive processes and provide new empirical evidence for the association between media exposure and cognitive processes in the context of COVID-19 pandemic prevention and control.

We then examined how threat and coping appraisals affected protection motivation. Existing research reported that all the components of threat and coping appraisals were significantly related to protection motivation (16). Inconsistently, we just found that when individuals perceived high severity, self-efficacy, and response efficacy, they were inclined to form strong protection motivation. The reason for conflicting findings may be that individuals have different perceptions at different times in the pandemic. Specifically, during from March 2020 to April 2020, COVID-19 was declared a pandemic with a lot of uncertainties (73), and no definitive treatment or vaccine had been developed. Thus, at that time, individuals perceived relatively high susceptibility, maladaptive rewards, and response cost (16). In contrast, during regular prevention and control, the pandemic has been effectively controlled (5). Thus, in this period, individuals' perception about vulnerability (M = 2.75), maladaptive rewards (M = 1.84), and response cost (M = 2.55) were relatively low. Thereby, no significant influence was observed.

Besides, the findings showed that protection motivation was positively associated with individuals' preventive behaviors, which is consistent with previous studies (16, 39). Specifically, we found that protection motivation promoted individuals to comply with the government's recommended preventive measures. Similar to other kinds of motivation, protection motivation can arouse, sustain, and direct behaviors (74). The stronger the protection motivation, the stronger the evocation effect on individuals' subsequent behaviors. Thus, when individuals had a strong motivation to protect themselves from the COVID-19 pandemic, they were more likely to abide by the government's recommendations.

In terms of implementation intention, the findings indicated that it played a significant mediating role between protection motivation and individuals' compliance. Specifically, we found that individuals' motivation to protect themselves positively affected implementation intention, which, in turn, was positively related to individuals' compliance. Actually, most studies simply considered behavioral intention as the predictor of individuals' actual behaviors (41). However, they did not make a specific distinction between the goal intention and implementation intention, and ignored the predictive role of implementation intention. This study not only found that the implementation intention significantly predicted individuals' compliance behavior, but also revealed a mediating mechanism in the “intention-behavior” association. These findings provide new empirical evidence for the theoretical viewpoint that implementation intention is a more proximal predictor of human behaviors. In this study, implementation intention changed individuals' behaviors by forming a stimulate-response connection (75). If the relationship between the goal-oriented action and specific situation (when, where, and how) is stronger, individuals will be more likely to transform the goal intention into actual behaviors. Therefore, when individuals formulate the implementation intention regarding when, where, and how to perform the government's recommendations, they are inclined to translate protection motivation into actual compliance.

More importantly, we explored the impact of perceived cultural tightness-looseness and found that it positively predicted implementation intention to comply with the government's recommendations. Although culture is seen as an important construct to explain individuals' preventive behavior during the COVID-19 pandemic (15), few studies have examined the role of culture. Some scholars tried to compare preventive behaviors between German and Japanese people from the perspective of cultural tightness-looseness (51). However, they simply defined Germany and Japan as tight-culture countries, without specifically assessing individuals' perception of cultural tightness-looseness. This study provided empirical support and explanation for the impact of cultural tightness-looseness at the individual-level. According to the cultural tightness-looseness theory, tight culture expresses stricter social norms, and subsequently, tight culture would promote people to perform behaviors in line with social norms (48). Therefore, individuals who perceived high cultural tightness were inclined to intend to comply with the government's recommendations. Additionally, the findings suggested that perceived cultural tightness-looseness significantly moderated not only the association between protection motivation and implementation intention, but also the mediating effect of implementation intention between protection motivation and individuals' compliance. Specifically, at the high level of perceived cultural tightness-looseness, the influence of protection motivation on implementation intention and the mediating effect of implementation intention would be decreased. It is worth noting that although both protection motivation (β = 0.50 and p < 0.001) and perceived cultural tightness-looseness (β = 0.42 and p < 0.001) were each positively associated with implementation intention, the interaction was negative (β = −0.08 and p < 0.05). According to the existing literature, it is the third pattern of interaction named interference or antagonistic interaction (76). Specifically, protection motivation and perceived cultural tightness-looseness might be a substitute for each other. That is, there may be a partially “either-or” pattern of effect of the two factors on implementation intention. Hofstede (77) argued that individuals are culturally coded from early childhood, and in general, their behaviors are also culturally determined. For individuals' compliance, cultural tightness-looseness may be the more profound and stable influencing factor whose effect could replace that of protection motivation. As such, at the high level of perceived cultural tightness-looseness, culture played a more significant role, which to some extent, decreased the positive effect of protection motivation on implementation intention. On the contrary, at the low level of perceived cultural tightness-looseness, the influence of culture was weakened, while the positive influence of protection motivation was gradually revealed. Likewise, implementation intention played a strong mediating effect when perceived cultural tightness-looseness was low. The above findings revealed the role of cultural tightness-looseness, which contributes to understanding individuals' compliance from a cultural perspective. It can be seen that tight culture promotes individuals' compliance with the government's recommended preventive measures or policies. As such, it might be the critical factor to explain the differences in people's adaptive or maladaptive responses to the COVID-19 pandemic across countries, for instance, people in Asian countries, including China, Japan, and Singapore, showed greater acceptance of preventive measures than those in Europe and the United States (20).


5.1. Implications and limitations

The current study has both theoretical and practical implications. In terms of theoretical implications, this study investigated individuals' compliance with the government's recommended preventive measures during regular prevention and control. The findings help to better predict individuals' compliance and contribute to relevant literature. First, this study enriches the literature on regular COVID-19 pandemic prevention and control. Researchers have investigated individuals' preventive behaviors against the COVID-19 pandemic (19). At present, many countries have entered the regular prevention and control phase, during which the government's precautions against the pandemic have also become normalized (78). However, little is known about individuals' compliance. Thus, it is imperative to conduct research to examine individuals' compliance during regular prevention and control. Second, this study introduced the construct of perceived cultural tightness-looseness, which extend PMT and provides a theoretical angle for examining individuals' compliance. Unlike previous research that largely focused on the country or state level of cultural tightness-looseness (52), the current study examined the effect of perceived cultural tightness-looseness at the individual level. Furthermore, the findings indicated that perceived cultural tightness-looseness had a positive impact on individuals' implementation intention. It not only helps to explain individuals' compliance from a cultural perspective, but also contributes to the literature on cultural tightness-looseness. Third, this study explored the mediating effect of implementation intention and the moderating effect of perceived cultural tightness-looseness. It reveals mechanisms behind individuals' compliance, which extends PMT. Prior research has suggested that PMT effectively predicted individuals' preventive behaviors against the COVID-19 pandemic (26). However, limited research has explored how protection motivation affects individuals' preventive behaviors. To reveal the mechanism, the current study examined the moderated mediating effect, among which implementation intention and perceived cultural tightness-looseness served as the mediator and moderator, respectively. These findings significantly contribute to the literature on PMT and on COVID-19 pandemic prevention and control.

In terms of practical implications, this study revealed the influencing factors and mechanisms behind individuals' compliance. The findings contribute to understanding individuals' compliance, while also providing some practical evidence to promote individuals to follow the government's precautions against the COVID-19 pandemic. First, media exposure significantly influenced threat and coping appraisals, which, in turn, shaped protection motivation. Multimedia channels could be adopted to disseminate information about the COVID-19 pandemic. As such, individuals would be exposed to more relevant information and form correct cognition of the COVID-19 pandemic and preventive measures. Second, protection motivation positively predicted individuals' compliance via the mediation of implementation intention. Individuals should be encouraged to establish specific implementation intentions, which helps individuals transform protection motivation into actual preventive behaviors. Third, perceived cultural tightness-looseness positively influenced implementation intention. Moreover, it played a significant moderating effect named interference or antagonistic interaction. It suggests that during regular prevention and control, a moderate tight culture should be created, and it is inappropriate to overemphasize social norms. In this way, protection motivation would have a relatively high effect on implementation intention. Meanwhile, implementation intention would play a relatively large role in promoting individuals to comply with the government's recommendations.

However, this study has some limitations that should be addressed in future research. First, the study was conducted in the Chinese cultural context, which represents a definite tight culture. All findings, particularly the role of perceived cultural tightness-looseness, were specific to individuals in the context of Chinese culture. Thus, researchers should be cautious while generalizing our findings to other cultural contexts, especially to loose cultures. Future research should apply our proposed theoretical model to other cultural contexts to examine the applicability and explanation of the model. Second, this study investigated individuals' compliance with the government's recommendations. However, it did not examine government-related influencing factors that may serve as potential antecedents of individuals' obedience. Future research should consider government-related influencing factors and explore how these factors affect individuals' compliance.




6. Conclusion

This study provides a theoretical and empirical basis for predicting individuals' compliance with the government's recommended preventive measures during the regular prevention and control phase of the COVID-19 pandemic. The findings indicate that media exposure to COVID-19-related information positively predict perceived severity, self-efficacy, and response efficacy, whereas it is negatively associated with maladaptive rewards and response cost. Furthermore, perceived severity, self-efficacy, and response efficacy positively influence protection motivation, which, in turn, promotes individuals' compliance. More importantly, we revealed a moderated mediating mechanism behind individuals' compliance. Specifically, when individuals perceived high cultural tightness-looseness, the positive effect of protection motivation on implementation intention gradually decreased; likewise, the mediating effect of implementation intention between protection motivation and individuals' compliance exhibited a decreasing trend. These findings lead to several contributions. On the one hand, this study addressed the research gap regarding individuals' compliance with the government's recommendations during regular prevention and control. On the other hand, this study expands PMT via integrating perceived cultural tightness-looseness in the context of COVID-19 pandemic prevention and control. We also offer several suggestions to promote individuals' compliance with the government's recommendations. We hope future research will continue to explore more potential influencing factors and mechanisms behind individuals' compliance with the government's recommended preventive measures.
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Introduction: Intercity mobility restriction, physical distancing, and mask-wearing are preventive behaviors to reduce the transmission of COVID-19. However, strong cultural and religious traditions become particular challenges in Indonesia. This study uses the Behavior Change Wheel to explore barriers and facilitators for intercity mobility restriction, physical distancing, and mask-wearing during Ramadan.

Methods: Semi-structured in-depth interviews with 50 Indonesian adults were conducted between 10 April and 4 June 2020. Having mapped codes into the Capacity, Opportunity, Motivation – Behavior (COM-B), and Theoretical Domain Framework (TDF) model, we conducted summative content analysis to analyze the most identified factors to preventive behaviors and proposed interventions to address those factors.

Results: Belief about the consequence of preventive behaviors was the most mentioned facilitator to all preventive behaviors among compliers. However, optimism as a TDF factor was commonly mentioned as a barrier to preventive behaviors among non-compliers, while environmental context and resources were the most commonly mentioned factors for intercity mobility restriction.

Conclusions: Public health intervention should be implemented considering the persuasion and involvement of religious and local leaders. Concerning job and economic context, policy related to the intercity mobility restriction should be reconsidered to prevent a counterproductive effect.

KEYWORDS
COVID-19, preventive behavior, mobility restriction, physical distancing, face mask


1. Introduction

The occurrence of novel coronavirus disease 2019 (COVID-19) caused by infection of SARS-CoV-2 viruses has spread dramatically worldwide since its first cluster of cases was reported in December 2019 in Wuhan city, Hubei Province, China. It is a highly transmissible disease that is primarily transmitted via droplets from sneezing or coughing and via fomites and airborne aerosols in certain situations (1–6). Due to the high transmission of COVID-19 to many countries with a continuous and high rise in morbidity and mortality, the WHO has declared a public health emergency since January 30, 2020. Given that there was no vaccine or effective pharmaceutical treatment at that time, behavioral interventions promoting hand washing, physical distancing, and wearing a face mask were recommended to reduce the SARS-CoV-2 transmission (7, 8). In addition, international public health officials have proposed several cordon-sanitaire measures to mitigate the virus transmission, such as lockdowns, strict quarantine measures, and restraining flights from and to infected countries (9, 10). However, it took many more weeks for many countries to implement precautionary measures, including Indonesia.

Official data report that the severity of COVID-19 has been less alarming in Indonesia than that in many other countries. The Indonesian Government was at first condemned for not responding promptly and obviously to the emergence of the COVID-19 outbreak (11–13). When two neighboring countries, Malaysia and Singapore, observed sharp growth in the COVID-19 spread, Indonesia claimed to have zero cases throughout February 2020 (14). Only on March 2, 2020, the first two confirmed cases were reported in Indonesia. The Indonesian Government ruled out lockdowns, highlighting their severe economic impact in India. The Government then opted to promote some preventive behaviors to reduce the transmission of COVID-19, such as frequent handwashing with soap or hand sanitizer, wearing a face mask, and applying physical distancing. People were also encouraged to stay at home and work from home to reduce physical contact between infected and uninfected individuals. While the health promotion successfully increased public handwashing practice, public compliance with physical distancing and wearing a face mask was below the required level for curtailing the COVID-19 burden (15, 16). In the absence of stringent preventive measures, the confirmed cases of COVID-19 were subsequently found in all of Indonesia's 34 provinces only a month after the first reported case.

The Indonesian Government's efforts to curb the spread of COVID-19 became increasingly challenging, especially when it came to Ramadan and Eid Al-Fitr in May 2020. As a country with the largest Muslim population, Indonesia has some traditions during Ramadan and Eid Al-Fitr, such as homecoming, Ramadan dinner gathering, congregational night prayer, congregational Eid prayer, visiting cemeteries, and halal bi halal (asking forgiveness from one another by handshaking). All these traditions bring many people to the same place simultaneously, which consequently presents certain challenges to the efforts toward COVID-19 prevention in Indonesia.

To deter further transmission of COVID-19 to other regions, the Government decided to implement large-scale mobility restrictions by imposing a ban on homecoming activities 1 month before Eid Al-Fitr through Regulation of the Minister of Transportation No. 25 of 2020. Along with the two of the most prominent Islamic organizations (Muhammadiyah and Nahdlatul Ulama), The Government also suggested that all Muslims pray Eid at home rather than in the mosque or open space and encourage the public to comply with the preventive behaviors during the practice of cultural and religious tradition, such as allowing stretching out the prayer rows and wearing a face mask in congregational prayer during the pandemic situation. However, the COVID-19 National Task Force revealed that people neglected preventive measures and celebrated cultural and religious traditions, as usual, resulting in a spike in COVID-19 cases in Indonesia after Eid Al-Fitr (17, 18). The public adherence to preventive behaviors dropped further until the Government implemented a policy involving the local community, called micro-scale restrictions which were imposed on public activities. The situation is still relevant nowadays, especially when adherence to preventive behaviors continuously declined since the new year 2022 (19), followed by a dramatic upsurge of new daily cases caused by the omicron variants (20).

The present study explores how individuals respond to three precautionary measures of COVID-19 during the annual Ramadan month, including travel restrictions, physical distancing, and wearing face masks. Identifying what facilitates and obstructs compliance with preventive measures is pivotal to informing public health interventions and policies. Designing interventions and policies based on theoretical frameworks have been suggested to improve effectiveness (21). The Behavior Change Wheel (BCW) provides comprehensive tools for designing behavioral interventions (22). Assessing factors that influence behavior helps tailor behavior interventions (23, 24). The Capability, Opportunity, Motivation – Behavior (COM-B) model in the center of the BCW is adopted to identify facilitators and barriers of several health behaviors as a basis for designing behavioral interventions (25–30).

Different from the existing literature (31–33), this study examined preventive behaviors in a developing country with strong tradition and cultural factors in a particular annual religious event. The present study uses the COM-B model to explore the barriers and enablers of intercity mobility restriction, physical distancing, and wearing a mask and discuss the proposed interventions and policies to promote these preventive behaviors.



2. Methods


2.1. Study design

This qualitative research applied a phenomenology approach. Semi-structured interviews with Indonesian adults were conducted from 10 April to 4 June 2020. The phenomenology design was used to investigate individual experiences on COVID-19 preventive behaviors during Ramadan. The design aimed to enhance understanding of the various responses and perspectives on the particular phenomenon (34). This study has obtained ethical approval from the Medical and Health Research Ethics Committee of the Faculty of Medicine, Public Health and Nursing, Universitas Gadjah Mada No: KE-FK-0788-EC-2020 and Social Sciences Ethics Committee of Heriot-Watt University No. 2020-0433-1353. We reported our findings following the Standards for Reporting Qualitative Research (SRQR) checklist (35).



2.2. Informants and data collections

A purposive sampling technique was performed by five field epidemiologists representing five regions in Java to endeavor a maximum sample variation (i.e., age, work type and status, religion, ethnicity, income level, comorbidity, and region of domicile), hence opinions could be collected from multiple perspectives following the BCW framework (22, 36). Maximum variation of the sample might ensure the adequacy and authenticity of the obtained data (34). Participation in the interviews was voluntary so long as the informants met inclusion criteria such as being 18 years or older, willing to be contacted by phone for an interview, and living in Greater Jakarta, West Java, Central Java, Yogyakarta, or East Java.

The selection of the above areas is based on most of Indonesia's confirmed cases coming from Java, the most densely populated island in the country (37). The capital city of Jakarta was the epicenter of the pandemic, contributing half of the total positive cases in Indonesia during the first month, and even two-thirds if involving adjacent urban districts that constitute Greater Jakarta (38). Following Jakarta, West Java, Yogyakarta, Central Java, and East Java are other provinces in Java with high numbers of confirmed daily cases.

Study informants were purposively selected based on a database provided by the represented epidemiologist in each district using a quota system based on age, gender, work type and status, income level, comorbidity, and domicile. This study aimed to account for the heterogeneity of the informants about adherence to mobility restriction, physical distancing and wearing a face mask. All interviews used the local language (Java and Madura) and Bahasa Indonesia and were conducted by experienced interviewers who were familiar with the research topic and did not have any personal relationship with informants. Written consent was provided in advance of the interview, and verbal consent was carried out before commencing the interview. We started by interviewing ten informants, and various themes emerged in response to the interview questions. We stopped recruiting informants for interviews if we approached data saturation from recurring responses, i.e., additional informants did not reveal new themes (39). This resulted in 50 informants being interviewed, while interviews lasted between 40 and 60 min.

Semi-structured in-depth interviews were conducted since they were regarded as most appropriate for exploring informants' capacity, opportunity, and motivation to comply or not comply with mobility restrictions and other preventive measures. The semi-structured interview was chosen to ensure informants could express their thoughts without influence from others so the interview could capture more details than the focus group discussion (40, 41). Due to mobility restrictions and physical distancing measures during unusual conditions, the survey was carried out via phone interviews to prevent virus transmission.

The interview schedule consisting of open-ended questions and prompts was developed to explore informants' demographic information, general knowledge, perceived compliance to preventive behaviors, and perceptions of enablers and barriers to preventive behaviors. Additional probes and prompts were added based on new topics introduced by informants (42). Two epidemiology experts evaluated the relevance of the survey questions, and the interview guide was modified as suggested.



2.3. Analysis

The phone interviews were audio-recorded and transcribed verbatim into Bahasa Indonesia, then translated into English. Transcripts were iteratively coded using inductive thematic analysis to identify common perceptions and opinions, following the analysis process by Braun and Clarke (43). Audio recording and transcript files were stored in encrypted cloud storage. First, we assigned pseudonyms to protect the identities of informants. Then, RAW, a public health researcher, and RBH, a social science researcher, analyzed the interview transcripts independently to allow researcher triangulation. Each of them looked through the transcripts carefully and then generated label codes. Each code was noted as either “facilitators” or “barriers”, depending on the context of the code captured from the informant. Each researcher also kept a reflective note to ensure an obvious coding process. The following process included comparing and cross-checking the coding by two researchers to agree upon common codes. Discrepancies in codes were discussed and resolved with the research team until a consensus was reached. This process ensured credibility and trustworthiness since no key themes were missed. Selected quotes from the informants about what would facilitate or hinder compliance toward mobility restriction and other preventive measures are presented in the results section.

Having reached an agreement on the codes, RAW and RBH independently categorized each code into fourteen domains using the Theoretical Domain Framework (TDF) and mapped it onto the COM-B components (22, 44). Discussion between researchers was conducted to resolve any difference in the TDF and COM-B model code mapping. After agreement on TDF and COM-B mapping had been made, RAW conducted the summative content analysis by discovering the occurrences of codes and calculating the frequency count of coding for each TDF and COM-B domain (45). RAW then made a rank-ordered TDF and COM-B domain according to the frequency coding to point out which TDF and COM-B components were the main facilitators and barriers to compliance with a mobility restriction, physical distancing, and wearing a mask behavior.

The COM-B model has been applied in various contexts (46–48). This model is introduced by Michie et al. (22), positing that people need capability (C), opportunity (O), and motivation (M) to effectuate a behavior (B). This model aims to guide understanding of behavior and develop behavioral targets to be a foundation for intervention design. The model suggests that for individuals to engage in a specific behavior (B), they must be psychologically and physically able (C) and supported by physical and social opportunity (O) to execute the behavior, while the motivation encompasses basic drivers such as habit and impulses (automatic process) as well as intention and choice (reflective process). The COM-B model can be elaborated with more details by the TDF consisting of fourteen domains, allowing researchers to analyze the most important domain-specific aspects related to the target behavior (49–51). Analyzing the factors influencing the behavior will help design interventions based on nine intervention functions and seven policy categories (22).




3. Results

A total of fifty informants were interviewed (27 males, and 23 females). The percentage of informants who complied with the mobility restriction, physical distancing, and wearing a face mask behavior during the survey period was 40, 32, and 64%, respectively. Table 1 presents the demographic and other characteristics of informants.


TABLE 1 Characteristics of the participants.
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3.1. Behavior analysis using the TDF and COM-B model

Table 2 reports the COM-B components' frequency that influences the intercity mobility restriction, physical distancing, and face mask-wearing behavior. In total, factors that influence physical distancing were mentioned 336 times, making this behavior have the highest number of mentioned factors while wearing a face mask has the least number of mentioned factors. There are some differences in the pattern of COM-B components as mentioned by compilers and non-compliers and the pattern of factors that influence each behavior. Among compliers, they mentioned more facilitators than barriers. In contrast, non-compliers mentioned more barriers than facilitators, except for wearing a face mask. Motivation was the most frequently mentioned facilitator of preventive behavior, except for the intercity mobility restriction since the most frequently mentioned facilitator among non-compliers was the opportunity.


TABLE 2 Summary of COM-B components.
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The most commonly reported TDF domains that hinder the intercity mobility restriction were almost similar between compliers and non-compliers, including emotion, environmental context and resource, and social influence (Supplemental File 1). While the environmental context and resource domain was the most mentioned facilitator to the intercity mobility restriction among both compilers and non-compliers, this domain was also the most mentioned barrier to the physical distancing behavior. Belief about consequence was found in the top three mentioned facilitators to the intercity mobility restriction and physical distancing among compliers. However, this domain was not found in the top three mentioned facilitators to the other two preventive behaviors among non-compliers.

On the other hand, optimism was among the most commonly mentioned barriers to applying physical distancing and wearing a face mask among non-compliers. However, this domain was not found in the most commonly mentioned barriers to these two-preventive behaviors among compliers. Physical skill as the most mentioned barriers to wearing a face mask, emotion and belief about consequence as the most commonly mentioned facilitators to wearing a face mask were found among both compilers and non-compliers of this behavior. Meanwhile, memory was only mentioned in wearing a face mask behavior.

In total, the determinants of physical distancing were categorized into 56 sub-themes as preventive behavior with the most varied sub-themes compared to those of other preventive behaviors (Supplemental File 2). Intercity mobility restriction and wearing a face mask behavior only had 45, and 44 mentioned influencing factors, respectively.



3.2. Intercity mobility restriction

Concerning intercity mobility restriction, emotion, social influences, and environmental context and resources were the most commonly mentioned TDF domain, which hampers intercity mobility restriction (Figure 1). In addition to the environmental context and resource domain, compliers mentioned beliefs about consequence and emotion as their common facilitators. However, non-compliers mentioned reinforcement and social influences as their common facilitators.


[image: Figure 1]
FIGURE 1
 Factors influencing intercity mobility restriction: (A) barriers among compliers, (B) facilitators among compliers, (C) barriers among non-compliers, and (D) facilitators among compliers.


Environmental context and resources domain was the most commonly mentioned factors influencing intercity mobility restriction. Job-related and transportation-related contexts could either facilitate or hinder informants from avoiding intercity mobility. On the other hand, participants perceived that they could not stay in the region if religious, family and cultural events were held in other regions during Ramadan and Eid Al-Fitr.

“As Indonesians, normally we do homecoming for doing sungkeman (kneeling down) tradition.” (Informant 019, M, < 45 years old, the implementer of mobility restriction).

“I have to travel between regions because my office is outside the region” (Participant 005, F, < 45 years old, non-implementer of mobility restriction).

Informants mentioned that emotions such as boredom, homesickness, loneliness, and fear of planned lockdown had hindered them to stay in their area of residence. Belief about consequences, such as believing that staying in their region would protect them from COVID-19 infection and could end the pandemic, emerged as one of the most commonly mentioned facilitators of intercity mobility restriction.

“I miss my wife since she works in Yogyakarta.” (Informant 001, M, > 45 years old, Non-implementer of mobility restriction).

“I remain staying in this city so that the pandemic will end soon.” (Informant 002, F, >45 years old, Implementer of mobility restriction).



3.3. Physical distancing

Among both compilers and non-compliers, environmental context and resource domain were the most commonly mentioned either as barriers or facilitators. At the same time, social influence was the most commonly mentioned barrier to physical distancing behavior (Figure 2). In addition to the environmental and social influence domain, compliers mentioned emotion, while non-compliers, on the contrary, mentioned optimism as a barrier to physical distancing. Compliers also mentioned knowledge and belief about consequences as their facilitators to physical distancing behavior, while in contrast, emotion and social influence were mentioned by non-compliers as their facilitators.


[image: Figure 2]
FIGURE 2
 Factors influencing physical distancing: (A) barriers among compliers, (B) facilitators among compliers, (C) barriers among non-compliers, and (D) facilitators among compliers.


Compliers mentioned their knowledge as a facilitator of physical distancing behavior. They perceived that they could do physical distancing because they knew how to implement it, the government advice on physical distancing, and the risk of COVID-19 transmission. Furthermore, instead of knowledge related to COVID-19, compliers also mentioned that their knowledge of home exercise and productive activities during leisure time could facilitate their compliance with physical distancing measures.

“At Primary Health Care, I waited outside. When the convenience store was full, I also waited outside. I avoid such risks because I know, and I need to be able to keep my distance from other people. However, I know that each person has a different understanding.” (Informant 001, >45 years old, the implementer of physical distancing).

Within the environmental context and resources domain, informants felt that public facilities-related context influenced their compliance with physical distancing. In addition to environmental context and resources, social influences, including influence from family, colleagues, neighbors, elders, religious leaders, and health experts, and cutting in-line culture, influenced informants' compliance with physical distancing.

While in the bank, the queue has been arranged, so there is a safe distance. However, due to the many visitors, it was still impossible to perform physical distancing in the queue (Informant 007, M, < 45 years old, non-implementer of physical distancing).

During Friday prayers, the imam advised keeping the distance between the shaft. However, another imam instead asked to close the shaft during the Eid prayer (Participant 007, M, < 45 years old, non-implementer of physical distancing).

When I was at a restaurant, I couldn't keep my distance because people were crammed into the queue (Participant 013, M, < 45 years old, non-implementer of physical distancing).

Compliers mentioned feeling awkward as their barrier to physical distancing. On the other hand, non-compliers mentioned that their sense of security hindered them from physical distancing via interaction with a close person, asymptomatic condition, zonation, and health screening results. In addition, their optimism that COVID-19 is not dangerous was also mentioned as a barrier to physical distancing measures. While the non-compliers mentioned fear of contracting and transmitting COVID-19 as their facilitators to apply safe distance to others, the compliers mentioned that their belief in physical distancing could protect them from COVID-19 infection, end the pandemic, provide benefits for family interaction, and grant religious rewards as their facilitators to apply physical distancing.

“Physical distancing advice is in line with religious dogma which advises men to keep a distance from women and reduce unnecessary hanging out.” (Informant 045, M, >45 years old, the implementer of physical distancing).

“I try to think positively because it can increase immunity so that I can avoid the disease without being bothered by physical distancing.” (Participant 026, F, < 45 years old, non-implementer of physical distancing).

“If possible, I will do physical distancing because it can protect myself and my family” (Participant 005, F, < 45 years old, non-implementer of physical distancing).



3.4. Wearing a face mask

Physical skills and memory as barriers to wearing a face mask were mentioned among both compliers and non-compliers. In addition to physical skills and memory, compliers mentioned the environmental domain as their barrier to wearing a face mask. However, non-compliers mentioned optimism as their barrier to wearing a face mask (Figure 3). Among compliers, emotion, and belief about consequences as well as environmental domain were mentioned as facilitators to wearing a face mask. Meanwhile, reinforcement was mostly found as a facilitator of wearing a face mask among non-compliers.
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FIGURE 3
 Factors influencing wearing a face mask: (A) barriers among compliers, (B) facilitators among compliers, (C) barriers among non-compliers, and (D) facilitators among compliers.


Both compilers and non-compliers mentioned some barriers to wearing a face mask, such as being harder to breathe, having difficulty in communication, wearing dewy glasses, causing pain in the ears, and carelessness. In addition to those barriers, a job that requires clear speaking and administrative work that prohibit face mask could deter compliers from wearing a face mask. Compliers also repeatedly mentioned a sense of security caused by the asymptomatic condition or close personal interaction and their belief that COVID-19 is not dangerous as a barrier to wearing a face mask. On the other hand, non-compliers mentioned fine for a facilitator to wear a face mask. In contrast, compilers mentioned environmental factors, including supply of masks, availability of reusable masks, comfortableness of masks, mask price, provision of masks in public and workplaces, availability of alternative objects to be used as a face masks, increase of COVID-19 cases in surrounding areas, and living together with people with comorbidities as their facilitators to wear a face mask.

“Why do I have to wear a face mask? I feel healthy, so I will not carry the virus.” (Informant 013, M, < 45 years old, not adhere to wearing a face mask behavior).

“In the village, I do not need to wear a mask. They are my neighbors, so it is relatively safe.” (Informant 033, M, < 45 years old, not adhere to wearing mask behavior).

“I believe that COVID-19 is not dangerous. I do not follow government recommendations such as maintaining hand hygiene, limiting trips out of town, physical distancing, and wearing masks. My family and I have remained healthy now.” (Informant 050, M, < 45 years old, non-implementer of mobility restriction).




4. Discussion

Our current study investigated behavioral factors that influence three preventive measures for COVID-19, consisting of intercity mobility restriction, physical distancing, and wearing a face mask. Results from summative content analysis suggested the most commonly mentioned COM- B components and TDF domains as either facilitators or barriers to the three preventive behaviors based on compliance of the informants. The most prominent enablers and barriers to preventive behaviors can be used by practitioners and policymakers to choose to prioritize developing interventions and policies. Researchers can also use the identified determinants to further develop process models or determinant frameworks to guide practitioners in implementing preventive behaviors (52).

It could be seen that motivation factors, such as belief about consequences of the preventive behaviors, were the most frequently mentioned facilitator for either mobility restriction, physical distancing, and mask use behavior by compilers. In contrast, non-compliers were less frequently mentioned about motivation factors. This is consistent with results from other studies, which revealed that motivation for individual and community protection was the strongest facilitator of physical distancing and hand hygiene practice (31, 53). Previous studies highlighted the role of religious and community leaders in improving people's belief in the intended health behavior (54–56). In addition, informants also mentioned “social influences,” indicating the importance of advice from religious and community leaders. Therefore, involving religious and community leaders is suggested to increase people's belief about the positive consequences of mobility restriction, physical distancing, and mask-wearing behavior through persuasion and modeling (22).

On the contrary, optimism, a TDF domain categorized in the motivation component, which consisted of a sense of security and perception that COVID-19 was not dangerous, was the most frequently mentioned barrier to physical distancing and mask use behaviors among non-compliers. This is consistent with other studies which found that biased risk assessment could prevent people from sustaining preventive behaviors (57–60). It is also in accordance with the data published by Statistics Indonesia (61), which revealed that more than a quarter of Indonesian confidently felt that they would not be infected with COVID-19. The COVID-19 characteristics, which take advantage of human optimism and the increasing number of misinformation, could worsen this situation (62–64). Persuasion to increase a good understanding of the perceived threat and empowering people to take preventive behaviors for threat reduction could be suggested to reduce unrealistic optimism as barriers for physical distancing and mask-wearing (22, 65–67).

Sense of security caused by other unjustified preventive behaviors, commonly mentioned as the barrier of physical distancing, and wearing a face mask in the optimism domain, should also be taken into consideration. Informants in a previous study also perceived that their belief in other preventive behaviors as sufficient measures could hamper them from complying with physical distancing measures (68). Intervention and policy should be designed to highlight and focus more on the prioritized preventive behaviors, including physical distancing and wearing a face mask. Inattentive intervention and policy might result in people choosing their favorable behaviors and neglecting the prioritized behaviors (69–72). In addition to including messaging to communicate perceived threats and involving religious and community leaders, persuasion should also use positive framing around physical distancing and wearing a face mask to improve people's adoption of these intended behaviors (73, 74). Positively framed messaging around physical distancing and wearing a face mask could include messages that these intended behaviors could effectively protect oneself, family, and community (74, 75). The needs for clear and appropriate messaging around physical distancing and wearing a face mask are still relevant nowadays when the COVID-19 vaccination coverage in Indonesia is still low (76). While the country is still confronted with challenges in improving the COVID-19 vaccine acceptance (77), appropriate messages for the COVID-19 vaccination, physical distancing, and wearing a face mask should be considered to prevent the reduction of adherence to physical distancing and wearing a face mask (78).

The need for health promotion message nudging motivation factors could be explained by the neuroscience process of human decisions on behavior. The neo-mammal brain, especially the pre-frontal cortex (PFC), enables rationally driven behavior, and the paleo-mammal brain contributes altruistic qualities to the neocortex, including empathy, foresight, and conscience. The paleomammalian brain (limbic system) also plays a role in affective behavior, including emotions, both from the positive side (order, beliefs, and certain types of behaviors) and the negative side (need for power, egoism, intolerance, etc.). While the neo-mammalian brain maintains primitive brain functions by regulating the flow of its functions and even overriding it, the decision carried out by the neo-mammalian brain requires more complex cognitive function than the decision carried out by the paleomammalian brain, which is commonly influenced by emotional and other automatic motivation (79). In addition, our limited and incomplete information about COVID-19 could reduce the role of cognition; hence emotion dominates cognition in the process of decision-making (80).

Positively framed messaging about preventive behavior was also needed to override the influence of optimism as a barrier to preventive behavior. People tend to alter their beliefs to a greater extent in response to favorable compared with unfavorable information (81). For favorable information, stronger connectivity between the left inferior frontal gyrus (IFG) and left subcortical regions (including the amygdala, hippocampus, thalamus, putamen, and pallidum), insular cortex, is associated with greater change in belief. However, for unfavorable information, stronger connectivity between the left IFG and left pallidum, putamen, and insular cortex is associated with reduced beliefs (82).

Physical opportunities, such as job-related opportunities and economic context, emerged as barriers to mobility restriction among both compliers and non-compliers. Therefore, mobility restrictions should not be implemented in the long term since policies and interventions to modify barriers due to job-related and economic contexts were not feasible. In addition, implementing policy resulting in economic insecurity could be counterproductive to other preventive behaviors (30). While intercity travel restrictions might be useful for limiting the spread of COVID-19 in the early pandemic, other preventive behaviors such as physical distancing and mask-wearing had a bigger impact on reducing COVID-19 transmission (83). Implementation of health screening tests as a part of intercity mobility restrictions should also be evaluated. We found that some informants thought they did not need to wear a face mask and apply physical distancing since they felt a sense of security caused by the health screening test. A Cochrane systematic review also questioned the usefulness of the health screening test (84). It is because entry or exit screening without polymerase chain reaction (PCR) testing and subsequent quarantine and observation were not effectively detecting new cases to prevent transmission (84, 85).

In addition, implementing the COVID-19 screening test as a travel requirement is costly for society, and this requires national commitment and substantial additional financing. Although the fiscal, macroeconomic, and health benefits of rapid screening testing programs far exceed their costs (86), the signal value of the screening test itself is low, leading to more concerns about adherence. For some people, adherence is difficult because of living circumstances and financial-related matters. There are some concerns that low specificity (a high rate of false positives) would undercut the credibility of the screening program, reducing adherence to restrict mobility (85). Even with partial adherence to mobility restriction, low specificity would drag down the economy further by placing many health workers in isolation. Furthermore, low sensitivity allows infected individuals to fall through the cracks (85). These concerns raise questions about the public health and economic benefits of imperfect screening tests.

Overall, this study has notable strengths. First, this study draws on the triangulation metaphor and related epistemological and ontological perspectives, which determine analytic preferences and thus yield different forms of knowledge. This study shows how triangulating perspectives could extend individual-level results and how researchers should go beyond a descriptive level of analysis for convergent and inharmonious accounts to realize the potential of Multiple Perspective Interviews (MPIs). Triangulation of perspectives may be used to examine the same phenomenon from multiple perspectives and enrich understanding by allowing for new or deeper dimensions to emerge from the analysis. Second, the quality and quantity of samples in this study were collected with maximum variation (authenticity and adequacy). Third, qualitative analysis is contrasted with the COM-B model so that the findings can be meaningful for similar contexts (generalizability or resonance).

There are also several limitations to this study. The scope of the research is only Java and Madura, although economic, educational, religious, and occupational factors are representative, there are still other cultures, and differences in health facilities, technology, and infrastructure outside the two islands. The classification of compliance is only based on self-reported data; therefore, it is still subjective. Although direct observation is the best method, it is not possible to do it during the pandemic. Thus, several proxy questions were created to minimize subjectivity in this study. Respondent validations were not conducted because of the high number of informants. On the other hand, data saturation reached in 50 informants resulted in rich findings which represented our study's validity.



5. Conclusion

Identifying barriers and facilitators to preventive behaviors such as physical distancing and mask-wearing will be necessary for designing intervention and policy that aims to increase public adherence, especially when preparing for a future similar pandemic. Based on the most identified barriers and facilitators, persuasion and modeling involving religious leaders should be considered to improve public adherence to physical distancing and wearing a face mask. Concerning the opportunity factors that consist of the job and economic contexts, policy related to the intercity mobility restriction should be reconsidered to prevent a counterproductive result to other preventive behaviors.
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Characteristics Sources of COVID-19 related information

Australian government  Mainstream media  Professional Personal Online
Chi- P Chi- P Chi- P Chi- Chi- P
square square square square square
Gender? 1,252 0 >0.99 152 0218 025 0.62 125 0264 380 0.051
Age Group 9,255 1123 0261 3312 <.001 871 0.465 9.95 0354 10.52 0310
Marital status 2,255 295 0229 244 0296 132 0516 676 0.034 036 0836
Employment status 3,253 6.6 0.086 16.82 0.001 1.08 0783 034 0953 174 0.628
Level of education 5,253 18.07 0.003 9.63 0.087 4.14 0529 591 0315 371 0593
Australian born 1,253 122 0269 202 0.155 031 0577 059 0.443 0.827 0.363

aExcludes non-binary due to small cell size (n = 3).
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Variables Variables

Gender Highest level of
education
Male 65 255 | Year9orbelow® 2 0.8
Female 187 733 Year 10° 16 6.3
Non-binary 2 08 | Yearl11® 13 5.1
Prefer not to answer 1 0.4 Year 12 20 7.8
Born in Australia? Certificate 2 or 3 15 59
Yes 183 | 71.8 | Certificate 4 or 5 12 47
No 70 275 | Diplomaor 45 17.6
advanced diploma
Prefer not to answer 2 08 Bachelor/ 57 224
undergraduate
degree
Marital status Graduate 20 7.8
diploma/graduate
certificate?
Single 52 204 Postgraduate 48 18.8
degree!
De facto/married 157 61.6 | Certificate not 5 2.0
further defined**
Divorced® 37 145 | Level not 2 0.8
determined
Widowed® 9 | 35 | Employmentstatus
Child living with you? Part-time 2 | 165
Yes 75 294 Full-time 89 349
No 179 | 702 Casual 18 7.1
Prefer not to answer 1 04 | Unemployed 104 | 408
Prefer not to answer 2 038

abedShared superscripts indicate categories that were combined in further analyses.
*Basic or skilled vocational qualifications.

A An associate diploma or above.

#An undefined vocational qualification.
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Beta SE t p-value Partial n?

Sociodemographic and clinical determinants

Age 001 0.00 10.31 <0.001% 0.02°
Gender (man/woman?) —0.13 0.02 —652 <0.001* 0.01°
Race
Indigenous 0.05 0.10 052 0.606 0.00
Black —0.09 0.05 177 0077 0.00
East Asian 011 0.04 3.06 0.002* 0.00
Latinx 0.16 0.04 3.88 <0.001% 0.00
South Asian 0.15 0.06 228 0.023 0.00
Other 0.03 0.04 074 0.459 0.00
White?
Education (years) 0.01 0.00 2.04 0.041 0.00
Region of residence
Canada 0.09 0.02 4.00 <0.001% 0.00
Florida/Texas —0.01 0.03 —020 0.839 0.00
New York/California* - - - - -
Religion (yes/no?) 0.04 0.02 191 0.057 0.00
Population density
1,000 or less —0.10 0.06 —1.59 0.111 0.00
1,000 to 29,999 —0.08 0.04 225 0.025 0.00
30,000 to 99,999 —0.02 0.03 078 0.438 0.00
100,000 or more? - - - - -

Political affiliation

Communism left wing or socialism 0.15 0.05 3.26 0.001* 0.00
Liberal 0.15 0.03 6.08 <0.001* 0.01*
Center? - - - - -
Conservative =0.12 0.03 —4.71 <0.001* 0.01*
Fascism right wing or authoritarianism 0.04 0.08 0.52 0.607 0.00
Healthcare worker status (yes/no?) —0.03 0.03 —091 0.362 0.00
Employment status
Unemployed 0.05 0.03 1.45 0.148 0.00
Employed? - - - - -
Student 0.10 0.05 2.09 0.037 0.00
Retired 0.07 0.03 1.98 0.048 0.00
Duwelling
House with a backyard? - - - - -
House without a backyard —0.02 0.06 —=0.30 0.767 0.00
Apartment/condominium/loft with no or small —0.06 0.03 —2.44 0.015 0.00
private outdoor space
Apartment/condominium/loft with large 0.02 0.04 0.51 0.610 0.00
outdoor space
Senior’s residence 0.03 0.15 0.19 0.852 0.00
Long-term facility or nursing home 0.30 0.31 0.97 0.334 0.00
Household income
<$20,000 —0.13 0.05 —2.67 0.008* 0.00
$20,000-$59,999 —0.04 0.03 —147 0.141 0.00
$60,000-899,999% - - - - -
$100,000-$139,999 —0.05 0.03 —1.44 0.150 0.00
$140,000 or more 0.02 0.03 0.68 0.498 0.00
Marital status (single/married?) 0.01 0.02 0.37 0.710 0.00
Number of persons in a household 0.02 0.01 2.60 0.009* 0.00
Substance use in the past week
Alcohol use (yes/no?) —0.03 0.02 —155 0.120 0.00
Cigarette use (yes/no®) —0.03 0.03 —091 0.364 0.00
Electronic cigarette use (yes/no?) —0.14 0.04 —3.39 0.001* 0.00
Cannabis use (yes/no®) 0.02 0.03 0.55 0.582 0.00
COVID-19 and social distancing related
determinants
Degree of social support (total score?) 003 0.00 9.07 0.000 0.02°
Perceived seriousness of COVID-19 0.39 0.01 33.23 0.000 0.22¢

Knowing someone personally close who

Is a healthcare worker (yes/no®) —0.02 0.02 —0.69 0.490 0.00
Is elderly (>60 years) or has underlying health 0.06 0.02 2.55 0.011 0.00
condition (yes/no?)

Lives in a senior’s residence (yes/no?) 0.00 0.03 —0.01 0.989 0.00
Lives in a long-term care home (yes/no®) —0.06 0.03 —1.78 0.075 0.00

Knowing someone personally close who has had

COVID-19 and their outcome

With mild symptoms ~0.06 0.03 —176 0.078 0.00
Moderate-to-severe without hospitalization —0.04 0.03 —1.08 0.281 0.00
Moderate-to-severe with hospitalization —0.04 0.05 —081 0.421 0.00
Required admission to an intensive care unit 0.00 0.07 —0.06 0.951 0.00
Deceased —0.07 0.05 —-1.37 0.172 0.00

Does not know anyone affected? - - 3 A =

Prior laboratory testing for COVID-19

Tested + —0.05 0.07 —0.68 0.497 0.00
Tested - 0.01 0.03 0.18 0.858 0.00
Tested and pending 0.07 0.11 0.64 0.524 0.00
Never tested? - - - - -
COVID-19 health risk factors (total score?) 0.01 0.01 0.83 0.405 0.00
Believing one is infected with COVID-19 —0.02 0.01 —3.69 0.000 0.00
Believing one need testing for COVID-19 0.00 0.00 —0.08 0.936 0.00
Reduction in income due to COVID-19 0.02 0.01 2.14 0.033 0.00
Negative impact of social distancing on mental 0.03 0.01 242 0.015 0.00
health
Negative impact of COVID-19 on mental health —0.04 0.01 —3.75 0.000 0.00
Source of health information
Friends or family —0.14 0.05 —2.88 0.004 0.00
Doctor —0.04 0.03 —142 0.156 0.00
Social media —0.14 0.04 =3.11 0.002 0.00
Internet —0.04 0.03 —1.54 0.125 0.00
Radio/Podcast —0.09 0.06 —1.34 0.179 0.00
Newspaper —0.04 0.05 —0.95 0.342 0.00
Magazines -0.17 0.18 —0.98 0.327 0.00
Television® - - B - =

Origin of COVID-19

It was developed intentionally in a lab —0.04 0.03 —1.38 0.167 0.00
It was made accidentally in a lab 0.02 0.04 0.68 0.500 0.00
It doesn’t really exist —0.40 0.09 —4.28 0.000 0.01*
It came about naturally likely from animals to - - - - -
humans?

CTGO, trust in government’s management of 0.00 0.00 —0.44 0.659 0.00
COVID-19

Psychological determinants

RPS, Risk propensity —0.15 0.01 —17.34 <0.001* 0.06"
PVD, Germ aversion subscale 0.12 0.01 11.33 <0.001* 0.03*
PVD, Perceived infectability subscale 0.03 0.01 3.08 0.002* 0.00
MISS, Suggestibility 0.00 0.00 —2.87 0.004* 0.00
DRI, Religiosity/spirituality subscale 0.00 0.00 ~1.09 0274 0.00
TIPI, Extraversion —0.01 0.01 —1.25 0.212 0.00
TIPI, Agreeableness 0.02 0.01 2.44 0.015 0.00
TIPI, Conscientiousness 0.01 0.01 1.10 0.273 0.00
TIPI, Emotional stability 0.01 0.01 1.05 0.293 0.00
TIPI, Openness to experience 0.06 0.01 6.72 <0.001* 0.01*
VAX, total score® —0.09 0.01 —8.27 <0.001* 0.01*
HCAM, Holistic health subscale® —0.01 0.00 —5.52 <0.001* 0.01*
HCAM, Complementary and alternative medicine 0.01 0.00 2.11 0.035 0.00
subscale®

LOGC, Internal 0.02 0.00 5.07 <0.001* 0.01*
LOC, Chance 0.01 0.00 242 0.016 0.00
LOC, Powerful others 0.00 0.00 0.93 0.355 0.00
GTS, General trust 0.10 0.01 6.98 <0.001* 0.01*
ABI, Attitude toward authority 0.00 0.00 0.67 0.503 0.00
PANAS, Positive affect score 0.01 0.00 343 0.001 0.00
PANAS, Negative affect score 0.00 0.00 —0.86 0.390 0.00
ECR, Attachment anxiety subscale 0.00 0.00 0.01 0.996 0.00
ECR, Attachment avoidance subscale 0.01 0.00 3.83 <0.001* 0.00

TGO, Gitizen Trust in Government Organizations’ Scale. RPS, Risk Propensity Scale; PVD, Perceived Vulnerability to Disease Questionnaire; MISS, Multidimensional lowa
Suggestibility Scale; DRI, Duke Religion/Spirituality Index; TIPI Ten-Item Personality Inventory; HCAM, Holistic Complementary and Alternative Medicine Questionnaire; LOC, Brief
Locus-of-Control Scale; GTS, General Trust Scale; ABI, Authority Behavior Index; PANAS, Positive and Negative Affect Schedule; ECR, Experiences in Close Relationships Scale.

'A separate univariate analysis was conducted for sociodemographic, COVID-19 and social distancing, and psychological determinants. Total adjusted R? for sociodemographic

determinants: 0.10; COVID-19 and social distancing determinants: 0.33; psychological determinants: 0.26.
2Reference variable.

*A total score was derived from adding scores for the degree of satisfaction with personal relationships and support from friends.

#One point was assigned for each health risk factor (i.¢., heart disease, hypertension, lung disease, diabetes, cancer, chronic kidney disease, obesity, and weakened immune system) to derive
a total health risk factor score for COVID-19.

SHigher scores represent anti-vaccination attitudes.

¢Higher scores represent a more negative attitude toward holistic complementary and alternative medicine.

2$mall effect (n2 = 0.01); ®Medium effect (n? = 0.06); “Large effect (n? 14); "p < 0.01 (0.05/3 univariate models).
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Social distancing adherence score
Sociodemographic and clinical determinants
Age
Gender (man/woman)®
Education (years) (N = 4,939)
Region of residence
Canada
Florida/Texas
New York/California
Religion (yes/no)
Political affiliation
Communism left wing or socialism
Liberal
Center
Conservative
Fascism right wing or authoritarianism
Employment status
Unemployed
Employed
Student
Retired
Household income
<$20,000
$20,000-$59,999
$60,000-$99,999
$100,000-$139,999
$140,000 or more
COVID-19 and social distancing related determinants
Degree of social support (total score®) (N = 4,838)
Perceived seriousness of COVID-19 (N = 3,923)
Knowing someone personally close who
Is a healthcare worker (yes/no)
Is elderly (> 60 years) or has underlying health condition (yes/no)
Lives in a senior’s residence (yes/no)
Lives in a long-term care home (yes/no)
Knowing someone personally close who has had COVID-19 and their outcome
With mild symptoms
Moderate-to-severe without hospitalization
Moderate-to-severe with hospitalization
Required admission to an intensive care unit
Deceased
Does not know anyone affected
Prior laboratory testing for COVID-19(Tested +/ Tested -/ Tested and pending/ Never tested)
COVID-19 health risk factors (total score?)
Believing one is infected with COVID-19
Believing one needs testing for COVID-19
Reduction in income due to COVID-19
Negative impact of social distancing on mental health (N = 4,838)
Negative impact of COVID-19 on mental health (N = 4,838)
Origin of COVID-19
It came about naturally likely from animals to humans
It was developed intentionally in a lab
It was made accidentally in a lab
It doesn’t really exist
Idon’t know or other
CTGO, trust in government's management of COVID-19
Psychological determinants
RPS, Risk propensity
PVD, Germ aversion subscale
PVD, Perceived infectability subscale
MISS, Suggestibility
DRI, Religiosity/spirituality subscale
TIPI, Extraversion
TIPI, Agreeableness
TIPI, Conscientiousness
TIPI, Emotional stability
TIPI, Openness to experience
VAX,; total score®
HCAM, Holistic health subscale®
HCAM, Complementary and alternative medicine subscale’
LOC, Internal
LOC, Chance
LOC, Powerful others
GTS, General trust
ABI, Attitude toward authority
PANAS, Positive affect score
PANAS, Negative affect score
ECR, Attachment anxiety subscale

ECR, Attachment avoidance subscale

izen Trus

Scale; DRI, Duke Religion/Spirituality Index;
Medicine Questionnaire; LOC, Brief Locus-of-Control Scale;
in Close Relationships Scale.

escriptives for race, healthcare worker status (yes/no), population density, housing situation (dwelling), marital status, substance use including alcohol, cigarettes, electronic cigarettes,
*Descriptives f health ker status (yes/no), population density, b g situation (dwelling, tal staty st luding alcohol, cigarettes, elect: garetty

and cannabis, and source of health information are included in Supplementary material 4.

Mean (SD), Range or N (%)

4.3(0.7), 1.0-5.0

44.7 (17.3)
2,419 (49.2%) / 2,499 (50.8%)
152 (3.9)

1,936 (39.2%)
1,004 (20.3%)
2,002 (40.5%)
3,133 (66.2%) / 1,602 (33.8%)

281 (5.7%)
1,452 (29.4%)
1,758 (35.6%)
1,356 (27.4%)

95 (1.9%)

595 (12.0%)
2,735 (55.3%)
281 (5.7%)
1,093 (22.1%)

319 (6.9%)
1,225 (26.4%)
1,364 (29.4%)

815 (17.6%)
918 (19.8%)

13.7 (3.7), 2.0-18.0
4.4(09), 1.0-5.0

1,852 (37.5%) / 3,090 (62.5%)

3,131 (63.4%) / 1,811 (36.6%)
1,016 (20.6%) / 3,926 (79.4%)
862 (17.4%) / 4,080 (82.6%)

467 (9.4%)
427 (8.6%)
211 (4.3%)
(2.2%)
189 (3.8%)
3,541 (71.7%)

128 (2.6%) / 590 (11.9%) / 37 (0.7%) / 4,187 (84.7%)

0.7 (1.1), 0.0-8.0
1.0(2.3),0.0-10.0
25(3.2),00-100
2.7 (1.5),1.0-5.0
2.9(1.7),1.0-6.0
2.8 (1.6), 1,0-6.0

3,191 (64.6%)
951 (19.2%)
413 (8.4%)

58 (1.2%)
329 (6.7%)
22.3(8.9),8.0-40.0

34(12),10-87
48 (1.0), 14-7.0
3.5 (L.1), 10-7.0
45.4 (18.0), 21.0-105.0
8.6 (4.1),3.0-15.0
3.8 (14),1.0-7.0
49(12),10-7.0
53(13), 10-7.0
47 (13), 10-7.0
46(1.1), 1.0-7.0
3.1(10), 1.0-6.0
12.1 (4.4), 5.0-30.0
234 (4.7), 6.0-36.0
154 (3.3), 3.0-21.0
11.4 (4.1), 3.0-21.0
10.4 (4.8), 3.0-21.0
35(08), 1.0-5.0
77.8 (8.2), 42.0-108.0
32.3 (8.1), 10.0-50.0
20.4 (8.9), 10.0-50.0
28.9 (11.1), 8.0-56.0
297 (7.5), 8.0-56.0

in Government Organizations’ Scale; RPS, Risk Propensity Scale; PVD, Perceived Vulnerability to Disease Questionnaire; MISS, Multidimensional Towa Suggestibility
P1, Ten-Item Personality Inventory; VAX, Vaccination Attitudes Examination Scale; HCAM, Holistic Complementary and Alternative
General Trust Scale; ABI, Authority Behavior Index; PANAS, Positive and Negative Affect Schedule; ECR, Experiences

b Ten participants self-identified as transgender; 10 participants as other; and 4 participants preferred not to answer or indicated that they do not know.

<A total score was derived from adding scores for the degree of satisfaction with personal relationships and support from friends.
4One point was assigned for each health risk factor (i.e., heart disease, hypertension, lung disease, diabetes, cancer, chronic kidney disease, obesity, and weakened immune system) to derive

a total health risk factor score for COVID-19.
¢Higher scores represent anti-vaccination attitudes.

fHigher scores represent a more negative attitude toward holistic complementary and alternative medicine.
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Parameters  Description

s Susceptible population

E Exposed (contagious but not showing symptoms)

L Mild cases (patients with asymptomatic or mild flu-like symptoms such as fever, fatigue, cough, anorexia, malaise, muscle pain, sore throat, dyspnea,
nasal congestion, headache)

L Moderate cases (mild or moderate clinical features. Chest imaging showed mild pneumonia manifestation)

I Severe cases (patients who showed severe respiratory falure, required respiratory support, or must be admitted to the ICU)

- Recovered®

w Control intensity index, indicating the percentage of infected cases reduced by control measures

B ‘Transmission coefficient, indicating the average number of susceptible people who are infected by one infectious case (including those who are ill and

those in the incubation period) in unit time

© Infectivi

discount coefficient of infected persons in incubation period compared with infected persons with onset

yivays The recovery rate of mild, moderate, and severe/critical cases, respectively, that is, the reciprocal of the recovery period
Prpn ‘The composition ratio of mild, moderate, and severe/eritical cases, respectively

61,62 The rate at which mild cases convert to moderate cases, and moderate cases convert to severe/critical cases

v The rate from infection to onset, namely the reciprocal of the incubation period

“In the SEIR model, the compartment “removed” included recovered and death cases. In this study, we focused more on trends of maximum infections scale, which s closely linked with

the health care burden, so that no death cases were involved.
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Characteristics Slums (N = 221) Non-slums (N = 209) Total (N = 430)

Frequency  Proportion (95% CI)  Frequency  Proportion (95%CI)  Frequency  Proportion (95% CI) p-Value"
(X test)

Does wearing a mask help to reduce the spread of the Coronavirus?

Yes 180 81.4(73.2-87.5) 193 923 (87.1-95.5) 373 867 (81.5-90.6) 0.0054"
No 2 108 (07.0-163) 13 062 (03.2-11.5) 37 08.6(05.9-123)

Don't know/refused 17 076 (04.3-133) 3 01.4(004-042) 20 046 (02.6-08.0)

Masks should be worn while going out of the home

Compulsory 190 859 (77.4-91.6) 187 89.4(79.7-948) 377 87.6(81.6-91.9) 07608
Optional 2 099 (04.8-19.3) 17 08.1 (03.4-18.0) 39 09.0(052-152)

Don'tknow 9 040 (02.0-07.9) 3 023 (004-11.4) 14 032 (01.5-06.6)

Masks should be worn while traveling in Public transport such as a bus etc.,

Compulsory 186 84.1(75.6-90.1) 180 86.1(75.7-92.5) 366 85.1(78.8-89.7) 09326
Optional 26 117 (06.8-19.4) 21 10.5 (04.7-20.1) 47 109 (06.9-16.7)

Don't know 9 040 (01.9-08.5) 8 038 (01.0-13.6) 17 03.9(01.8-08.1)

Masks should be worn in indoor public spaces such as gyms, functions, marriage halls, ete.,

‘Compulsory 183 82.8(72.6-89.7) 165 78.9 (68.2-86.7) 348 80.9 (73.8-86.4) 0.8147
Optional 2 12,6 (069-22.0) 3 15.7 (08.6-27.0) 61 14.1 (09.0-21.0)

Don'tknow 10 045 (02.2-08.8) i 052(01.6-15.4) 21 048 (024-09.4)

Masks should be worn in all outdoor public spaces, such as shops, bus stops, etc.,

Compulsory 185 837 (74.4-90.0) 176 842 (72.7-914) 361 83.9(77.0-89.0) 09775
Optional 2 113.(06.0-202) 2 114 (05.1-237) 49 114 (068-18.3)

Don't know 1 049 (02.6-09.1) 9 043 (01.2-133) 20 046 (024-08.6)

“P-Value < 0.05 we
s

<o

ificant value. The bold values indicate the significant val
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Characteristics Slums (N = 221) Non-slums (N = 209) Total (N = 430) p-value*

(X2 test)
Frequency  Proportion (95% CI)  Frequency  Proportion (95%CI)  Frequency  Proportion (95% CI)
Ishouldn’t be forced to wear a mask
Agree 107 48.4 (37.9-59.0) 93 44.5 (33.7-55.8) 200 46.5 (38.9-54.2) 0.7591
Neither agree nor disagree 12 05.4 (03.4-08.4) 14 06.6 (03.4-12.4) 26 06.0 (04.0-08.9)
Disagree 102 46.1 (34.8-57.8) 102 48.8 (37.0-60.6) 204 47.4 (39.2-55.8)
Everyone, including symptoms, should wear a cloth face covering if they leave their home to prevent possible transmission of the Coronavirus
Agree 141 63.8 (51.9-74.1) 162 77.5 (66.9-85.4) 303 70.4 (62.2-77.5) 0.1023
Neither agree nor disagree 32 14.4 (08.4-23.6) 26 12.4 (06.8-21.6) 58 13.4 (09.0-19.6)
Disagree 48 21.7 (13.5-32.8) 21 10.0 (04.9-19.2) 69 16.0 (10.7-23.3)
Iworry that if I wear a cloth face-covering out in public, other people will think I am infected with the Coronavirus
Agree 59 26.7 (18.3-37.1) 42 20.1 (12.6-30.5) 101 23.4(17.5-30.7) 0.0944
Neither agree nor disagree 38 17.1 (11.5-24.8) 19 09.0 (05.3-14.9) 57 13.2 (09.5-18.1)
Disagree 124 56.1 (44.7-66.8) 148 70.8 (57.8-81.0) 272 63.2 (54.4-71.2)
Face masks disrupt my breathing
Agree 127 57.4 (48.3-66.0) 108 51.6 (39.2-63.8) 235 54.6 (46.8-62.1) 0.1285
Neither agree nor disagree 2 00.9 (00.2-03.5) 12 05.7 (03.0-10.4) 14 03.2 (01.7-05.9)
Disagree 92 41.6 (32.9-50.8) 89 425 (29.7-56.5) 181 42.0 (34.2-50.3)
Face masks cause me to overheat
Agree 106 47.9 (36.6-59.5) 9 47.3 (35.9-59.0) 205 47.6 (39.5-55.9) 0.8260
Neither agree nor disagree 14 06.3 (02.7-13.7) 18 08.6 (05.3-13.5) 32 07.4(04.7-11.4)
Disagree 101 457 (35.0-56.7) 92 44.0 (32.7-55.8) 193 44.8 (37.0-52.9)
Face mask disturbs my conversation with others
Agree 13 51.1 (41.7-60.4) 98 46.8 (35.9-58.1) 21 49.0 (41.8-56.3) 07416
Neither agree nor disagree 9 04.0 (01.8-08.5) 11 05.2 (02.6-10.0) 20 04.6 (02.8-07.6)
Disagree 99 44.8 (34.3-55.7) 100 478 (36.0-59.8) 199 462 (38.3-54.4)
Face masks are unsafe because they force you to touch your face
Agree 76 343 (27.2-42.3) 46 22.0(15.9-29.5) 122 28.3(23.2-34.1) 0.1190
Neither agree nor disagree 35 15.8 (10.7-22.7) 40 19.1 (12.2-28.6) 75 17.4 (12.9-23.0)
Disagree 110 49.7 (39.7-59.8) 123 58.8 (47.3-69.4) 233 54.1 (46.4-61.7)
Face masks are too expensive
Agree 66 29.8 (19.7-42.3) 52 24.8 (16.8-35.1) 118 27.4(20.6-35.4) 0.6831
Neither agree nor disagree 12 05.4 (03.0-09.4) 15 07.1 (03.0-15.9) 27 06.2 (03.6-10.5)
Disagree 143 64.7 (52.0-75.6) 142 67.9 (55.3-78.3) 285 66.2 (57.4-74.1)

“P-Value < 0.05 was co .d statistical significant.
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Characteristics Slums (N =221) Non-slums (N = 209) Total (N =430) p-Value*

(X2 test)
Frequency ~ Proportion (95% CI)  Frequency ~ Proportion (95% CI)  Frequency  Proportion (95% CI)
Gender
Male 114 515 (41.9-61.1) 107 51.2 (41.9-60.3) 221 514 (44.6-58.0) 0.953
Female 107 48.4 (38.8-58.0) 102 48.8(39.6-58.0) 209 48.6 (41.9-55.3)
Education
Graduate and above 43 217 (13.9-322) 86 411 (31.1-51.9) 134 311 (24.1-39.1) 0.008"
Secondary school 76 343 (26.5-43.2) 61 291 (22.6-36.7) 137 318 (26.5-37.6)
Primary school 58 26.2 (18 ) 45 103 23.9(189-29.7)
No education 39 17.6 (11.5-26.0) 17 56 130 (093-17.9)
Occupation
Government employee 26 117 (06.9-19.1) 44 21.0(14.3-29.8) 70 162 (12.0-21.6) 0236
Daily wages 2 09.9 (06.2-15.4) 16 07.6 (04.3-13.1) 38 08.8 (06.1-12.5)
Home maker 62 28.0 (18.8-39.6) 64 306 (22.4-40.2) 126 293 (22:8-36.7)
Others* 1 50.2 (40.7-59.7) 85 40.6(28.7-53.7) 196 45.5(37.8-53.5)

“P-Value < 0.05 was considered statistical significant.

ficant value.

f-employed, non-government employe

ignificant values.
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Characteristics Slums (N = 221) Non-slums (N = 209) Total (N = 430) p-value*

(X2 test)
Frequency  Proportion (9% CI)  Frequency  Proportion (95% CI)  Frequency  Proportion (95% CI)
Is physical distancing being a follower strictly in your workplace?
Always 7 357 (26.9-45.6) 70 334 (24.7-435) 119 346 (282-41.6) 00743
Most of the times 2 108 (06.1-18.3) £ 157 (10.4-23.2) 57 132 (09.4-18.3)
Sometimes 4 063 (03.7-10.4) 8 038 (01.6-08.6) 2 05.1(03.2-07.9)
Rarely 16 072 (03:2-15.2) 1 00.4 (13.5-27.5) 17 039 (01.7-08.6)
Never 15 067 (04.0-11.1) 13 062 (03.3-11.1) 28 065 (04.4-09.5)
Missing 7 330 (22.5-45.5) 81 0.1 (30.5-50.7) 157 365 (29.0-44.7)
s physical distancing being implemented in the places you visit like markets, malls, and departmental stores?
Always 7 352 (24.1-48.3) 91 449 (33.5-56.9) 172 40.0 (31.6-48.9) 00820
Most of the times 5 235 (15.4-34.0) 51 244 (17.2-332) 103 239 (18.3-30.6)
Sometimes 36 162 (093-26.9) 2 114 (06.6-19.0) 0 139 (09.3-202)
Rarely 37 167 (09.7-27.2) 1 052 (02.6-10.1) s 114 (06.9-17.4)
Never 18 08.1(04,5-14.2) 2 138 (06.6-26.5) 17 109 (06.1-17.5)
Do you think maintaining physical distancing is difficult in our setting?
Strongly agree 7 325 (2474 m 210 (15.8-27.4) 116 269 (02.5-08.4 02562

)
Somewhat agree 71 32.1(21.8-44.4) £ 330 (24.5-42.7) 140 325 (03.6-11.4)
Neither agree nor disagree 10 045 (02.4-08.2) 15 07.1 (04.2-11.9) 25 05.8 (36.3-52.3)
)
)

Somewhat disagree 20 09.0 (04.9-16.1) 15 07.1(03.7-13.2) 35 08.1 (36.4-53.2]
Strongly disagree 40 18.1 (10.8-28.7) a8 229 (14.9-33.6) 88 204 (14.7-27.7
Don’t know/refused 8 03.6 (01.2-10.0) 18 08.6 (04.2-16.8) 26 06.0 (03.3-10.8)

“P-Value < 0.05 was conside
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Characteristics Slums (N = 221) Non-slums (N = 209) Total (N = 430)

Frequency ~ Proportion (95% CI) ~ Frequency ~ Proportion (95%CI)  Frequency  Proportion (95% CI) p-Value'
(X2 test)

How often do you wear a mask when you go out?

Always 132 59.7 (18.0-70.4) 143 68.4(57.0-77.9) 275 639 (55.7-714) 04742
Most of the times 61 276 (18.4-39.1) 49 23.4(16.0-329) 110 255 (193-32.9)

Sometimes 15 067 (03.6-122) 1 052 (02:5-005) 2 060 (03.7-09.5)

Rarely 13 05.8 (02:8-117) 6 028 (01.0-07.5) 19 044 (02.4-07.9)

What type of mask do you wear most of the time?

Cloth mask 157 71.0 (65.1-76.3) 136 65.1(55.5-73.5) 293 68.1(62.5-73.2) 0.3941
Medical mask 55 24.9(19.7-30.8) 58 278 (21.1-35.5) 13 263 (21.9-31.0)

N-95 masks/respirators 4 01.8(00.5-05.6) 10 048 (02.5-08.8) 14 033 (01.8-05.7)

Kerchief/ cloth fabric 5 022(00.8-05.9) 5 023 (007-07.3) 10 023 (01.0-04.9)

How do you wear your mask most of the time?

Covering chin 3 01.4(00.4-03.9) 6 029(01.4-05.7) 9 02.1(01.1-03.8) 0.0120
Covering chin and mouth 31 140 (07.2-25.5) 7 033 (01.4-07.6) 38 08.8 (04.9-15.4)

Covering chin, mouth and nose 180 81.4(68.8-89.7) 193 923 (87.1-95.5) 373 867 (79.5-91.6)

Below chin 7 03.1(01.2-08.0) 3 014 (003-06.0) 10 023 (01.0-05.1)

Do you wash your hands before wearing the mask?

Daily/swash daily 7 326 (23.3-13.4) 85 410(316-503) 157 365 (29.7-43.8) 0.1686
Oncein3 days 59 267 (17.8-37.8) 64 309 (22.1-406) 123 286(222-35.9)

Once inaweek 52 239(17.2-312) 2 202 (14.9-26.4) 94 22.1(17.6-267)

More than a week 38 17.1(10.7-26.4) 18 086 (05.6-12.9) 56 13.0 (09.0-18.3)

How often do you touch the front side of your mask after wearing it?

Always 21 09.5(05.3-16.3) 29 139/(09.6-19.5) 50 116 (08.4-15.8) 06064
Most of the times 63 28.5(19.2-39.9) 64 306 (22.7-39.8) 127 295 (232-36.7)

Sometimes 7 32.1(24.8-40.4) 65 311 (238-39.4) 136 316(26.3-37.4)

Rarely 66 293 (21.2-40.1) 51 244 (17.7-325) 17 27.2(21,5-33.7)

Do you wash your hands after removing the mask?

Always 58 262(17.8-36.8) 99 47.4(36.4-58.5) 157 36.5(28.9-44.8) 0.0137"
Most of the times. 55 24.9(17.7-33.6) 43 206 (14.3-28.5) 98 22.8(17.8-28.6)

Sometimes 55 249(19.1-31.6) 38 182 (12.2-26.1) 9 21,6 (17.2-26.7)

Rarely 53 23.9(15.4-35.3) 29 138 (09.0-20.7) 82 19.0 (13.7-25.9)

How frequently do you change/wash your mask?

Daily/wash daily 167 75.6 (65.4-83.5) 174 833 (75.1-89.0) 341 793 (72.7-84.6) 0.1597
Oncein 3 days 4 10.9(059-18.9) 2 110 (07.1-16:6) 47 109 (07.5-15.5)

Once inaweek 12 05.4(02.9-99.4) 3 01.4(00.3-06.0) 15 03.5(019-06.3)

More than a week 18 08.1(039-159) 9 043 (02.3-07.8) 27 062(037-10.4)

How do you dispose of the mask?

Intoa public bin 63 285 (186-41.0) 71 340 (23.2-466) 134 312(235-399) 01973
Collect ina bin 129 583 (46.7-69.1) 129 617 (49.8-723) 258 60.0(52.1-67.4)

Throw it in road 3 01.4(00.4-03.9) 0 0,00 (00.0-00.0) 3 00.7(002-02.1)

Never dispose 2 117 (06.4-205) 9 043 (01.2-13.3) 35 08.1(04.6-13.8)
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Characteristics Slums (N = 132) Non-slums (N = 106) Total (N = 238) p-value*

(X2 test)
Frequency ~ Proportion (95% CI)  Frequency  Proportion (95% CI)  Frequency  Proportion (95% CI)
How often do you go to your workplace?
Daily 121 91.6 (82.4-96.2) 95 89.6 (80.6-94.7) 216 90.7 (84.8-94.5) 0.8315
Once in two-three days 7 05.3(02.0-13.1) 7 06.6 (02.7-15.0) 14 05.8 (03.0-10.9)
Once in a week 2 01.5(00.3-05.9) 3 02.8 (00.9-08.4) 5 02.1(00.8-05.0)
More than a week 2 01.5 (00.3-06.1) 1 00.9 (00.1-06.5) 3 01.2(00.3-03.9)
Do you wear a face mask in your workplace?
Always 70 53.0 (41.6-64.1) 70 66.0 (47.4-80.7) 140 58.8 (48.6-68.2) 0.1402
Most of the times. 26 19.7(11.8-30.8) 23 21.7(10.4-39.7) 49 20.5(13.3-30.3)
Sometimes 36 27.2(19.5-36.6) 13 12.2 (06.9-20.7) 49 20.5 (14.9-27.6)
Do you share your food while eating at the workplace?
Always 18 13.6 (07.6-23.1) 2 01.8(00.4-07.2) 20 08.4 (04.6-14.7) 0.0581
Most of the times 13 09.8 (03.8-22.7) 15 14.1 (06.8-27.1) 28 11.7 (06.5-20.3)
Sometimes 101 76.5 (63.1-86.0) 89 83.9(72.1-91.3) 190 79.8 (71.1-86.4)
Is your temperature checked daily at your workplace?
Always 28 21.2(13.0-32.5) 38 35.8 (23.7-50.1) 66 27.7 (20.2-36.6) 02128
Most of the times 15 11.3 (05.2-23.0) 15 14.1 (05.1-33.5) 30 12.6 (06.6-22.5)
Sometimes 89 67.4(55.3-77.5) 53 50.0(35.6-64.3) 142 59.6 (49.9-68.6)
Is hand sanitizer available at your workplace?
Always 51 38.6(27.3-51.2) 61 57.5(42.0-71.6) 112 47.0 (37.4-56.9) 0.1693
Most of the times. 19 14.3 (08.0-24.3) 12 11.3(05.1-23.2) 31 13.0 (08.1-20.0)
Sometimes 62 46.9 (36.4-57.7) 33 31.1(20.1-44.7) 95
Does your workplace encourage self-reporting of symptoms?
Yes 49 37.1(25.7-50.1) 47 44.3(30.9-58.6) 96 40.3 (31.6-49.7) 05111
No 52 39.3(27.0-53.2) 31 29.2(18.4-43.1) 83 34.8 (26.1-44.6)
Not sure 31 23.4(134-37.7) 28 264 (12.6-47.0) 59 24.7 (15.8-36.6)

“P-Value < 0.05 was conside ificant.
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Behavior Compliance Barriers Facilitators
Frequency Percentage Frequency Percentage
of mentions  of mentions of mentions = of mentions
Mobility Compliers Motivation 6 75% Motivation 27 46%
restriction
Opportunity 2 100% Opportunity 2 44%
Capability 0 0% Capability 6 10%
Total mentions 8 59
Non-compliers Opportunity 70 63% Opportunity 31 54%
Motivation 42 37% Motivation 24 2%
Capability 3 3% Capability 2 4%
Total mentions 115 57
Physical Compliers Opportunity 18 75% Motivation 33 40%
distancing
Motivation 6 25% Opportunity 28 34%
Capability 0 0% Capability 22 27%
Total mentions 24 83
Non-compliers Opportunity 66 52% Motivation 45 48%
Motivation 60 44% Opportunity 38 40%
Capability 9 7% Capability 11 12%
Total mentions 135 94
Wearinga face | Compliers Capability 29 88% Motivation 77 53%
mask
Opportunity 4 1% Opportunity 37 26%
Motivation 2 6% Capability 31 21%
Total mentions 35 145
Non-compliers Capability 20 59% Motivation 29 67%
Motivation 14 35% Opportunity 12 28%
Opportunity 6 15% Capability 2 5%
Total mentions 40 43
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Gender Male 27
Female 23
Age >45 10
<45 40
Essential work Yes 16
No 34
Monthly income Yes 33
No 17
Above regional income Yes 24
No 14
Prefer not to say 12
Presence of comorbid Yes 47
No 3
Level of education Elementary degree 1
High school degree 10
College degree 20
Prefer not to say 19
Domicile Greater Jakarta 10
West Java and Banten 10
Central Java 10
Yogyakarta 10
East Java and Madura 10
Perceived their self as compliers to a Yes 20
mobility restriction
No 30
Perceived their self as compliers to Yes 16
physical distancing - 34
Perceived their self as compliersto | Yes 34
wearing a face mask
No 16
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The mediating effect of implementation intention

0.08 0.03 0.02 0.13
Conditional mediating effect at different levels of perceived cultural
tightness-looseness
M -SD 0.10 0.04 0.03 0.17
M +SD 0.05 0.02 0.01 0.10
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Model 0 Model 1

Akaike information criterion (AIC) 36,028.13 36,024.17
Log-likelihood —17,823.06 —17,820.08
Number of free parameters 191 192

Model 0: null model where the interaction was not estimated; Model 1: moderated
mediation model.
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ME PV MR SE RE RC PM PCTL I
ME 0.65
s 0417 077
PV —0.06 0.14% 0.88
MR —021** | —0.08 0327 093
SE 049" 033" —0.02 —0.35"* 0.80
RE 0.54%+* 0417 —0.03 —0.33+* 0.69" 082
RC =022 | —020%* | 021" 0.60%+* —026"* | 039 092
PM 048" 046" —0.01 —0.32+* 0.65* 0.69"* 035+ 0385
PCTL 046" 036" 0.03 —0.13* 0.58"* 0.58" —0.15* 0.61%* 068
jig 0.47** 036" —0.01 —0.24"* 0.62* 0.61%* —023"* 0.69"* 0.62** 0.83
ic 057 038" —0.10% —0.36"* 056" 0.58" 035 0617 0.49"* 0.617* 072

ME, media exposure; PS, perceived severity; PV, perceived vulnerability; MR, maladaptive rewards; SE, self-cfficacy; RE, response efficacy; RC, response cost; PM, protection motivation; PCTL,
perceived cultural tightness-looseness; 11, implementation intention; IC, individuals' compliance; *p < 0.05, **p < 0.01, ***p < 0.001; The values on the diagonal are the square root of average
variance extracted (SRAVE).
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Media exposure MEL 0.71 042 0.68
(ME)

ME2 0.62

ME3 0.61
Perceived severity Ps1 0.81 0.59 0.81
(PS)

Ps2 0.65

PS3 0.84
Perceived PV1 0.89 078 091
vulnerability
(PV)

PV2 0.94

PV3 0.81
Maladaptive rewards MRI 0.92 0.86 0.95
(MR)

MR2 0.93

MR3 0.93
Self-efficacy SE1 0.77 0.64 0.84
(SE)

SE2 0.78

SE3 0.85
Response efficacy RE1 0.83 0.68 0.86
(RE)

RE2 0.84

RE3 0.80
Response cost RC1 0.95 0.85 0.94
(RC)

RC2 0.91

RC3 0.90
Protection motivation | PM1 0.90 0.73 0.89
(PM)

PM2 0.81

PM3 0.85
Perceived cultural PCTLL 0.59 0.46 0.81
tightness-looseness
(PCTL)

PCTL2 075

PCTL3 0.76

PCTL4 0.60

PCTL5 0.67
Implementation m 0.88 0.69 0.87
intention
(In)

mn 077

113 0.84
Individuals IC1 0.74 0.52 0.89
compliance
(IC)

Ic2 071

IC3 075

IC4 073

ICs 0.60

1Ce 0.76

1c7 0.69

Ics 0.75

AVE, average variance extracted; CR, composite reliability.
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Model

Overall model
2019 model
2020 model
Configural
Metric

Scalar

x2

1,038.823
668.903
748.958

1,417.862

1,439.255

1,474.649

df

390
390
390
780
804
828

Comparative fit index (CFI)

0.904
0.906
0905
0905
0.906
0904

Root mean square error
approximation (RMSEA)

0.051
0.049
0.052
0.051
005
0.049

Standardized root mean
square residual (SRMR)

0059
0.064
0.064
0.064
0.065
0.065
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Factors

Age (years)

25 and below
26-40

41-50

51-60

60above
Education
Non-educated
Primary education
Secondary education
Higher education
Graduate education
Income (yuans)
No income

1,000 below
1,000-2,999
3,000-4,999

5,000 and above
Residence

Rural

Urban

Sex

Female

Male

COVID-19 risk assessment
Level-1

Level-2

Level-3

Level-4

Interaction terms and random coeffi

P <005
bp - 0.01.

Family doctors

050 (0.15 10 0.85)"
0,07 (<043 t00.57)
0.01 (~0.66 10 0.69)
—116(-22t0 —071)"
1.38 (0.63 to 2.12)°

608 (4.71t07.45)>

0.39 (=025 to 1.03)
~0.45 (=106 10 0.16)
—0.06 (=037 10 0.24)
132 (05310 2.12)°

0.51(=0.17t0 1.14)
0.87 (0.04 to 1.70)°*
~0.57 (~1.06 to —0.09)*
0.08 (~0.40t0 0.56)
0.72 (029 to 1.15)*

0.02(~0.38 t0 0.42)
036 (0.07 0 0.65)*

031 (0.00100.63)
0.16 (=020 to 0.51)

1.87 (081 t0 2.93)°

0.99 (031 t0 1.67)"

079 (02210 137)"
—0.98 (~1.81 to —0.14)*

ts. All other fixed effects remain similarly to

Information sources [Mean difference (95%CI)]

Hospitals

0.69 (032 to 1.05)
—022 (~0.7210 0.28)
~029 (=096 0 0.38)
~0.15 (=091 0 0.60)
~0.50 (~1.30t0 0.30)

116 (~0.25 10 2.56)
0.07(~0.59 10 0.73)
0.08 (~0.54t0 0.70)
0.17 (~0.15 t0 0.48)
0.04(~0.76 10 0.83)

1.03 (0.39 to 1.68)°

0.02 (—0.84 t0 0.87)
~0.19 (=069 t0 0.31)
0.41(~0.08 to 0.90)
—0.14 (—0.57 10 0.29)

—0.37 (<079 t0 0.04)
0.43 (0.13 10 073)"

0.02 (~0.30 t0 0.34)
0.34(~0.03 10 0.70)

254 (13910 3.69)"
2.09 (13410 2.83)"
237 (16910 3.04)"
2.08 (124 102.92)"

Community health centers

0.40 (0.02 10 0.78)*
—0.26 (~0.84 t0 0.33)
—0.44 (~121100.34)

030 (<0520 1.11)

1.22 (0.48 to 1.97)®

3.69(232105.05)

0.73 (0,09 t0 1.37)°
~0.08 (=073 10 0.56)
0,80 (~0.26 10 0.42)
~025(~127100.77)

0.89 (023 to 1.56)°
0.09(~0.73 0 0.92)
~0.04 (~0.55 t0 0.48)
0.16 (~0.37 t0 0.70)
036 (~0.15t00.86)

051 (0.10t00.92)*
0.11 (=023 to 0.44)

0.08 (=027 t0 0.43)
049 (0.1110 0.88)"

2.86 (163 to 4.08)°
167 (095 t0 2.39)
1,52 (0.93 to 2.09)"
124 (0.36 t0 2.11)°

Internet resources

0.82 (045 to 1.20)°
0.96 (0.4 to 1.48)°
134 (0.58 to 2.10)"
0.13(~0.76 10 1.02)
—0.77 (~1.84 t0 0.30)

~1.90 (—4.30 t0 0.50)
0.25(~0.58 to 1.08)
1.69 (0.98 to 2.41)°
0.6 (03410 0.97)
103 (022 t0 1.83)"

0.74(0.05 to 1.44)*
0.18 (081 to 1.16)
0.69(0.1410 123
075 (023 to 1.28)°
097 (051 to 1.42)°

0.45(~0.02t0 0.91)
092 (0.60t0 123"

0.43 (00910 0.77)*
1.25 (0.85 to 1.66)°

3.18 (2010 4.35)°
151(079t02.23)"
1.92(1.37 to 2.48)"
1.02(0.11 to 1.93)*

Figure 1. The model controls for sex, age, residence, income, education, smoke, and drink.
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2019 cohort

Size of cohort 299
Percentage female 50.8
Average age (years) 33.48 (s.d. 12.07)
Employment

Professional occupation 47

(undergraduate degree or

equivalent required)

Student 48
Administrative and secretarial 50
Not currently in work 48
Sales and customer service 2
Manager or director 2
Skilled trade 21
Associate professional and 12

technical occupation (high-level

vocational qualification or training

required)

Caring or leisure occupation 21
Elementary occupation 6
Process plant and machine 2

operator

Group 1

151
197
33.76 (s.d. 12.36)

29

2020 cohort

Group 2

189
176
36.5 (sd. 12.59)

36

37
2
28
17
14
14

Total

340
4838
34.98 (s.d. 12.52)

65

55
53
45
32
26
23
26

11

‘Whole study (unique participants)

488
50.5
34.3 (s.d. 12.32)

112

103
103
93
54
48
44
38

32
10
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Behaviors

1. Wearing protective masks

Covering your mouth and nose with
a tissue when coughing or sneezing
Washing hands carefully

Indoor ventilation

Ahealthy diet

Avoiding eat bushmeat

Health surveillance

L O L o

Avoiding contact with people with
symptoms of respiratory diseases

9. Avoiding crowds

10. Avoiding visit their relatives

nds

and

Pre-intention

165 (1.5%)
126 (1.1%)

112 (1.0%)
107 (1.0%)
94/(0.8%)
143 (1.3%)
97 (0.9%)
84(0.8%)

90 (0.8%)
96 (0.8%)

Behavior stages [N (%)]

Interruption

351 (3.1%)
277 (2.5%)

323 2.9%)
305 (2.7%)
187 (1.7%)
161 (1.4%)
238 (2.1%)
216 (1.9%)

325 (2.9%)
273 (2.4%)

Intention

1,501 (13.4%)
1,625 (14.5%)

1,459 (13.0%)
1,468 (3.1%)
1,348 (12.0%)
1,276 (11.4%)
1,456 (13.0%)
1,356 (12.1%)

1,340 (12.0%)
1,361 (12.2%)

Planning

1,375 (12.3%)
1,355 (12.1%)

1,400 (12.5%)
1,357 (12.1%)
1,192 (10.7%)
1,097 (9.8%)
1,491 (13.3%)
1,363 (12.2%)

1,339 (12.0%)
1,362 (12.2%)

Action

7,798 (69.7%)
7,807 (69.8%)

7,896 (70.6%)
7,953 (71.1%)
8,369 (74.8%)
8,513 (76.1%)
7,908 (70.7%)
8,171 (73.0%)

8,096 (72.3%)
8,098 (72.4%)
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Accuracy

96.26%
96.98%
97.74%
98.09%
98.10%
96.26%
96.98%
97.74%
98.09%
98.10%

Error Rate

373%
301%
225%
190%
1.89%
3.73%
301%
225%
1.90%
1.89%

Precision

97.52%
97.74%
98.03%
98.60%
98.69%
84.12%
90.56%
95.52%
95.16%
95.71%

Recall

98.33%
98.86%
99.40%
99.50%
99.60%
77.94%
8275%
86.48%
92.18%
93.05%

F1 Score

09792
09830
09871
09887
09890
0.8091
0.8648
09078
09365
09436
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Mild
group.

Severe
group

#Multistage
Input data
1
1
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Prediction
Step
0
1
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Accuracy

96.26%
95.63%
94.43%
93.61%
93.44%
96.26%
95.63%
94.43%
93.61%
93.44%

Error Rate

373%
430%
5.50%
630%
655%
373%
430%
5.50%
630%
6.55%

Precision

97.52%
96.86%
96.25%
96.00%
95.74%
84.12%
70.00%
59.09%
50.00%
48.00%

Recall

98.33%
98.52%
97.85%
97.22%
97.12%
77.94%
51.85%
44.82%
40.62%
3636%

F1 Score

09792
09769
09704
0.9661
09653
0.8091
05957
05098
0.4482
04137
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MMDL model for disease severity assessment

with network parameters ©;

MMDL model for disease progression prediction
with network parameters ®;

A matrix, X0 = [ X, X{,.. X s the

input multimodal clinical data of the n-th stage;

A vector. The k-th modality clinical input data

of the n-th stage;

A vector. The extracted latent feature of k-th
modality of the n-th stage;

Amatrix, X3, =X X, X8 s the
concatenation of the extracted intra-modal latent
features of all different modalities of the n-th stage;

A scalar. The total rounds (stages) of the performed
clinical examination and lab tests;

A scalar. The total number of input modalities,

K =13, including the patient demographics, clinical
manifestation and laboratory test results (e.g., blood
test, inflammation, liver function, renal function, blood
lipids, etc.);

A vector. The extracted latent feature of patient
demographics modality;

A vector. The extracted cross-modal feature
representation of the n-th round clinical manifestation
modality and other 11 laboratory test modalities;

A vector. The intermediate learning outcome of the
n-th stage;

A matrix. The weighting matrix multiplying

with D;

A matrix. The weighting matrix multiplying

with 2

A matrix. The weighting matrix multiplying

with $¢;

A vector. The bias vector added to the computed
results at stage n;

A scalar. « € [0, 1] is a decay factor, by multiplying
with which the learning outcome of the previous stage
() is attenuated every round;

A vector. The output vector for computing y;

A scalar. The obtained result of either disease severity
assessment (y € {mild, severe}) or disease progression
prediction (¥ € {not—develop—severe,
develop—severe});

A scalar. The corresponding ground truth label;

The fully connected multilayer perceptron neural
network;

The rectified linear unit activation function;

The softmax multi-class classifier;

Lecoss-entropy The cross-entropy loss function,
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Characteristics

Blood test
White blood cell (WBC), x 10°/L
Neutrophils (NEUT), x10°/L
Lymphocyte (LYMPH), x10°/L
Monocytes (MONO), x10°/L.
Eosinophils (EO), x10°/L
Basophils (BASO), x10°/L
Red blood cell (RBC), x 10'2/L
Hemoglobin (HGB), g/L
Hematocrit (HCT), L/L

Mean corpuscular hemoglobin concentration

(MCHO), g/L
Platelet (PLT), x10°/L
Mean phatelet volume (MPV), 1L
Platelet hematocrit (PCT), (%)

Flow cytometry
Absolute CD3+ T lymphocyte, cells/uL
Absolute CDa+ T lymphocyte, cells/uL
Absolute CD8+ T lymphocyte, cells/jL
CD4+/CD8+ ratio

Inflammation

Erythrocyte sedimentation rate (ESR), mm/h

C-reactive protein (CRP), mg/L

Hypersensitive C-reactive protein (hsCRP),

mg/L
Procalcitonin (PCT), ng/L

Liver function
Prealbumin (PA), pg/dL
a-L-Fucosidase (AFU), U/L
Alanine aminotransferase (ALT), U/L
Aspartate aminotransferase (AST), U/L
Alkaline phosphatase (ALP), IU/L
Gamma-glutamyltransferase (GGT), IU/L
Lactate dehydrogenase (LDH), IU/L
Total protein (TP), g/L
Albumin (ALB), ¢/L
Globulin (GLB), g/L
A/G Ratio
Total bilirubin (TBIL), jumol/L
Total bile acid (TBA), jumol/L

Renal function
UREA, mmol/L
Creatinine (CREA), jumol/L.
Uric acid (UA), pmol/L
Beta 2-microglobulin (62 — M), mg/L
Cystatin C (CysC), mg/L

Glucose modality

Glucose (hexokinase (HK) method), mmol/L

Blood lipids

Triglyceride (TG), mmol/L

Total cholesterol (CHOL), mmol/L

High-density lipoprotein (HDL), mntol/L

Low-density lipoprotein (LDL), mmol/L
Electrolyte

Potassium (K), rmol/L

Sodium (NA), mimol/L

Chlorine (CL), mmol/L

Calcium (CA), mmol/L

Phosphorus (P), rmmol/L

Magnesium (MG), mmol/L
Coagulation function

Prothrombin time (PT), seconds

International normalized ratio (INR)

Activated partial thromboplastin time
(APTT), seconds

Thrombin time (TT), seconds

Fibrinogen (FIB), ¢/L

D-dimer, mg/L
Myocardial zymogram & Heart failure
e deaminase (ADA), U/L
Creatine kinase (CK), U/L

Aden

a-Hydroxybutyrate dehydrogenase
(«-HBDH), IU/L
5-Nucleotidase (5-NT), U/L
Cholinesterase (CHE), U/L
Arterial blood gas
Aterial blood pH
Partial pressure of oxygen (PaO2), mimHg

Partial pressure of carbon dioxide (PaC02),

mmHg
Bicarbonate (HCO3-), mEq/L

Oxygen saturation ($a02), (%)

All patients
N=216

603
105
134
040
0.06
0.02
420
128
38.80
3316

229
9.40
021

166
262
325

0.096

221
278
34
278
589
133
25
667
402
273
140
156
3.00

383
669
303
219
099

6.41

223
439
1.02
247

421
1382
1027
224
108
0.89

1177
1.00
3850

14.90
125
0.68

14.10
100
179

438
7960

7.42
85
a1

26.10

96.90%

Mild patients
N =186 (86.11%)

532
332
143
042
0.06
002
425
130
39.10
332

216
930
020

829
451

316
138

382
17.3
219

0.040

227
274
28.1
246
572
322
209
673
412
268
150
158
3.10

371
672
320
216
0.96

611

211
428
1.03
242

424
138.4
103.0
226

088

11.76
1.01
38.40

14.70
420
0.44

13.85
88
160

394
8409

741
85
41

26.00
97.30%

Severe patients
N =30(13.89%)

647
198
086
036
0.06
0.02
400
1243
37.57
3312

2448
9.62
023

461

259
145
147

713
65
711

0331

200
297
593
415
66.1
90.7

343
645
355
295

124

15.1
234

410
659
231
238
116

773

269
426
097
238

400
137.8
1015
213
098
093

1181
096
39.25

15.15
162
164

14.36
151
262

625
6699

745
86
40

2695

96.15%
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Inactivated mRNA Total
vaccine vaccine
(Sinopharm)  (BioNTech
Serious adverse events 0.003 0.033 0.009
Minor adverse events 2.665 6.926 3.484
Total 2.668 6.959 3.493

Serious adverse event: if it results in death, is life-threatening, requires in-patient
hospitalization or prolongation of existing hospitalization, results in persistent or
significant disability/incapacity, is a congenital anomaly/birth defect, or requires
intervention to prevent permanent impairment or damage.
Data from Servigos de Satide, Governo da Regido Administrativa Especial de Macau.
Weekly Bulletin on COVID-19 Vaccination and Adverse Events Following Immunization
(AEFI) in Macao, Last updated: December 8, 2022.
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Total doses administered

Inactivated vaccine
(Sinopharm)

1,370,040

BioNTech mRNA
vaccine (BioNTech)

309,058

Other vaccines
(non-local
administration)

4,704

1,683,802

1. Minor adverse events 1.1. Reaction caused by the vaccine 2,266 1,717 N.R. 3,983
1.2. Immunization error-related 0 0 N.R. 0
reaction
1.3. Immunization Anxiety-related 22 11 N.R. 33
reaction
1.4. Coincidental event or uncertain 1101 370 N.R. 1,471

2. Serious adverse | 2.1. Anaphylaxis 1 0 NR. 1

events

2.2. Other serious 2.2.1. Reaction caused by the vaccine 0 N.R. N.R. 4
adverse events
2.2.2. Immunization error-related 0 0 N.R. 0
reaction
2.2.3. Immunization anxiety-related 0 0 N.R. 0
reaction
2.2.4. Coincidental event or uncertain 3 6 N.R. 9
Total 3,393 2,108 N.R. 5,501

AEFIs, Adverse Events Following Immunization; N.R., not reported.

Data from Servigos de Satde, Governo da Regidao Administrativa Especial de Macau. Weekly Bulletin on COVID-19 Vaccination and Adverse Events Following Immunization (AEFI) in Macao, Last updated: December 8, 2022.
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Phase

Phase 1
June 18-July 3

Features

A new wave of COVID-19 burst out, and
new cases increased every day.

Measures

. The SAR Government announced that Macao SAR went into an immediate state of

prevention starting from 1:00a.m. on 19 June 2022

2. Updated the conditions for border crossing;

3. Three rounds of citywide nucleic acid tests (NAT);

4. NAT administered for key groups and areas;

5. Rapid antigen tests (RAT) were introduced and RAT kits were distributed.

6. The public entertainment venues such as cinemas, beauty salons, gymnasiums, and
bars were closed, as well as provision of dine-in services in all food and beverage
establishments has been suspended.

7. The Government urged all residents to stay at home, and avoid going out, except
for necessary grocery shopping.

Phase 2 New cases increased every day witha peak | 1. Repeated citywide NAT, with each round finished in 2 days (36 h);
July 4-10 of 146 new positive cases on July 5. 2. Self-RAT every day and results were reported online;

3. N95 masks were distributed by the government, and wearing N95 masks when in a
public area became a mandatory requirement;

4. A mobile sampling team was set up to conduct on-site sampling for those tested
positive in mixed samples, all these measures effectively reduced the risk of cross-
infection and the daily local cases;

5. Traditional Chinese medicine treatment was used for patients based on their
consent and demands.

Phase 3 The proportion of new positive cases in 1. Repeated citywide NAT, with each round finished in 2 days (36 h);
July 11-22 the community was high, and the 2. Self-RAT every day and results were reported online.
“relatively static” control measures were 3. Suspension of non-essential industries and commercial activities.
taken to prevent the wide spread of BA.5 4. The “stay-at-home” mandate.
in communities. 5. Exemptions applied to three categories of activity deemed essential to the
community and to the day-to-day lives of the members of the public, including the
companies providing basic public services, services deemed necessary for the daily
lives of the members of the public, those companies, entities, and venues that have
received approval to continue operations from their respective
supervising authorities.
The consolidation period. The number of daily new cases was close 1. Limited operation of non-essential industries and commercial activities to resume;
July 23-29 to zero in the community. 2. Public departments provide limited public services;
Aimed to enable people to gradually 3. The lowest possible level of non-essential movement in the community;
return to their normal life. 4. An extra NAT drive was further carried out in the key areas to identify any
potentially infected persons who might still be lurking in the local community,
people in the key areas were subject to a NAT daily.
5. The public could walk their dogs out under the prerequisite of compliance with the

anti-epidemic requirements.

‘The region-specific, multi-level epidemic prevention and control was launched during all phases: the relevant buildings were classified as “lockdown zones” “red” health codes, and on-site
NATS were applied to the individuals there, epidemiological investigation, tracing, and quarantine, etc. (14).
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Status of COVID-19
vaccination

Previous medical status

94 Female Had received two doses of inactivated She had a history of hypertension, hyperlipidemia, stroke, and other chronic
COVID-19 vaccines. underlying diseases, she required long-term care.
100 Female Not vaccinated against COVID-19. She had a history of hypertension, brain degeneration, fractures, and other
chronic underlying diseases; she was bedridden and in need of long-term care.
88 Female | Not vaccinated against COVID-19. She was bedridden and in need of long-term care, she had a history of severe
diabetes mellitus, heart disease, aortic dissection, etc.
91 Female | Not vaccinated against COVID-19. She was dependent on caregivers, had no self-care ability, and suffered from
chronic heart and respiratory failure.
86 Female Had received two doses of inactivated She suffered from chronic renal disease, gastrointestinal bleeding, and other
COVID-19 vaccines. chronic underlying diseases.
93 Male Not vaccinated against COVID-19. He suffered from chronic heart disease and chronic pulmonary disease and

required long-term oxygen therapy at home.
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Previous BA. P-value
subvariants subvariant

n (%) n (%)
Symptomatic cases 86 (25.67%) 705 (38.71%) <0.0001
Asymptomatic cases 249 (74.33%) 1,116 (61.29%)
Case fatality ratio (CFR) 0(0.00%) 6(0.86%) 0.84

Data from the news bulletin of the Macao Health Bureau, was last updated on July 29,
2022.
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Newly Infected Cases.






OPS/images/fpubh-10-1029171/fpubh-10-1029171-g001.gif
¥rERREERYY

PEFLELLRELRLESRELEPPEPEREEIESIELEPELEL LS
ot odated by 25,2032





OPS/images/fpubh-10-1029171/crossmark.jpg
(®) Check for updates





OPS/images/fmed-09-978795/fmed-09-978795-t003.jpg
Variables Models (knowledge score as a dependent variable)

Bivariate Multivariate 1 Multivariate 2
Gender ~0.04(~0.10/0.01) 0.128 Not included in the model ~0.01(~0.06/ 0.04) 0716
Age (years) <-0.01(<-001/ < 0.01) 0.118 Not included in the model <-0.01(<-0.01/ < 0.01) 0.059
Education
Primary or lower Reference category Reference category Reference category
Secondary 0.82(0.54/1.10) < 0.001 0.88(0.61/ 1.15) < 0,001 0.85(0.58/ 1.12) < 0.001
Bachelor’ degree 1010073/ 1.29) < 0.001 0.90(0.63/ 1.18) < 0.001 0.87(0.59/ 1.15) < 0001
Technical 0.74(0.46/1.02) < 0.001 0.77(0.49/ 1.04) < 0.001 0.75(0.48/ 1.03) < 0.001
Higher 1.16(0.89/ 1.42) < 0.001 1.07(0.81/1.33) < 0.001 1,04(0.78/ 1.30) < 0.001
Postgraduate 140(1.11/ 1.68) < 0.001 1.32(1.04/ 1.60) < 0.001 1.33(1.05/ 1.60) < 0.001
Country of residence
Peru Reference category Reference category Reference category
Chile 081(0.71/0.90) < 0001 0.78(0.69/ 0.88) < 0.001 0.79(0.70/ 0:89) < 0.001
Paraguay 0.89(0.79/0.99) < 0.001 0.84(0.73/0.94) < 0.001 0.83(0.73/ 0.94) < 0.001
Mexico 0.34(0.23/0.46) < 0.001 031(0.19/0.43) < 0,001 0.30(0.18/ 0.42) < 0.001
Bolivia 0.33(0.21/0.46) < 0.001 0.28(0.16/0.41) < 0.001 0.28(0.15/ 0.40) < 0.001
Panama 0.88(0.75/1.01) < 0.001 0.82(0.68/0.95) < 0,001 0.81(0.68/ 0.94) < 0.001
Ecuador 0.56(0.41/0.71) < 0.001 0.56(0.40/ 0.71) < 0.001 0.55(0.40/ 0.70) < 0.001
Costa Rica 0.25(0.08/ 0.43) 0.005 0.32(0.14/ 0.49) < 0.001 0.33(0.15/ 0.50) < 0.001
El Salvador ~0.41(~0.58/ ~0.24) < 0.001 —0.43(~0.59/ ~0.26) < 0.001 —0.42(~0.59/ ~0.25) < 0.001
Honduras 0.16(~0.02/0.35) 0.086 0.12(~0.07/0.30) 0211 0.11(~0.07/0.30) 0.240
Colombia 0.97(0.76/1.20) < 0.001 0.92(0.69/ 1.15) < 0.001 0.92(0.69/ 1.15) < 0.001
Guatemala 0.09(~0.16/0.35) 0.477 0.06(~0.20/ 0.31) 0.668 0.06(~0.20/0.31) 0.649

The models were obtained with linear regres:
of parentheses: Regres

The score of each respondent obtained with the test for the level of basic knowledge of COVID-19 was taken as a dependent variable. Left
Sonfidence interval at 95% (CI 95%). Right of parenthes

on coefficient. Inside the parenthe p-value.
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Question

irborne transmission

1. How is the coronavirus transmitted or what is the mechanism of transmission? Answer:

2. How long s the incubation period or how soon can symptoms of coronavirus manifest? Answer: Up to 14 days.

3. Which are the common symptoms that a person infected with coronavirus could have? Answer: The same symptoms as the flu/a colds.

4. Which of the following is not one of the most common symptoms of coronavirus infection? Answer: Diarrhea

5. What is the probability of dying (mortality rate) from coronavirus in the general population? Answer: Lower than 5%

6. Who are at a highest risk because of the coronavirus mortality rate? Answer: Older adults

7. What treatment should be given to a person who has initial (non-severe) coronavirus infection? Answer: Treatment should calm respiratory
symptoms.

8. What is the diagnostic method used to confirm a coronavirus infection? Answer: Nasal and/or buccal swabbing

9. What would you do if you have symptoms of a cold and suspect you are infected with coronavirus? Answer: I would stay at home until I can

recover.

Correct n(%)

8,569 (92.9 %)
7.122(77.2%)
9,091 (98.6 %)
8,529 (92.5 %)
3,686 (40.0 %)
8,113 (88.0 %)
5,192 (56.3 %)

7,990 (86.6 %)
4,939 (53.6 %)
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Country

Peru
Chile
Paraguay
Mexico
Bolivia
Panama
Ecuador
Costa Rica
Bl Salvador
Honduras
Colombia
Guatemala

P-value

91%
98%
95%
96%
94%
96%
97%
94%
84%
95%
98%
97%
<0001

72%
83%
81%
85%
87%
90%
85%
77%
65%
87%
86%
70%
<0.001

98%
9%
99%
99%
99%
100%
9%
97%
99%
97%
99%
96%
0.001

lues were obtained with the chi-squared test. Mean and standard devi

Percentage of correct answers of the questions

4

91%
97%
96%
93%
929%
96%
93%
93%
84%
94%
91%
90%.
<0.001

5

34%
8%
53%
26%
4%
67%
47%
54%
35%
40%
58%
41%
<0001

6

83%
97%
92%
96%
96%.
97%
93%
81%
83%
93%
95%
85%
<0.001

ion (SD) are of the average score for each country. *

7

48%
73%
81%
55%
60%
69%
63%
68%
46%
47%
78%
53%
<0.001

84%

<0.001

is is the global average.

9

58%
56%
55%
59%
41%
36%
59%
27%
31%
31%
60%
39%
<0.001

Mean (SD)

66(1.4)
7.4(1.2)
75(12)
6.9(1.3)
69(13)
7.5(1.0)
7.2(1.3)
69(1.3)
6.2(15)
68(1.2)
7.6 (1.3)
67(15)
69 (1.4)*
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Scenarios  Disease ~ NPIlevels  Effectiveness of

vaccination

Scenario 1 COVID-19  No No

Scenario 2 COVID-19 No 33% for preventing infection
®)

Scenario 3 COVID-19  Level 3 No

Scenario 4 COVID-19  Level2 No

Scenario 5 COVID-19  Level 1 No

Scenario 6 Influenza  No No

Scenario 7 Influenza  No 50% for preventing infection
©

Scenario 8 Influenza  Level 3 No

Scenario 9 Influenza  Level2 No

Scenario 10 Influenza  Level | No

Level 1: NPIs announced or implemented before civil servants work from home (WFH),
vhich usually include tightened social distancing measure: restaurants and indoor
ies, and closure of kindergartens and primary schools. L NPIs
announced or implemented together with civil servants WEH, which often include the
closure of most indoor leisure facilities, closure of all schools, no dine-in in restaurants
after 9 pm. Level 3: NPIs announced or implemented after civil servants WEH, which

el

include more st
all day (7).

gent control measures of restaurants, such as no dine-in after 6 pm or
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Parameters Scenario Setting basis

Scenario 1 Scenario 2 Scenario3  Scenario4  Scenario 5

N 1x10° 1% 10° 1% 10° 1x10° 1x 10° Hypothesis

E 2 2 63 63 63 I time the incubation period

I 5 5 10 10 10 Hypothesis

I 1 1 6 6 6 Hypothesis

Iy 1 1 2 2 2 Hypothesis

1 7 7 18 18 18 L+L+1s

R 0 0 0 0 0 Hypothesis

2 - - 031 045 053 Reference (7)

B 13 1.3 % 0.67 13 13 13 Calculation by experts (8, 10) Reference (3)
K 035 035 035 035 035 Reference (2)

” 7 4 77 7 7 Reference (11)

2 110 10 1710 110 110 References (11, 12)

va 119 119 119 119 1719 Reference (11)

” 051 057 051 051 051 References (13, 14) and calculated according to ps, ps
P 0.30 034 030 0.30 030 Caleulated according to ps

P 019 009 0.19 019 019 References (15-17)

0 1159 1159 1159 1159 1159 Reference (11)

0, 1783 183 183 1783 1183 Reference (11)

v 135 135 135 135 135 Reference (15)

In this study, py : p2 approximate equal to 5:3, according to the reference (13), the proportion of mild cases is about equal to that of moderate cases, but we take
[20% (14)) as mild cases, so the proportion of py and p; confirmed.

nptomatic infections
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Parameters

Scenario 6

1x10°

20
5
1

04
05
1/4.67
17
114
0.89
0.06
0.05
1/4.67
177
1/2.83

Scenario 7

1x10°

20
5
1

0.4%05

05
1/4.67
7
1714
095
0.04
001
1/4.67
7
1/2.83

Scenario

Scenario 8

1x10°

51
10
6
2
18
0
031
04
05
1/4.67
17
114
0.89
0.06
0.05
1/4.67
17
1/2.83

Scenario 9

1x10°

51
10
6
2
18
0
045

Scenario 10

1x10°

51
10
6
2
18
0
053
04
05
1/4.67
17
114
0.89
0.06
0.05
1/4.67
17
1/2.83

Setting basis

Hypothesis

Itime the incubation period
Hypothesis

Hypothesis

Hypothesis

L+h+1

Hypothesis

Reference (7)

References (9, 19-21)
Hypothesis

Reference (22)

References (22, 23)
Reference (22, 23)
Calculated according to ps
Calculated according to ps
Reference (24)

Reference (22)

Reference (22)

Reference (22)
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Reliability
(Cronbach Alpha)
Mean (SD), Median
Range

Tertiles

33

Category for stigma

No/mild
Moderate stigma

Severe

Community
COVID-19 stigma
scale

(N =1,976)

0.60

5.4(3.09),6
0-12

<4 (T1): 33% of the
participants had score <4
<6/(T2) 6% of the
participants had score < 6
0-3: No stigma/ mild;
4-5: moderate

and >5 severe
stigmatizing attitudes
253%

23.4%

513%

COVID-19 stigma
scale

(N=303)

0855

7.8(6.9),6
0-26

<2(T1): 33% of the
participants had score <2
<10 (T2) 6% of the
participants had score <10
0-1: No / mild;

2-9: moderate

and >9 severe stigma

19.5%
419%
38.6%
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Total
Age group (years)

18-29

30-44

15-59

>60

Sex

Male

Female

Completed years of schooling
Illiterate

1-10std

11and above
Occupation

Govt. employees

Pyt. Employees
Skilled/unskilled labor/Self employed
Others

Income in Indian rupees
<10,000

10,001-20,000

>20,000

Marital status

Never married

Currently married
Separated

Religion

Hindu

Muslim

Others

State

Madhya Pradesh

Odisha

Delhi

Uttar Pradesh

Assam

amil Nadu

Maharashtra
COVID-19 zone
Red

Green

Place of residence
Urban

Rural

Duration of residence in the place
<5 years

6-15 Years

>15 Years

Place of quarantine
Home

Institution

Family member infected with COVID-19

Yes
No

Knowledge of cause of COVID-19

Yes

No

Knowledge of COVID-19 transmission
No

Yes

Knowledge of symptoms (COVID-19
recovered median
participants median = 4 symptoms)
<3 symptoms

Atleast 3 symptoms

3 symptoms; community

COVID-19 stigmatizing attitudes

No/Mild Moderate Severe

253 234 513
226 212 56.1
27.3 266 46.1
265 21 52.5
275 246 478
216 231 554
292 237 47.1
23.1 18.7 582
218 225 557
279 246 475
268 237 494
253 302 445
205 220 575
288 208 504
246 21 544
236 245 52

268 249 483
211 233 557
266 237 497
29 b b ) 532
255 233 512
233 219 548
248 267 485
36.8 259 374
7.7 18.1 742
318 364 318
24.8 22 532
47.1 242 287
224 266 511
10.2 18.5 713
276 234 489
212 266 555
252 26.6 482
254 204 542
215 208 57.8
302 27.5 422
249 229 52.1

Not applicable

322 246 432
241 232 528
258 242 50

243 218 539
247 222 53.1
256 239 505
266 221 513
242 244 514

Knowledge of preventive measures (median score = 3)

<3 preventive measures
Atleast 3 preventive
Risk perception
Unlikely

Neutral

Likely

Significant p value < 0.05.
Significant p value < 0.001.

269 251 8
8 28 524
25 213 537
256 265 479
258 261 8.1

n

1976

782
763
362
9

1,002
974

134
743
1,099

257
391
610
718

723
433
820

494
1,420
62

1729
146
101

340
326
110
218
37
331
324

1259
77

956
1,020

303
33
1339

301
1675

1,306
670

599
1377
903

1,073

487
1,489

1,151
426
399

Experienced COVID-19 stigma

p-value No/Mild Moderate Severe

0.008

<0.001

<0.001

<0.001

0139

0.081

0844

<0.001

<0.001

<0.001

<0.001

<0.001

025

0.561

0342

0251

0.081

195

241
149
195
167

162
28

20
183
201

255
25

19.1

198
27
178

231
187
125

20
231
9.1

16.1

95
312
312

8.3

14

28
124

178
23

327
12
177

16
202

154
231

203
178

102

233
15.1

212

118
2

419

a7
404
455
375

455
383

50
346
453

509
352
444
443

385
348
473

397
416
562

392
50
636

393
188
29
406
479
583
46

408
443

455
357

382
56
394

2
419

406
43.1

40.6
446

50

386
488

392

434
414

386

343
447
351
458

383
389

30
471
346

236
423
444
365

418
424
349

372
397
312

408
269
273

446
562
476
28.1
208
333
40

364
433

366
2

291
32

429

2
379

441
338

39.1
376

398

381
36

396

447
366

Not applicable

n

303

108
94
77
2

154
149

20
104
179

71
18
115

91
66
146

78
209
16

255
2

56
48
21
32
48
48
50

206
97

191
112

55
50
198

50
253

143
160

202
101

88

215
86

217

76
27

p-value

0586

0268

0259

012

0462

0699

0.152

<0.001

0.095

0236

0015

0.104

0778

0024

0253

0131
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Age group (years)
31-45 (Ref)

18-30

16-60

60+

Sex

(Ref - Female)

Male

Education

11" and higher (Ref)
literate

1-10std

Knowledge about COVID-19 transmission
Yes (Ref)

No

Place of residence
Urban (ref)

Rural

Duration of residence in the current place
<6 years (Ref)
61015 years

>15 years
COVID-19 zone
(Ref-Green)

Red

State

Assam (Ref)
Madhya Pradesh
Odisha

Delhi

Uttar Pradesh

Tamil Nadu

Maharashtra

in bivariate analysis

Non COVID-19 community participants

(stigmati

sig.

<0.001
00
0.02
0961

<0.001

<0.001

<0.001
0.024

0217

.d for the multivariate analysis

ing attitudes)

AdjOR

1558
1423
1016

1,561

2.734
1512

1492

1554
6314
1409
2.189
3184
7.379

95% CI

1.2291.975
1,057 1.915
0,545 1.894

1.266 1.926

1.761 4.246
1.203 1.899

113186

1.148 1.940

1,059 2.282
42329419
08172429
1.4193.376
21534.709
4.82511.286

Sig.

0011

0.054
003
0.051

0.058
0.156
073
0.044
0952
0.026
0.054

AOR

2829

324
2089

2049
118
5278
0.969
4.009
2771

COVID-19 recovered participants
(experienced stigma)

95% CI

12676319

11179397
0998 4.375

0760 5.529
0.4603.025
1.043 26.695
0.3522.666
1177 13.667
09837.812
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Year Month

2020 January-March

April-June

July-September

October-December

2021 January-March

April-June

July-September

October-December

2022 January-March

April-June

July-September

government (https://www.metro.tokyo.lg.jp/ tosei/governor/governor /), the n

Typical event

A man who stayed in Wuhan tested positive for
COVID-19 (frst case in Japan).

- COVID-19 cases were confirmed among passengers
aboard the Diamond Princess, which called at the port of
Yokohama

- School reopening guidelines in response to COVID-19

(school reopening guidelines) was announced.

- State of emergency declaration (~25th May).

- New Normal Lifestyle was presented by MHLW.

- Hygiene Management Manual at Schools (hygiene
manual) ver.1 was announced.

- simple school lunch was described as thoughtful for areas
where infection is judged to be spreading.

- The “Go to travel campaign” started.

- Interruption of the “Go to travel campa

- The hygiene manual was updated to ver.5. Especially for
clementary and junior high schools, it s clearly stated that
temporary closures for the entire region should basically

be avoided.

- State of emergency declaration (8th January—21th March).
- COVID-19 vaccination was started.

- Pre-emergency measures (5th March—30th September).

- State of emergency declaration (25th April—20th June).

- The 2020 Summer Olympics was held in Tokyo.

- COVID-19 vaccine booster shots were started.

- Pre-emergency measures (7th January—21th March).

- Vaccination for children (aged 5-11 years) started.

- Latest guidelines for the school hygiene manual were

updated (ver.8), a description about excessive ste
was added.

- Fourth shot started.

- Expanded the fourth vaccination target (e.g, healthcare
workers).

- Japan recorded the world's highest number of new

COVID-19 infections.

Topics with stay at home, mokusyoku, and
masks

- Prime Minister Shinzo Abe requested the simultancous
closure of all elementary and junior high schools
nationwide.

- The Governor of Tokyo requested voluntary abstinence

from going out.

- School reopening guidelines was updated. “In- school
education activities, please wear a mask regularly.” was
added. It was also stated that masks must be worn in
situations where close-range conversations or vocalizations
are required.

- The Governor of Tokyo announced “Stay home week.”

- The Governor of Tokyo required voluntary abstinence

from home coming visit during summer vacation.

For junior and senior high school students, it was stated

that, depending on the infection situation, activities that

pose a high risk of infection without wearing a mask should
be avoided in the hygiene manual (ver.5).

- The Governor of Tokyo called for “Stay at home” during
the New Year holidays.

- Subcommittee on Novel Coronavirus Discase Control,
proposed “mask dinner*”. Several local government are
still requesting this practice.

- The Governor of Tokyo announced “Stay

home thoroughly.”

- About 7,000 children were reported to be voluntarily

missing school due to fear of infection.

A child died after an endurance run in school with a mask

was placed on the chin.
- The Governor of Tokyo announced “Stay home week”.
- The Governor of Tokyo called for “stay home” during

summer vacation.

‘There were requests for the extension of summer vacation

due to fear of infection, and some schools responded.

School closures, class closures were undertaken in Sapporo.
- Novel Coronavirus response headquarter (belongs to
Japanese government) announced basic policy against for
COVID-19 (basic policy) and “Mokusyoku” was set as
the basis.
- The Governor of Tokyo called for “stay at home” hence the
chairman of subcommittee on Novel Coronavirus Disease

Control commented that it is not always necessary.

- The MHLW homepage was updated about COVID-19
prevention. “Mokusyoku” s still the basis of the
prevention response. In response to this, some boards of
education and schools are encouraged to follow
“mokusyoku” rule. On the other hand, some school boards

have declared that they o not strongly recommend that.

s were taken from the homepage of the Japanese public broadeaster (https://wyww3.nhk.or.jp/news/special /coronavirus/chronology /), Tokyo metropolitan
istry of education, culture, sports, science and technology (https: //www.mext.go.jp/

a_menu/coronavirus/index_00012.html), the ministry of Health, Labor and Welfare (https:// corona.go.jp/emergency /).

A series of manners in which mask is removed with strings over the ears only when food is placed in the mouth and replaced

Japanese TV programs. However, it

wearing masks only when conversing (https: //www.pref.kanagawa.jp/docs/r5k/mask_nisho.htm).

mediately while chewing. This is sometimes seen i

now generally understood, as recommended by Kanagavwa prefecture, that following the “mokusyoku” rule is more suitable during cating and
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(A) Studies about “stay at home”

References Country
Ttoetal. (6) Japan
Abeetal. (7) Japan
Sakamoto etal. (5) Japan
Horikawa et al. (9) Japan
Kosaka (10) Japan
Uedaetal. (11) Japan
Nakachi et al. (12) Japan
Zhu etal. (13) China
achary etal. (15) Us.
di Renzo etal. (16) Italy
Ghosal etal. (1) India
Pietrobeli et al. (19) Italy

Participants (year old)

67
3-5
35

10-14

First-fifth grade (6-11)

8-17

16-70

Over 18

Over 12

Not clearly described

6-18 (with obesity)

Overview of the results and notable points

Children after the state of emergency had significantly higher body fat percentages,
shorter single-leg standing times, and a larger number of falls per month than before.
Consumption of snacks, juice, instant foods, and canned food during the state of
emergency, was higher in the low income group than in the high income group.
Consumption of snacks, juice, instant foods and canned food during the state of
emergency, was higher in low income group rather than high income group.
“Well-balanced dictary intake” was lower in all households during the state of
emergency compared with before. The authors discussed that schoolchildren’s meal
quality worsened during the state of emergency, especially in low-income households,
because school lunches were not provided.

‘There were significant differences in “irregular sleep;” “disordered eating habits, and

“increased use of games and smartphones’, during school closure.

During the COVID-19 stay-at-home period, 46.5% of participants experienced
changesin sleep patterns. These changes were associated with decreased QOL as well

as internalized symptoms.

he decreased QOL of children with altered sleep patterns
was predicted by a high level of depression.

Children in the lower grade elementary school group easily cried and complained
during quarantine (12.4%) and it was more difficult to keep calm compared to those in
the other groups. Changes in sleep patterns were more prevalent in junior and senior
high school students.

‘There was a significant increase in total food intake especially in snacks and soft drinks
under “stay at home regulation”. A significant decrease in physical activity was also
observed. The rate of weight gain in the total population was 30.6%. The main factors
contributing to weight gain were increased food intake and reduced physical activity.
22% of adults report having gained weight during the COVID-19 pandemic. Lack of
sleep, decreased physical activity, snacking after dinner, eating in response to stress,
and eating because of the appearance and smell of food are reported as behaviors
linked to weight gain.

The perception of weight gain was observed in 48.6% of the population during
lockdown. Consumption of homemade sweets and pizza was increased notably. But
some good trends were also observed; 15% of respondents turned to farmers or
organic purchasing groups for fruit and vegetables, especially in the North and Center
of Italy, where BMI values were lower. Younger people (aged 18-30) tended to
consume a more Mediterrancan diet.

There was a trend toward weight gain (0.1-5.0 kg) seen in 40% of the cohort, with 16%
of the population experiencing a 2.1-5.0 kg weight increase.

Consumption of potato chips, red meat, and sugary drinks increased significantly
during the lockdown. Time spent on sports activities was significantly decreased and

sleep time was significantly increased. Screen time was also significantly increased.

(B) Papers reporting “mokusyoku”/studies about “food education™

References Topic
Noi etal. (3) Mokusyoku
Okuyama and Seto (20) Mokusyoku

Kishida and Kamimura ~Food education

(23)

Esaki (24) Food education

Tominagaetal. (25)  Food education

Etoetal. (26) Food education

Nakamuraetal. (27)  Food education

Barnes etal. (28)and  Food education

Gestetal. (29)

(C) Overview of typical RCT trial

References Participants

Cowlingetal. (55)  Houscholds

Control (n=74

Participants (years
old)

Adults wit/without children

Fifth-sixth grade (10-12)

Junior high school student
(12-15)
Junior, high, university school
student

5th and 8th grade student

30-59

3-4

Is about masks

Group (n)

ndex cases, 213 cases, 65 contacts)

contacts)

Cowlingetal. (57)  Households

contacts)

Maclntyre etal. (59) Households

Jacobs et al. (62)

Aiello etal. (52) Students living in

university residence

halls
Larson etal. (53) Households
Canini etal. (54)  Households
Simmerman etal.  Households

(56)

Aielloctal. (51)  Students living in
university residence

halls

Suess etal. (50) Households

Barasheed etal. (63) Hajj pilgrimage

Maclntyre etal. (60) Healthcare workers

Maclntyre etal. (59) Households

Alfelali et al. (58)

Hajj pilgrimage

Abaluck etal. (71)  Villagers

Bundgaard et al.
(49)

Community

ILI, Influenza like illness.

Control (n=91

Control (100)

Healthcare workersControl (17)

ndex cases, 279 85 index cases, 257

contacts)

Surgical mask (94)

Surgical mask (15)

Control (552) Mask (378)

Control (n=148  Hand hygiene (n =
148 house holds,

total 946)

households, total
904)

Control (n=53  Mask (1 = 52 index

index cases, 158 cases, 148 contacts)
contacts)

Control (1=119  Hand hygiene (n =
index cases, with 119 index cases,

302 members) with 292 members)

Control (370) Mask (392)
Control (82) Mask (69)
Control (89) Mask (75)
Control (458) Cloth mask (569)

Control (=122 Mask (n= 123

index cases, 295 index cases, 302

contacts) contacts)

Control (3139) Mask (3199)
Control (= Mask (surgical and
163,861) cloth; n = 178,322)

Control (n=2,740) Mask (n = 2,392)

Mask (n =22 index

Hand hygiene (n =

Overview of the results and notable points/how is described
about “mokusyoku”

Students are forced to live in cramped and suffocating conditions, wear masks,
and follow “mokusyoku rules? and school events are canceled or curtailed. The
author expressed concern about the effect on childrens' minds and bodies.

‘The survey revealed that parents with children in elementary school are
concerned about the negative impact of “mokusyoku”.

The conversation-positive group gained higher scores in numerous items; good
appetite, awakening feeling well, not fecling fatigue, slecping well at night, not
readily catching cold. Positive effects, including improved eating habits and
reducing soft drink consumption were also observed.

‘The author reported that number of menus and people sharing meals, and
helpful behavior are involved in improving quality of life (QOL).

Eating with having fun is associated with university personality inventory score,
representing mental health.

Atitudes toward eating (communi

tion) was associated with QOL especially in

8th grade (junior high school) students.

Higher household income and education levels were significantly associated with
higher rates of cating vegetables, using the information on nutition labels, and
conversing with family or friends during meals. Higher household incomes were
also significantly associated with lower frequencies of family breakfasts in men
and alower frequency of family dinners.

Children more prone to decontextualized talk, positing a key role for language

learning during mealtime rather than free play and reading time.

Overview of the results and
notable points

Intervention
period

Hand hygiene (n = 9days ‘The secondary attack ratios did not

32 index cases, 92 significantly differ across the
contacts) intervention arms.

Mask + hand 1 week ‘The differences from the control group

hygiene (n =83 were not significant.
index cases, 258
contacts)

P2 mask (92) 1 week No significant difference in ILI was
observed in cach group, even in the
control vs.all types of masks.

11 weeks Benefits in the prevention for cold
symptoms were not observed. Days with
headache was significantly longer in the
mask group.

Mask + hand 6 weeks

hygiene (367)

No significant difference was observed
in group 2. Group 3 showed significant
suppression of ILI at week 4-6. The
Cochrane review excluded from the
‘meta-analysis because of insufficient
randomization. This review also pointed
out unclearness of the adjustments and
exclusions at the baseline.

19 month

Mask + hand ‘There were no significant differences in

hygiene (= 147 rates of infection by intervention group
houscholds, total

938)

in the multivariate analyses. The
Cochrane view pointed out that
randomization and reasons for dropout
were not clearly described. It was also
suggested that differentials in cluster
characteristics across arms point to
randomization not having worked.

1 week No trend suggesting effectiveness of

masks was confirmed. Pain was reported

significantly more in children than

adults in the mask group.

Influenza transmission was not reduced

Mask + hand 3 weeks

hygiene (1 = 110 by interventions. ILI in treatment group
index cases, with 3 was significantly higher than the
control group (OR = 2.15; 95% CI:
1.27-3.26).

Both intervention groups compared to

291 members)
Mask + hand 6weeks
hygiene (349) the control showed cumulative
reductions in influenza rates over the
study period, although the results did
not reach statistical significance. A
significant reduction in ILI was not
observed in group 2 while group 3
showed in week 3-6.

Mask + hand
hygiene (67)

8days There was no statistically significant

effect of the interventions on secondary

infections.
5days ‘There was no significant difference in
laboratory-confirmed illnesses, while ILI
was significantly lower in the mask
group (p=0.04).
Surgical mask (580) 4weeks ‘The risk rate of the medical mask group
was not significantly different from
control group, but higher in cloth mask.
group (ILD).
Lwweek No statistically significant difference was
observed.
4days No significant difference was observed
in laboratory- and clinically-confirmed
infections.
8 weeks COVID symptoms were significantly
decreased in the treatment group. The
significant effectiveness of surgical mask
was observed only in the =50 years-old
subgroup. A commentary pointing out
unignorable biases was provided by
Chikina etal.
4weeks ‘There was no significant difference in
COVID-19 infection between two
groups. A total of 52 participants in
mask group and 39 control participants

reported COVID-19 in their household.
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