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Editorial on the Research Topic
 Children's health and safety: what we learned from the COVID-19 pandemic and future policy's perspective




The wellbeing of minors and older adults has always been a public health target. The health and wellbeing of children, enshrined in the Convention on the Rights of the Child (CRC) in 1989, refer to multiple physical, psychological, social, and economic aspects (1). The main factors reventing these rights from being secured are poverty, social isolation, and persistent discrimination.

It is well-known that the health system assumes primary importance in investigating and ensuring the wellbeing of little patients.

The extreme care that has always characterized everything concerning children can also be found in pediatric health issues influencing the sector's workers to deal with thorny implications like patient safety, bioethics, and risk management in a generally multidisciplinary setting.

The scientific literature concerning risk management, patient safety, and bioethics in the pediatric environment requires continuous and updated study by healthcare professionals, in an effort that encounters obstacles not always easy to overcome and in most cases connected with the complexity of the children's health.

We aimed to collect contributions about risk management in pediatric settings concerning bioethical topics and patient safety. Furthermore, in this setting, we also suggest considering the challenges faced by the recent COVID-19 pandemic.

Among the main problems that emerged during the global health emergency, mental disorders in the adolescent population have been addressed by several authors. Kim et al. investigated a possible association between families' economic hardship and mental disorders in Korean adolescents. Anxiety, depressive symptoms, and suicidal ideation seem to be related to the family's economic features, suggesting how economic policies may have a pivotal role in mental health and how it would be helpful to intervene in the health sector by employing online screening and counseling. This last consideration entails consistent ethical and medico-legal challenges to be considered since a complex trade-off between ethical and legal principles must be met to pursue the principle of the best interests of the child (2).

Moreover, Yang et al. investigated a similar issue in the Chinese pediatric population, looking for the risk factors for the increase of the obesity rate. The study identified “grandchild care” as a risk factor for poor pediatric hygiene, i.e., child care provided by older family members, inadequate health insurance policies, and inequalities in socioeconomic factors. This study also offered new prospects for an early intervention involving families, schools, health facilities, and the government, in a multi-level intervention system, with new protections and new social policies. The lockdown imposed by governments has uncovered significant problems relating to hygiene and care of children, highlighting the inadequacy of some parental behaviors and habits and highlighting how the domestic environment often hides many pitfalls and unhealthy behaviors for children.

In this regard, it should be noted that domestic abuse represented a public health concern even before the pandemic, being mainly represented by neglect. However, the risk of interpersonal abuse has globally been increased by the pandemic-related restrictions and thus a frontier in research was to verify if the frequency of minors witnessing interpersonal violence had been increased by the lockdown.

In particular, Focardi et al., an Italian research group analyzed the access in the last 4 years to the Emergency Department of an Italian tertiary hospital due to witnessed violence in the pediatric population. The results highlighted a stationary incidence of the phenomenon compared to previous years. The results are consistent with most studies covering the same period, although in some cases an increase in domestic abuse of minors has been reported (3). This discrepancy could be explained by the protective role played by schools closed during the lockdown, in which educators are generally the first to notice mistreatment. At the same time, promoting education may enhance secondary prevention interventions.

From a clinical perspective, Juul et al. addresses a further challenging issue about surgical waiting lists, which also have implications for pediatric units. This study found that the pandemic has significantly affected the waiting times for elective urological procedures and showed a decrease in the number of those performed. The paper highlights the need for healthcare providers to develop strategies to shorten wait times by ensuring delay-free healthcare.

The access to care of the patients and the safety of the health operators is a critical balance since both clinical and forensic practice hospital environment has different sources of infections, that represent critical hazards if the relatively long persistence of SARS-CoV-2 even on inanimate surfaces is considered. Safety protocols and screening tests of various kinds proved their effectiveness in different hospital contexts (4, 5). Regarding the microbiological risk during the pandemic era, Song et al. found that the transmission of SARS-CoV-2, and thus the infectivity of the virus, varied among different age groups of patients. Furthermore, gastrointestinal symptoms may be the initial presentation of COVID-19 or the only manifestation of the disease in children, and therefore symptoms such as vomiting, diarrhea, and abdominal pain should be considered as part of the screening in pediatric patients.

In this Research Topic, Vetrugno et al. and Bilotta et al. addressed different aspects of the COVID-19 pandemic, highlighting the importance of early screening for SARS-CoV-2 in hospitalized patients and of the vaccination in the pediatric population.

While the first article focuses on preventing the spread of the virus within hospitals, the second study emphasizes the need to protect the health of children and prevent the spread of the virus in the broader community, both providing essential insights into the challenges posed by the pandemic and the need for proactive measures to address these challenges. Bilotta examines the ethical principles of autonomy, beneficence, and non-maleficence in the context of COVID-19 vaccination in children, emphasizing the importance of informed consent and the need for healthcare providers to provide parents with accurate and comprehensive information about the vaccine.

Therefore, the collection of articles on children's health and safety in this Frontiers Research Topic highlights the need for new intervention perspectives and proactive actions for better management of clinical, social, and economic pediatric issues, not forgetting the training gaps of healthcare personnel already operational or still in training. Although the issue of safety in the care of pediatric patients has multiple facets, bioethical issues are still little treated. In conclusion, ensuring a multidisciplinary approach in terms of health care, social interventions, and policy is necessary for the overall wellbeing of children.
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Background: The comprehensive impacts of diverse breathing air volumes and preexisting immunity on the host susceptibility to and transmission of COVID-19 at various pandemic stages have not been investigated.

Methods: We classified the US weekly COVID-19 data into 0–4, 5–11, 12–17, 18–64, and 65+ age groups and applied the odds ratio (OR) of incidence between one age group and the 18–64 age group to delineate the transmissibility change.

Results: The changes of incidence ORs between May, 2020 and November, 2021 were 0.22–0.66 (0–4 years), 0.20–1.34 (5–11 years), 0.39–1.04 (12–17 years), and 0.82–0.73 (65+ years). The changes could be explained by age-specific preexisting immunity including previous infection and vaccination, as well as volumes of breathing air. At the early pandemic, the ratio that 0–4-year children exhaled one-fifth of air and discharge a similar ratio of viruses was closely associated with incidence OR between two age groups. While, after a rollout of pandemic and vaccination, the much less increased preexisting immunity in children resulted in rapidly increased OR of incidence. The ARIMA model predicted the largest increase of relative transmissibility in 6 coming months in 5–11-year children.

Conclusions: The volume of breathing air may be a notable factor contributing to the infectivity of COVID-19 among different age groups of patients. This factor and the varied preexisting greatly shape the transmission of COVID-19 at different periods of pandemic among different age groups of people.

Keywords: coronavirus disease 2019 (COVID-19), host susceptibility, volume of breathed air, age-specific transmissibility, preexisting immunity


INTRODUCTION

As of November 2021, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused more than 250 million cases of coronavirus disease 2019 (COVID-19) and 5.0 million deaths (1). The COVID-19 pandemic demonstrates distinctive age-specific infection rates (2), showing significantly lower infection rates in young children aged under 10 years at the early pandemic (3), as proved by the report of the first 149,082 US cases, consisting of only 2,572 (~1.7%) infants, children, and adolescents <18 years despite children <18 years making up 22% of the US population (4). This feature is contrasting with influenza, as reported that the odds ratio (OR) of influenza-like illness among children vs. adults was 3.1 (5), although both diseases are caused by respiratory RNA viruses alike.

Whether a virus can successfully invade individuals and causes symptoms depends on three determinant factors, including viral load reaching the host, environmental factors, and host susceptibility to the virus (6). Host susceptibility and viral load often demonstrate age-specific features (7). Previous studies have found similar distinctive age-specific infection rates of COVID-19 in many transmission scenarios (8, 9), suggesting that the distinctive host susceptibility between children and adults markedly accounts for lower transmissibility among children. Host susceptibility to infectious diseases usually depends on preexisting immunity and viral load entering individuals. Preexisting immunity to COVID-19 was determined by preceding infection and vaccination (10), both of which were more prominent in adults than in children because adults were prioritized for vaccination and had a higher incidence of COVID-19 in most countries.

As to the entrance of SARS-CoV-2 into the host, substantial evidence proved that airborne transmission through the respiratory route was the main mode of COVID-19 transmission (11). Airborne SARS-CoV-2 mainly comes from exhaled air of patients and previous studies have proved no difference in viral load in the breathing air between children and adults (12), hence, a higher volume of breathing air of patients results in a higher airborne viral load that greatly increases the transmissibility of COVID-19 (13). In human beings, the volume of breathing air is determined by breath rate and tidal volume. Tidal volume is the volume of air moving in or out of the lungs in one breathing cycle and is correlated with body weight, about 7 mL of breathing air per 1 kg body weight in one breath (14). A 70-kg adult breathes ~500 mL of air per breath or 10 L per min when he/she breathes 20 times per min at the rest state. Generally, children have a faster rate of breath, i.e., 30–40, 25–30, and 20–25 breaths/min for children under 1, 1–3, and 4–14 years, respectively. A child weighing 10 kg (1 year old, 30 breaths/min) approximately has a tidal volume of 70 mL and breathes 2.1 L of air per min (15).

To date, the comprehensive impacts of diverse breathing air volumes and preexisting immunity on the transmission of COVID-19 at different pandemic stages have not been investigated. Especially, the diverse breathing air volumes among different age people have been overlooked in previous studies. We hypothesized that at the early stages of the COVID-19 pandemic, when the whole population have very low immunity to SARS-CoV-2, the difference in breathing air volume was a determinant factor that characterizes the relative transmissibility of COVID-19 in terms of ORs of incidence between children and adults. While after a duration of pandemic and vaccination, the increased preexisting immunity would discretely affect the transmission in different age groups.

In this study, we used the age-stratified incidence of the US COVID-19 data to describe the change of relative host susceptibility and transmissibility among different age groups. Risk factors including different volumes of breathing air, preexisting immunity, and government responses were analyzed for host susceptibility and transmissibility during various stages of the pandemic. We also made a prediction of relative transmissibility among different age groups by the autoregressive integrated moving average (ARIMA) model.



METHODS


Study Data

The COVID-19 weekly incidence of cases (number of cases/100,000 persons) and full vaccination rate (percentage) stratified by age were obtained from the US CDC (https://covid.cdc.gov/covid-data-tracker/#demographicsovertime). The data covered from May, 2020 to November, 2021. OR of incidence between an age group and 18–64 years group was calculated. Mean body weights of 0–4, 5–11, and 12–17 years were designated as 12, 25, and 48 kg that were the median body weight using the WHO children's standard weight. People of 18–64 and 65+ years were all adults and were designated a mean body weight of 70 kg. Their tidal volumes were calculated according to the equation of 7 mL × kg of body weight. The volume of breathing air per minute was calculated by tidal volume × breathing rate (Table 1). Ratio of volume of breathing air per minute between an age group and 18–64 years was calculated. Preexisting immunity in each age group was represented by the sum of infection percentage and full vaccination percentage.


Table 1. Body weight and volume of breathing air in different age individuals.
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Association Between Volume of Breathing Air and Incidence Among Different Age Populations

As airborne transmission through the respiratory route is the main mode of COVID-19 transmission, the transmissibility of COVID-19 is correlated with the viral load inhaled from the contaminated air. This viral load largely depends on the volume of exhaled or inhaled air by the patient. When children and adults were exposed to the same environment, such as in the household, they inhaled and exhaled age-specific viral loads because of different volumes of breathing air.

We used the breathing air volume calculated from body weight to represent the relative viral load transmitted via breathing air, which was referred to as the relative transmissibility in terms of OR. We designated the transmissibility of 70-kg adults to be 1. The ORs representing transmissibility and relative host susceptibility between one age group and 18–64-year adults were calculated.



ARIMA Models

Time series analysis aims to reveal reliable and meaningful statistics and use this knowledge to predict future values of a series of data. The ARIMA model is one of the most used time series models and was applied in the analysis of COVID-19 transmission (16). The current study applied the automatic time series forecasting package in R to conduct ARIMA analysis (17). The weekly ORs between an age group and 18–64 age group were accompanied by time information and were typical time series data. We used these data to construct an ARIMA model to predict the change of OR in the following 26 weeks. The model that minimized the Akaike information criterion (AIC) amongst all appropriate models with different time period was selected as the best model for prediction.




RESULTS

Up to November, 2021, 49 million cases were reported by the US CDC. Based on body weight, similar exposure chances in households, schools, and workplaces, we defined five age groups of 0–4, 5–11, 12–17, 18–64, and 65+ years by averaging the incidence of the component age groups. In May, 2020, 0–11-year children had the lowest risk of infection, while as the pandemic developed, the infection rate in school children (5–17 years) gradually increased to the high infection rates in November, 2021. The 65+ elders and 0–4 young children had low risk in the late pandemic (Figure 1). Compared with the 18–64 age group, the ORs of weekly incidence for 0–4, 5–11, and 12–17 age groups climbed from 0.22, 0.2, and 0.39 in May, 2020 to 0.66, 1.34, and 1.04 in November, 2021, respectively (Figure 2). This drastic raise of ORs indicated the relative increasing transmissibility of COVID-19 among the 0–17 years population. In contrast, the OR of the 65+ age group declined from 0.82 to 0.73 during the same period, suggesting a reduced relative susceptibility to COVID-19 in the 65+ years. Moreover, the 12–17 age group had two peaks of susceptibility increase around May and August, 2021.


[image: Figure 1]
FIGURE 1. Monthly incidence (/100000) of the US COVID-19 confirmed cases in 0–4, 5–11, 12–17, and 65+ age groups.
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FIGURE 2. Odds ratio of weekly incidence of the US COVID-19 cases in 0–4, 5–11, 12–17, and 65+ age groups, as compared with 18–64 age group.


In 2021, the vaccination was rolled out rapidly among the 12–17, 18–64, and 65+ age groups (Figure 3). As of November 2021, the full vaccination rates were 0, 1, 51.4, 66.2, and 85.9% among five age groups, respectively, indicating massively lower preexisting immunity rates among the 0–11-year children than the >12-year population.


[image: Figure 3]
FIGURE 3. Preexisting immunity including infection and vaccination rates in 0–4, 5–11, 12–17, 18–64, and 65+ age groups.


As proposed above, when preexisting immunity has not been established at the early epidemic of an emerging respiratory virus like SARS-CoV-2, the airborne viral load inhaled and exhaled by patients was the key contributor to infection. Such a postulation was strongly proved by the evident relationship between OR of breathing air volume and OR of incidence at the early period of COVID-19 pandemic (Table 1). Compared with the volume of breathing air of 18–64-year adults, the ratios of breathing air volume for the 0–4, 5–11, 12–17, and 65+ age groups were 0.25, 0.45, 0.69, and 1, respectively. At the early pandemic period of May, 2020, the ORs of incidence of these age groups were 0.22, 0.20, 0.39, and 0.82, which was highly associated with the ORs of breathing air volume. For the 0–4-year children, the OR of incidence was very similar to the ratio of volume of breathing air, implicating the marked contribution of the volume of breathing air to host susceptibility. However, at the late pandemic period of November, 2021, the corresponding ORs of incidence in the 0–4, 5–11, 12–17 age groups were 0.66, 1.34, and 1.04. The increased OR of incidence in young children (0–4 and 5–11 years) suggested less contribution of breathing air volume to infection rate.

Finally, to investigate the OR trend denoting the relative host susceptibility of COVID-19 infection among different age groups, ARIMA model of weekly OR values of each age group was employed to make a 26-week prediction, i.e., from November, 2021 to May, 2022 (Figure 4). The model demonstrated that the 0–4 and 5–11 age groups would increase from 0.63 to 0.78, and from 1.14 to 1.4, respectively, while the 12–17 and 65+ age groups would remain a steady level. The results suggested that 0–11- year-young children would continuously experience an increased host susceptibility to COVID-19, an average increase by 26% as compared with adults.


[image: Figure 4]
FIGURE 4. ARIMA model of weekly odds ratio of the US COVID-19 incidence between one age group and 64+ age group.




DISCUSSION

We used the US weekly COVID-19 data to highlight the age-specific transmissibility change of COVID-19 resulting from host susceptibility during the COVID-19 pandemic. We demonstrated associations between host susceptibility and two risk factors of volume of breathing air and preexisting immunity. We conclude that at the early COVID-19 pandemic, varied volumes of breathing air are a notable positive determinant factor of host susceptibility and transmissibility of COVID-19, while at the late pandemic, preexisting immunity develops to be an increasing age-specific impact. The ARIMA model predicts a probable long-term increase of transmissibility in 0–11-year children.

By now, the age-specific transmissibility of SARS-CoV-2 requires further study. Previous research reported that children were less susceptible to COVID-19 infection than adults. Data from the first few months of the pandemic revealed that individuals aged under 20 years had approximately half of the infection rate of adults aged 20 years and older (18). However, these conclusions failed to describe the distinctive change of susceptibility among different age groups at different stages of the pandemic. This phenomenon also seemed puzzling when we considered that SARS-CoV-2 was RNA virus and had a similar respiratory transmission mode like influenza virus to which children are more susceptible. We undertook to figure out this discrepancy by investigating pivotal factors affecting host susceptibility. Besides the preexisting immunity, we included the volume of breathing air that varied dramatically between children and adults and determined the breathed viral load.

We applied OR of the incidence of COVID-19 between one age group and 18–64 age group to delineate the relative transmissibility among different age groups, as these OR values were more telling in demonstrating the changing incidence among various groups. These ORs changed differentially from the early to late COVID-19 pandemic, showing age-specific trajectories of host susceptibility change between age groups. As compared to 18–64 age group, the ORs of weekly incidence in 0–4, 5–11, and 12–17 age groups increased by 200, 570, and 266% from May, 2020 to November, 2021, respectively, while the OR for the 65+ age group declined by 11% (Figure 1). Notably, the 65+ age group had a rapid decrease in the OR around January–April, 2021, while 5–17 children had a rapid increase. Although mutated SARS-CoV-2 might partly account for the changes of transmissibility, the continuous age-specific OR changes implied persistently changing host susceptibility among different age groups.

As noted already, host susceptibility is chiefly affected by viruses successfully entering individuals and preexisting immunity. The magnitude of these two factors varied substantially among different age groups in a developing pandemic by an emerging pathogen. Our findings denoted that at the early stages of the COVID-19 pandemic when preexisting immunity was not established, the volume of breathing air played a pivotal role in determining the viral load exhaling from and inhaling into a patient and thus the transmissibility, as proved by the highly similar ORs between the volume of breathing air and the incidence among different age groups in May, 2020 (Table 1, Figure 2). The association between transmissibility and volume of breathing air could be easily inferred because the titration of the viruses in the air exhaled by adults and children was similar, while adults breathed more air (19). The ratio that a 70-kg adult breathes five times of air per minute as a 0–4-year child was almost the same as the OR of incidence between these two age groups. At the late stages of the pandemic, adults established a higher level of preexisting immunity due to higher infection rates and prioritized vaccination (Figure 3).

To what extent preexisting immunity can influence the transmissibility of COVID-19 among different age people for a long time remains a challenging question. We can get a clue from the characteristics of influenza transmission that rages on human beings for more than 100 years. Influenza infects people in many similar aspects such as transmission mode, mutation, as well as viral biological features. After years of fighting against influenza virus, adults are much less susceptible compared to children, owing to a higher-level preexisting immunity gradually established with age, as illustrated by a cross-sectional study in England in 2008 investigating baseline antibody titration to influenza A H1N1 infection. The England study showed age-dependent positive rates of baseline antibody as follows: 4.9% (0–4 years), 12.3% (5–14 years), 29.1% (15–24 years), 44.6% (50–64 years), and 83.7% (>80 years) (20), revealing great difference in baseline antibody levels among different age groups. This excellently explained the order of attack rate for 2009 pandemic influenza A (H1N1) that was 5–18, 0–4, 19–64, and 65+ years (21).

Considering the more than 1-year pandemic of COVID-19, preexisting immunity differed greatly between 18–64-year adults and 0–11-year children because of the age-specific vaccination policy and infection levels (Figure 3). We can view 0–4-year children as a baseline of preexisting immunity before a respiratory pandemic like SARS-CoV-2 and influenza virus because they do not experience enough exposure. When and how people have a profile of preexisting influenza-like immunity to COVID-19 is a vital issue to investigate and monitor. The ORs of different age groups in our study in November, 2021 showed an order trend partly like influenza, i.e., 5–11, 12–17, 18–64, 65+, and 0–4 age groups (Figures 1, 2). We found that the 65 + age group had preexisting immunity level of 94.4%, which was close to 2009 H1N1 (83.7%) in the preceding report. The current study suggests that preexisting immunity similar to influenza is developing in population in the COVID-19 pandemic.

Finally, ARIMA analysis made an age-specific prediction of the relative susceptibility. In the following 6 months, a steady increase in OR was predicted for the 0–4 and 5–11 age groups, whereas the 17–19 and 65+ age groups were predicted to remain an unchanged OR trend (Figure 4). We believe a longer time is required to reach transmission features like influenza that most age groups have a high level of preexisting immunity.

The present study had strengths and weak. The strength is that the American COVID-19 data have accurate information about age-specific incidence for the whole period. We used OR of incidence between age groups to vividly illustrate the relative transmissibility among different age groups. The weak aspect is that many confounding factors other than the three risk factors discussed above might affect the COVID-19 transmission. We managed to compensate other underlying factors using OR of incidence.

To summarize, our study highlights that varied preexisting immunity at the early and late stages of the COVID-19 pandemic wields distinctive impacts on people of different ages. The volume of breathing air may be a notable factor contributing to the infectivity of COVID-19 among different age groups of patients. Intensified monitor about the age-specific impacts of preexisting immunity on the transmissibility of the pandemic is imperative.
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Introduction: COVID-19 impacted healthcare systems worldwide, and elective surgical activity was brought to a minimum. Although children were not primarily affected by the disease, pediatric urology was halted by clinical closedown and staff allocation. We aimed to document how these prioritizations affected waiting lists, and to investigate how European centers dealt with the challenge of these logistical and financial prioritizations.

Materials and Methods: This was a 1-year prospective study, starting March 2020. Participants were surveyed at 3-month intervals about waiting lists for several common procedures as well as OR capacity and funding. Further, centers retrospectively reported on surgical and outpatient activity rates during 2019–2021. Waiting list tendencies were evaluated in relation to study baseline.

Results: A marked decrease in surgical and outpatient activity was seen in the spring of 2020. Some included pediatric urology centers were able to increase their budget (15%) and staff working hours (20%) during part of the study period. Still, at the end of the study, the centers had increased the total number of patients on waiting lists with 11%, whereas the average days on waiting lists had accumulated with 73%, yielding a total of 6,102 accumulated waiting days in the study population. Centers with decreased resources had markedly negative effects on waiting lists.

Conclusions: Correlations between COVID-19 derived burdening of healthcare systems and the availability of pediatric urology greatly depends on the prioritizations made at individual centers. Ongoing monitoring of these correlations is warranted to safely avoid unnecessary negative impact on the pediatric population.

Keywords: pediatrics, urology, waiting lists, COVID-19, multicenter study


INTRODUCTION

Coronavirus disease 2019 (COVID-19) deeply impacted the activity of pediatric urology cases in Europe and has had consequences during an extended period of time. Early on in the pandemic, statements and guidelines from European and North American pediatric urological societies recommended only to perform surgery in cases of organ- or life-threatening disease during lockdown, and further suggested to reduce all outpatient clinic consultations during the first wave of the COVID-19 pandemic (1–3). New protocols have been established to adopt minimally invasive surgery to treat pediatric surgical and urological pathologies during this pandemic, aiming at preserving both patient's and surgeon's safety (4, 5). While these guidelines were structured to prioritize cases in relation to urgency, clinics were also facing the challenge of complying with and taking in to account the varying degrees of less urgent, however already heavily surceased, elective procedures (6).

This initiative was undertaken in order to launch a collaborative European multicenter study on the COVID-19 pandemic and how this has affected pediatric urology cases and patients related to the ERN eUROGEN work stream 1 disease areas. The primary aim of the study was to evaluate how closure of elective interventions affected the pediatric urology population by increased time and patients on the waiting list for surgical interventions. The secondary aim was to evaluate how different centers dealt with the problem of an increased caseload before and after re-opening.

By prospectively gathering data from European centers, we intended to provide an overview of the current impacts which could be used as a tool for information and political decision-making at a local, regional, or European level. Since the COVID-19 pandemic is far from over, and since new pandemics may very well arise, this paper is meant to help in the future planning for dealing with pandemics or other major crises affecting societies and health care.



MATERIALS AND METHODS

This was a European multicenter study comprising 10 tertiary pediatric urological centers broadly representing most parts of western Europe (Table 1). Centers were recruited by asking representatives from all the health care providers that were part of the European reference network eUROGEN work stream 1 (rare congenital urogenital and rectal anomalies) or by direct contact with European centers fulfilling the European reference network inclusion criteria (7).


Table 1. Participating centers with corresponding country codes and reference populations in million people.
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To be included in the study, the participating center would have to be a tertiary referral center performing advanced pediatric urology cases, although not by definition exclusively. Centers should have access to pediatric intensive care units, a minimum of 1 million population base for referrals of specialized pediatric urology and/or pediatric surgery cases, and in an area where COVID-19 closedown required cancellations of all elective surgery (only running emergency and imperative cases). Chief of department in all centers approved retrieval of information regarding waiting lists to surgery and data collection, and surveys were compiled and answered by the co-author representing each center. All reported data from waiting lists was anonymized on a patient level.

The study design was a longitudinal, prospective study based on pediatric urology cases waiting lists in different European centers. Centers participated over a 13-months study period (March 2020 to April 2021). At five timepoints (March, June, October, January, and April, respectively), centers were asked to count the waiting lists within a range of predetermined elective, non-emergent and non-oncologic urological procedures (Table 2). To differentiate our results further, centers were asked to report on both the number of patients waiting and the accumulated days waiting for each procedure. Averaged cross-country European COVID-19 numbers were included as an intuitive reference to the broadscale implications of the pandemic. Data on nationwide new weekly COVID-19 admissions and completed vaccinations were gathered from the publications of the European Center for Disease Prevention and Control (8).


Table 2. Total number of patients and mean days per person on waiting lists, for each procedure of interest and across all participating centers, presented in absolute numbers.

[image: Table 2]

To investigate whether the obtained waiting list data corresponded to the actual number of surgical procedures and outpatient consultations performed, before and during the study period, all centers were requested to further retrospectively report administrative data on these activities from January 2019 throughout September 2021. To compare with pre-COVID-19 capacities, as well as normal seasonal variation, this data was presented per annum. Moreover, to compare with the corresponding outpatient activities, data on external referrals for pediatric surgical evaluation during the same period was obtained from two participating centers.

Synchronously, qualitative online surveys regarding financial, logistic, and organizational changes were obtained using Redcap® (questions asked can be found in Figure 6). The participants were surveyed at four timepoints during the study period (June, October, January, and April, respectively).


Statistics

Descriptive statistics were based on absolute numbers from reported waiting list at the five study timepoints. Given the explorative nature of our data, further advanced hypothesis testing models were not considered appropriate. Centers that were not able to provide complete waiting list data on the respective procedures for all timepoints were not included in the quantitative results.

Since data from large-volume centers might dominate the statistical tendencies in the general results, we assessed the proportional waiting list changes, to level out possible skewing from varying center sizes and operative volumes. The mean of the percentual waiting list changes from each center were assessed with reference to the study baseline (March 2020). Due to low sample-sizes and high variance in rare procedures, this was only deemed suitable for a limited number of high-volume procedures, defined in this study as >10 patients per center waiting on average at each timepoint (i.e., hypospadias, phimosis, non-descended testes, cystoscopy).

Numeric survey data is presented separately in percentages in stacked bar charts. Data and figures were analyzed using Microsoft® Office Excel 2016 and IBM® SPSS Statistics version 25.




RESULTS

A total of 10 tertiary European centers of pediatric urology, representing a background population of 21.6 million people (individually ranging from 1.2 to 3.3 million), were included prospectively in the study. According to 2019 cross European demographics, this corresponds to a total pediatric reference population <15 years of 3.26 million (9). All participating centers experienced a complete initial COVID-19 related closedown of elective pediatric urology cases, which happened medio March 2020 (effectuated between March 3rd and 17th and ended between March 20th and September 1st, respectively).


Quantitative Data

Seven centers (70%) were able to provide complete waiting list data for all timepoints, corresponding to a reference population of 17.7 million inhabitants. Results from the total counting of waiting lists at the five study timepoints across all participating centers are first presented in absolute numbers (Figure 1, Table 2). An increase in mean days waiting was seen during spring 2020 and again during late fall. This corresponded to the fluctuations of the first and second wave of infections in Europe. The total number of patients waiting for surgery did not increase on a broadscale during the first wave of infections, however it did increase during the second wave.


[image: Figure 1]
FIGURE 1. Waiting list tendencies during the COVID-19 pandemic. Total number of patients and average days on waiting lists across all participating centers for all procedures of interests are presented in absolute numbers. Mean cross-European data on new COVID-19 admissions and completed vaccinations are shown in absolute numbers for intuitive comparison (note these should be read from secondary Y-axis).


Both the number of patients and the mean days waiting generally decreased during the summer of 2020, after the first wave of infections, whereas a corresponding decrease was not seen after the second wave. At the end of the study, the included pediatric urology centers had increased the overall number of patients on waiting lists with 11% (from 1,010 to 1,123 patients), whereas mean days on waiting list had accumulated with 73% (from 74 to 128 days) (Figure 1). Over the entire course of the study period, the total accumulation of waiting days consequently attenuated with 6,102 days within the study population.

Evaluation of the proportional changes in waiting lists for high-volume procedures generally revealed clear gradual increase in the average days spent on waiting lists at the end of the study period (increasing with 62% for cystoscopy, 45% for orchidopexy, 36% for hypospadias and 70% for foreskinplasty). The changes in waiting lists corresponded to the nationwide fluctuations in the COVID-19 pandemic, although with some possible delay between new waves of infections and increasing waiting lists (Figure 2, Supplementary Table 1). The number of patients waiting remained stable until finally increasing in some procedures during the second half of the study period (final increase of 5% for cystoscopy, 7% for orchidopexy, −9% for hypospadias and 35% for foreskinplasty). These changes corresponded to a delay in seeing patients at the outpatient clinic for planning new surgical interventions.


[image: Figure 2]
FIGURE 2. Proportional changes in number of patients (straight lines) and mean days (dotted lines) on waiting lists for high-volume pediatric urological procedures during the total study period. The mean proportional changes (in percentage) across all centers are presented with reference to study baseline (March 2020).


Seven centers (70%) were able to provide additional administrative data on performed surgical procedures and outpatient consultations. Tendencies confirmed decreased activities with a clear dip during the first pandemic wave, when compared to activity levels of 2019, corresponding to a stagnation in number of patients entering the waiting lists during the first part of the study (Figures 3, 4). When evaluating external referrals, a corresponding decrease in activity was also seen during spring 2020 (Figure 5).


[image: Figure 3]
FIGURE 3. Mean monthly number of overall surgeries performed at seven participating centers during the past 3 years presented per annum in absolute numbers.



[image: Figure 4]
FIGURE 4. Mean monthly number of overall consultations performed at seven participating centers during the past 3 years presented per annum in absolute numbers.



[image: Figure 5]
FIGURE 5. Mean number of overall external referrals to pediatric surgical evaluation received at two participating centers during the past 3 years presented per annum in absolute numbers.




Qualitative Data

All 10 centers provided full survey data from each of the four survey timepoints. Financial resources remained unreduced in ~80% of the centers during the study period but with uncertainties at the last survey. A tendency of extra funding was reported in 15% of centers during the second half of the study (Figure 6A). A tendency of lesser funding was reported in an equal number of centers (15%) and these centers were also more heavily burdened by the COVID-19 pandemics at a national level. Operating room (OR) capacity was reduced with at least 75% at 3-months after the closedown in 70% of centers, while 30% had been able to re-establish their capacity to 76–100% of normal. In approximately half of the centers a decrease in OR capacity clearly followed the first and second wave of infections in Europe (during the spring and fall of 2020, respectively) (Figure 6B). Three months after initial closedown (June 2020) 40% experienced a decrease in OR staff compared to normally, however during the remaining study period, an increasing number of centers were able to sustain or even increase the OR staff working hours to endure the increasing caseload (Figure 6C). Consequently, rather than lack of human or material resources, at the end of the study period, general ongoing COVID-19 situation was viewed as the main limiting factor for OR capacity throughout the study period in most centers (Figure 6D).


[image: Figure 6]
FIGURE 6. Compiled survey data from all centers. Each subfigure represents a question from the survey: (A) Have your financial resources changed after the Covid-19 close-down? (B) Have you now reached the same OR capacity as before close-down? (C) Have you been able to increase team-member working hours (i.e., surgeons, anesthesiologists, OR nurses and postop team), in order to decrease the waiting list? (D) What is the main limiting factor right now for full OR capacity? (E) Did you follow ESPU or national guidelines to deal with the waiting list during and after closedown?


In January 2021, 60% of centers reported a second closedown (effectuated between October 5th and December 2nd and lasting on average 2–3 months, although still ongoing in two centers at the end of the study period) with a corresponding decrease in OR capacity in almost 50% of centers. Management of waiting lists was done in accordance with various guidelines depending on each center, with ~20% of centers following ESPU guidelines and 40% following local hospital guidelines, and centers generally adhered to the same guidelines throughout the study period (Figure 6E).



Combined Quantitative and Qualitative Data

When evaluating the mean proportional changes for all high-volume procedures in relation to funding, a larger increase in number of patients waiting was seen in centers reporting on less funding in the final survey compared to centers reporting unreduced or additional funding. This tendency was not seen in relation to mean days waiting (Figure 7). Similar tendencies were seen when evaluating the proportional changes in relation to OR staff working hours; less ability to increase staff working hours at the end of the study was correlated with increased numbers of patients waiting, whereas this tendency was not seen in relation to mean number of days waiting (Figure 8).


[image: Figure 7]
FIGURE 7. Funding during the study period. Proportional changes in number of patients and mean days waiting for the mean of all high-volume procedures presented in percentage for each center (represented in colors) in relation to funding status at the end of the study (dotted, dashed and straight lines, respectively).
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FIGURE 8. Ability to increase operating room staff working hours. Proportional changes in number of patients and mean days waiting for the mean of all high-volume procedures presented in percentage for each center (represented in colors) in relation to staff working hours at the end of the study (dotted, dashed and straight lines, respectively).





DISCUSSION

This European multicenter study is the first of its kind to report on prospectively gathered multicenter real-time data on the ongoing impacts of COVID-19 on elective surgeries in European pediatric urological populations. Our study presents waiting list outcomes for a variety of 17 urological procedures from tertiary European referral centers for pediatric urology within the first year of the COVID-19 pandemic, covering a population of ~22 million persons.

Since the outbreak of the COVID-19 pandemic, pediatric surgical activities has evidently been reduced worldwide (10–13) and although the quality of the surgical treatment does not seem to have diminished during the pandemic (14), increased time to surgery has been documented in various urgent pediatric cases, such as acute appendicitis (15, 16) and testicular torsion (17, 18). Further, the pandemic has impacted on the training of new pediatric surgeons (19) and presumably also on non-COVID-19 related pediatric research (20). In non-urgent elective cases however, the effect of the current administrative prioritizations, halting surgical activities, has not yet been investigated prospectively on a multicenter level.

In our material we found that during the first half of the study period, the number of patients on waiting lists for most surgeries remained stable and did not increase until the second half. This is explained by a reduced intake via outpatient clinics, consequently halting new OR bookings during the initial closedown.

Later during the study period, the number of patients on waiting lists and accumulated waiting time increased for most procedures, although we did encounter tendencies that some procedures were prioritized. These procedures, although many of them performed on rare diseases with consequently small sample-sizes, often represented cases with life- or organ-threatening conditions (pyeloplasty, bladder exstrophy, heminephrectomy). Still, for now, any conclusions regarding low-volume procedures can only be speculative. However, when evaluating the proportional waiting list changes at the end of the study period, we did find a clear increase in the accumulated time waiting for all four high-volume surgeries (hypospadias, cystoscopy, foreskinplasty and orchidopexy), in addition to an increase in number of patients waiting.

Attenuated waiting lists generally reflected the first and second wave of European COVID-19 infections, and indications of compensatory activities to decrease waiting lists were seen after the first wave, during summer 2020. However, similar tendencies were not found after the second wave, where waiting list continued to increase, which may indicate an exhaustion of the center capacities, limiting the ability to compensate for attenuated waiting lists with more elective operating room time. This exposes a limit of robustness in the health care systems with regards to compensatory means that might have reached an upper limit in many centers at that time. Although the data material obtained in this study was largely explorative, allowing only for descriptive statistical analysis, the gradually attenuating waiting lists during the first year of COVID-19 were convincing, and in general corresponded to similar reports from adult surgery waiting lists in the same period (21–24).

According to the survey data, OR capacity decreased in more than half of the participating centers, however, most centers were able to maintain or increase their financial budget (60–80%), as well as OR staffing (70%), during the second half of the study period. Still, at the end of the study, half of the centers still reported an OR capacity below 75%, due to an ongoing COVID-19 situation. Guideline adherence for prioritizing surgical cases, varied greatly within the study group, however, remained unchanged throughout the study period. Our findings related to high-volume cases support that prioritization was quite similar between centers, although different guidelines were used.

Not all centers reported on a 2nd closedown (60%), but waiting lists were markedly increased at the second wave, much more than after the first. This may be due to closing of elective surgeries but still performing the outpatient clinics. One of the most critical measures of the quality of a country's health care system is how long patients must wait to access medical care. Our study demonstrated a waiting time of ~2.5 months for a surgical intervention in general anesthesia before the pandemic, to more than 4 months for the average pediatric patient after 1 year of the pandemic.

Patients perspectives have been reported to play an important role in the rate of hospital contacts during the pandemic, and although this was not possible for us to evaluate in the current study, we do suspect that fear of seeking healthcare, as seen in other studies on emergency conditions, has also influenced elective waiting lists (12, 15, 17, 18, 25, 26). Several new advances have been implemented in many clinics during the pandemic, to meet with the emerging challenges. Telemedicine for one has proven to be a valuable tool in the reduction of physical outpatient activity by replacing actual meetings with either telephone, video or online consultations. Surveys have demonstrated acceptable user satisfaction rates despite short-notice introduction of the new technique (27, 28), although possibly susceptible to social and economic disparities (29). New telemedical guidelines have been proposed and might very well find a more permanent place in future pediatric practices (30).

European centers will ongoingly need to plan more elective surgeries to address the currently increased caseload. This study should be understood in the context of an ongoing worldwide health crisis from which the full impact on healthcare systems are yet to be seen, warranting further monitoring and analysis. In respect to waiting time for interventions in patients which we know have morbidity in delay for treatment, we do not have tools for estimating loss of quality of life, and neither cost related to postponing surgeries (i.e., medications, monitoring, outpatient visits, parents needing to stay home from work to take care of their child, children not attending school). It is feasible, however, that the impact of patients and parents staying home longer, while waiting for surgery, will have social, educational and economic consequences for the families, as well as possible progression of the underlying medical conditions (31).

At present, some European countries are still facing a heavy burden on healthcare due to the COVID-19 situation. In addition, we do not know how the European health care systems will react during a post-COVID-19 period, in the sense that health care workers have been exhausted by the emergency of high workload and long working hours. In addition, patients that are subjected to post-COVID-19 symptoms may cause further challenges to the healthcare systems to provide and prioritize care of patients (32, 33). By these means, pediatric urology waiting lists may further increase before it can go back to the same level as before COVID-19.

The prospective study design ensured that data was gathered consistently throughout the study period. By including a variety of centers throughout Europe, we believe that the waiting list tendencies found among the participating centers can indeed be translated to other countries and other regions or continents with similar socio-economic health resources. If looking at the whole population of the European Union (447 million), and if our data provided could represent the whole union, then an extrapolation with a 30-fold increment would represent the whole union; waiting lists could be expected to increase with 183 060 accumulated waiting days due to the pandemic (3 390 new pediatric patients waiting and an increased waiting time of 54 days).

In conclusion, closure of elective interventions affected the pediatric urology population by an increased number of patients waiting for surgery and an increase in time on waiting lists (70% longer) for surgical interventions. Some centers dealt with the problem by increasing their operating resources off-hours, however, it is still not known how many more patients will suffer from delays before it turns back to normal again. Political decision-making and unified forces will be needed to restore a reliable health care system that attends the pediatric population in a timely manner.
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One of the most recently debated topics worldwide is the mass vaccination of children against coronavirus disease 2019 (COVID-19). Next, the risk/benefit ratio of COVID-19 vaccination and infection in children are compared. Nonetheless, the real question in this debate is as follows: Does the vaccine represent a necessary tool or is it an obstacle in protecting the right to health? From a public health point of view, the Supreme Court of Nova Scotia, in Canada, recommends COVID-19 vaccination in the pediatric population. Based on Article 25 of the Draft Articles on State responsibility, vaccination can be considered a social act necessary for protecting the individual's right to health. The 1989 New York Convention on the Rights of the Child and the European Regulation number 219/1111 state that the opinion of a minor aged >12 years is considerable. However, this validity of opinion is related to age and degree of discernment. The onset of adverse events following the administration of the COVID-19 vaccine may lead to compensation in the near future. Recent studies have identified a new COVID-19-related pediatric pathology, known as multisystem inflammatory syndrome. Other studies have demonstrated that myocarditis in the pediatric population might occur following COVID-19 vaccine administration. In June 2021 in the USA, the Center for Control and Prevention of Infectious Diseases Advisory Committee on Immunization Practices declared that the benefits of vaccination against COVID-19 in the pediatric population outweighed the risks. In the meantime, whereas the bioethical debate remains open, monitoring the real risk/benefit ratio of vaccination in the pediatric population is crucial.

Keywords: COVID-19 vaccination in pediatric population: bioethical controversy COVID-19 vaccination, pediatric population, children, right to health, bioethical controversy


INTRODUCTION

The ongoing coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), which first began in 2020, led several countries worldwide to adopt drastic preventive measures to reduce infection rates and mortality. The pandemic led to profound changes. Most individuals were subjected to restrictive measures that affected their freedom, to protect their health, which is considered a legally protected right. Various debates are ongoing regarding the legitimacy of the preventive measures taken during the COVID-19 pandemic and their concordance with the protection of human rights. In fact, the content of several decree laws, such as Decree Law No 28/2020 and Decree Law No 6/2020, created a dichotomy between the right to personal freedom and the right to health.

In the wake of the COVID-19 pandemic, one of the most recently debated topics worldwide concerns the mass vaccination of children against COVID-19. It is certainly not the first time that the literature addresses the thorny issue regarding the dichotomy between individual freedom and public health, in the case of massive and/or mandatory vaccinations. The erroneous connection between the measles-mumps-rubella vaccine and autism, which was reported by Andrew Wakefield et al. in 1998, despite the subsequent official denials (1, 2), contributed to the no-vax movement, decreasing vaccination rates (3, 4), and resurgence of vaccine-preventable diseases (5).

The spotlights on the mass vaccination of children against COVID-19 are relatively recent, since the vaccination campaign first involved elderly people. In fact, as it is now well-known, the lethality of COVID-19 is significantly higher in older individuals. Around 80% of COVID-19-related deaths in China predominantly involved individuals aged >60 (6), and the highest mortality rate was recorded in Europe in individuals aged ≥75 years (7, 8). Consequently, several questions arose regarding COVID-19 vaccination in the pediatric population. In fact, a debate was present regarding the age groups to be vaccinated. When the Food & Drug Administration in America authorized mRNA vaccines in the pediatric population aged ≥12 years, both the American Academy of Pediatrics and the Center for Control and Prevention of Infectious Diseases recommended vaccination in this age group. On the other hand, Great Britain recommended vaccination in children aged 12–17 years, only in cases of severe chronic disease, or if they were living with vulnerable individuals. The Public Health Agency maintained a prudent approach by watching the impact of vaccination in other countries such as Sweden. Most recently, both the Food & Drug Administration and European Medicines Agency authorized the use of mRNA vaccines in the 5–11-year age group. The discussion that followed was regarding the comparison of the risk/benefit ratio of COVID-19 vaccination and the risk of infection in children.

Previous epidemiological data, which drive the current opinion that is adverse to the administration of COVID-19 vaccines to pediatric population, showed an asymptomatic or paucisymptomatic course of SARS-COV-2 infection in children and adolescents (9, 10), with a hospital admission rate of <2% (11) and a low mortality (12). Nonetheless, subsequent studies demonstrated that the initial data underestimated COVID-19-related pediatric hospitalizations and mortality (13). These studies noted that the hospital admission rate was 11.7%, with severe manifestations of infection in 3.6% of cases (14). Over 5.7 million pediatric cases of SARS-CoV-2 were diagnosed in 2021 in the USA, with 21,814 hospitalizations and 498 deaths (9).

While monitoring 15 hospitals, the Association of Italian Pediatric Hospitals pointed out that in January 2022, pediatric patients' admission rate to the intensive care unit and/or any other medical floor, due to COVID-19 infection, was much greater than in the three previous pandemic waves1.

The Italian Society of Pediatrics encouraged pediatric COVID-19 vaccinations. They argued that, although symptoms from COVID-19 infection in children are commonly milder than in the adult population, several cases of severe infection required urgent hospitalization in the intensive care unit, and deaths occurred in the pediatric population. For this reason, the Italian Society of Pediatrics raised the issue of protecting children's health by administering the vaccine. This gave the pediatric population the same rights as the adult population. The vaccine was therefore considered a necessary element in protecting the health of the pediatric population 2.

However, all medication, including the COVID-19 vaccine (15), are not exempt from adverse effects. In fact, they sometimes carry even serious and/or lethal consequences. Therefore, the question that arises is that “is it really necessary to administer a vaccine, with unknown side effects, in a young population, in which the incidence of COVID-19-related complications and deaths seem low?” However, when considering this argument, it is necessary to evaluate the late complications of COVID-19 infection, to be able to compare them with those of the vaccine. It is clear that the answer to these questions is inherent in the evaluation of the risk/benefit ratio, which could currently be distorted by early data from inconclusive studies.

Therefore, similar to the adult population, a pertinent question still weighs on this very complex issue: Does the vaccine represent a necessary tool to protect the right to health of children and the global population, or rather an obstacle against the protection of the same right?



MULTIFACTORIALITY OF THE RIGHT TO HEALTH

One of the aspects of each vaccination campaign is protecting the right to health of the global population and the individual himself. The first two international sources that included the right to health among other human rights were the Universal Declaration of Human Rights (The Universal Declaration of Human Rights – United Nations General Assembly of 10 December 1948), which mentioned health as an essential element for an adequate standard of living (Article 25) and the WHO Constitution (Constitution of the World Health Organization – 7 April 1948), which declared that health is “a state of complete physical, mental and social well-being, and not merely the absence of disease or infirmity.” This right was further recognized as a human right in the International Covenant on Economic Rights Social and Cultural events in 1966 (International Covenant on Economic, Social, and Cultural Rights – General Assembly of 16 December 1966).

Many subsequent conventions, such as the European Social Charter, the American Convention on Human Rights, and the International Convention on Economic, Social, and Cultural Rights, contain an article or a clause relating to the right to health. The International Convention on Economic, Social, and Cultural Rights established in article 12 that states should “recognize the right of everyone to the enjoyment of the highest attainable standard of physical and mental health” that they are able to achieve. Regarding minors, paragraph 1 of article 24 of the International Convention on the Rights of the Child and Adolescent reports that the states recognize the right of the minor to secure the best possible state of health and to benefit from medical services and rehabilitation. This convention strives to ensure that no minor is deprived of the right to have access to such health-related services.



COMPARISON OF CASE-LAW TREND ABOUT PEDIATRIC VACCINATION

If the jurisprudence is already favorable to mandatory vaccination, despite scientifically proven adverse effects secondary to vaccines' administration, it is understandable how the same jurisprudence could be in favor of the vaccination campaign against COVID-19 in the pediatric population. In fact, recent judgments in Italy link vaccination to the aforementioned concept of health, which is understood as a set of socioeconomic benefits, as well as health, establishing that the non-fulfillment of the vaccination obligation constitutes an obstative reason, in itself, to access the schools of the childhood (pursuant to art.3 paragraph three of Legislative Decree no. 73/2017), to protect the minors and the entire school community (Regional Administrative Court of Piedmont, judgment no. 1034/2018). Comparative jurisprudence deals with the same theme: in England, the Family Division (Lincoln) of the High Court of Justice, sided in favor of the administration of mandatory vaccines, going against the doctrine that the potential risks of vaccines are greater than their benefits in children. The uncertainty regarding the long-term side effects was not given much importance. These currents of thought would be based, according to the judges, on general public knowledge, rather than on academic scientific knowledge.

The same judgment was issued by the Family Division of the Supreme Court of Nova Scotia, in Canada, which, in the decision reasons, highlights the positions of the Public Health Agency of Canada and the World Organization of Health, recommending the vaccinations in support of public health and arguing that contrary opinions are not supported by any scientific evidence and, therefore, not suitable for the protection of the best interest of the minor.



THE STATE OF NECESSITY: A JURISPRUDENTIAL EXEMPTION?

In the case of the COVID-19 pandemic, the concept of necessity is relevant. The need to counter the spread of the COVID-19 pandemic within one's own territory can erase the unlawfulness of certain conducts, opposing international laws. Article 25 of the Draft Articles on State Responsibility of the International Law Commission (2001) discusses the following state of necessity to commit the deed to avoid a serious, imminent, and involuntary danger, which is not punishable. The proclamation of a state of emergency in 2020 led to a succession of numerous sources of law, differing in strength and effectiveness. Examples of such laws are the resolutions of the Council of Ministers, decree laws, ministerial decrees and Prime Ministerial decrees, ministerial orders, civil protection orders, and trade union ordinances. The questions that arise are the relationship between these sources and the Constitution, and whether it is legitimate to apply these non-legislative sources to a fundamental constitutional right (16). The Constitutional Court specified that such acts must respect the general principles of the legal order and constitutional rights and that they must be in accordance with the state of emergency. Failure to comply with these conditions would determine the constitutional illegitimacy of these measures.



THE INFORMED CONSENT OF THE MINOR

The Italian legislation states that the consent of a single parent is sufficient when it comes to ordinary acts involving a minor. In contrast, the consent of both parents is required for extraordinary acts. Based on these legislations, routine treatments, such as, mandatory medications and vaccinations represent ordinary acts. All other medical acts are classified as extraordinary. Vaccination against COVID-19 constitutes an extraordinary act, since it is not yet compulsory. As such, consent from both parents is required, and a mandatory double signature is requested in a filled format provided by the National Health Ministry.

In the event of a conflict between the parents, or between them and the minor, the conflict is resolved by the judge of the Juvenile Court. In the case of disagreement of the minor, who is “capable of discernment,” a large proportion of jurists considers that a health treatment contrary to the minor's will infringes the principle enshrined in article 32 of the Constitution.

In fact, the 1989 New York Convention on the Rights of the Child, the 1997 Strasbourg Convention on the Rights of the Child, the European Constitution, and the European Regulation no. 219/1111 expressly state that the opinion of the minor who aged >12 years has its weight. However, the age of the minor and his degree of discernment are taken into consideration (17). Medico-legal doctrine addressed this topic while having a similar position, taking into account the opinion of minors aged ≥14 years, when it comes to the topic of preventable infectious diseases (18).



COVID-19 VACCINATION: FUTURE PROSPECTS OF COMPENSATION?

The onset of any acute adverse event following COVID-19 vaccination may lead to consequences in the near future. In fact, constitutional judges are based their reasoning on the existence of the duty of social solidarity with those who have to undergo a certain act of prophylaxis for the protection of the global health. In this regard, the Italian sentence no. 107 of the Constitutional Court, which took place on 26 April 2012, declared the unconstitutionality of article 1, paragraph 1, Lex 25 February 1992, no. 210. This was done because the latter article does not provide the right to compensation, under the conditions and in the manners established by the same law, in respect of those who have suffered consequences following vaccination against measles, mumps, and rubella.



COMPARISON OF RISK/BENEFIT RATIO OF COVID-19 INFECTION AND VACCINE

Although with a rather low incidence, COVID-19 still can cause complications in the pediatric population. In fact, recent studies have identified a new entity, known as multisystem inflammatory syndrome (MIS-C), or pediatric inflammatory multisystem syndrome (PIMS-TS). This syndrome was considered a sequelae of COVID-19 based on the very short time interval between the infection and the onset of this syndrome. In some cases (3–25%), patients had comorbidities, such as immunological diseases, immunosuppression, cancers, and respiratory diseases. Severe complications of this syndrome include respiratory and myocardial failure (19). Other complications of COVID-19, commonly in the adult population, concern the onset of long-term effects, up to 6 months after infection, consisting of multiple symptoms, including fatigue, muscle, bone and joint pains, palpitations, insomnia, and breathing problems (20). These findings are also seen in the pediatric and adolescent population.

Although the vast majority of subjects in the pediatric and adolescent population did not report complications following COVID-19, both MIS-C and prolonged COVID-19 could have permanent effects, especially for patients with comorbidities, influencing their future development and health (21, 22). As such, vaccination is crucial to prevent these negative outcomes.

Vaccination would also allow social reintegration (23), further lowering the rate of spread of the virus within the population. Nevertheless, some studies demonstrate the presence of adverse reactions following COVID-19 vaccination, such as the onset of myocarditis (24). The incidence rate can be high, especially in males aged 12–29 years (25). Nevertheless, all myocarditis cases resolved shortly after occurrence.

As such, in June 2021 in the USA, the Center for Control and Prevention of Infectious Diseases Advisory Committee on Immunization Practices declared that the benefits of vaccination against COVID-19 for the pediatric population outweighed the risks and therefore recommended vaccination in subjects aged ≥12 years (26).

Finally, a point worthy of consideration in this emerging ethical debate is the position of some authors who highlighted the presence of masqueraded childism while deprioritizing children vaccination in the face of a vulnerable adult population (27). The arguments for a better natural immunity generated through infection, and the possible risk of vaccination in children, seem to be related to this unequal moral approach. Therefore, to fight hidden childism, more efforts should be put into combatting injustice against children's health (28, 29).



COMPARISON WITH OTHERS VACCINES: JUDICIAL ASPECTS

In 2017, in an attempt to counter the outbreak of epidemics caused by lower vaccination rates in the pediatric population, the Italian Parliament extended the list of mandatory vaccinations to include those against pertussis, measles-mumps-rubella, chickenpox, and Hemophilus influenzae type B (30, 31). In fact, pediatric vaccination rates had reached percentages much lower than the 95% coverage target vaccination rate (32). Mandatory vaccination resulted in the prohibition of access to pre-school education services for children aged <6 years, if they were not vaccinated. Although this law allowed an increase in the rate of vaccination, the idea of mandatory vaccination remains a controversial and debated issue (33). Prior to the introduction of this new law, the communication campaigns were completely inadequate (34). Meanwhile, France also made some pediatric vaccinations mandatory to reduce the increased mortality secondary to decreased vaccination rates (35). Similar legislative measures have been adopted by California's government in 2015, forcing the country to pass Senate Bill 277/2015, a law that removes non-medical exemption from school vaccinations (36). Although measles vaccination coverage increased to over 95% since the introduction of these laws in the aforementioned countries, the debate on the ethical and legal issues surrounding mandatory vaccinations remains open.



DISCUSSION

All sources of international law highlight that the right to health is a progressive right, whose “progressive realization” cannot be achieved in the short term. To protect this right in cases of pandemics or epidemics, it is necessary to achieve herd immunity. This is attained through widespread vaccination, which includes the pediatric population, allowing an indirect protective effect through a lower spread of infection. In fact, children develop better immunity than older adults. Vaccination of the pediatric population thereby balances the lower immunity of older adults (37). The role of herd immunity has already been demonstrated in cases of other infectious diseases, such as influenza, rotavirus, and pneumococcal disease (38–40). For this reason, vaccination of the pediatric population is important to reduce cases of MIS-C and PIMS-TS and to protect the older adults.

The COVID-19 vaccine plays a major role in protecting the population's health, reducing contagion, and accelerating the regression of the pandemic. This vaccine may become compulsory. However, compulsion is problematic in liberal democracies, which are founded on individual freedom. Jurisprudence often uses several expedients, including the fact that non-vaccination of the child will directly affect him/her, not the decision-maker. As such, compulsion might be justified in certain circumstances. In addition, extraordinary factors must be present, such as a threat to the community; the impossibility of defending a legally protected right without the restriction of freedoms (41).

Furthermore, the right to health is not the mere absence of disease, but instead includes other factors, such as those that are socioeconomic. This global model of the right to health, as the crisis between several psychophysical and socioeconomic factors, should encourage vaccination in children, since it can be a tool capable of improving their quality of life. In fact, vaccination guarantees psychological and social well-being, through the resumption of usual sociocultural activities, that were suspended during the pandemic. This suspension had some psychological repercussions, especially in the young population (42, 43). Vaccination also provides physical well-being, reducing hospital admissions and serious manifestations of infection. In fact, the authors currently support children's vaccination, believing that very often, the complications arising from highly diffusive events have a much higher incidence than the adverse effects of vaccination. Therefore, the scientific data currently available, promotes vaccination in children, since its most serious adverse effects were limited to sporadic episodes of myocarditis, with favorable prognosis. In contrast, COVID-19-related MIS-C or PIMS-TS led to severe heart and respiratory failure. In fact, although rare, the sequelae of COVID-19 infection in the pediatric population were not free from fatal outcomes (44, 45). Therefore, the risk/benefit ratio would currently be in favor of a large-scale vaccination of the pediatric population. However, in the case of “mature minors” with sufficient intelligence to understand the consequences of the proposed medical treatment, and holding the capability of discernment, the vaccine should be administered only in the presence of the will of the minor, as well as with the consent of the parents.

Furthermore, vaccination could be considered a social act equivalent to that used in a state of emergency and is necessary for the protection of the population's health. In this context, it is crucial to assess the consequences of free-riding, which endangers public health. In fact, it implies the absence of a moral duty to accept burdens, despite the benefits of a collective action (41, 46). Therefore, the COVID-19 vaccine could be considered a duty to protect public health. In this sense, vaccine-related adverse effects should be not exempt from future remediation.

Healthcare workers, for whom vaccination was mandatory, will most probably have access to compensation for vaccine-related complications. However, the judicial profile regarding vaccination compensation should be updated and expanded, including among the cause of compensation also the complications secondary to non-compulsory vaccinations, but recommended during emergencies, such as pandemics.

Further monitoring and studying late complications of the COVID-19 vaccine and infection in the pediatric population is needed. It will be possible to understand the risk/benefit ratio in the pediatric population only after obtaining more relevant scientific data. For this reason, the authors reserve the right to change their opinion if new and relevant scientific data regarding this topic emerges. Meanwhile, the bioethical debate remains open, where one wonders whether the vaccine represents a necessary tool to protect the right to health of children and the global population.
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This study examines the influences of grandchild care and medical insurance on childhood obesity. Nationally representative longitudinal data—from the China Family Panel Studies 2010–2020—of 26,902 school-age children and adolescents aged 6–16 years and China's new reference standard (“WS/T586-2018”) are used to identify a child's obesity status. Using binary mixed-effects logistic regression models and the Blinder–Oaxaca decomposition method, this study explores the roots of obesity inequalities and finds that at least 15% of Chinese children aged 6–16 were obese in the 2010s. The logistic regression analysis results indicate that grandchild care, public medical insurance, and commercial medical insurance are key risk factors of child obesity. However, the influences are heterogeneous in different groups: Grandchild care and public medical insurance increase urban–rural obesity inequalities because of a distribution effect, and grandchild care may also exacerbate children obesity inequalities between left-behind and non-left-behind children owing to the event shock of parental absence. Inequalities in socioeconomic status (SES) factors such as income, education, and region also cause obesity inequalities. These results indicate that child obesity and its inequalities are rooted in multidimensional environmental inequalities, including medical protection policies and its benefit incidence; intergenerational behavior and family SES factors; and urban–rural and left-behind risk shocks. This study provides new evidence for the development of population-based interventions and equitable medical insurance policies to prevent the deterioration of child obesity among Chinese school-age children and adolescents.
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Introduction

As an important evaluation index of social development, children's nutrition and health have attracted much attention globally. At present, millions of children face nutritional imbalance, healthcare service shortages, and exposure to COVID-19. Some studies show that annually, malnutrition contributes to 3 million child deaths worldwide, and one in four children under age five have stunted growth due to nutritional problems (1). Meanwhile, obesity is a chronic nutritional disease caused by the excess of energy intake over energy consumption, and just like malnutrition, it is harmful to children's physical and mental health. Childhood obesity has become one of the most serious public health challenges in the 21st century (2), which is gradually transforming from a biological problem to a complex social problem (3, 4). Weight is impacted by genetic factors, environmental security, social status, and behavioral outcomes (5). Studies conducted in recent years have shown that during the COVID-19 lockdown, the rate of childhood obesity increased with the change in lifestyle (6, 7). However, compared with malnutrition, childhood obesity in developing countries is relatively overlooked (8). As poor countries escape from poverty traps and flee from famine, obesity rates rise (9). Although the overall rate of overweight and obesity among children in developing countries is lower than that in developed countries, obesity risk is accumulatively increasing at an alarming rate. In recent decades, China's situation is rapidly changing—from facing malnutrition to becoming the fastest growing obese population. Moreover, owing to population aging and parental migration (10), the phenomenon of intergenerational caring for grandchildren is relatively common (11). More importantly, the obesity costs of dependency burden and obesity-related medical care have increased astronomically, while the instability of family care continues to exacerbate the child obesity crisis (12). In 2020 and 2021, the COVID-19 pandemic severely affected the lives of children and young people worldwide, with public health measures taken to reduce community transmission of SARS-CoV-2, including unprecedented school closures and stay-at-home orders (13). As COVID-19 continues to spread globally, healthcare systems worldwide are overwhelmed, exacerbating the crisis of medical accessibility targeted at child obesity, thus making it urgent to address how to improve child obesity governance policies among generations.


Children's health and its risk factors

A long-published study has documented that genetic factors (14) and the family socioeconomic environment (15–19) are risk factors affecting child health. Currie and Stabile (20) report that children with lower family socioeconomic status have difficulty recovering from adverse health shocks to a healthy state. Miller et al. (21) find the mediating effects of caregiver mental and physical health on children's mental health. Some studies document that mother-related characteristics of family functioning are also associated with children's mental health (22–24). Especially in early childhood, children's caregivers play an extremely important role in improving children's eating behavior and physical health (25). Aristides et al. (26) find that income inequities strongly contribute to healthcare inequalities and private health insurance, to inequalities of medicine use. Pickett et al. (27) find that social gradients and inequalities in almost all morbidities are the “causes of the causes” of child health. Few studies explore the health problems of left-behind children (28–31), finding that left-behind children are more likely to have poor health status due to parental absence. Some studies find that health services are beneficial to increasing the health-related outcomes of child health (32, 33). However, Paul et al. (34) find that maternal education remains an important determinant of child health outcomes in India, while a poor healthcare system weakens its effect. Although the impacts of medical factors on child health are widely discussed, few studies focus on the effects of multi-level medical systems and their benefit incidence heterogeneity on child obesity.



Childhood obesity and family-based intervention

In recent years, the prevalence of childhood obesity has raised concerns because of the possible clinical and public health consequences (35). Childhood obesity leads to an increased risk of chronic diseases and seriously affects children's health (36). Previous studies find many factors affecting childhood obesity. Income and education socioeconomic status (SES) factors are inversely associated with child and adolescent obesity as measured by high body mass index (BMI) levels in developing countries (37–40). Zenab et al. (41) find that parental education, health insurance coverage, female gender, and language spoken at home other than Spanish were protective against overweight or obesity among children in the United States. Gopalan et al. (42) examine the spillover effects of parental public health insurance on the decrease of children's BMI, especially for girls. In some developing countries, especially in China, obesity risk is an important public health problem threatening child health (43, 44). Survey data show that between 1985 and 2010, the detection rates of obesity among male and female Chinese children and adolescents increased from 0.63 and 0.60% in 1985 to 11.60 and 5.59% in 2010, respectively (45). However, grandchild care exerts a certain negative impact on early childhood health of children aged 0–6 years (46). The spoiling effect of grandparents' indulgence on left-behind children produced negative effects on the children's BMI through an increase in unhealthy food consumption (47). Recent literature finds that childhood obesity also depends on emotional eating and family stability (48, 49). Moreover, recent studies of children have raised concerns about family parental factors and increased SES risk factors. Although the proportion of intergenerational-care families in China has been increasing in recent years (50), the influence of grandchild care on childhood obesity among school-age Chinese children and adolescents is underrepresented in the existing literature. Few studies focus on school-age children and adolescents and identify the link between intergenerational factors and childhood obesity (51). Thus, it remains unclear whether an interaction exists between grandchild care and child obesity in different groups. China continues to face special child obesity risks that are rooted in socioeconomic and population-based inequalities. Without an effective intervention, the prevalence of overweight and obesity among Chinese school-aged children and adolescents will reach 31.80% by 2030 (52). Since 2011, the Chinese government has enacted a series of “Child Development Plans” (2011–2020) and related health improvement policies to prevent childhood obesity effectively (53), and the trend of childhood obesity shows staged mitigation features. Although the prevention and treatment of obesity among children and adolescents were the focus in the 2010s (54, 55), the intervention policies targeting the roots of child obesity differences require further investigation.



The present study

This study investigates the influences of grandchild care and medical insurance on child obesity using nationally representative longitudinal data between 2010 and 2020. We propose the following hypotheses: (1) Grandchild care increases the probability of childhood obesity; (2) medical insurance is positively associated with children's obesity risk; and (3) factors influencing child obesity are heterogeneous owing to group differences.

We take the following steps for our analysis: (1) investigate the recent prevalence trend of obesity rate among Chinese school-age children and adolescents and compare the differences among different groups; (2) examine the risk factors of childhood obesity inequalities and identify the associations among grandchild care, medical insurance, and child obesity; (3) decompose these factors' contributions and reveal how children are impacted by inequalities in different ways and the most important influencing factors, specifically, inequalities among urban–rural and left-behind children.

Our contributions to the literature are summarized as follows: 1) We explore the potential association between child obesity and grandchild care using new data from a nationally representative survey in China, the “China Family Panel Studies 2010~2020”; (2) we empirically identify the relationship between child obesity and medical insurance among Chinese school-age children and adolescents and evaluate the effectiveness of multi-level medical insurance programs; and (3) we decompose the factor inequalities of child obesity due to the urban–rural gap and left-behind experience. Our findings could help reduce the intergenerational spoil effect and enhance the health improvement effect of medical insurance on child obesity and then provide policy implications for improving population-based obesity intervention systems.




Materials and methods


Study population

The data for this study come from the CFPS (2010–2020) collected by the Institute of Social Science Survey, Peking University (https://opendata.pku.edu.cn/dataverse/CFPS). The CFPS is a ten-year longitudinal survey of a nationally representative cohort of Chinese communities, families, and individuals. In the 2010 baseline survey, the CFPS dataset included almost 15,000 families and 30,000 individuals within these families. Because of its systematically stratified sampling method and large-sample characteristics, these studies have provided one of the most nationally representative survey databases in China. The CFPS has the highest-quality survey database for children aged 0–16. A total of 26,902 school-age children and adolescents aged 6–16 years are included in our analysis.



Statistical methods

We propose the following research hypotheses. First, grandchild care is associated with child obesity because of grandparental spoiling and unhealthy care practices. Second, medical insurance is related to the reduction of child obesity. Third, there is heterogeneity in the factors influencing child obesity because of environmental differences. In our investigation, we take the following steps: Step 1. We measure child obesity using the BMI index; Step 2. We analyze the influential factors of child obesity; Step 3. We apply the Blinder–Oaxaca decomposition method (BO) to compare the obesity inequality. Based on the regression results, we provide an in-depth discussion of the full empirical results.

A binary mixed-effects logistic regression model is employed to identify the influential factors of child obesity, in which the log odds of the binary outcome variable is modeled as a linear combination of the predictor variables when data are clustered or when both fixed and random effects exist1.

[image: image]

In Equation (1), the dependent variable Obesityit is the obesity status of child i at time t. IRitrepresents grandchild care. MSit represents medical insurance. Pit is a set of control variables that represent child-level (age and gender) and family-level (education and income) characteristics. Rit includes two-way fixed effects: region and year dummy variables. εit is the error term. A p < 0.05 means that the results are significant.

In addition, this study examines the heterogeneity of different factors influencing child obesity after distinguishing the types of Chinese school-age children and adolescents (e.g., urban vs. rural children and left-behind vs. non-left-behind children). Because traditional regression analysis is unable to derive directly the mean differences between groups, and the Shapley decomposition value method only yields the magnitude of the contribution of each factor in a linear regression model, neither of these models can decompose the differences between groups for models where the explanatory variable is a categorical variable. Therefore, we use BO for this analysis to investigate the coefficient effects of the urban–rural split and parental absence (or left-behind experience), and the characteristic effects of intergenerational parenting and health insurance on childhood obesity. BO is used to examine comparatively the determinants of childhood obesity differences among different groups. BO decomposes the differences in the dependent variables between groups into two components: changes in the distribution of levels of these determinants (E, explainable differences) and the consequence of the changes in the influence (U, unexplained differences).
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In Equation (2), M and F represent different groups. E(ObesityA) and E(ObesityB) represent the child obesity status in different groups, and XM and XF are the influential factors in the different obesity models. In our table, the term (XA-XB)β* represents changes in the levels or values of a specific variable between different groups (distributional effect), while the term XA (βA-β*)+XB (βB-β*) captures the changes in the influence of a specific variable for determining obesity inequalities between these two groups (coefficient effect).

Following Powers et al. (56) and Yun (57), this study further extends Equation (2) to decompose and explain the estimated binary value of each coefficient.
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In Equation (3), WΔxkrepresents the contribution share of the mean change of the k explanatory variable. WΔxβkreflects the contribution share of the coefficient estimated value change of the k explanatory variable.



Measures
 
Measurement of childhood obesity

Child obesity is a dependent variable. We use BMI as the obesity indicator, which may dynamically reflect the childhood obesity status. BMI = weight (kg)/height2 (m2); it is a common clinical measurement indicator of physical health for assessing the status of child obesity. The recommended age-gender-specified BMI standard is used in our analysis to assess the trend of obesity rate for children and adolescents aged 6–16 years. The cutoff points of BMI are shown in Table 1. We use the determination criteria scale of the “WS/T586-2018 overweight and obesity screening of school-age children and adolescents,” established by the National Health Commission of China in 2018. Compared with the old criteria in versions 1985 and 2000, the recent standard, “WS/T 586-2018,” is more practical in terms of identifying the latest obesity prevalence in Chinese school-age children and adolescents.


TABLE 1 Cutoff points for obesity screening.
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Independent variables

Grandchild Care. Chinese families generally have a traditional culture of grandchild care, in which parents are busy with their work, and older people help families raise their grandchildren. Intergenerational care is an important way for Chinese families to care for their children. Consequently, the development and health of children may be affected by the intergenerational care from the grandparents. Based on the items in the CFPS questionnaire, specifically, “Who mainly takes care of the child during daytime or at night” or “Who takes care of the children during the month when the parents are not on vacation,” if the child's grandparents mainly take care of the grandchild, the value of grandchild care is set to 1 and 0 otherwise.

Medical Insurance. (1) For public medical insurance, insured = 1, and uninsured = 0. In China, the public insurance system (including resident basic medical insurance, new rural cooperative medical insurance, and other social medical items) is usually organized by the local and central governments. These provide institutional support for basic medical care for residents and cover medical costs incurred when individuals receive outpatient and inpatient care. (2) Regarding commercial medical insurance, the commercial medical insurance system is a supplementary medical insurance plan, which is managed by a commercial insurance company. Based on an item in the CFPS, specifically, “In the past 12 months, did the family buy any commercial medical insurance for the child?”, participated = 1, and did not participate = 0. (3) Regarding medical utilization, the variable is measured by the frequency of going to the hospital to see a doctor within a year.

Covariates. Child-level factors include age and sex. SES factors in our study include income and education. Income is measured by the household income status: if the family's income is greater than the median income, the value of the income variable is set to 1 and 0 otherwise. Education is represented by the value of the average education years of all the adult family members at the last interview. Region and year fixed effects are controlled for in every regression model. Region represents the survey address: east = 1, central = 2, and west = 3; year includes 2010, 2012, 2014, 2016, 2018, and 2020.





Results


Baseline characteristics and general trend

Table 2 shows that children cared for by their grandparents were more likely to suffer from obesity (21.96% are obese) compared with their counterparts. The chi-square (χ2) results of the chi-square test show significant differences in child obesity due to grandchild care (χ2 = 12.41, p < 0.001). The average obesity rate of children covered by public medical insurance was 15.68%, while that of uninsured children was 17.50%. The average obesity rate of children who participated in commercial medical insurance was also lower than those who did not participate. The χ2 test results document differences in child obesity due to public medical insurance (χ2 = 234.77, p < 0.001) and commercial medical insurance (χ2 = 31.89, p < 0.001).


TABLE 2 Baseline characteristics.

[image: Table 2]

Table 3 presents the descriptive statistics, including the means, standard deviations (SDs), and range of all the variables included in the analysis. The average grandchild care for the children surveyed was more than one in four. The participation rate in basic health insurance was more than 70%, while the participation rate in commercial health insurance was only 15%. The results of the chi-square test or analysis of variance (ANOVA) show significant obesity differences based on the demographic variables (p < 0.05).


TABLE 3 Demographic variables.
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Figure 1 shows the prevalence change in child obesity between 2010 and 2020. We find that at least 15% of children aged 6–16 years were obese in the past 10 years. The obesity rate of grandparent-raised children rose from 18.96 to 23.25% from 2010 to 2020, while the non-grandparent-raised children's obesity rate was always below 15%. The results of the trend analysis indicate that the obesity rate of children raised by their grandparents is greater than that of the non-grandparent-raised group. Between 2010 and 2020, the obesity rate of children that did not participate in the commercial medical insurance was greater than that of their counterparts. Meanwhile, since 2016, the obesity rate of the group that participated in public medical insurance was greater than that of their counterparts. In addition, before 2020, the obesity rate of urban children was lower than that of children from rural areas. However, the obesity rates of left-behind and non-left-behind groups stayed largely the same since 2010. Thus, the results show inter-group differences in child obesity.


[image: Figure 1]
FIGURE 1
 Child obesity rate during 2010–2020(%).




Grandchild care

Table 4 shows that the impact of grandchild care on child obesity is significant (OR = 1.15, 95% CI: [1.07, 1.25], p = 0.000). Compared with the case of non-grandparent-raised children, grandchild care is significantly positively associated with child obesity. A possible explanation is that these grandparents had difficulty providing reasonable care for their grandchildren because of the decline in their bodily functions. In addition, majority of these grandparents likely had poor health awareness (58), such that they tended to provide excessive food to the child. Unhealthy grandchild-caring habits such as unhealthy diets, too much television, too little activity, and too little sleep were likely detrimental to the Chinese children's weight management.


TABLE 4 Influencing factors of child obesity.
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Medical insurance

Over 74% of children were covered by public medical insurance, while over 15% of the children participated in commercial medical insurance. Uninsured children were more likely to be obese than insured children (OR = 0.87, 95% CI: [0.80, 0.95], p = 0.002; OR = 0.84, 95% CI: [0.76, 0.93], p = 0.001). The results indicate that although most Chinese children had commercial medical insurance, the implementation of a multi-level medical insurance system could decrease the probability of Chinese school-age children and adolescents becoming obese. It is widely discussed that China's various types of medical insurance are useful in alleviating the cost of obesity-related medical care, fostering the healthy eating behaviors, and increasing the level of children's medical use, which may eventually reduce child obesity. Since the medical insurance reform was implemented in the 2010s, the increasing supportive policies for healthcare providers have improved the medical environment for insured children. Medical utilization is also a risk factor affecting child obesity (OR = 0.97, 95% [CI: 0.95, 0.98]), which indicates that a lesser frequency of medical utilization is associated with a higher prevalence of obesity, suggesting that increasing the accessibility and quality of children's medical utilization may help in timely mitigating obesity risks and reducing the damage of chronic diseases. More importantly, the medical advice provided by doctors also widens both the child's and parents' awareness of obesity risks, leading to an improvement in the child's daily weight management. Thus, it is necessary to improve the social insurance system and develop a specific commercial medical insurance for child obesity management.



Covariates

The study finds that the child's gender is associated with elevated levels of BMI. In China, boys are usually spoiled by the family, which may result in gender differences in childhood obesity (OR = 1.32, 95% CI: [1.23, 1.42], p < 0.001). Child obesity is influenced significantly by child age, but the impact of age-square shows an inverted U curve (OR = 0.99, 95% CI: [0.98, 0.99], p < 0.001). The results also show an obvious relationship between endowment disadvantage and child obesity. SES factors (income and education) are significantly associated with an elevated obesity status (OR = 0.88, 95% CI: [0.82, 0.95], p = 0.001; OR = 0.94, 95% CI: [0.93, 0.95], p < 0.001, respectively), which indicates that a lower SES is associated with a higher obesity rate. One explanation may be that children with a lower family SES tend to choose foods with higher calorie, which in turn leads to child obesity. Another possible explanation is that families with lower SES invest less resources in weight management for the child. In addition, child obesity is higher in the western economically underdeveloped region than in the eastern developed provinces (OR = 1.37, 95% CI: [1.25, 1.50], p < 0.001).



Obesity differences and blinder–oaxaca decomposition
 
Heterogeneity analysis of urban–rural differences

The results of the study show urban–rural differences in the influential factors of child obesity (Table 5). Risk factors that influence obesity among urban children include grandchild care (OR = 1.21, p < 0.01), public medical insurance (OR = 0.85, p< 0.05), medical utilization (OR = 0.97, p < 0.01), age-square (OR = 1.00, p = 0.001), gender (OR = 1.53, p < 0.001), education (OR = 0.96, p < 0.001), and a western location (OR = 1.29, p = 0.001). Risk factors influencing rural children's obesity include grandchild care (OR = 1.13, p < 0.05), commercial medical insurance (OR = 0.97, p < 0.001), medical utilization (OR = 1.21, p < 0.001), age-square (OR = 0.98, p < 0.001), income (OR = 0.86, p < 0.001), education (OR = 0.93, p < 0.01), and a western location (OR =1.38, p < 0.001). The results show that public medical insurance has a more significant effect on urban than on rural children, but we have not confirmed the statistically significant effect of commercial medical insurance on reducing urban children's obesity risk. Thus, the association between medical insurance and child obesity is heterogeneous for urban and rural children. The disparity in healthcare conditions may contribute to the differences in child obesity status and its influential factors when comparing rural and urban children. Medical utilization is significantly associated with both urban and rural children, while the income and age-square variables only have significant effects on rural children. This means that intervention policies should focus either on the improvement of SES or the medical environment. Our study confirms that the effects of public medical insurance are significant only on urban children's obesity, while the effects of commercial medical insurance and income are significant only on rural children. Thus, for urban children, the aim should be to improve public medical insurance and medical utilization, while for the latter, it should be to increase the commercial medical insurance coverage and income status. Therefore, policies are urgently needed to combat these obesity inequalities, and population-based and family-focused interventions on childhood obesity should be implemented in a coordinated manner.


TABLE 5 Obesity difference between urban and rural children.
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Left-behind event shock

Compared with non-left-behind children, the phenomenon of intergenerational care in China among left-behind children is more widespread. Specifically, the data show that in 2020, more than 67% of left-behind children were mainly cared for by their grandparents. In our study, left-behind children are those whose parents stayed outside the home for a long time and rarely went back home to care for their children. A child is considered left-behind in this study if one or both parents did not live with them for <6 months in 1 year or left home for at least 1 month. Because of the shock of being left behind, the instability of the family structure may exacerbate the childcare crisis, leading to parents spending less time caring for left-behind children, and the raising burden being transferred to the elderly. Because of parental absence and grandchild care vulnerability, the influence of grandchild care on child obesity may differ between left-behind and non-left-behind children.

The results in Table 6 show that the factors influencing left-behind children's obesity include grandchild care (OR = 1.27, p < 0.001), medical utilization (OR = 0.96, p < 0.001), age-square (OR = 0.99, p < 0.01), gender (OR = 1.18, p < 0.01), income (OR = 0.81, p = 0.001), education (OR = 0.95, p < 0.001), and a western location (OR = 1.43, p < 0.001). The factors influencing non-left-behind children's obesity include public medical insurance (OR = 0.85, p < 0.05), commercial medical insurance (OR = 0.85, p < 0.01), medical utilization (OR = 0.97, p < 0.05), age-square (OR = 0.99, p = 0.001), gender (OR = 1.41, p < 0.001), education (OR = 0.94, p < 0.001), and a western location (OR = 1.34, p < 0.001).


TABLE 6 Child obesity difference between left-behind children and non-left-behind children.
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We confirm that grandchild care increases the obesity risk of left-behind children, but there is no significant association between grandchild care and child obesity for non-left-behind children. Moreover, public and commercial medical insurance may lower the child obesity rate only for non-left-behind children (OR <1, p < 0.05), while the effects on left-behind children are not significant. This indicates no significant protective effects of medical insurance in reducing the risk of obesity among left-behind children in China. Income is only associated with left-behind children's obesity, while the effect of income on non-left-behind children is not significant. Thus, the obesity effects of grandchild care, medical insurance, and other SES factors are heterogeneous.



Decomposition of childhood obesity inequalities

We further apply BO to identify the contribution share of the above-mentioned factors on the differences in child obesity. The explainable endowment effect reflects the percentage increase in the probability of urban children being obese when they have similar endowment characteristics as rural children. The results show that the obesity rate of rural children is higher than that of urban children. The decomposition of the obesity gap shows that the unexplained share related to differences in individual characteristics is −0.0141, or 39.90% of the total wage gap. The decomposition of the obesity gap shows that the explained share associated with differences in individual characteristics is −0.0212, or 60.10% of the total wage gap. The urban–rural decomposition results in Table 7, panel A, indicate that the proportion of endowment differences is larger than the coefficient differences (unexplained component). The obesity gap between urban and rural children is largely due to the explained part of the BO.


TABLE 7 Decomposition of child obesity differences due to characteristic endowment.
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Considering the decomposition of the different variables in Table 7, the significant contribution shares of some of the endowment effect on child obesity are significant (p < 0.05), including grandchild care (C = −0.0005, p = 0.003), public medical insurance (C = −0.0001, p = 0.025), gender (C = −0.0001, p =0.000), education (C = −0.0133, p = 0.000), and a western location (C = −0.005, p = 0.004). The factors above are both negative components that can increase the obesity difference between urban and rural children. Overall, the obesity rate is lower for urban than for rural children, while public medical insurance is higher for urban than for rural children. Thus, identifying an uninsured child is important to alleviate the obesity difference among urban and rural Chinese children. In addition, grandchild care, which is negatively associated with child obesity, contributes to widening the inequalities in obesity between urban and rural children, as urban children have lower levels of intergenerational parenting than rural children. The endowment differences in education and gender are also major contributors to the changes in obesity differences between urban and rural children. Moreover, medical utilization (C = 0.0002, p = 0.003) and child age (C = 0.0005, p = 0.000) importantly contribute to the decrease in the obesity inequalities between urban and rural children. In China, the difference in medical utilization may decrease the obesity difference resulting from the integration of China's urban–rural public welfare system. The urban–rural differences in obesity among Chinese school-age children and adolescents shrink with age because of physiological factors.

In Table 7, panel B, the contribution share of the endowment effect is slightly larger than that of the coefficient effect between left-behind and non-left-behind children. Specifically, medical utilization (C = −0.0015, p = 0.000), age (C = −0.0113, p = 0.002), and gender (C = −0.0001, p = 0.005) are significantly negative, owing to the endowment difference. The results indicate that these are the main factors for reducing the obesity difference between non-left-behind and left-behind children. However, the influence of grandchild care (C = 0.00881, p = 0.000), income (C = 0.0027, p = 0.002), education (C = 0.0095, p = 0.000), and a western location (C = 0.0019, p = 0.000) is significantly positive, indicating that the differences in these variables exacerbate the obesity inequality. The results show that changes in the distribution of grandchild care in different families are the major contributors to changes in children obesity inequalities because of the distribution effect. Because the incidence of obesity and grandchild care in left-behind children is higher than that in non-left-behind children, unbalanced grandchild care behavior may worsen the obesity inequality in left-behind children. Moreover, although the alleviation effect of education on child obesity for left-behind children and non-left-behind children is both significant, the inequality in education is still a source of obesity difference. The previous results suggest that income has a suppressive effect on obesity only for left-behind children, not for non-left-behind children; therefore, the income disparity may exacerbate obesity inequalities between left-behind and non-left-behind children. Moreover, medical utilization can reduce the obesity difference. In addition, the effects reflected by individual variables (age and gender) can decrease the inequalities in child obesity.





Discussion

Over recent decades, the overweight and obesity situation among Chinese children has become serious. According to the “WHO child growth standards (2006)” for school-aged children and adolescents, the results of the “China childhood obesity report (2017)” meant that the obesity rate among Chinese children aged 7–18 years in 1985 and 2000 was 0.5 and 4.6%, respectively, and the predictive value of obesity rate may reach only 8.5% in 2020 (10). However, using the “WS/T586-2018” as a reference, Song et al. (59) find that the obesity rate rose from 2.3 to 15.2% from 1991 to 2015, and the obesity rate for girls rose from 2.5 to 10.1%, which is worse than what Ma et al. (10) predicted. Our findings are closer to those of Song et al. (59). We document that at least 15% of Chinese children aged 6–16 years were obese during 2010–2020. Although the difference in the results may be related to the measurement tools and data sources, the obesity risk is clearly becoming a serious public problem threatening child development; thus, it is necessary to take urgent obesity control measures from different perspectives.

Our results indicate that left-behind children and rural children who are cared for by grandparents have a higher probability of being obesity. Some studies find a consistent conclusion that parental absence made left-behind children in rural areas become a high-risk group prone to nutrition and health problems (60, 61). A study confirms that the mechanisms by which grandchild care affects the physical health of left-behind children are complex (47). Although grandchild care may have some positive effects in offsetting children's psychological loss due to parental absence (50), the negative effect of grandchild care on child obesity remains dominant in our study. We further determine that differences exist in the intergenerational mechanisms on child obesity among different groups, and we believe that policies that support and optimize the behaviors of intergenerational care may be a key measure for preventing children's obese status.

In fact, child obesity is not caused only by child-related factors. Aside from child-level differences, child obesity is also closely related to socio-political factors (18). Some studies have confirmed that social medical insurance in rural areas could reduce preventive savings by increasing the uncertainty of future medical expenditures, increase consumption, and improve nutrition intake and the child's health (62, 63). Our study also finds that having medical insurance can reduce the risk of child obesity, especially for urban and non-left-behind children. However, we find no significant association between public medical insurance and child obesity for rural and left-behind children, while public medical insurance is an important factor to the obesity inequalities between urban and rural children. The outcome disparities reflect that the inequalities in the benefits of medical insurance are still obvious because of the differences in the children's growth environment, which means that the role of public medical insurance in protecting the physical health of vulnerable children (rural and left-behind children) is inefficient. We find that commercial medical insurance is significantly associated with the obesity status of rural children. Therefore, the family and political environments are important to the prevention of child obesity. This means that governments at all levels should further improve the design of the medical insurance systems for different children and strengthen the complementary role of commercial health insurance to prevent the obesity risk of rural children. In addition, policies supporting primary grandchild caregivers should be made to prevent child obesity.

In line with previous research (64–66), we find that the prevalence of child obesity is higher in families with a lower SES. Especially for rural and left-behind children, family income and education are important in reducing childhood obesity rates. A study finds an inverse relationship between BMI and SES and that low school SES and rural locality of the school are school-level risk factors of child obesity (65). Thus, we recommend family-based education on healthy eating and exercise. In families with insufficient investment in education and poor income, children's obesity reduction is difficult because of the restrictions of SES factors; thus, children from lower-SES families tend to eat excessive and poor-quality foods, including fried foods. Therefore, we confirm that children from lower-SES families are more vulnerable to obesity risk than other children, especially in China's rural and western areas. Thus, related policies targeting to improve the equitable development of SES factors are strongly recommended.

A study finds that majority of the inequality in childhood obesity is explained by parental socioeconomic gradients (67), with socioeconomic factors accounting for 75.8% of the existing inequalities. Residential areas and education provided by the mother were the most important causes of inequality (68). It is important to tailor policies that target child obesity/overweight to tackle not only the prevalence of this disease but also its distribution (69). The results of our study support the findings discussed above. Our study also confirms that the effects of family income and education significantly dominate child obesity inequalities. The results indicate that inequalities in socioeconomic factors measured by family income play a critical role in mitigating the obesity rate among rural and left-behind children, while income differences contribute to the obesity inequalities among left-behind and non-left-behind children. In our analysis, the level of family education is an important contributing factor that increases the obesity inequalities between urban and rural children. In addition, family income and education are the major contributors to changes in the obesity differences between left-behind and non-left-behind children. Thus, we believe that childhood obesity differences are rooted in socioeconomic inequalities, including urban–rural shocks, left-behind shocks, and family capital. Population-based interventions are important in preventing the prevalence of childhood obesity, but policies that target vulnerable groups are also needed to alleviate the inequalities in SES factors.

A study finds that the experience of being left behind or of parents' migration may reduce the care provided to Chinese children and thus affect the health of children (70). Kristin (71) confirms that cumulative adverse childhood experiences may exacerbate existing social disparities in children's health. Jessica et al. (72) confirm that rural children experience health and healthcare disparities compared with their urban peers and represent a unique and vulnerable pediatric patient population. The root causes of health inequalities (obesity, anxiety, infectious diseases, injuries, prematurity, and low birth weight) of children are complex, and interventions to address child health inequalities must consider the structural determinants (73). We also find that the negative experience of being left-behind has a detrimental consequence for child physical health, and grandchild care is significantly associated with child obesity because of the early negative experience of parental absence. Thus, it is necessary to take effective family-level measures to decrease childhood obesity caused by cumulative adverse experiences.

Some scholars claim that children's age and gender are risk factors of childhood obesity (74). We document that gender and age are significantly associated with child obesity and its inequalities among Chinese school-age children and adolescents.

This study has several notable strengths. We apply the new determination criteria using ten-year survey datasets to explore the obesity inequalities in China. The findings could help people reduce the intergenerational spoil shock and increase the improvement effect of medical insurance on child health. In addition, this study provides new evidence for the development of population-based interventions and equitable medical insurance policies to prevent the deterioration of child obesity among Chinese school-age children and adolescents. However, some points are worth improving such as data limitations and the lack of information on physical exercise and sleeping habits, as well as parental overweight. Because of the cross-sectional limitation of the data, although this study confirms that children's family environment and SES factors contribute to child obesity differences, these factors cannot explain all the mechanisms of obesity inequalities. Given the complexity of family-based intergenerational care in China, more in-depth analysis is needed in future.



Conclusion

We document the influences of grandchild care and medical insurance on child obesity using unique CFPS data (2010–2020). Our results indicate that the epidemiological status of obesity among Chinese school-age children and adolescents has become more severe than in the last decades. Thus, measures that prevent and control the epidemiological trend are urgently needed. We confirm that child obesity among Chinese school-age children and adolescents is caused by many risk factors, including family characteristics, SES factors, and genetic influence. Grandchild care is significantly positively associated with child obesity, while the implementation of medical insurance can decrease the probability of being obese for Chinese school-age children and adolescents. Our study has policy implications. Specifically, improving the medical insurance coverage of children is likely to alleviate the obesity risks among Chinese school-age children and adolescents.

Another significant finding of this study is that inequalities in obesity are rooted in socioeconomic environmental differences and policy efficiency, including household education, income, urban–rural segmentation, and left-behind risk shocks. Using BO to decompose childhood obesity inequalities, we find that the role of grandchild care and public medical insurance and grandchild care may increase the obesity inequalities between urban and rural children, while grandchild care may increase the obesity inequality between non-left-behind and left-behind children because of the shock of parental absence. With the gradual widening of the gap between urban and rural areas in China, the urban–rural structural barriers may set an obvious barrier for the health equality and obesity prevention among different Chinese children. More importantly, children from urban areas can efficiently enjoy better educational resources and sound medical systems than rural children. We recommended tailoring policies to target child obesity and tackle not only the prevalence of obesity but also its distribution. Therefore, it is important to break down the barriers between urban and rural areas and ensure the fairness in public healthcare resource provision and medical accessibility. We should ensure that children from the rural areas and left-behind families equally benefit through a renewed focus on inequalities.

We suggest that relevant government departments comprehensively consider the effects of these risk factors and develop a systematic family risk assessment tool for child obesity among Chinese school-age children and adolescents. First, family-level public intervention measures should be implemented among Chinese school-age children and adolescents. The vulnerable children should be made a priority for obesity prevention, especially among rural and left-behind children. Governments at different levels should optimize the school-based obesity prevention program and strengthen the comprehensive family support mechanism to develop a health-supported environment for child obesity prevention. On the one hand, the government should improve the unified standards of diagnosis, assessment, treatment, prevention, and management of child obesity for primary care providers. On the other hand, health education, diet control, and scientifically planned exercise regimens should be promoted among Chinese school-age children and adolescents. Moreover, the quality and efficiency of children's healthcare must be improved to prevent the factors caused by school lockdown and home isolation during the COVID-19 outbreak. Because of the potential absence of parental supervision and the affordability of healthcare resources, it is advised to improve the quality of grandchild care among Chinese school-age children and adolescents. For obese children, a comprehensive and systematic intervention approach is needed, focusing on a multi-level intervention model and fully strengthening the responsibilities of families, schools, medical institutions, and the government, to achieve the goal of preventing and controlling child obesity. The government can also help prevent obesity by purchasing services and allowing relevant social organizations to provide professional care services for rural and left-behind children.

Second, we recommend that the multi-level medical insurance system be designed to alleviate the obesity illness's economic burden by constructing a more inclusive medical insurance system for the affected children. In addition, clinicians should conduct an overall assessment of the obesity risk factors and then prescribe a holistic approach for obesity treatment of these children. Moreover, considering the difficult situations of insured children, the government can explore the integrated medical insurance systems, establish a gradient commercial medical insurance plan for different groups of children, and focus on improving the coverage scope of the medical insurance system.

Third, the obesity inequalities should be alleviated by improving the SES of disadvantaged families and gradually integrating the effects of the medical insurance systems. Some related social policies targeted at child obesity inequalities among Chinese school-age children and adolescents are advised as follows: (1) increasing the financial input in child healthcare and implementing a mutual fund system specifically for these vulnerable groups; (2) improving nutrition, the health environment, and medical conditions for disadvantaged children to avoid obesity inequalities due to urban–rural and left-behind experiences; (3)improving the fairness of basic medical insurance and scientifically defining the reimbursement scope of children's medical insurance systems; (4) establishing a laddered policy rate of reimbursement to address SES inequalities and providing care subsidy for grandchild-care families in need; (5) improving the left-behind children's medical accessibility of healthcare insurance payments in different-grade hospitals and popularizing children's commercial medical insurance system; and (6) promoting the social environment to prevent and control the prevalence of child obesity.
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Introduction/purpose: Since a significant proportion of SARS-CoV-2 infections occur within healthcare facilities, a multidisciplinary approach is required for careful and timely assessment of the risk of infection in asymptomatic patients or those whose COVID-19 diagnosis has not yet been made. The aim of this study was to investigate whether an adaptative model based on microbiological testing can represent a valid risk management strategy.

Material and methods: We collected data from the risk management unit database of a 1,550-bed tertiary hospital (Fondazione Policlinico Gemelli IRCCS, Rome, Italy) concerning pediatric admissions to the Emergency Department (ED) from 1 March 2020 to 31 December 2021. The study period was subdivided in period A and period B according to the technique used for the microbiological screening, respectively reverse-transcription polymerase chain reaction (RT-PCR) and antigen-detection test.

Results: In Period A, 426 children (mean age: 6 years) underwent microbiological screening at the ED. The total number of molecular tests performed was 463. 459/463 tested negative at the molecular test. In Period B, 887 children (mean age: 6 years) underwent microbiological screening in the ED. The total number of molecular tests performed was 1,154. 1,117/1,154 tested negative at the molecular test. Neither in Period A nor in Period B hospital-acquired SARS-CoV-2 infections were reported.

Discussion and conclusion: Despite high volumes, no cases of hospital-acquired SARS-CoV-2 infection have been reported. SARS-CoV-2 antigen-based tests can be used as a first-line option as they provide rapid results compared to RT-PCR, reducing the risk of infection in ED waiting rooms.

KEYWORDS
  risk management, SARS-CoV-2, COVID-19, hospital-acquired infection, RT-PCR


Introduction

A significant share of SARS-CoV-2 infections are known to occur within healthcare facilities, thus representing simultaneous public health and medico-legal challenges (1–4). Indeed, enhancing safety policies during the pandemic can allow for regular delivery of healthcare services and protect particularly vulnerable populations like immunocompromised and oncological patients (2, 3). In order to avoid nosocomial infections, it is needed a careful and timely assessment of the risk of having been infected in the asymptomatic patients or in those whose COVID-19 diagnosis has not been already made (5–7). This demands a multidisciplinary approach using a combination of anamnestic, clinical, microbiologic, and radiologic data to establish the earliest possible diagnosis (8–11).

In this paper, we describe and evaluate the experience of a 1,550-bed tertiary hospital in Italy, where two different risk assessment policies were adopted during the pandemic. Our aim is to investigate and discuss whether an adaptive model chiefly based on microbiological testing can represent a valid risk management strategy from both a public health and medico-legal perspective.



Materials and methods

We collected data from the Risk Management Unit of Fondazione Policlinico Gemelli IRCCS, Rome, Italy. This is one of the two central hubs in Rome for pediatric COVID-19 cases since the beginning of the pandemic. Data of interest included: number of children admitted at the Emergency Department (ED) from 1 March 2020 to 31 December 2021; age at admission; results of the molecular test; number of hospital-acquired SARS-CoV-2 infections reported.

The definition of “hospital-acquired SARS-CoV-2 infection” is based on the positive result of the molecular test in patients hospitalized for at least 10 days in the ward, who had previously tested negative on the molecular admission test in ED (12–16).

The study period was subdivided in two sub-periods on the basis of what technique was used for microbiological screening: period A (1 March 2020 – 31 October 2020) and period B (1 November 2020 – 31 December 2021). In period A, amplification of SARS-CoV-2 RNA using reverse-transcription polymerase chain reaction (RT-PCR) was used, while in period B antigen-detection test – SD Biosensor antigen-detection test (South Korea), namely the STANDARD F COVID-19 Ag fluorescent immunoassay (FIA) – was adopted (the results of antigen-tests – positive or negative – were then confirmed through RT-PCR).

In both periods, the PCR test administered to the patients upon admission to the emergency room provided a result within 5 h.

During Period B, antigen testing was performed within the first hour after Emergency Department admission, with a corresponding hospital management of pediatric population flow to limit intra-hospital contagion from the Emergency Department (ED) to pediatric ward. The decision algorithms adopted in Period A and Period B are reported, respectively in Figures 1, 2.


[image: Figure 1]
FIGURE 1
 Testing algorithm for diagnosis SARS-CoV-2 infection in patients who presented to the ED from 1 March 2020 – 31 October 2020 (Period A). The standardized screening strategy was molecular swab only (RT-PCR). Waiting for the results of the molecular swab (RT-PCR), patients according to their clinical and epidemiological characteristics were divided into corresponding risk classes (High Risk; Medium Risk; Low Risk).
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FIGURE 2
 Algorithm for diagnosis SARS-CoV-2 infection in patients who presented to the ED from 1 November 2020 – 31 December 2021 (Period B). The patients with symptoms suggestive of SARS-CoV-2 infection were tested initially by antigenic-test with the SD Biosensor STANDARD F COVID-19 Ag. Then, patients with a positive antigen result and those with a negative antigen result but with one of the following clinical or laboratory criteria shown in the figure were subsequently evaluated by molecular swab (RT-PCR).


Elective hospitalizations were allowed in no-COVID pediatric wards following a mandatory negative result of the PCR test performed in the previous 48 h. Since 7 July 2021, the risk management procedure requires hospitalized patients to repeat the PCR test every 5 days until discharge. This protocol is also the same for the parents of children admitted to the ward.

Hospitalized patients who tested positive were placed in specific respiratory isolation wards at negative pressure, separated from the remaining hospitalization areas for non-COVID children. Furthermore, the medical and nursing teams were also separated, with a staff dedicated exclusively to confirmed positive COVID-cases. The First Aid team integrated the staff of the pediatric COVID-wards.

In period A, waiting for the results of the molecular swab, the patients' assignment of risk class was also supported by clinical and epidemiological characteristics. Indeed, patients were dislocated in areas/paths specific for the risk class depending on the positive response of specific parameters including: presence in the last 14 days of symptoms compatible with SARS-CoV-2 infection: fever, cough, sore throat, conjunctivitis, loss of smell, taste, diarrhea, etc.; family members with coronavirus positive swab; area of residence in quarantine; prolonged contact (>20 min) with a probable or confirmed case of COVID 19 infection in the past 21 days.

In period B, patients with symptoms suggestive of SARS-CoV-2 infection (fever or chills, cough, congestion or runny nose, loss of taste or smell, shortness of breath or difficulty in breathing, body aches, tiredness or headache, sore throat, nausea, vomiting or diarrhea) were analyzed with antigen-test. Then, patients with a positive antigen result and those with a negative antigen result but with one of the following clinical or laboratory criteria (increased respiratory rate (RR):> 50 (2–12 months),> 40 (1–5 years),> 30 (> 5 years); persistent high fever (> 38 °) for 3–5 days or more than 1 week of illness with no improvement in symptoms; SpO2 ≤ 95% at rest; hyporeactivity, lethargy; leukopenia; myocardial enzymes, liver enzymes, lactate dehydrogenase progressively increased; unexplained metabolic acidosis; a significant increase in D-dimer levels; extra-pulmonary complications; co-infection with other viruses and/or bacteria) were subsequently evaluated by molecular swab.

In either case, a pediatric patient was admitted to a non-COVID ward in the absence of a negative response to the molecular test.



Results

In Period A, 426 children (mean age: 6 years) underwent microbiological screening at the ED. There were 463 molecular tests performed (according to the risk management protocol for which some patients underwent multiple molecular swabs based on the number of days in hospital). 459/463 molecular tests (99.1%) were negative. In Period B, 887 children (mean age: 6 years) underwent microbiological screening in the ED. These patients received a total of 1,154 molecular tests according to the same risk management protocol, and 1,117/1,154 (96.8%) tested negative at the molecular test. Neither in Period A nor in Period B hospital acquired SARS-CoV-2 infections were reported among the tested children. The cumulative trend of all molecular swabs and the positivity rate are shown respectively in Figures 3, 4.


[image: Figure 3]
FIGURE 3
 The cumulative trend of all molecular swabs (RT-PCR) from Mach 1, 2020 to December 31, 2020.
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FIGURE 4
 The positivity rate of all molecular swabs (RT-PCR) from Mach 1, 2020 to December 31, 2021.




Discussion

The aim of this study was to describe and discuss the decisional algorithms used for early identification of SARS-CoV-2-infected children who arrived at our ED.

Despite the high volumes, no cases of pediatric hospital-acquired SARS-CoV-2 infection was reported during the study period. This outcome becomes more important if we evaluate period B. Indeed, while in period A the Italian government imposed a national lockdown (starting 9 March 2020) (17) with a total closure of schools and universities (since 5 March 2020), during period B the second phase of national lockdown (from 2 November 2020 to 27 March 2021) did not require the closure of nursery schools and primary schools (up to 12 years) (18). Furthermore, vaccination prophylaxis, as an additional element of protection against restrictive lockdown measures, had not yet begun to protect both pediatric and adult patients.

In our opinion, the two most important criteria to be used to evaluate risk assessment algorithms are accuracy/reliability and the time required for test results.

From a methodological point of view, RT-PCR is very accurate (Allplex TM SARS-CoV-2 Assay Seegene: Sensitivity 95.2%–Specificity 98.9%) (19) but the results are not available for several hours with the consequent risk of increased transmission (20–22). As an alternative screening method, SARS-CoV-2 antigen-based tests can significantly reduce this time, especially in crowded settings such as a full emergency room where SARS-CoV-2 infection must be confirmed as soon as possible (23–25). Although the antigen test is less sensitive than RT-PCR, it is highly specific and, more importantly, can return a result within 15–30 min (25–27). This is possible thanks to lateral flow technology, which allows identification and visualization of the SARS-CoV-2 antigen as a reactive band for immunoassay on a compact handheld device (19, 28). However, negative results from this method due to the low sensitivity cannot confidently exclude SARS-CoV-2 virus infection and thus results must be verified by further RT-PCR test (29–34). As reported by Menchinelli et al. (35) in an ED, antigen-positive or antigen-negative results must be confirmed subsequently by RT-PCR testing both in patients with a low (<10%; including patients asymptomatic or symptomatic for more than 7 days after symptom onset) and in patients with a high (> 10%; including symptomatic patients within 7 days of symptom onset) probability of testing positive.

Hence, from a public health perspective, the best option is that introduced during Period B: using the antigen test as an initial screen in order to obtain the results within an hour and, in case of a positive result, isolate the patient while waiting for result of a confirmatory RT-PCR. Indeed as noted above, another determinant of the quality of a safety protocol in this context is timeliness, since the early isolation of at-risk patients can avoid a significant spread of the infection within hospital departments. Moreover, the fact that antigen test is associated with lower sensitivity than RT-PCR is only a relative limitation, since in a pandemic context the prevalence of the infection is relatively high and thus the positive predictive value of the microbiological testing is increased.

As reported by Mönckel et al. (36) antigenic test (AGTEST) among symptomatic patients in the ED is useful for early identification of COVID-19, but for patients with negative antigen test this result must be confirmed by molecular test (RT-PCR). However, it was observed that when the prevalence of SARS-CoV-2 infection rises, the positive predictive value increases too.



Conclusion

In conclusion, our experience shows the effectiveness of a screening strategy based on rapid antigen testing in children initially assessed in the pediatric ED in order to optimize patient flow from the ED to the optimal inpatient wards. The strategy was both timely and safe, since no cases of pediatric hospital acquired SARS-CoV-2 infections were reported. Further studies will be needed to understand how this procedure can be applied with future variants of concerns and a higher vaccination coverage in children.


Limitations

Our study has some limitations to acknowledge. First, it is a retrospective study. Secondly, we could not determine the number of possible infections acquired in children while attending the pediatric ED and then discharged at home, since no follow-up data were collected for this group of children. Another relevant aspect is the increased cost of testing caused by the introduction of antigen-test screening. During our study period, the economic cost was a variable of relatively minor relevance because in that phase of the pandemic the regional health system covered all the costs for microbiological testing, thus this protocol had no direct costs for the hospital. However, if economic aspects must be considered, a modification to the protocol which might minimize cost is to conduct PCR test only on those antigen-negative patients that are at risk for other (clinical, epidemiological) reasons. This would maximize cost-benefit and reduce the overall number of tests required.
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Objective: This study examined whether pandemic related family economic hardships influenced adolescents' mental health during the COVID-19 pandemic in Korea.

Methods: Data were collected from 54,948 adolescents who participated in the 2020 Korea Youth Risk Behavior Web-Based Survey. We performed a multiple logistic regression analysis to examine the association between family economic hardship and mental health (anxiety, depressive symptoms, and suicidal ideation).

Results: Among the adolescents, 39.7, 24.7, and 5.9% reported slight, moderate, and severe economic hardship, respectively. COVID-19 related family economic hardship was significantly associated with higher odds of adolescents reporting anxiety, depressive symptoms, and suicidal ideation. This association was stronger among adolescents with low to middle family economic status.

Conclusions: This study suggests that adolescents from more economically vulnerable families are likely to be at a higher risk for long-term mental health effects due to the financial consequences of the COVID-19 pandemic.

KEYWORDS
 adolescent, anxiety, COVID-19, depression, economic hardship, suicidal ideation


Introduction

The COVID-19 (Coronavirus Disease 2019) pandemic has led to rapid, unprecedented changes in the lives of billions of adolescents (1). The first infection in Korea was detected on 20 January 2020, triggering a national response including school closures, home confinement, and social distancing rules (2, 3). Fluctuating school and family routines, isolation at home, stressed parents, and fear of the virus have impacted adolescents significantly. Indeed, increasing mental health problems in adolescents during the COVID-19 pandemic have been reported in Korea and other countries (4–7).

More importantly, adolescents' deteriorated mental health outcomes may reflect socioeconomic inequalities (specifically, the economic well-being of households) (8). During the prolonged COVID-19 lockdowns, many employed people faced heavily reduced workloads, temporary work suspensions such as furloughs, and even job loss (9). Economic activities were at a standstill, which can pose enormous challenges for the mental health of affected workers and their families (10, 11). Particularly, for adolescents, COVID-19-related family economic hardship is an independent and uncontrollable life event (12). Adolescents and their parents have different perceptions of the financial situation of the family. Moreover, the perceptions of adolescents seem to have a stronger association with adolescent mental health than the perceptions of parents (12, 13).

Many families have been significantly impacted economically by COVID-19, but poor families have been affected the most (14). However, it has been reported that all groups of households, from the poorest to the richest, have experienced declines in their incomes at a similar rate (15). Economically stable middle-income households are also at risk of becoming low-income households (15). Based on the results of various studies, the key remaining question is whether there is a difference in the relationship between COVID-19-related economic hardship and mental health depending on the household income level among adolescents.

Numerous family socioeconomic hardships have been linked to placing adolescents at risk for suffering poor mental health outcomes. The existing evidence points to gender, school grade, residential area, subjective academic performance, smoking status, alcohol use, and socioeconomic status being associated with mental health (16–20). In addition, children's social, emotional, and cognitive development can be affected by experiences of instability at home and school, emotional and sexual trauma (19), and domestic and community violence (18). These negative events may permanently affect a child's mental health development if they are frequent and severe. Studies related to the post-COVID-19 mental health of adolescents have found that isolation from peers, uncertainty regarding short-term and long-term prospects, and continuous states of fear, including the fear of being infected, pose a risk for developing psychopathology (5, 21, 22).

As the COVID-19 pandemic lingers, understanding the negative impact of the economic consequences on adolescents' mental health is imperative. However, there is a lack of empirical evidence on COVID-19-related family economic hardship and its influence on mental health during the pandemic. Particularly, this issue has never been studied in Korea. Thus, the present study aimed to identify the association between COVID-19-related family economic hardship from the perspective of adolescents' mental health in Korea. We hypothesized that family economic hardship due to the pandemic is associated with mental health problems among adolescents (H1). Further, we hypothesized that the association between COVID-19-related family economic hardship and adolescents' mental health differs according to the current subjective family economic status (H2).



Methods


Data and population

For this cross-sectional study, we collected data from the 2020 Korea Youth Risk Behavior Web-based Survey (KYRBWS), a national survey on various health-related behaviors of Korean adolescents. The KYRBWS is an anonymous, internet-based, self-administered, structured questionnaire (23). To obtain a representative sample, the KYRBWS designed a complex sample technique that included multiple stages, such as stratification, clustering, and multi-step sampling (23). Additionally, the KYRBWS weighted the students who participated in the survey so that they represent Korean adolescents, thereby, estimating the level of adolescents' health behavior. A representative sample of students from the 7–12th grades, aged 13–18 years, was selected; the survey was developed for school-based samples according to city size, regional group, and school type among 16 major cities and provinces in Korea, and one sample class per grade level was randomly selected. Students were instructed to complete their questionnaire at their respective schools' computer labs during school hours, under the guidance of their teachers. Detailed information on the research design and methods of the KYRBWS is presented in a previous paper (23). From 2015, the ethics approval for the KYRBWS was waived by the Korea Centers for Disease Control and Prevention Institutional Review Board under the Bioethics & Safety Act and opened to the public for academic use.

The 2020 KYRBWS survey was conducted from 3 August 2020, to 13 November 2020. It was started about 6 months after the first confirmed COVID-19 case in Korea (20 January 2020) due to the impact of COVID-19, and the survey was conducted during the second COVID-19 wave (August to November 2020). The KYRBWS adheres to the Declaration of Helsinki and all participants provided informed consent (24). As the KYRBWS was conducted as an online survey, there were no non-response items in the original data; however, logical errors and outliers were treated as missing values. All surveyed 54,948 adolescent participants were included in the analysis without any missing values.



Measurements
 
Dependent variables

The main dependent variable of this study was mental health, which included anxiety, depressive symptoms, and suicidal ideation. We screened for anxiety using the seven-item Generalized Anxiety Disorder scale (GAD-7), which is valid and reliable when applied to the general population (25, 26). The GAD-7 is rapidly becoming a gold-standard screening tool for general anxiety disorder measurements and has been shown to have acceptable specificity and sensitivity for detecting clinically significant anxiety in adolescents (27). The Cronbach's α for the GAD-7 was 0.90 in the current sample. Cronbach's alpha should be from 0.70 up to and including 0.90 to demonstrate adequate consistency in a scale (28). In this study, we used a GAD-7 cutoff score of ≥10, as this threshold provides a consistent reflection of anxiety levels (25). This study followed the questions and answers that were originally structured by the KYRBWS. We determined the presence of depressive symptoms using the question: “Have you felt sad or hopeless enough to stop your daily routine for 2 weeks in the past 12 months?” Participants responded to the question with either “yes” or “no.” Suicidal ideation and suicide attempts were assessed using the following two questions from the KYRBWS: “Have you seriously considered suicide in the past 12 months?” and “Have you attempted suicide in the past 12 months? The participants responded to both the questions with either “yes” or “no.”



Variable of interest

The variable of interest was COVID-19-related family economic hardship, which was assessed by the following question from the perspective of the children themselves: “Do you think the COVID-19 outbreak has caused your family economic status to be worsened?” The concept of COVID-19-related family economic hardship directly measured the nature and extent of deprivation that children were experiencing due to a lack of financial resources caused by COVID-19 and relative to their own needs (29). The variable of interest was categorized based on whether respondents answered these questions as “No,” “Slight,” “Moderate,” or “Severe.”



Control variables

The control variables used in this study were sex, school grade, residential area, co-residence with parents, subjective academic performance, subjective family economic status, subjective health status, smoking status, and alcohol use. Residential area was classified into “metropolitan,” “urban,” and “rural.” Co-residence with parents was classified into “yes” or “no.” Subjective academic performance and subjective family economic status were classified originally into: “high,” “upper-middle,” “middle,” “lower-middle,” and “low” and further classified into three categories in study, including: “high” (high and upper-middle), “middle,” and “low” (lower-middle and low). Subjective health status was measured with the question: “How would you rate your health in general?” The response options were “very good,” “good,” “normal,” “bad,” and “very bad” and further classified into three categories, including: “good” (very good and good), “normal,” and “bad” (bad and very bad). Smoking status and alcohol use were classified into “yes” and “no.”




Statistical analysis

In this study, the statistical values were calculated using sample weights assigned to the participants. The KYRBWS constructed sample weights to represent the Korean adolescent population by accounting for the complex survey design and survey non-responses. We performed a Rao-Scott chi-square test to examine the bivariate associations between adolescents' mental health problems and selected covariates—the general characteristics of the study population. Further, we performed a multiple logistic regression analysis to analyze the association between COVID-19 related family economic hardship and mental health, after controlling for covariates. The results were reported using adjusted odds ratios (aORs) and confidence intervals (CIs). Model fitting was performed using the PROC SURVEYLOGISTIC procedure and application of cluster and strata. In addition, stratified analyses according to subjective family economic status were performed on the association between COVID-19-related family economic hardship and mental health using multiple logistic regression, adjusted by sex, grade, residential area, co-residence with parents, subjective academic performance, subjective health status, smoking status, and alcoholic drinking. All statistical analyses were performed using SAS v9.4 (SAS Institute Inc.; Cary, North Carolina). Statistical significance was set at P < 0.05.




Results

The participants included in the analysis comprised 54,948 adolescents. Among them, 16,268 (29.6%) experienced no economic hardship related to COVID-19, 21,841 (39.7%) experienced slight economic hardship, 13,583 (24.7%) experienced moderate economic hardship, and 3,256 (5.9%) experienced severe economic hardship. Refer to Table 1 for an in-depth overview of the participants' characteristics.


TABLE 1 General characteristics of the Korean adolescents included in the analysis (N = 54,948).

[image: Table 1]

The greater the post-COVID-19 related family economic hardship reported by adolescents, the higher the mental health complaint scores. Anxiety was experienced by 1,419 (8.7%) adolescents who experienced no economic hardship, 2,206 (10.1%) who experienced slight economic hardship, 1,801 (13.3%) who experienced moderate economic hardship, and 673 (20.7%) who experienced severe economic hardship. Depressive symptoms were experienced by 3,435 (21.1%) adolescents who experienced no economic hardship, 5,175 (23.7%) who experienced a slight economic hardship, 3,992 (29.4%) who experienced moderate economic hardship, and 1,238 (38.0%) who experienced severe economic hardship. Suicidal ideation was found in 1,394 adolescents (8.6%) who experienced no economic hardship, 2,200 (10.1%) who experienced a slight economic hardship, 1,766 (13.0%) who experienced moderate economic hardship, and 619 (19.0%) who experienced severe economic hardship.

Table 2 reports the results of the multiple logistic regression analysis, which confirmed that COVID-19 related family economic hardship was significantly associated with increased odds of mental health problems. Adolescents who experienced a higher level of economic hardship than those without hardship showed a higher possibility of anxiety (experienced slight hardship aOR = 1.07, 95% CI: 0.98–1.17; experienced moderate hardship aOR = 1.29, 95% CI: 1.17–1.42; experienced severe hardship aOR = 2.09, 95% CI: 1.82–2.40). Similarly, among adolescents who experienced more hardship than those who did not, the likelihood of depressive symptoms increased (experienced slight hardship aOR = 1.10, 95% CI: 1.04–1.16; experienced moderate hardship aOR = 1.38, 95% CI: 1.29–1.48; experienced severe hardship aOR = 1.90, 95% CI: 1.72–2.09). Adolescents who experienced a higher level of economic hardship than those without any change in economic status exhibited a higher possibility of suicidal ideation (experienced slight hardship aOR = 1.09, 95% CI: 1.00–1.18; experienced moderate hardship aOR = 1.28, 95% CI: 1.17–1.40; experienced severe hardship aOR = 1.86, 95% CI: 1.64–2.11).


TABLE 2 Association between COVID-19-related family economic hardship and mental health (N = 54,948).
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Figure 1 presents the results of the stratified analyses. Regarding anxiety, in the group with low subjective family economic status, adolescents who experienced economic hardship were more likely to report anxiety than those who experienced no hardship (experienced moderate hardship aOR = 1.33, 95% CI: 1.14–1.54; experienced severe hardship aOR = 1.96, 95% CI: 1.53–2.51). In the group with mid-level subjective family economic status, the experience of hardship was significantly associated with anxiety (experienced moderate hardship aOR = 1.30, 95% CI: 1.13–1.48; experienced severe hardship aOR = 2.19, 95% CI: 1.79–2.68). In the group with high subjective family economic status, adolescents who experienced hardship were more likely to experience anxiety (experienced severe hardship aOR = 1.82, 95% CI: 1.36–2.42).


[image: Figure 1]
FIGURE 1
 Results of the stratified analyses by subjective family economic status (N = 54,948). We performed stratified analyses of the association between COVID-19 related family economic hardship and mental health, stratified by subjective household economic status. We adjusted for sex, grade, residential area, co-residence with parents, subjective academic performance, subjective health status, smoking status, and alcoholic drinking.


Regarding depressive symptoms, in the group with low subjective family economic status, adolescents who experienced hardship were more likely to experience depressive symptoms than adolescents who experienced no hardship (experienced slight hardship aOR = 1.09, 95% CI: 1.01–1.18; experienced moderate hardship aOR = 1.33, 95% CI: 1.21–1.47; experienced severe hardship aOR = 1.95, 95% CI: 1.64–2.32). In the group with mid-level subjective family economic status, the experience of hardship was significantly associated with depressive symptoms (experienced slight hardship aOR = 1.11, 95% CI: 1.02–1.21; experienced moderate hardship aOR = 1.42, 95% CI: 1.29–1.57; experienced severe hardship aOR = 2.12, 95% CI: 1.82–2.47). In the group with high subjective family economic status, adolescents who experienced economic hardship were more likely to have depressive symptoms (experienced moderate hardship aOR = 1.31, 95% CI: 1.08–1.59; experienced severe hardship aOR = 1.62, 95% CI: 1.31–2.01).

Regarding suicidal ideation, in the group with low subjective family economic status, adolescents who experienced economic hardship were more likely to have suicidal ideation than adolescents who experienced no hardship (experienced moderate hardship aOR = 1.18, 95% CI: 1.02–1.37; experienced severe hardship aOR = 1.88, 95% CI: 1.51–2.32). In the group with mid-level subjective family economic status, the experience of a downturn was associated with suicidal ideation (experienced slight hardship aOR = 1.15, 95% CI: 1.01–1.30; experienced moderate hardship aOR = 1.41, 95% CI: 1.24–1.62; experienced severe hardship aOR = 1.89, 95% CI: 1.53–2.35). In the group with high subjective family economic status, adolescents who experienced economic hardship were more likely to experience suicidal ideation (experienced severe hardship aOR = 1.76, 95% CI: 1.33–2.34).

In addition, Table 3 presents the results of the stratified analysis, which was conducted to explore the association between the family economic hardship and mental health, with a special emphasis on sex differences during the COVID-19 pandemic. Compared to the females, the males who had severe economic hardship showed more likely to have anxiety (aOR = 2.13, 95% CI: 1.75–2.60). However, compared to the males more females had depressive symptoms (aOR = 2.15, 95% CI: 1.88–2.45) and suicidal ideation (aOR = 2.04, 95% CI: 1.73–2.4).


TABLE 3 Sex-based association between COVID-19-related family economic hardship and mental health (Male N = 28,353; Female N = 26,595).

[image: Table 3]



Discussion

To the best of our knowledge, this is the first nationwide-representative study on COVID-19-related family economic hardship and mental health of adolescents during the COVID-19 pandemic. Our findings highlight that COVID-19 and its resulting economic hardships may contribute to a decrease in mental health among adolescents. As hypothesized in this study, we confirmed that the greater the economic hardship after COVID-19, the more severe the mental health issues (anxiety, depressive symptoms, and suicidal ideation) faced by adolescents. Furthermore, when the association of subjective family economic status with the mental health of adolescents was examined using stratified analysis, we identified that economic hardship caused by the COVID-19 pandemic had a significant impact on the mental health of adolescents belonging to the middle- to low-income economic groups.

Overall, about 11.1% of the participants of our study reported feeling anxiety, 25.2% having depressive symptoms, and 10.9% experiencing suicidal ideation. Our findings align with prior research demonstrating poor mental health during disease outbreaks, as well as with studies that reported high levels of psychological distress in other samples during the COVID-19 pandemic (30, 31) From the total, 70.4% reported experiencing economic hardship. Moreover, over 30% of our sample reported going through moderate and severe economic hardship. These findings showed that adolescents personally experience and perceive economic hardship in their families during the pandemic and highlight that majority of adolescents are experiencing COVID-19-related family economic hardship.

It was found that the greater the COVID-19-related family economic hardships, the worse the anxiety, depressive symptoms, and suicidal ideation. This link coincides with prior research on economic hardship that showed that the mental health of adolescents worsened when the economic circumstances of their parents deteriorated (32–34). Indeed, existing studies have long identified familial poverty as a risk factor for increased mental health problems among adolescents (35–37). In addition, previous studies have reported that a loss of jobs and income for parents negatively affects their children's health (38, 39).

Underemployment or job loss limits economic resources for families, thereby restricting their ability to obtain resources for ensuring consumption, education, food, housing, and a safe environment necessary for the development of adolescents (40). These deficient economic conditions can reduce the psychological resources and parenting quality of parents (41).

Furthermore, earlier studies have shown that mental health is affected by unexpected economic hardship, and that its effect varies between males and females—that is, sex is a crucial factor that must be taken into account (37, 40, 42, 43). Therefore, we analyzed the association between sex-based mental health status and family economic hardship through four subsequent categories. The results of which, demonstrated that, compared to boys, more girls with severe family economic hardship had depressive symptoms and suicidal ideation; whereas, compared to girls, boys with severe economic hardship were more likely to have anxiety. Blackwell et al. (42) reported that the economic hardship during the COVID-19 pandemic led to higher levels of stress, anxiety and depression, particularly among adolescent females. This demonstrates that family economic hardship varies based on sex-based mental health problems. Therefore, specific attention must be paid to sex differences and should be investigated in future research.

With the prolongation of the COVID-19 pandemic, uncertainty surrounding the labor market persists. Furthermore, despite the implementation of income loss compensation plans by many countries worldwide, these efforts focus on economic issues rather than those related to health (44). The potential negative impacts of COVID-19-related family economic hardship on the mental health and well-being of adolescents were evident in our study. Thus, in order to mitigate the negative consequences, health-focused policies and interventions are necessary. It must also be noted that family economic hardship itself, even if only perceived, can also have negative mental health consequences (45, 46). In addition, as poverty is inextricably linked to health, caution is necessary for adolescents in low- to middle-income households who report that they are struggling financially due to COVID-19 (47, 48). Our study emphasizes the need for governments to attend to adolescents who are vulnerable to economic hardship as well as illness during the COVID-19 pandemic so that the discussion of social support to address the economic and health needs of families can take place.

This study has several limitations. First, this study was cross-sectional in design; hence, causal relationships between COVID-19-related family economic hardship and anxiety, depressive symptoms, and suicidal ideation could not be determined because of non-validated measures. However, related literature (49) reporting the association of suicidal ideation and depressive symptoms with household income is most likely based on self-reported responses, which may have influenced the results. Second, all data were collected through self-report questionnaires, and thus, the student-reported information may include some inaccuracy. Third, screening tools like Patient Health Questionnaire (PHQ)-2 and PHQ-9 for depression and Ask Suicide-Screening Questions-4 for suicide could not be used because of the limitations of the data. Finally, our study estimated short-term adolescent mental health responses to shock associated with COVID-19 related family economic hardship; thus, we could not address economy-wide and long-term economic hardships or examine whether the effects on mental health are transitory or persistent. However, even short-term mental health problems can have serious consequences in childhood and adolescence (50, 51). Despite these limitations, our study has several important implications. This study evaluated the association between COVID-19-related family economic hardship and adolescents' mental health during the COVID-19 pandemic using well-defined, nationally representative data in Korea.



Conclusion

In this study, we investigated the association between COVID-19-related family economic hardship and mental health issues of adolescents. Specifically, we examined anxiety, depressive symptoms, and suicidal ideation. We confirmed that the effect of family economic hardship extends to adolescents, moving beyond the participants of the labor market. These spillover effects on children's mental health suggest that the policy responses to weak economic conditions may have greater effects than anticipated. Therefore, considering the negative impact of mental health disorders (anxiety, depressive symptoms, and suicidal ideation) on daily life and health outcomes, policymakers should consider timely screening and appropriate interventions, such as online psychological counseling tailored for concerns specific to adolescents, to reduce the likelihood of emotional disturbances among adolescents during and after the COVID-19 outbreak.
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The experimental group included 68 children over 6 years of age who had recovered from COVID-19. The control group included 22 children over 6 years of age who have never had COVID-19. Research methods included neurological examination, verification of cognitive status, examination by an otolaryngologist, and smell and taste assessment. The examination was performed 6–8 weeks after COVID-19 recovery and after 1 year in some patients. Children who recovered from COVID-19 had a reduction in their ability to smell compared to children who had never had COVID-19. The olfactory thresholds and taste identification scores after recovery from COVID-19 were identical, whether the parents had reported anosmia in their children during COVID-19 or not, and irrespective of hyperthermia level and the presence or absence of headache and hyperhidrosis during COVID-19. Analysis of correlation with neuropsychiatric symptoms showed no differences in the olfactory thresholds in children irrespective of the presence of neuropsychiatric symptoms (tics, tremors, enuresis, compulsive movements, seizures, speech disorders, attention deficit, and easy fatigability) both in general, and in particular among subjects performing or not any compulsive movements, and experiencing or not a combination of easy fatigability and daytime sleepiness. Evidence suggests that in children and adolescents, partial hyposmia is associated with depressive symptoms, varying in severity from low to high, but symptoms of depression were not caused by COVID-19 infection itself. Analysis in subgroups with different degrees of state and trait anxiety did not reveal any significant differences in the olfactory threshold. A re-examination of 21 children was performed after 1 year. An objective olfactometric examination showed that the sensitivity to odorants increased significantly. In 1 year, we compared the thresholds of smell in children who had COVID-19 and those who did not have this disease: olfactory sensitivity after COVID-19 in children is restored to normal values. Schulte correction test showed that none of 14 children with asthenic manifestations in the form of fluctuations or exhaustion when performing the test immediately after COVID-19 had these manifestations after 1 year. Thus, asthenization of cognitive activity was recorded within the next 1.5 months after suffering from COVID-19 but was absent after 1 year.

KEYWORDS
COVID-19, children, olfactometry, cognitive functions, olfactory and gustatory functions


Introduction

Over the past few months, COVID-19 has been the focus of the global scientific community. As is well known, the olfactory disorder is considered a hallmark symptom of COVID-19 (1–4). Apparently, since children are less susceptible to SARS-CoV-2 infection, the main data currently available have been collected from cohorts of adult patients (5, 6). There is still no clarity about both the incidence (in the general population of patients with COVID-19, it can range from 32 to 69%) and the pathogenesis, as well as the outcomes of olfactory dysfunction in COVID-19 (6, 7). Research in pediatric populations is virtually non-existent worldwide; there is a paper on three pediatric COVID-19 cases where children developed anosmia and/or ageusia and an article about a multicenter study that included 10 children; yet there is no mention of any Russian studies (6, 8). We, therefore, planned and are currently conducting a study of the outcomes of olfactory disorders and associated gustatory disorders children develop during COVID-19 infection. This study is part of a larger study of the neurological outcomes of COVID-19.

When planning the study, we had a problem when selecting the method for assessment of the olfactory threshold. It is well known that the reaction to smell is mediated not only by the olfactory nerve, but also partially by the trigeminal nerve, and, possibly, by the glossopharyngeal nerve (9–11). In order to obtain information that might help to better understand the pathogenesis of olfactory dysfunction, we set the goal to investigate the olfactory threshold using three odorants, each of them being perceived via a different nerve. The olfactory tests most commonly used in studies worldwide are simple and convenient for clinical use, but as an assessment of the olfactory threshold, it is based on a single odorant, i.e., either n-butanol or phenyl ethyl alcohol (PEA) (12, 13). In this context, we decided to take advantage of the expertise of the Russian national school of thought in olfactometry. The method of olfactory threshold testing in adults patented by Russian authors in 1999 was taken as a basis for our research (14). The test kit required for this technique consists of serial dilutions of three odorants prepared under normal conditions, namely, (1) valerian root tincture (odor perception is mediated by the olfactory nerve), (2) acetic acid solution (odor perception is mediated by the olfactory and the trigeminal nerves), and (3) ammonia solution (odor perception is mediated by the olfactory, mainly the trigeminal, and possibly the glossopharyngeal nerve) (14).

Considering the extreme urgency of obtaining new information on the health consequences of the novel coronavirus infection, the number of subjects at the first stage of the study and, accordingly, the duration of the stage were reduced to the minimum acceptable values. The study is still underway. Due to the particular importance of the data, we present in this article the first interim results of our study.


Purpose of the study

The purpose of the study was to assess smell and taste in children after recovery from COVID-19.




Materials and methods


Study design

The experimental group included children over 6 years of age who had recovered from COVID-19 and who showed no less than 2 weeks prior to the enrollment the first negative PCR test result for SARS-CoV-2 on nasopharyngeal or oropharyngeal swab samples, confirming the fact of recovery (in Russian clinical practice, two negative swab tests within 24 h are considered to be proof of recovery from COVID-19). The control group included children over 6 years of age who have never had COVID-19. Research methods included neurological examination, verification of cognitive status, examination by an otolaryngologist, and smell and taste assessment. To avoid excessive fatigue in children that might affect the results, the examination of each participant was carried out for 2 consecutive days. The examination was done immediately after COVID-19 recovery and after 1 year in some patients.



Eligibility criteria

Inclusion criteria for the experimental group were as follows: age of 6–18 years; a confirmed COVID-19 case; 2–5 weeks from the date of the first negative PCR test result for SARS-CoV-2 on nasopharyngeal or oropharyngeal swab samples; and informed consent to processing of personal data signed by the parents or by the subjects aged 15 years and above.

Inclusion criteria for the control group were as follows: age of 6–18 years and informed consent to processing personal data signed by the parents or by the subjects aged 15 years and above.

Non-inclusion criteria for both groups were as follows: mental deficiency and severe neuropsychiatric disorders; acute inflammation of nasopharyngeal mucosa on the day of the study; acute respiratory infection; and exacerbation of allergic rhinitis with damage to the nasopharyngeal mucosa.

General exclusion criteria were as follows: acute respiratory infection; exacerbation of allergic rhinitis with damage to the nasopharyngeal mucosa; any persisting feeling of being unwell; and refusal to continue research due to technical difficulties, for example, new circumstances preventing the parents from accompanying their child to the research center.



Study setting

The study was conducted at the Pediatrics and Child Health Research Institute, Central Clinical Hospital, Russian Academy of Sciences, Moscow. Examinations were performed in the first half of daylight hours. All subjects are Moscow residents.



Primary outcome

The endpoints of the study are data on smell and taste sensitivity in the experimental group subjects. The primary outcomes of the study are (1) comparison of the average olfactory and gustatory sensitivity test scores in the experimental and control groups and (2) correlation between olfactory and gustatory sensitivity scores.



Subgroup analysis

The experimental group was divided into two subgroups depending on the presence or absence of olfactory disorders during COVID-19, based on the results of parents’ questioning by the investigator. Similarly, the experimental group was divided into two subgroups according to the presence or absence of gustatory disorders during COVID-19 infection, as reported by the parents. Additional comparative analysis of target olfactory indicators between the subgroups was carried out.

The experimental group was divided into subgroups depending on the degree of fever, the presence or absence of headache, and the presence or absence of hyperhidrosis during COVID-19 infection. A comparative analysis of olfactory sensitivity characteristics between the subgroups was carried out.

The experimental group was divided into subgroups depending on the presence or absence of neuropsychiatric microorganic symptoms (tics, tremor, enuresis, compulsive movements, seizures, speech disorders, attention deficit, and easy fatigability). Similarly, the experimental group was divided into subgroups according to the presence or absence of easy fatigability and excessive daytime sleepiness and the presence or absence of compulsive movements. A comparative analysis of olfactory sensitivity characteristics between the subgroups was carried out.

The experimental group was divided into subgroups depending on different state and trait anxiety scores and depression rates. A comparative analysis of olfactory sensitivity characteristics between the subgroups was performed.



Methods for identification of subjects meeting the non-inclusion and exclusion criteria


1.Clinical examination performed by a pediatrician, with the assessment of a child’s overall health status.

2.Clinical examination performed by a neurologist, with the assessment of the neuropsychiatric mental status. The findings were also used to record additional outcomes.

3.Assessment of cognitive abilities using the Wechsler Intelligence Scale for Children (WISC). The WISC is aimed at determining the individual IQ and consists of 12 subtests. Verbal and non-verbal intelligence is measured in points, and then the Full-Scale IQ is generated. The test was administered by a clinical psychologist.

4.Examination performed by the ENT physician to assess the oropharynx and nasopharynx in terms of the status of mucosa and patency of the upper respiratory tract.





Outcome reporting methods


1. Interviewing the parents, one at a time, based on a specially developed checklist with 40 items to help identify the presence of clinical symptoms in a child with COVID-19. The results were entered into a special form. Parents were interviewed by a pediatrician.

2.Assessment of the sense of smell using the three-component olfactory test. This article presents the results of the assessment of one of the components, i.e., determination of the olfactory threshold. The olfactory threshold was tested as follows (15). The investigator presented the test tubes with serial dilutions of an odorant for 2–3 s, one at a time, to each nostril holding them at a distance of 2 cm from the subject’s nose. The subject was asked to take 1–2 short sniffs while drawing in the air through the nose more actively than during common breathing, and to tell the investigator whether he or she could smell anything. First, the odorant was presented at the lowest concentration (i.e., having the weakest odor). If the subject did not smell it, he or she was presented with the odorant at the next highest concentration (2 times higher), and then at the next highest concentration, the investigator gradually increased the odorant concentration until the subject was able to smell the odor. After the subject felt the smell, the subject was asked to confirm his or her choice by making the correct choice from three pairs of test tubes, one of them containing an odorant at a given concentration and the others containing a non-odorant substance. Distilled water was used as a non-odorant substance. The procedure of triple confirmation of the right choice was necessary to exclude false sensations, which can often occur in children. After the triple confirmation of the right choice in three pairs of test tubes, the detection threshold for every given odorant was considered to be identified. The lowest concentration level of an odorant the subject was able to detect is considered the olfactory threshold.

The study began with establishing the olfactory threshold for dilutions of 20% alcohol tincture of valerian root, for a 70% aqueous solution of acetic acid, and then for a 10% aqueous solution of ammonia. The following dilutions of these odorants in distilled water (15 for each) were proposed: for 20% alcohol tincture of valerian root and 70% aqueous solution of acetic acid: 0.00015625, 0.0003125, 0.000625, 0.00125, 0.0025, 0.005, 0.01, 0.02, 0.04, 0.08, 0.16, 0.32, 0.64, 1.28, and 2.56%; for 10% aqueous ammonia solution: 0.000125, 0.00025, 0.0005, 0.001, 0.002, 0.004, 0.008, 0.016, 0.032, 0.064, 0.128, 0.256, 0.512, 1.024, and 2.048%. The following conditions of the study were observed: the study was carried out in a well-ventilated room with an exhaust duct, with no aggressive odors. The subject was asked to avoid any food for 60 min prior to the test. Neither the subject nor the investigator was allowed to wear perfumes. There were 60-s breaks between tests for different odorants. After determining the olfactory detection threshold for each odorant, the investigator entered the data into the protocol. The olfactory threshold was assessed in points, and each dilution level was assigned a number of points, namely, a minimum of 1 point for the highest concentration and a maximum of 12 points for the lowest one. The higher the score, the higher the subject’s ability to detect the odorant.




1.Assessment of taste sensitivity. The subject was asked to identify the taste of six different drinks. The composition of the drinks was selected based on the following requirements: ensure a maximum variety of taste sensations (acidity, sweetness, salinity, and bitterness) and recognizability of tastes for preschool and elementary school children, based on ethical considerations with regard to the young age of the subjects (preferably pleasant or neutral taste). The following drinks were presented in the order indicated: natural apple juice, water, chocolate cocktail, natural banana juice, milk, and natural cherry juice. The subjects were blindfolded and, therefore, unable to see the color of the liquid. Mechanical compression of the nasal passages was also done to exclude olfaction from participating in taste recognition. After that, the subject took a glass of liquid in his or her hands and tasted it, in no more than three sips. After identification of each liquid, the mouth was rinsed with water. Taste identification was a two-stage process. At stage I, the subject was asked to tell the taste of the liquid without any prompting. If there were difficulties or the answer was incorrect, stage II was proposed, i.e., forced choice of taste from the four proposed. The assessment was done as follows: 2 points for correct taste identification at stage I, 1 point for correct identification at stage II, and 0 points for incorrect taste identification. Taste identification data were entered into a special protocol, in which the points were summed up. The minimum possible total score was 0 and the maximum was 12. The composite score was the indicator of the child’s gustatory ability. The following test conditions were ensured: the test was carried out in a room with no strong odors. The subject was asked to avoid food for 60 min prior to the test. Before testing, the subject was to rinse his or her mouth with water. Neither the subject nor the investigator was allowed to wear any perfume. The study was carried out in the presence of one of the parents or another legal representative of the child, who was to make sure that the presented drinks were manufactured beverages and opened and poured into disposable glasses directly at the time of testing.

2.The Spielberger State-Trait Anxiety Inventory for Children (STAIC) adapted by Yu L. Khanin was used to detect the level of state and trait anxiety. The Spielberger-Khanin scale is designed for children aged 12 years and above. Rating points are scored, based on a 4-point Likert-type scale, with 4 composite score ranges corresponding to no anxiety, low anxiety, moderate anxiety, and high anxiety, respectively. The inventory was administered by a clinical psychologist.

3.The Beck Depression Inventory (BDI) is a depression rating scale designed to diagnose the level of depression. The subject responds to statements that are ranked with a gradual increase in the specific weight of a symptom in the overall severity of depression. Next, a composite score is calculated and the level of depression is determined (no depression, mild depression, moderate depression, and severe depression). The inventory was administered by a clinical psychologist.

4.The cognitive testing (Schulte correction test) was performed by a psychologist.





Ethical review

Enrollment in the study was carried out upon receipt of a signed informed voluntary consent for examination from a parent or a legally authorized representative of the child, or by the child aged 15 years and above.



Statistical analysis

Statistical analysis of the results was carried out using the STATISTICA version 11.0 software package (StatSoft Inc., Tulsa, United States). For the comparative assessment of the olfactory threshold values in the main analysis and in additional subgroups, the parametric Student’s t-test was used for independent samples. The significance level assumed was a p-value of < 0.05. To determine the relationship between the smell and taste characteristics, Pearson’s coefficient of linear correlation was used.




Results


Study subjects

A total of 68 children and adolescents, aged 6–18 years, were suggested for recruitment in the experimental group and 22 children of the same age were suggested for inclusion in the control group. After preliminary examinations, with the identification of subjects meeting the non-inclusion criteria, 64 participants were admitted to the experimental group and 20 participants were admitted to the control group. In the course of the study, 3 subjects were excluded from the experimental group due to the parents’ inability to take the child to the research site. The study was completed by 61 subjects in the experimental group and 20 subjects in the control group (Tables 1, 2).


TABLE 1    Characteristics of subjects in the two groups who completed the study.

[image: Table 1]


TABLE 2    Additional characteristics of the experimental group subjects.
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Main results

Note: the higher the score, the higher the olfactory sensitivity, and the lower the olfactory threshold (i.e., lower concentrations of the odorant can be detected).

The olfactory thresholds of all three odorants were significantly elevated in children with COVID-19 (Table 3). Thus, children who recovered from COVID-19 had a reduction in their ability to smell compared to children who had never had COVID-19. At the same time, the olfactory threshold for valerian root tincture was somewhat more elevated than the thresholds for the other two odorants (Table 3).


TABLE 3    The mean scores of olfactory threshold.

[image: Table 3]

The ability to identify tastes is lower in children who recovered from COVID-19 (Table 4). Pearson’s coefficient of linear correlation between the olfactory thresholds and taste identification was r = 0.38, which means there was a weak positive correlation between the smell and taste characteristics. Significant gender differences were not fixed either by a sense of smell or taste.


TABLE 4    The mean scores of taste identification.

[image: Table 4]



Additional results

The olfactory thresholds after recovery from COVID-19 were identical, whether the parents had reported anosmia in their children during COVID-19 or not (Table 5).


TABLE 5    Odor detection thresholds after recovery from COVID-19.
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In addition, there were no differences in taste identification scores between these subgroups. However, even more remarkably, taste identification scores after recovery were similar in subgroups of subjects who did and did not experience the loss of taste during COVID-19 infection.

Based on the results of the analysis in additional subgroups, there was no difference in the olfactory threshold and taste identification after recovery, irrespective of hyperthermia level and of the presence or absence of headache and hyperhidrosis during COVID-19. Analysis of correlation with neuropsychiatric symptoms showed no differences in the olfactory thresholds and taste identification in children, irrespective of the presence of neuropsychiatric symptoms (tics, tremors, enuresis, compulsive movements, seizures, speech disorders, attention deficit, and easy fatigability) both in general, and in particular among subjects performing or not any compulsive movements, and experiencing or not a combination of easy fatigability and daytime sleepiness.

Analysis in subgroups with different levels of depression revealed certain significant differences (Table 6).


TABLE 6    Olfactory thresholds depending on the presence or absence of depression after recovery from COVID-19.
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Evidence suggests that in children and adolescents, partial hyposmia (lower olfactory sensitivity to the valerian root tincture odor and, to a lesser extent, acetic acid odor) is associated with depressive symptoms, varying in severity from low to high. At the same time, symptoms of depression are not caused by COVID-19 infection.

Analysis in subgroups with different degrees of state and trait anxiety did not reveal any significant differences in the olfactory threshold, although there was a tendency for a lower olfactory sensitivity to valerian tincture odor in the subgroup with high trait anxiety, compared to the subgroup with low trait anxiety (6.91 ± 1.3 vs. 7.95 ± 1.76 at p = 0.09).

We proposed a re-examination of 21 children after 1 year. None of the 9 children who had complaints of olfactory impairment at the initial examination had them at the second examination after 1 year. An objective olfactometric examination showed that the sensitivity to the three odorants increased significantly (from 5.6 to 10.4 points for valerian tincture, from 6.1 to 10.1 points for acetic acid, and from 6.6 to 9.8 points for ammonia alcohol). For 1 year, we compared the thresholds of smell in children who had COVID-19 and those who did not have this disease: among children who recovered more than 6 months ago, the thresholds of smell did not differ from those who did not get sick. Thus, olfactory sensitivity 6–12 months after suffering from COVID-19 in children was restored to normal values.

Cognitive testing (Schulte correction test) showed that none of the 10 children with asthenic manifestations in the form of fluctuations when performing the test immediately after COVID-19 had these manifestations after 1 year.

Thus, asthenization of cognitive activity, fixed by objective diagnostic methods, was recorded within the next 1.5 months after suffering from COVID-19 but was absent after 1 year. This indicates the absence of long-term consequences of COVID-19 on the cognitive activity of children in the surveyed sample but does not exclude emotional, personal, and social consequences that may follow unproductive educational activities during the period of asthenization of cognitive activity.




Discussion

This study focused mainly on the assessment of the sense of smell but also taste in children with a history of COVID-19 infection. This is the first such study in Russia and one of the first in the world. Internationally, our study echoes a multicenter study (China, France, and Germany) with a slightly smaller sample size of 27 children (the main sample in that study was 367 adult participants) (6). Despite the differences in design, this multicenter study was the only one of interest for comparison of results by the time the manuscript was prepared. After a while, the results of the later studies appeared (16–19).

As reported by parents, 41.5% of children and adolescents suffering from COVID-19 had smell impairment and 30.2% had taste impairment. This is the very first data on the incidence of these disorders in Russian children, which indicates that despite the known milder course of COVID-19 in children, the olfactory and gustatory systems are widely affected by SARS-CoV-2. In the abovementioned international multicenter study, the incidence of both system disorders in children was more or less similar to our data and amounted to 37% (10 out of 27 children aged 6–17 years) (6).

The main result of our study is that based on objective examination approximately 4 weeks after recovery from COVID-19, children and adolescents had smell and taste disorders. Obviously, these changes persist after recovery from coronavirus. It is, therefore, important to assess the time to recovery of olfactory function and whether it is fully restored after recovery from COVID-19.

Another finding is that smell and taste after recovery from COVID-19 were equally affected in those who complained of impaired smell and taste during COVID-19 infection and those who did not. This indicates that complaints made by children and observations reported by parents do not fully reflect the smell dysfunction the former had. In the abovementioned international multicenter study, the authors also emphasize that 10 out of 90 participants (including one child) who underwent objective olfactory testing had olfactory dysfunction without any subjective olfactory complaints. There seems to be a cohort with extensive subclinical smell impairment, meaning that smell disorders in COVID-19 are more common than reported by patients.

No connection has been established between olfactory dysfunction and the presence of certain neurological symptoms. In addition, no connection was found between the olfactory function status and the severity of other symptoms of COVID-19 (hyperthermia, asthenia, headache, and hyperhidrosis). Colleagues from the international multicenter study came to the same conclusions, discovering that in different cohorts, correlations between olfactory dysfunction and the severity of COVID-19 were very different (6). This suggests that neither the severity of the disease nor the premorbid damage to the nervous system, but some different, unexplored factors, such as a specific viral strain, ethnicity, or phenotype, contribute to the onset of olfactory dysfunction in patients with COVID-19. In this regard, it is significant that in our study, children and adolescents with non-COVID-mediated depression experienced hyposmia. The relationship between depression and an altered sense of smell has been repeatedly shown in studies (20–22). In this case, it is important that this connection has been shown in a cohort of patients who recovered from COVID-19. Therefore, accordingly, as illustrated by depression, we can talk about the contribution of individual phenotypic factors to a person’s predisposition to olfactory disorders during COVID-19.

There is a weak positive relationship between the smell and taste status. This means a partial, but not a complete overlap of olfactory and gustatory dysfunction, which is confirmed by some clinical observations. It is possible that a single etiopathogenetic factor (infection with the SARS-CoV-2 virus) and the regional proximity of receptor localization determine the relationship between olfactory and gustatory disorders; at the same time, we see individual differences in susceptibility of the two systems to such pathology, which prevents a complete synchrony of both smell and taste disorders, though given the limitations of the study, this conclusion requires further verification.



Limitations

A significant factor limiting the interpretation of the study results is the relatively small sample size. Even though the differences in study results are statistically significant, a larger sample size could increase the statistical significance of these findings.

Another limitation is retrospective questioning of parents and children about the symptoms of COVID-19 infection. On average, the survey was conducted 45 days after the onset of infection. This raises the question of the accuracy of data on the course of COVID-19 infection in children. When examining the sense of smell, we evaluated the olfactory threshold, which to a greater extent reflects the precognitive (or extra-cognitive) part of perception, while taste testing evaluated the taste identification ability, which largely reflects the cognitive part of perception. This is why it is somewhat improper to look for a direct correlation between taste and smell testing, and it must be taken into account when interpreting the results.



Conclusion

In this study, we presented the first objective diagnostic data, indicating that in children and adolescents, changes in smell and taste sensitivity persist even 2–5 weeks after recovery from COVID-19. More importantly, these changes occur more often than reported by children and their parents. The involvement of olfactory sensitivity in the pathological process does not depend on the severity of the COVID-19 case or any premorbid neurological impairment. The study is still underway.
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Introduction

Patient safety is an emerging healthcare discipline with the ultimate goal to reduce errors and harm to patients by implementing quality health services. In 1999, the well-known “To Err is Human: Building a safer health system” reported that between 2% and 4% of people die annually in United States hospitals for medical errors (1). Since that publication, the focus on healthcare safety has encouraged efforts by legislators, hospital government, and health professionals to promote policies and behaviors heavily to reduce errors and implement a safe provision of healthcare delivery. In 2019, the World Health Organization (WHO) declared September 17th as Patient Safety Day, confirming that as a global priority (2).

The increasing interest in patient safety has significant repercussions on scientific publications with an ever-increasing production of studies in the growing interdisciplinary field of public health. New concepts and new terms had born, such as “clinical risk,” which refers to the probability that a patient can be the victim of an adverse event due to medical care, although unintentionally.

The WHO proposed to adopt a “universal vocabulary” thus standardizing the terminology and allowing effective scientific research. In clinical risk, the most explored field is adult patient safety, where growing interest is shown primarily to prevent nosocomial infections, falls, and pressure injuries. Instead, a little-explored area concerns the pediatric population (3).

This article aims to overview the spread of pediatric clinical risk management and organizational culture for healthcare quality improvement, looking at what has been done and enhancing healthcare practices to implement inpatient safety. The authors have reviewed the main concerns on pediatric patient safety and issued the main medico-legal aspects. After summarizing the relevant literature, the authors addressed their point of view by writing an opinion article.



Pediatric patient safety: The main issues

Nowadays, we are witnessing a growing interest in errors and harm in the pediatric setting, which differ from adults. Standard textbooks and research literature still give little attention to pediatric inpatient primary care and well-being. The short amount available of scientific works is due to children's particular features, characterizing their health management as different and more complex than adults. A study published in 2005 reported that adverse events occurred in children in 1% of pediatric hospitalizations and that 60% of these events were preventable. Other studies suggest that this rate may be higher (4). Table 1 summarizes the main facets of pediatric patient safety.


TABLE 1 Major concerns regarding pediatric patient safety.
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The assessment of decision-making capacity

Woods highlighted children's physical characteristics can affect the predisposition to errors and harm: weight-based medication dosing, significant variation in size and weight, and predisposition to medical error (5). Moreover, the number of children with chronic diseases and the obesity rate increases, so the physical features of children are sort of changing (16).

It is not unusual for physicians to ask for legal intervention when they believe that a caregiver's refusal of treatment places patients at substantial risk. This phenomenon became most dramatic in pediatric oncology, where the potential need to override caregivers' decision-making when they refuse treatment or replace it with ineffectual alternatives is well-known. Hence the question: are caregivers' rights to make medical decisions on behalf of their children absolute? Decision-making in pediatrics needs a shared approach where children, families, and healthcare multidisciplinary teams cooperate to reach a consensus on decisions in patients' best interests. This “shared” approach is fundamental in pediatric oncology to minimize children's medical and psychosocial impact (17).

The assessment of decision-making capacity for treatment and competence to consent in minors is still far to be validated (18). The acquisition of informed consent is delegated to parents or caregivers, often regardless of their ability to consent to treatment. Since children's capacities develop with growth and experience, their involvement in decisions regarding their health must also increase (19). The involvement of the minor in the diagnostic and therapeutic decision-making process is not solely based on patients' age or ability to read and write and should reduce the stress related to procedures and treatments (20). Some studies have attempted to apply to minors the MacCAT-CR and the MacCAT-T scale in various settings, including the neuropsychiatric one, with surprising results, as adolescents are likely to show the same results as adults (21). Nevertheless, these tools do not have external validation and further research is needed. Finally, all studies regarding this topic emphasize the need to implement communication between minors and parents/caregivers for therapeutic decisions (10, 22).

The outbreak of the COVID-19 pandemic addressed a challenging debate about the administration of new anti-covid vaccines for minors (23). There is a substantial heterogeneity standpoint on this topic in Western Countries. Vaccinating minors to protect them from the COVID-19 virus requires parental permission; the question arises concerning minors' decision-making capacity to consent to such preventive treatment by tracking adults' decisions. In this respect, Morgan et al. suggested a “guide” based on age groups to the consent of minors for the vaccine: is this age-based assessment sufficient? Is it enough to explain to children the benefits and burdens of procedure about a vaccine tested first? One more reason to promote research on assessing children's decision-making capacity for treatment (24).



Healthcare systems and multi-level assistance

In addition to these intrinsic factors, the setting of children's care regarding safety is also essential. Currently, the child healthcare system has different intervention levels. Family pediatricians deliver primary care; secondary care is provided in pediatric departments in general hospitals. Children's hospitals were designed to provide optimal care and a multidisciplinary approach to patients and their families (25). Settings in which patients had the most complex needs imply a higher error rate compared with ambulatorial context. The Emergency Department is the place in the pediatric Children's Hospital, where multiple factors related to staff, patients, family members, and pre-hospital communication contribute to various diagnostic and medication mistakes (26).

The healthcare activities carried out in these units often involve multiple urgent interventions for high-risk patients in a complex and stressful environment that exposes children to high frequencies of errors. Applying clinical risk management tools and methodologies changed pediatric intensive care units, reducing medical errors and adverse events and organizational, clinical, and economic impacts, contributing to safety and overall healthcare quality (27). The integrated use of proactive and reactive methods had a growing trend over time, similarly to the increasing use of proactive tools highlighted in two systematic reviews (28, 29).

The pandemic outbreak disclosed the shortages of primary care organizations resulting in inappropriate hospitalizations for non-urgent diseases, thus increasing the risk of errors and unintended harm. Many studies reported a drastic reduction in access to emergency pediatric wards, thus emerging the often inappropriate use of these services (30). The overcrowding of the emergency-urgency department, already characterized by a greater incidence of medical errors, has an even more negative impact on care safety. Therefore, it is evident the need to build a functioning network for the care of the pediatric child, especially concerning primary care (31).

But what about other settings? Although it is evident that some departments are more exposed to risk than others, no hospital ward is risk-free. An interesting article by Lynne Warda reviewed the risks of injury to children in the hospital setting, identifying that those life-threatening hazards mainly concern beds or cribs, concluding that although safety considerations are well entrenched in occupational health and safety, the needs of children are typically not addressed (32). Children require healthcare focusing on their needs. They require more time and specificities for their care; for this reason, these must be treated in children's hospitals where every detail is thought out to optimize patient safety and well-being, from the facilities to the staff specially trained for pediatric care (12).



The lack of guidelines and pediatric trials

Another pediatric “silent” crisis, as defined by Corinna Rea, concerns the lack of children's guidelines (13). Some countries favor a more centralized approach to guideline production. Others have a decentralized one, such as the US, where the American Academy of Pediatrics plays the most crucial role in developing guidelines. Decentralization seems to give rise to recommendations' production that may be overlapped, with the consequent detriment of their quality. Moreover, while there is a continuous demand for new guidelines, little importance is given to updating the old ones. Many of these results expired with all their negative consequences: the implementation of obsolete practices that can affect the quality and safety of care and distrust of clinicians and minors' families about the value of outdated guidelines. It is desirable to implement reviewing and validating procedures with greater urgency for the pediatric ones, whose development should be centralized and entrusted to a single organization. Moreover, in a broader perspective, to solve the lack of guidelines and good clinical practices, health practitioners should acquire the so-called “living guidelines” approach for ensuring inpatient high-level quality care: new evidence and recommendations are constantly monitored and possibly updated. A dynamic review approach should ensure the application of the best available practices to the pediatric population, assuring them of high-level quality care to prevent clinical risk (12).

Many barriers exist to conducting pediatric trials, so many therapies used in pediatrics are not evidence-based (15). On the other hand, recent legislation has aimed to stimulate pediatric research and drug labeling (33). In such context, the off-label use of COVID-19 vaccines rises peculiar ethical and legal concerns, as many scientific organizations cautioned against it (34).



The importance of a safety culture

In the complex working environment of Children's Hospitals, it is necessary to improve the so-called “safety culture.” It consists, for professionals, in understanding e recognizing problems and risks in safety, understanding that the practice has value both for them and patients. It is also imperative for the hospital to have its safety policies, encouraging tailored and procedures baseline numbers about the safety problems before implementation (35, 36).

In light of these areas of vulnerability, pediatric clinical governance programs deserve specific attention. Several measures and tools could be implemented to reduce errors, promoting the so-called “safety culture”. The efforts to be done can be synthesized in these points:

• Special attention should be paid to training new healthcare professionals and integrating patient safety into ongoing medical education.

• Studies issuing pediatric patient safety should be promoted to improve working knowledge of children's patient safety issues throughout the pediatric community, especially in searching for a validated scale assessing the decision-making capacity of minors.

• Hospitals' safety policies should implement appropriate local procedures and train multidisciplinary teams to seek quality improvement, with a greater focus on the pediatric setting.

• The development process of pediatric guidelines and recommendations should be promoted.

It is our view that one of the best tools for implementing a “safety culture” is the so-called “clinical pathway”, which aims to standardize care processes and improve outcomes without increasing costs or compromising quality. Specifically, clinical pathways aim to integrate evidence into clinical practice and optimize patient outcomes while improving efficiency by translating national guidelines and the latest evidence into the local context. Multidisciplinarity and collaboration between all healthcare professionals are fundamental in the drafting and reviewing process of clinical pathways, also because they measurably improve many aspects of care for pediatric patients. As for guidelines, the spread of clinical pathways should be promoted, and where possible, it would be helpful to create a database to allow their dissemination in as many hospitals as possible and promote collaboration among these.

There is still a long way to go, but multidisciplinarity, the education of young professionals in the culture of safety, and the support of research in less explored fields are the keys to developing a safer healthcare system for pediatric patients.
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Purpose of the study: To assess perception, awareness, and attitudes regarding the medico-legal relevance of child maltreatment and management of pediatric patients during the COVID-19 pandemic in a cohort of medicine and surgery students, with a particular focus on child safety and maltreatment.

Methods: A cross-sectional, web-based survey was conducted through an anonymous questionnaire on the personal websites of Università Cattolica del Sacro Cuore medical students.

Results: The study included 1,166 participants, the majority of whom were experienced with child maltreatment and defensive medicine; only a small percentage was aware of the government's efforts to prevent child maltreatment and safeguard vaccination physicians. Moreover, there was no agreement on the use of telemedicine for non-serious pediatric patients or on the consequences it might have on their health. Finally, the detrimental impacts of lockdown on children's mental health are a major worry.

Conclusions: Knowledge of these themes is mainly implemented by deepening these concepts during the undergraduate studies since a high level of knowledge on child maltreatment and on the management of COVID-19 pandemic was significantly associated with clinical years of course. Specific seminars analyzing telemedicine and legislative protections concerning minors and those concerning vaccination doctors should be included in the study plan to raise awareness these concepts.

KEYWORDS
child maltreatment, child safety, medical liability, medical education, telemedicine, COVID-19, survey


Introduction

The first coronavirus disease (COVID-19) outbreak was announced at the end of December 2019 in Wuhan, China. The virus soon spread globally, and, for this reason, the World Health Organization declared a state of pandemic (1).

The first country that was affected in Europe was Italy. On January 31, 2020, the Italian government declared the state of emergency and established a number of measures aimed at limiting the spread of the virus.

The first nationwide lockdown was imposed on March 3, 2020, following the isolation of the first affected municipalities. Restrictions were implemented based on the regional spread of the virus until March 31, 2022 (2–4).

Many concerns have been raised about how these measures, particularly the lockdown, may affect the health, especially the mental health, of the most vulnerable individuals, including children.

Governments have taken steps to lessen the economic effects of the COVID-19 pandemic, but there has not been an adequate response to reduce domestic violence, child abuse and mental health deterioration (5). Added to this is the impact on the mental health of healthcare professionals who have been on the frontline during the pandemic and the constant risk of professional liability (6).

Doctors and medical and surgical students are probably ill-equipped to deal with the pandemic's effects on children's mental health and physician professional responsibility in the coming years.

For these reasons, the aim of this study was to assess how a cohort of medical students perceived, were aware of, and felt about the medico-legal relevance of these themes in the context of the COVID-19 pandemic, with a focus on child abuse and the treatment of pediatric patients.



Materials and methods


Study design and participants

A cross-sectional, web-based survey was conducted during May 2022, in the period immediately following the end of the State of Emergency. Through outlook form, an anonymous questionnaire was administered on the personal websites of medical students attending the undergraduate course at the Università Cattolica del Sacro Cuore. As this survey was addressed to medical students, the study was based on a non-probability, voluntary sample. Participation was voluntary and unpaid.



Questionnaire design

The questionnaire (see Supplementary File 1) consisted of various sections covering the following aspects: demographic data (gender, age, course year and region of origin), knowledge and awareness of child maltreatment and, finally, the aspects of patient management during the COVID-19 pandemic. In total, the questionnaire comprised 23 questions. Students were asked to answer the questions using both binary answers and a 5-point Likert scale.



Validation of the questionnaire

To further improve the study's quality, a two-step external validation process was used. First, a heterogeneous team of students and professors from various disciplines conducted cognitive pretesting on a small sample size of 8, and then a larger cohort of 50 medical students from the course of medicine and surgery underwent pilot testing (7, 8).



Statistical analyses

The reliability of the scales was measured using the Cronbach's alpha coefficient. Using 1,000 boot-strap samples, the 95% confidence interval (CI) for each alpha value was estimated. All variables were then subjected to descriptive analyses.

Using multivariable logistic regression models, factors of knowledge and awareness on the two issues of concern (management of the COVID-19 pandemic and child abuse) were analyzed. The two tiers of the two demographic variables—region of residence and year of course—were combined from the original numerous categories.

Regions were recoded into Center-North and South and Islands and year of course was recoded into preclinical years (1–4) and clinical ones (5 and 6). Respondents were judged to have a high degree of expertise when they correctly answered 75% of the included questions. Only dichotomic questions were included. Age, gender, course year, and region of residence were all covariates that were accounted for in the models. Multivariable logistic regression models were built using the Hosmer and Lemeshow method (9).

Each variable underwent univariable analysis using the proper statistical test (logistic regression model), and when the p-value was <0.15, it was added to the multivariable logistic model.

The influence of the independent variables on each binary outcome investigated was expressed as odds ratios (OR) and 95% confidence interval (CI).

All statistical analyses were performed using Stata software, version 14 (StataCorp LP, College Station, TX).



Ethical considerations

To participate, students had to give their informed consent. The study protocol was approved by the Ethics Committee of the Policlinico Universitario A. Gemelli IRCCS.




Results


Participants' demographic

Out of a total of 1,833 students, 1,183 questionnaires (64.54%) were collected. Seventeen of the latter were excluded because they did not provide informed consent or had incomplete information. Thus, 1,166 (98.56%) questionnaires were included in our results.

Table 1 provides a description of the response rate divided by course year. In general, a higher response rate was observed in the last 3 years compared to the first.


TABLE 1 Number of responses per course year.
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General characteristics of students

Table 2 provides information on the demographic characteristics of the participants. The median age of participants was 23.04 years (IQR 22–24), and females accounted for 52.74% of the total. Around 42% of the respondents attended the 5th and 6th year of course (21.36 and 20.33%, respectively). Most students were resident in Southern Italy (62.35%) and the most representative regions were Apulia, Latium, and Campania (23.41, 21.96, and 18.01% respectively) (Figure 1).


TABLE 2 Student responses to the questionnaire administered.
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FIGURE 1
 Map of percentages of respondents by region of origin.




Focus on child maltreatment

The majority of students (52.06%) were familiar with child maltreatment situations; in addition, there was a strong concern among them that both the number of occurrences of child abuse has grown since the pandemic and that it may continue to rise (94.94 and 89.97%, respectively).

Contrarily, few students were aware of the government's initiatives to reduce this phenomenon (11.66%).

All students agreed on the fact that health professionals must be adequately prepared to recognize child maltreatment cases and, the majority of them believe it is advisable to further their training on this subject during their studies (100 and 88.68%, respectively).

Finally, the majority of them concurred that social distancing and lockdown have had harmful effects on children's mental health or would in the future (agree 33.28%; strongly agree 42.11%).



Management of pediatric patients during COVID-19 pandemic

The majority of students were familiar with the concept of defensive medicine (73.76%); of the latter, approximately 78% agreed on the fact that pediatricians tend to be more prone to defensive medicine (agree: 54.19%; strongly agree: 23.60%) and that pediatric patients expose pediatricians to increased use of defensive medicine (81.28%).

Only 43.65% were aware of government measures to protect vaccine doctors, despite the fact that many believed measures should be implemented, and the majority of them are concerned because they believe there will be an increase in medical-legal litigation cases as a result of the pandemic (80.45 and 79.25%, respectively).

With regard to vaccination, many agreed that it should also be extended to pediatric patients (agree: 33.05%; strongly agree: 39.66%), though a minority agreed that parents should be adequately informed on the benefits, risks, and side effects of vaccines (agree: 26.61%; strongly agree: 13.99%).

Moreover, there was no agreement neither on the use of telemedicine for non-serious pediatric patients nor on the consequences it might have on their health.

Finally, although many of them agreed on the hospital management of pediatric patients during the pandemic (agree: 33.73%; strongly agree: 32.10%) many of them thought that such measures have had negative effects on children's mental health or will have in the future (agree: 36.02%; strongly agree: 37.74%).



 Multivariable analysis

Table 3 summarizes the results of the multivariable analysis.


TABLE 3 Knowledge and attitudes on child maltreatment and management of pediatric patients during COVID-19 pandemic (adjusted OR, Odds Ratio; CI, 95% confidence interval).
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A high level on knowledge on child maltreatment was significantly associated with the age of respondents (p < 0.0001), female gender (p = 0.00), clinical years of course (p < 0.001) and Southern regions of origin (p = 0.061). Testing the significant covariates in the regression, only the covariate on year of course remained statistically significant (p < 0.0001, adjusted OR 2.86 CI 95% [1.98–4.13]).

A high level of knowledge on the management of COVID-19 pandemic was significantly associated with the age (p < 0.001), clinical years of course (p < 0.0001) and knowledge on child maltreatment (p < 0.001). Testing the significant covariates altogether, age and clinical years of course remained significant (p < 0.001 adjusted OR 1.33 CI 95% [1.20–1.47] and p < 0.02 adjusted OR 1.54 CI 95% [1.07–2.22] respectively).




Discussion

According to our findings, the majority of students are familiar with child maltreatment situations; additionally, furthermore, there is a strong concern among them both that cases have increased during the pandemic, and that they may increase in the future.

These results are consistent with earlier studies that showed how the COVID-19 pandemic has amplified dangerous conditions for children, families, and communities worldwide, despite the fact that no studies have ever been conducted to assess the perception of child maltreatment among undergraduate medical students (10–14).

However, it is important to emphasize that, in contrast to research done in the pre-pandemic period, medical students are more familiar with this topic, and that this knowledge is mostly tied to the year of the course to which they belong (15–17).

Indeed, after evaluating the significant variables in the regression, only the covariate on course year remained statistically significant on awareness of child maltreatment. These findings might be the fact that in the fifth and sixth years of the program, both the forensic medicine and pediatrics courses examine the risk factors of child abuse. Finally, students agree that these topics should both be known by all healthcare professionals and explored in depth during undergraduate studies.

For these reasons, we are convinced that additional seminars analyzing these topics from both a clinical and a medico-legal point of view during the degree course could be beneficial (18).

Regarding management of pediatric patients during the COVID-19 pandemic, most students that were familiar with the concept of defensive medicine agreed that pediatric patients expose pediatricians to an increased use of defensive medicine. In this regard, several studies have shown an increased risk of using defensive medicine to avoid the risk of medico-legal litigation among physicians; parental worry and anxiety, even for conditions that could be managed at home, may be the major contributing factors when dealing with pediatric patients. In such cases, unnecessary tests are also carried out with the aim of preventing the risk of complaints. It is important to acknowledge that even students, due to a lack of faith in insurance coverage, believe that defensive medicine could be a solution when dealing with pediatric patients; indeed, the lack of confidence in insurance coverage was identified as a key predictor of defensive medicine practice itself (19, 20).

On the other hand, some authors have demonstrated a greater rate of appropriateness of imaging studies during the pandemic, via a decrease in imaging investigations without evidence of bone fractures, thus implying a reduction in the use of defensive medicine (21).

In agreement with earlier research, many physicians, including vaccination doctors, are concerned about the rise in medical-legal lawsuits brought on by the epidemic (6).

This may also help explain why many physicians believe that the government's regulations for vaccination physicians should be enacted even if only a small percentage of people are aware of them (22).

A critical aspect also emerged from this survey: the lack of awareness of the legislative protections around the use of telemedicine for pediatric patients. In fact, there was no consensus about either the use for pediatric patients who weren't in a life-threatening situation or the potential effects on their health. This lack of agreement could be due to several factors, including the lack of understanding of the concept of telemedicine and the possibility that those from lower socioeconomic groups won't have access to treatment, leading to an increase in disparities (23).

In addition to this is the fact that legal issues may arise with informed consent, authorization, and accreditation profiles to the protection of patients' personal data; thus, as suggested by some authors, there is a need for governments to further develop legislations to ensure the safety of patients managed through the use of telemedicine (24, 25). Finally, a strong concern about the present and future impact of the lockdown and intra-hospital isolation measures on children's mental health emerged from the study. This strong concern is supported by evidence from the worldwide literature in addition to being perhaps related to how the lockdown affected students' mental health.

In fact, on the one hand, Nearchou et al. demonstrated how COVID-19 has had a negative impact on young people's mental health, which is primarily characterized by depression and anxiety, on the other hand, Villani et al., in a study aimed at assessing the psychological impact of the pandemic on undergraduate students, showed that 35.33% of University students had symptoms of anxiety and 72.93% of depression, although with mild symptoms (26–28).

For these reasons, it could be beneficial to establish as many mental health support services oriented on offering measures for supporting healthy coping mechanisms throughout the current crisis as possible. The strengths and weaknesses of this study must be taken into account. Because enrollment is restricted to a single University, it is possible that it may not be accurately representative of the medical and surgical student population in Italy. This study, however, is the first to examine the perceptions, understanding of, and attitudes of medicine and surgery students toward themes of medico-legal importance in the context of the COVID-19 epidemic, with an emphasis on child safety and child maltreatment. It could offer a practical instrument to approach these subjects in training sessions and educational initiatives.



Conclusions

Our study showed that medicine and surgery students are familiar with the concepts of child maltreatment, child safety, and medical liability regarding the management of pediatric patients during COVID-19 pandemic.

This knowledge is mainly implemented by deepening these concepts during the undergraduate studies since a high level of knowledge on child maltreatment and on the management of COVID-19 pandemic was significantly associated with clinical years of course.

In addition, low level of knowledge of telemedicine, legislative protections concerning minors, and those concerning vaccination doctors emerged.

For these reasons, we believe that specific seminars analyzing these concepts should be included in the study plan, as well as multidisciplinary seminars held by forensic scientists, pediatricians, and social workers in order to raise awareness on the phenomenon of child maltreatment also among “future doctors”.
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Background: There currently is no evidence that COVID-19 has had an impact on the rates of psychological abuses occurring when a minor witnesses interpersonal violence.



Aim: Our aim was to describe the accesses of the last four years to the Emergency Department of a tertiary hospital (Careggi University Hospital—Florence, Italy) due to this issue and then to evaluate whether the COVID-19 has had an impact on this trend.



Methods: We collected data regarding cases of abuse in which at least a minor had reportedly witnessed the event. Medical records stored between January 1, 2018 to January 1, 2022 were analyzed, extracting sex, age and nationality of the victim; sex of the perpetrator and relationship with the victim; known previous episodes of abuse in the medical history of the victim; setting of the abuse (domestic vs. non-domestic); type of abuse (physical, psychological, sexual); whether the perpetrator was under the influence of alcohol/drugs; whether the victim was hospitalized; prognosis of the victim; number, relation with the victim and involvement in the abuse (as co-victim) of the minor(s) who witnessed the abuse.



Results: A total of 167 eligible cases were registered. 69% of victims had previous episodes of abuse. The perpetrators were all known and mainly males (96%).The abuses were mainly domestic (79%). In 74% of the cases only a type of violence was perpetrated. In 12% of the cases, the minors were also victims of physical abuse. No statistically significant relationships were found between the start of the COVID-19 pandemic and the changes in the number of cases of domestic abuse (p = 0.07), physical abuse (p = 0.62), psychological abuse (p = 0.83) or sexual abuse (p = 0.88). However, during the institutional lockdown in Italy (March-May 2022) only two cases occurred – a number that did not allow period-specific statistical inference.



Conclusions: Empowering the hospital policies specifically aimed at identifying and protecting the victims of violence/witnessed violence remains a critical goal from both a public health and medico-legal point of view.
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abuse, witnessed violence, violence, children, COVID-19





Introduction

Child abuse and domestic violence represent serious public health issues associated with severe long-term physical, social and mental health outcomes along with relevant economic burden (the only cases of child sexual abuse in the United States entail lifetime economic costs for 9.3 billion $) (1–6). There are several kinds of abuse, like physical, psychological and sexual abuse (1, 7).

Witnessing violence is recognized as a form of psychological child abuse (8–11). Indeed, even only the awareness of potential violence between caregivers can be experienced by a minor in an extremely stressful fashion (10). From a legal point of view, in European Union, treaties (Istanbul Convention) and national laws (e.g., in Italy, Law n. 69/2019) recognize minors who witness violence as victims of abuse, stress the importance of combining repression and prevention and regulate mandatory reporting in these cases.

Children who witness violence – especially in case of recurrent episodes –tend to develop impaired attachment to primary caregivers and are exposed to significant physical, social and psychological issues like post-traumatic stress disorder and suicide (1, 2, 12–16). The particular vulnerability of the children is due to their scarce cognitive ability to distinguish between a threat to an adult and a threat to themselves (1).

The adverse outcomes tend to emerge during adolescence, for instance as anti-social/risky behaviors, since the scarce parental attachment and problems in the domain of externalizing (e.g., aggressivity) can lead to violent behaviors and delinquency (9, 17). On the other hand, minors who start to witness violence during adolescence are exposed to risks similar to younger children. Indeed, adolescents can be impaired in their psychological and emotional normal growth, thus being highly exposed to risks of mental and/or physical disturbances or unhealthy/anti-social/risky behaviors like the use of illicit substances (9, 18–23). Moreover, these minors are at risk of becoming authors of interpersonal violence during adulthood (1, 2, 6).

Among the factors that increase the incidence of abuses in a population, there certainly is the occurrence of disasters as a collective and highly stressful situation (7). COVID-19 pandemic is one of the most significant examples of mass disaster in human history, having imposed radical changes to the society and families from social and behavioral points of view (24). In particular, according to several authors, COVID-19 pandemic – and in particular the subsequent institutional lockdowns – has exposed the victims of domestic violence at higher risks, forcing them to remain with their perpetrators and making it difficult for them to access health/mental care facilities (1, 25). Moreover, the pandemic has increased the risk for the minors to witness domestic violence, since the schools' closure (1, 25).

However, Ferrara et al. underlined that, albeit COVID-19 led to an upward trend in domestic violence, very little attention has been paid to the effect of the pandemic on the incidence of minors witnessing domestic abuse (16).

Our aim was to describe the trend of the last four years in the accesses to the Emergency Department of a tertiary hospital (Careggi University Hospital—Florence, Italy) due to abuses in which at least a minor had reportedly witnessed the event and then to evaluate whether the COVID-19 has had an impact on this trend.



Materials and methods

We collected data regarding cases of abuse in which at least a minor had reportedly witnessed the event in the specialized section of the Emergency Department of a tertiary hospital (Careggi University Hospital—Florence, Italy). In particular, when a patient reports abuse at the hospital admission, a specific code is assigned and a specialized medical unit is alerted. In cases of abuses witnessed by minors, the information obtained from the patient is recorded and communicated to the police as required by national law.

Medical records stored between January 1, 2018 to January 1, 2022 were analyzed, extracting in anonymous way these data: sex, age and nationality of the victim; sex of the perpetrator and relationship with the victim; known previous episodes of abuse in the medical history of the victim; setting of the abuse (domestic vs. non-domestic); type of abuse as reported by the victim (physical, psychological, sexual); whether the perpetrator was under the influence of alcohol/drugs; whether the victim was hospitalized; prognosis of the victim; number, relation with the victim and involvement in the abuse (as co-victim) of the minor(s) who witnessed the abuse.

Statistical analysis (Pearson's chi-squared test) was performed to evaluate whether the pandemic has had an impact on the relationship between the primary victim and the perpetrator and on the number of cases of domestic abuse, physical abuse, psychological abuse and sexual abuse. In order to perform it, cases were grouped in four different classes: (A) cases occurred in 2018 and 2019; (B) cases occurred in 2020 and 2021; (C) cases occurred in March-May 2020 (the period of the institutional lockdown in Italy); (D) cases occurred in March-May 2019. Variables were compared between class A and class B and between class C and class D.

A p-value equal to or lower than 0.05 was set as cut-off for statistical significance. The software used for statistical analysis was IBM SPSS Statistics for Windows, Version 24.0 (IBM Corp., Armonk, NY).

The study was approved by the competent institutional research ethics committee and was performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards.



Results

683 cases of abuse in general and 167 victims of abuse witnessed by at least a minor were admitted to the specialized section of the Emergency Department during the study period (Figure 1).


[image: Figure 1]
FIGURE 1
Admissions due to abuse in general and to abuse reportedly witnessed by at least a minor.


Regarding the primary victims targeted by the perpetrator (Table 1), the 96% (160) of them were females and only the 4% (7) males; only the 1% (2) of them were minors; the 49% (81) were not of Italian nationality. Moreover, the 69% (116) of victims had previous episodes of abuse in their medical history. In 3 out of 167 (2%) cases the victim was hospitalized. The prognosis ranged between 0 and 40 days, with a mean value of 7 days and a median of 6 days.


TABLE 1 Primary victims (Panel A) and perpetrators (Panel B) main characteristics.
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The perpetrators were all known and mainly of male sex (96%–161%), and only in 9 cases (5%) the perpetrator committed the violence under the influence of alcohol and/or drugs (Table 1).

The perpetrator was the partner at the time of the crime, the former partner, the son, the parent or a relative of the primary victim in, respectively, 117 (70%), 32 (19%), 4 (2%), 4 (2%) and 2 (1%) cases (Figure 2). Regarding these variables, no statistically significant relationship difference between class A and class B (p = 0.64).


[image: Figure 2]
FIGURE 2
Relationship between the primary victim and the perpetrator.


The abuse was perpetrated more frequently in the domestic setting (132 cases – 79% vs. 35 cases −21%) (Table 2).


TABLE 2 Abuse circumstances.
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In 123 (74%) cases only a type of violence was perpetrated: 114 (68%) cases consisted in physical abuses and 9 (6%) in psychological ones. In the remaining 44 (26%) cases, at least two kinds of abuse co-occurred: in 42 (25%) physical and psychological; in a case physical and sexual; in a case physical, psychological and sexual (Table 2).

In 121 (72%) cases, only a child witnessed the abuse, while in the remaining 46 (28%) cases more children assisted to violence. In 12% (20) of the cases, the minors not only witnessed the violence towards other people but were also primary victims of physical abuse (Table 2).

The minor was a child or a relative of the primary victim, respectively, in 141 (84%) and 5 (3%) cases, and a child of the perpetrator in 2 (1%) cases (Figure 3).


[image: Figure 3]
FIGURE 3
Relationship between the minor witnessing the abuse and the primary victim.


In order to perform statistical analysis, cases were grouped in four different classes, as described in the previous section.

First, statistical analysis was performed comparing class A and class B (Table 3).


TABLE 3 Statistical comparison between cases occurred in 2018 and 2019 (A) and cases occurred in 2020 and 2021 (B).

[image: Table 3]

Class A consisted in 92 cases, of which 68 occurred in the domestic setting, 82 were physical abuses, 28 psychological abuses and a single case of sexual abuse.

Class B consisted in 75 cases, of which 64 occurred in the domestic setting, 65 were physical abuses, 24 psychological abuses and a single case of sexual abuse.

No statistically significant relationships were found between the start of the COVID-19 pandemic and the changes in the number of cases of domestic abuse (p = 0.07), physical abuse (p = 0.62), psychological abuse (p = 0.83) or sexual abuse (p = 0.88).

Statistical analysis on the comparison between class C and class D was not performed because, while class D consisted in 11 cases, class C consisted in only two cases (both of them were male perpetrators who perpetrated physical and psychological violence against their partners in the domestic setting).



Discussion

The research goal was to describe the trend of the last four years in the accesses to the Emergency Department of our tertiary hospital due to abuse in which at least a minor had reportedly witnessed the event and, then, to evaluate whether the COVID-19 has had an impact on this trend.

To the best of our knowledge, it is the first original research paper to describe this phenomenon focusing on the minors who witness violence and to try to make inference on the possible influence of the pandemic on it.

The role of the COVID-19 is of great scientific interest because, albeit – as said – disasters usually led to an increase in violence, the pandemic led to isolation and reduced the access to healthcare. Indeed, Viero et al. reported a downward trend in the access to the services dedicated to the victims of violence in an Italian center during the COVID-19 lockdown (7). Despite this, in 2022 Anastasia et al. performed an observational cross-sectional study on 212 mother–child dyads from February 2020 to January 2021, finding a 43.9% prevalence of intimate partner violence among the mothers at the pediatric Emergency Department (and thus inferring that there was a similar prevalence of children exposed to violence) (11).

In our study, only 30 cases were reported in 2020 (the year in which the access to health services was more difficult), while in 2021 the number of the cases (45) was even higher than that of 2018. The statistical analysis performed to compare the pre-pandemic period with the last two years failed to find a statistically significant explanation for these changes. However, if only the period corresponding to the institutional lockdown (March–May 2020) is considered, only two cases occurred, regarding women who were victims of physical and psychological abuse perpetrated by their partners in the domestic setting. This number suggests an influence of the pandemic even if, at the same time, makes impossible to perform a statistical comparison.

As said, the setting of the abuse is extremely relevant for the minor who witnesses violence. Indeed, more than 50% of the cases of physical or psychological abuse of minors is reportedly perpetrated by household members (26). In accordance with this evidence, the striking majority of our cases occurred in the domestic setting (79%).

The incidence of intimate partner violence has been reported to be higher among ethnic minorities and in cases of acute/chronic use of alcohol and/or drugs (1, 17, 27). Instead, in our cases the 49% of the victims belonged to an ethnic minority and only in the 5% a state of acute intoxication of the perpetrator was reported.

In the 12% of our cases, the child was not only a victim of the psychological abuse related to having witnessed violence but was also a victim of physical abuse. Minor abuse and minor exposure to violence frequently co-occur, especially when the violence is domestic (28). Moreover, about the 71, the 56% and 51% of the children who witness intimate partner violence are also victim of, respectively, sexual, physical and emotional abuse (29). In these cases of co-occurrence of different kinds of abuse, the term polyvictimization should be used. Polyvictimization represents a particularly severe issue, because it is known to relate to more severe outcomes for the minor (30).

Another important evidence we found is that the 69% of the cases consisted in recurrent episodes of abuse. Indeed, abusers tend to re-perpetrate violence (1, 6). Moreover, (any form of) child abuse is a transgenerational problem, since abused minors are exposed to a higher risk of becoming abusers during the adulthood (8, 9). The relationship between recurrence of the abuse and risk of becoming a abuser is due to the fact that, according to the social learning theory, the minor who witnesses frequent episodes of violence develops the idea that using violence in the interpersonal relationships is normal and thus is prone to imitate the experienced behavior (9).

Since – as said – abuse entails a high risk of adverse outcomes for the victim and the risk of transforming the victim into a future perpetrator, exposure of a minor to violence has been included in worldwide mandatory reporting legislation (10).

Instead, from a public health point of view, several authors advocated an empowerment of the interventions targeted at enhancing the help-seeking behaviors and the identification/protection of the cases of interest, with particular regard to the high-risk categories (like institutionalized minors) (1, 7).

In particular, specialized health services dedicated to the victims of violence and to the minors who witness violence are crucial parts of a public health strategy aimed at contrasting the social/legal/economic implications of abuse and its long-term health outcomes (11). Indeed, this issue is often misrecognized and underaddressed by non-specialized healthcare professionals, leading to a failure to implement early professional-driven interventions for secondary prevention (e.g., counselling, cognitive behavioral therapy) and to report the crime(s) to the competent public authorities (7, 8, 10, 31–36). Indeed, the professionals operating in healthcare often do not have a clear idea of what should be considered reportable and they tend to avoid to report the exposure of children to interparental violence because of the fear of a further victimization of the abused parent (10). The two most important interventions to address these issues are represented by a rigorous education of the personnel and the inclusion of experts in legal/forensic medicine into the multidisciplinary teams that visit the cases of abuse (6).

A professional-driven approach to the identification of these cases is also needed because minors can be impacted in disclosing the witnessed episode, since feelings of isolation, shame, fear and guilt are very common (9, 28). As said, early identification of abused minors can limit or avoid negative outcomes enhancing their coping skills and allowing the development of a positive relationship with caring, non-abusive adults (28).

In particular, as stressed by Offidani et al., these specialized services must be provided by Emergency Departments (as in our institution), in order to allow an early identification of these cases of interest and thus to address their specific medical, social and legal needs in a proper and effective fashion (31).

Finally, as suggested by our data, pandemic can influence the accesses to these centers, and thus the adoption of evidence-based interventions to enhance the safety of the healthcare environment must be implemented to encourage the victims of violence to seek assistance and to grant them, especially in cases of domestic violence, a safe environment in which they can live.



Conclusion

Despite mass disasters usually leading to an upward trend in abuses (particularly referring to domestic abuses), there is currently no evidence that COVID-19 has had an impact on the rates of the specific form of psychological abuse occurring when a minor witnesses interpersonal violence. According to our cases, the most likely explanation is given by the extremely few cases reported during the phase of the institutional lockdown. This fact represents an issue because – as shown by our cases – most of the abuses of interest is to be classified as intimate partner violence, and during the institutional lockdown both the abused partners and the minors were forced to stay with their perpetrators and, at the same time, tended to avoid accessing to hospitals since the pandemic. However, in order to try to overcome the limitation given by the few reported cases during the institutional lockdown, multicentric studies are needed. That being said, empowering the hospital policies specifically aimed at identifying and protecting the victims of violence and of witnessed violence is a critical goal from both a public health and medico-legal point of view.



Limitations

The results of our study stress that future research on this matter should be multicentric, needing the combination of the datasets of several centers to obtain an adequate sample for the statistical analysis regarding the specific and relatively short period of the institutional lockdown.
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Objective: The majority of pediatric severe acute respiratory syndrome coronavirus 2 (COVID-19) cases demonstrate asymptomatic, mild or moderate disease. The main symptoms in children with COVID-19 are respiratory symptoms but some patients develop gastrointestinal symptoms and liver injury. We aim to review gastrointestinal symptoms and liver injury in children with confirmed COVID-19 infection.



Method: This is a retrospective case note review of children with positive COVID-19 nasal Polymerase Chain Reaction aged 0–18 years admitted to a tertiary pediatric hospital from March 1st till June 1st 2020.



Results: 180 children were identified. Mean age was 5 years (Range: 0.01–17), the majority of patients were school aged (30%). Patients were mainly from East Asia 81 (45%) and Arabs 67 (37%). Gastrointestinal symptoms were encountered in 48 (27%) patients and 8 (4%) patients had only Gastrointestinal symptoms with no associated fever or respiratory symptoms. Liver injury was seen in 57 (32%) patients. Patients with fever and cough were more likely to have gastrointestinal symptoms (P = <0.001 and 0.004 respectively). Fever was more likely to be associated with liver injury (P = 0.021). Children with abdominal pain were more likely to have elevated C-Reactive Protein (P = 0.037). Patients with diarrhea and vomiting were more likely to have elevated procalcitonin (P = 0.034 and 0.002 respectively). Children with Gastrointestinal symptoms were not more likely to be admitted to Pediatric Intensive Care Unit (P = 0.57).



Conclusion: COVID-19 infection in children can display gastrointestinal symptoms at initial presentation. Additionally, gastrointestinal symptoms can be the only symptoms patients display. We demonstrated that children with gastrointestinal symptoms and liver injury can develop more severe COVID-19 disease and are more likely to have fever, cough, and raised inflammatory markers. Identifying children with gastrointestinal manifestations needs to be part of the initial screening assessment of children.


What is known?


	•Pediatric COVID-19 cases mostly demonstrate asymptomatic, mild or moderate disease.

	•The symptoms in children are mainly respiratory but some display gastrointestinal symptoms.

	•Children with COVID-19 display increased gastrointestinal symptoms when compared to adults.



What is new?


	•Children with COVID-19 displaying gastrointestinal symptoms are more likely to have fever, cough and elevated inflammatory markers.

	•Children with liver injury are more likely to develop fever.

	•Children with gastrointestinal involvement in COVID-19 are more likely to demonstrate more severe disease but are not more likely to be admitted to PICU.
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Introduction

Severe acute respiratory syndrome coronavirus 2 was the cause of a series of cases with severe pneumonia initially reported in Wuhan, China (1, 2) declared as COVID-19 by the WHO. 2.1%–5% of infected cases are children (3, 4). The pediatric population display a mild disease and majority (over 90%) have mild, moderate or asymptomatic disease (5–8) Approximately 1% of children develop severe disease requiring admission to intensive care unit (9).

The typical presentation of COVID-19 includes fever, weakness, nausea, and pulmonary symptoms such as dry cough and dyspnea. A proportion of affected patients also have digestive manifestations, such as anorexia, nausea, vomiting, diarrhea, and abdominal pain. In addition, liver injury is well described in children with COVID-19 infection. Viral fecal shedding for several weeks after diagnosis has been reported (10), COVID-19 virus was observed in rectal swabs in eight out of ten children after nasopharyngeal swabs returned negative (11). The viral shedding in stool and nasal secretions make children possible facilitators of viral transmission (5) and is one of the possible explanations for the prevalence of Gastrointestinal (GI) symptoms in CVOID-19 infected children.

GI symptoms are reported to range from 12% to 21% in the pediatric literature with varying frequencies in the United States, Europe and China (11–13). In addition, gastrointestinal symptoms are observed more frequently in children with younger age and fever (14). Children with GI symptoms show higher levels of C-reactive protein and procalcitonin this suggests that more severe COVID disease is observed with GI symptoms in children (15).

The United Arab Emirates (UAE) developed a strong testing program. They performed Polymerase Chain Reaction (PCR) nasal swab tests of 2,850 per 100,000 population per day (11), achieving identification and isolation of most paediatric COVID-19 infected children. We aim to review GI symptoms and liver injury in children with COVID-19, to evaluate risk factors predisposing for GI symptoms, and to assess if GI symptoms and liver injury are associated with more severe COVID-19 disease in our population.



Method

Approval from the Institutional Review Board Committee for COVID-19 research in the Department of Health, Abu Dhabi was obtained. We retrospectively reviewed the electronic medical records of patients with COVID-19 diagnosed based on nasal swab PCR aged 0–18 years old from 1st of March to 1st of June 2020. This study was conducted at the start of the pandemic. At the start of the pandemic all paediatric patients were admitted to hospital, Sheikh Khalifa Medical City (the only designated pediatric COVID-19 Hospital in Abu Dhabi City for children) to ensure appropriate isolation measures are carried out and the medical needs of the children are met. Patients were reviewed by a pediatrician daily and were discharged if they had two negative COVID-19 PCR test 48 h apart and were medically fit for discharge.

This patient sample has been utilized in another publication, British Medical Journal, Paediatrics open 2021, Clinical manifestation and outcome in children with COVID-19 infection in Abu Dhabi: a retrospective single centre study.

We collected patient demographics, ethnicity, Body Mass Index (BMI), length of admission, background clinical conditions, symptoms at presentation, biochemical markers, complications and mortality. Presenting symptoms reviewed were fever, cough, abdominal pain, diarrhea, and vomiting. Biochemical markers included C-reactive protein (CRP), procalcitonin, lymphocyte count, Alanine aminotransaminase (ALT) and Aspartate aminotransferase (AST). Patients with temperature >37.8 °C were considered to have fever, liver injury was defined as an increase in either AST or ALT or both above normal level for age and sex. Elevated CRP and Procalcitonin were defined as an increase above normal level for age. Lymphopenia was defined as a lymphocyte count below normal level for age and sex. Patients were classified as underweight if BMI was <18.5 kg/m2, healthy if BMI was between 18.5 and 25 kg/m2, overweight if BMI was 25 to 30 kg/m2 and obese if BMI is >30 kg/m2. All patients were followed up for 1 year for COVID related complications.



Statistical analysis

The Statistical Package for Social Sciences version 21.0 for Windows (SPSS Inc., Chicago, IL, USA) was used. Categorical variables are presented as frequency and percentage, while numerical variables are presented as mean ± standard deviation (SD), and or median (centile) with range. Correlation between categorical variables was analyzed using chi-square or Fisher's exact test, as appropriate. Comparison of non-normally distributed numerical variables was carried out using nonparametric tests including median test. A p value of <0.05 was considered to reject the null hypothesis. Sex, age, ethnicity, BMI, background medical disease, cough and fever were analyzed using multiple regression analysis to evaluate risk factors predisposing to gastrointestinal symptoms. For modeling binary outcomes, (GI complications, No GI complications), we transformed the fitted value from a linear regression to FIT in between 0 and 1. One can interpret it as a probability of a match conditional on the regressor value.



Results

180 children were identified. Patient demographic is described in Figure 1. 92 (51%) patients were males, mean age was 5 years (Range: 0.01–17). The majority of patients, 54 (30%) were school aged, 6–13 years old. Followed by infants, <1 year, 41 (23%) patients. Patients were mainly from East Asia, 81 (45%) patients, and Arab patient were the second common ethnicity, 67 (37%) patient. BMI was only checked for 152 patients, most patients 103 (67%) were underweight, 37 (25%) patients had normal BMI, there were 12 (8%) patients with BMI > 25 kg/m2 and of these 12 patients, six were obese.


[image: Figure 1]
FIGURE 1
Patient demographics.


Clinical presentation included; fever in 84 (47%) patients, 62 (34%) patients with cough, 48 (27%) encountered GI symptoms, 32 (18%) presented with diarrhea, 20 (11%) patients suffered from vomiting, and 17 (9%) had abdominal pain (Figure 2). Interestingly, 8 (4%) patients only had GI symptoms with no associated fever of respiratory symptoms. The most common inflammatory marker to be elevated was CRP, 41(23%) had elevated CRP, lymphopenia was only seen in 26 (14%) patients and only 5 (3%) patients had elevated procalcitonin. Liver injury in the form of elevated ALT and/or AST was seen in 57 (34%) patients. Median ALT was 22 IU/L (Rang: 5–220), Median AST was 46 IU/L (Rang: 31–359).


[image: Figure 2]
FIGURE 2
Clinical data.


Sex, age, ethnicity, BMI, background medical disease, cough and fever were analyzed using multiple regression analysis to evaluate risk factors predisposing to gastrointestinal symptoms (Table 1). Children with fever and cough were more likely to have GI symptoms (P = <0.001 and 0.004 respectively). Sex, age, ethnicity, BMI, and patient having a background medical disease did not predispose to the development of GI symptoms. Children with abdominal pain were more likely to have elevated CRP (P = 0.037). Patients with diarrhea and vomiting were more likely to have elevated procalcitonin (P = 0.034 and 0.002 respectively). Patients with fever were also more likely to have liver injury (P = 0.021).


TABLE 1 Regression analysis, predisposing factors to development of GI symptoms.

[image: Table 1]

Overall, 52 (29%) had comorbid medical diseases (Figure 3) including one of the patients with multiple organ transplantation; liver, bowel and pancreas transplant, this patient developed post COVID small intestinal rejection 10 days post COVID infection. The median length of hospital stay was 6 days (Range: 0–60). The patients were allowed to be discharged to the community if they had two COVID negative PCR tests 48 h apart. Six (3%) patients were admitted to Pediatric Intensive Care Unit (PICU) and there was no reported mortality. Of the six patients admitted to PICU; only one patient had GI symptoms, and only one patient was obese with BMI of 33.68 kg/m2. Children with GI symptoms were not more likely to be admitted to PICU (P = 0.57).


[image: Figure 3]
FIGURE 3
Background medical disease.




Discussion

Respiratory illness is the main presentation of Children with COVID-19 disease and GI symptoms can also be present. GI symptoms had been reported in 24.8% of paediatric patients (16). 27% of patients in our review experienced GI symptoms. GI manifestations in COVID-19 includes; diarrhea (2%–50%), anorexia (40%–50%), vomiting (4%–67%), nausea (1%–30%) and abdominal pain (2%–6%). Diarrhea and vomiting are the most common GI symptoms described (17). We observed diarrhea in 18%, vomiting in 11% and 9% had abdominal pain. 4% of our patients had GI symptoms as the first presenting symptoms without other associated respiratory symptoms or fever. Therefore, it is important to consider COVID-19 infection in children presenting with GI symptoms with early testing, promoting patient and staff safety.

GI symptoms can be associated with severe COVID-19 in children. A multicenter study of 101 pediatric inpatients described patients presenting with GI symptoms had higher CRP, procalcitonin, ferritin values and admission to PICU (15). The levels of CRP had an expectedly high predictive value as they reflect the activity of an inflammatory process (18). In our cohort, children with GI symptoms were more likely to have fever (P < 0.001) and cough (P = 0.004). Abdominal pain was associated with elevated CRP (P = 0.037), diarrhea and vomiting were associated with elevated procalcitonin (P = 0.034 and 0.002 respectively). However, we did not observe increased PICU admissions in children with GI symptoms (P = 0.57). In addition, children with elevated liver enzymes were more likely to have fever (P = 0.021). Therefore, children with GI symptoms and liver injury in our study were more likely to have abnormal inflammatory markers and display a more severe COVID-19 infection.

Previous studies performed in the United Arab Emirates demonstrated an increased risk for men of all ages to require intensive care (p < 0.01). Males were more likely to have at least moderate disease severity (p = 0.0083) and the risk of the non-mild COVID-19 was significantly higher (p < 0.05) in midlife adults and older adults compared to young adults (19). In addition, Al Zahmi et al. demonstrated that Caucasian or East-Asian COVID-19 patients tended to have a more severe disease despite a lower risk profile. In contrast to this, Middle Eastern COVID-19 patients had a higher risk factor profile, but they did not differ markedly in disease severity from the other ethnic groups (20). In this review, sex, age, ethnicity, BMI, and patient medical background medical disease did not predispose to the development of GI symptoms.

Approximately 1% of children with COVID-19 develop severe disease requiring admission to intensive care unit (9). Six (3%) of our patients required admission to PICU; of those 6 patients, 5 had background complex medical disease and 1 was obese. A metanalysis on 285,004 children with confirmed SARS-CoV2 infection, 9,353 (3.3%) had at least one underlying comorbidity, of which 5.4% were obese. Among 507 obese children, 64 had severe COVID-19 or required ICU admission, with a calculated risk of severity of 2.87 (95% CI 1.16–7.07) (21). Among the180 patients included in this study, 52 (29%) had background medical disease, 12 (7%) were obese. Among the 12 obese children, 1 patient developed severe COVID infection and required PICU admission. Despite this the outcome was very good with no reported mortality and only one patient developed long term complication.

The authors recognize a few limitations to this study. Firstly, this is a retrospective study and as such may be limited by inaccurate documentation. Secondly, some children with COVID-19 may not have been captured in this study despite the extensive testing and contact tracing within the United Arab Emirates. Thirdly, BMI and blood testing was not performed in all patients. Fourthly, this is a relatively small study with small sample size which may limit the power of conclusions drawn from this study. Fifthly, despite the low accuracy of the multiple regression model, it helped us to analyze statistically significant predictors and draw important conclusions about how changes in the predictor values are associated with changes in the response value. The supposed reason for the low R-squared value is the limit sample size and the high number of regressors. With an increasing number of regressors, we need an increasing amount of data to obtain reliable estimates. Finally, we also acknowledge that the study was performed at the initial time of the pandemic and there are new strains that have evolved after the study period.

This preliminary examination of GI manifestation of COVID-19 disease in children suggest that children do not always present with fever or cough. Vomiting, diarrhea and abdominal pain need to be considered as part of the screening assessment in children. Children with GI symptoms are likely to have fever, cough and raised inflammatory markers and therefore display a more sever clinical course. Although COVID-19 has a favorable clinical outcome in children, the importance of identifying pediatric cases is to reduce the spread of infection and identify high risk patients.
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March 2020 (T0) June 2020 (T1) October 2020 (T2) January 2021 (T3) April 2021 (T4)

Intervention Patients ~ Days  Patients Days Patients Days Patients Days Patients  Days
Hypospadias repair 208 142 298 185 311 167 317 176 272 193
Orchidopexy 257 75 228 109 275 104 314 % 274 110
Foreskinplasty (phimosis) 183 80 178 124 199 116 256 % 247 137
Cystoscopy (diagnostic or therapeutic) 85 79 92 114 76 % 91 118 89 127
Pyeloplasty (open or laparoscopic) 18 55 18 60 18 36 19 47 15 34
Heminephrectomy or nephrectomy (open) 10 %0 13 % 8 104 15 65 13 51

Surgery of the kidney (iaparoscopic or 4 36 2 119 4 38 5 66 6 7

robotic)

Bladder surgery for ureteric pathologies 49 76 30 124 2 118 30 102 32 79
(open)

Intervention for uroiithiasis 3 20 4 66 7 122 9 48 8 78
Bladder exstrophy closure 1 30 3 7 3 148 5 50 1 49
Epispadias surgery 5 142 8 155 6 197 9 158 9 144
Surgery of the bladder (aparoscopic or 3 60 2 121 1 16 3 a7 4 150
robotic)

Bladder neck surgery for incontinence 1" 151 7 274 5 320 5 384 6 360
(open)

PSARP 9 32 8 55 8 65 6 ) 5 78
Reversal of colostomy 8 56 7 80 7 101 3 242 3 313
Others 66 61 67 126 % 84 81 % 139 138
Total/mean 1,010 74 965 118 1,048 114 1,168 18 1,123 128

Procedures reported by centers in the category *Others” included: Hernias, JJ-stent removal, varicocele, hydrocele, urogenital sinus correction, urachal cyst correction, labia minora
hypertrophy correction, various biopsies, vesicostomy, ureterostomy reconstruction, and buried penis correction.
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No 31% (51)
Hospitalized Yes 2% (3)
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Panel B: perpetrators
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Crime committed under alcohol/drug influence Yes 5% (9)
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answers of students
1 152 299 5083
2 152 295 5153
3 187 269 6952
4 189 270 70
5 249 286 87.06
6 237 414 57.25

Total 1,166 1,833 63.61
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Variable Category Number Percent (%)

General characteristics of students

Age Median 23.04 (S.D. 1.80,
1QR22-24)
Gender Male 551 47.26
Female 615 5274
Year of course 1 152 1304
2 152 1304
X 187 16.04
4 189 1621
5 249 21.36
6 27 2033
Area of origin Southern regions 654 56,09
Center regions 313 26.85
Islands 107 9.19
Northern regions % 79
Area of residence Center-North 39 37.65
South and Islands 727 6235
Focus on child maltreatment
Knowledge of child maltreatment situations Yes 607 5206
No 559 4794
Knowledge about the increase in child maltreatment cases during the pandemic Yes 1,107 9494
No 59 5.06
Expecting an increase of child maltreatment cases in the future Yes 1,089 89.97
No u7 1003
Knowledge of government measures issued child maltreatment Yes 136 1166
No 1,030 88.34
Adequate preparation of health professionals regarding child maltreatment Yes 1166 100
No 0 0
Under-graduate training on concepts related to child maltreatment during Yes 1,034 88,68
undergraduate studies o . i
Lockdown and social distancing have had, or will have in the future, Strongly disagree 0 0
consequences on children’s mental health Disegres - »
Neutral 268 2208
Agree 38 328
Strongly agree 91 an
Focus on management of pediatric patients during COVID-19 pandemic
Knowledge of the concept of defensive medicine Yes 360 7376
No 306 2624
Pediatricians are more prone to defensive medicine Strongly disagree 5 058
Disagree &6 767
Neutral 120 1395
Agree 466 54.19
Strongly agree 203 2360
Increased use of defensive medicine due to the pandemic Yes 99 8128
No 161 1872
Knowledge of the governments measures to protect vaccine doctors Yes 509 1565
No 657 5635
Implementation of protections for frontline and vaccination doctors Yes 938 8045
No 28 1955
Increase in medical-legal litigation Yes 924 7925
No 22 2075
Extension of vaccination to the pediatric population Strongly disagree o 0
Disagree b5} 197
Neutral 205 532
Agree 386 3305
Strongly agree 162 3966
The government provided adequate information to parents about COVID-19 Strongly disagree 18 42
Vaccination] Disagree 239 2052
Neutral 105 3476
Agree 31 2661
Strongly agree 163 1399
Telemedicine should be used in the management of ll non-serious patients, Strongly disagree " 42
including pediatric patients S - .
Neutral 301 353
Agree 344 2050
Strongly agree 167 1432
Management of non-serious patients using telemedicine has had or will have Strongly disagree 135 158
negative effects on their health o 06 seat
Neutral 512 2676
Agree 326 27.96
Strongly agree 8 746
Hospital policies have been adapted to the management of pediatric patients Strongly disagree 0 0
Disagree 42 361
Neutral 357 3056
Agree 393 373
Strongly agree 74 3210
Intra-hospital isolation measures taken during the pandemic have had negative Strongly disagree 1 009
effects on children’s mental health, or will have in the future ——— i i
Neutral 280 2401
Agree 420 3602

Strongly agree 440 3774
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Age

Year of course

Area of residence

Gender

Age

Year of course

Area of residence

Knowledge on child maltreatment

Male

Female

1-4
5-6
Center-North

South and Island

Male

Female

1-4
5-6
Center-North
South and Island
No

Yes

Child maltreatment

No (%) Yes (%)
257 (46.6) 294 (53.3)
334 (54.3) 281(45.7)
23 (22-24) 24(22-25)
420 (61.8) 260 (38.2)
171(35.2) 315 (64.8)
238(54.2) 201 (45.8)
353 (48.6) 374 (51.4)

Management of pediatric
patients during
COVID-19 pandemic

No (%) Yes (%)
252(45.7) 299(54.3)
304 (49.4) 311 (50.6)
22 21-24) 24 (22-25)
408 (60) 272 (40)
148 (30.4) 338 (69.6)
213 (48.5) 226(51.5)
343 (47.2) 384 (528)
316 (53.5) 275 (46.5)

240 (41.7) 335(58.3)

OR (IC)

0.73 (0.58-0.92)
125 (1.17-1.33)

297 (2.33-3.79)

125 (0.98-1.59)

OR (IC)

0.86 (0.68-1.08)
147 (137-1.58)

342 (267-4.38)

105 (0.83-1.33)

160 (1.27-2.02)

OR adjusted (IC)

2.86 (1.98-4.13)

OR adjusted (IC)

133 (1.20-1.47)

1,54 (1.07-2.22)
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Matter of concern

Physical characteristics
Capacity to consent to
medical treatment/Legal
Status

Lack of children-dedicated
healthare facilities

Lack of pediatric guidelines

Lack of labeled medications

Issues

Children's small size, weight, and morphology need a suitable healing environment (5, 6)

to choose a medical treatment/ consent to clinical research. The assessment of

Cognitive development affects the capa

decision-making capacity in minors is one of the most compelling and debated topics in pediatric healtheare (7-10). The legal status of

minors slightly changes between Countries. Normally, caregivers’ permission is needed to choose or refuse any kind of treatment (11)

Settings in which patients had the most complex needs imply a high error rate. Children require healtheare focusing on their needs so
they must be treated in children’s hospitals (12)

‘The growing lawsuits against healthcare professionals led the scientific community to great interest in drafting clinical guidelines, which
have to be standardized and subjected to quality control in recent years (13, 14)

Most medications are not labeled for use in the pediatric population (15)
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PERCENTAGE OF RESPONDENTS BY REGION OF ORIGIN

116 RESPONDENTS
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Panel A: Reference group (Urban children) ~ Panel B: Reference group (Left-behind children)

vs. Comparison group (rural children) vs. Comparison group (non-left-behind children)

C Pet. (%) C Pct. (%)
Overall difference ~0.0353(0.000) 100 0.0005(0.902) 100
Explainable differences —0.0212(0.000) 60.10 0.0089(0.000) 1644.70
Unexplained differences ~0.0141(0.010) 3990 —0.0083(0.095) ~1544.70
Due to Difference in Characteristics
Grandehild care —0.0005(0.003) 142 0.0088(0.000) 1633.16
Public medical insurance —0.0001(0.025) 032 —0.0003(0.250) —63.79
Commercial medical insurance —0.0006(0.455) 1.69 0.0015(0.062) 269.43
Medical utilization 0.0002(0.003) —0.61 —0.0015(0.000) —280.39
Age 0.0005(0.000) —151 —0.0113(0.002) ~2093.15
Age-square —0.0002(0.149) 0.69 —0.0047(0.322) —871.74
Gender —0.0001(0.000) 032 —0.0001(0.005) 2115
Income —0.0030(0.139) 840 0.0027(0.002) 49775
Education —0.0133(0.000) 0.0095(0.000) 1753.93
Middle area 0.0002(0.407) —0.56 —0.0002(0.792) —43.99
Western area —0.0050(0.004) 14.16 0.0019(0.000) 35123

The results related to the coefficie

effect (unexplainable part) are not I
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Grandchild care
Grandparent-raised =

Non-grandparent-raised = 0

Publ

nedical insurance

Insured = 1

Uninsured = 0

Commercial medical insurance
Participated = 1

Unparticipated = 0

Medical utilization (range 0~60)
Age (range 6~16)

Gender

Male

Female

Income

High-income

Low-income

Education (range 0~30)
Region
Eastern

Middle

Western

2010 (n=
4,967)
Mean (SD)
orn (%)

1,139 (22.93%)

3,828 (77.07%)

3,145 (63.32%)

1,822 (36.68%)

875 (17.62%)
4,092 (82.38%)

1.39(2.37)
10.59(2.92)

2,571 (51.76%)

2,396 (48.24%)

2,571 (51.76%)
2,396 (48.24%)
5.98 (3.96)
1,766 (35.55%)

1,526 (30.72%)
1,675 (33.72%)

2012 (n=
4,460)
Mean (SD)
orn (%)

1,075 (24.10%)

3,385 (75.90%)

2,435 (54.60%)

2,025 (45.40%)

567 (12.71%)
3,893 (87.29%)

0.93(1.94)
1041 (2.92)

2,335 (52.35%)

2,125 (47.65%)

2,335 (52.35%)
2,125 (47.65%)
6.18 (3.68)
1,594 (35.74%)

1,390 (31.17%)
1,476 (33.09%)

rogeneity(categorical variables), ANOVA test for different

2014 (n=
4,514)
Mean (SD)
orn (%)

1,185 (26.25%)

3,329 (73.75%)

3,088 (68.41%)

1,426 (31.59%)

676 (14.98%)
3,838 (85.029%)

1.67 (3.64)
1037 (2.90)

2,384 (52.81%)

2,130 (47.19%)

2,130 (52.81%)
2,384 (47.19%)
5.86 (3.45)
1,502 (33.27%)

1,477 (32.72%)
1,535 (34.01%)

in the mean (continuous normall;

2016 (n=
4,484)
Mean (SD)
orn (%)

1,261 (28.12%)

3,223 (71.88%)

4,021 (89.67%)

463 (10.33%)

539 (12.02%)
3,945 (87.98%)

1.71(3.10)
10.13 (2.86)

2,430 (54.19%)

2,054 (45.81%)

2,430 (54.19%)
2,054 (45.81%)
6.17 (3.47)
1,448 (32.29%)

1,462 (32.60%)
1,574 (35.10%)

ibuted variables

2018 (n=
4,825)
Mean (SD)
orn (%)

1,510 (31.30%)

3,315 (68.70%)

4,368 (90.53%)

457 (9.47%)

637 (13.20%)
4,188 (86.80%)

1.74 (3.69)
10.25(2.88)

2,583 (53.53%)

2,242 (46.47%)

2,583 (53.53%)
2,242 (46.47%)
687 (3.21)
1,652 (34.24%)

1,545 (32.02%)
1,628 (33.74%)

D,

2020 (n=
3,652)
Mean (SD)
orn (%)

787 (21.55%)

2,865 (78.45%)

3,028 (82.91%)

624 (17.09%)

763 (20.89%)
2,889 (79.11%)

1.17(2.39)
1031 (2.85)

1,950 (53.40%)

1,702 (46.60%)

1,950 (53.40%)
1,702 (46.60%)
7.27 (3.41)
1,301 (35.62%)

1,143 (31.30%)
1,208 (33.08%)

ndard deviation.

2010~2020
(n=
26,902)
Mean (SD)
orn (%)

6,957 (25.86%)
19,945
(74.14%)

20085
(74.66%)
6,817 (25.34%)

4,057 (15.08%)
22845
(84.92%)
1.45(2.96)
1035 (2.89)

14,253
(52.98%)
12,649
(47.02%)

13,490
(50.14%)
13412
(49.86%)
6.36 (3.58)

9,263 (34.43%)
8,543 (31.76%)
9,096 (33.81%)
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Odds Ratio Std. Err. z [95% confidence interval]

Grandchild care 11547 0.0448 371 0.000 1.0702 12460
Public medical insurance 08735 00377 313 0.002 0.8026 0.9506
Commercial medical insurance 08397 00453 324 0.001 07555 09333
Medical utilization 0.9655 0.0063 —536 0.000 09532 09780
Age 09159 00531 ~151 0.130 08175 10262
Age-square 0.9866 0.0030 —451 0.000 09808 0.9924
Gender 13227 0.0479 7.72 0.000 12320 14200
Income 08797 00338 333 0.001 08158 0.9486
Education 09439 0.0054 —10.16 0.000 09334 09545
Middle 10290 0.0476 0.62 0536 09399 11267
Western 13710 0.0627 6.90 0.000 12534 14997
Year FE YES YES YES YES YES YES

Constant 19573 0.5401 243 0.015 1.1397 33614
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Urban children (N = 10,869) Rural children (N = 16,033)
Odds Ratio P> |z] [95% confidence interval] ~ Odds Ratio P> [z|  [95% confidence interval]

Grandchild care 12065 0.003 10654 13663 11285 0014 10246 12429
Public medical insurance 0.8469 0017 07392 09703 0.9001 0058 0.8074 10034
Commercial medical insurance 09404 0413 08117 1.0894 07365 0000 06323 08579
Medical utilization 09696 0005 09489 0.9907 09654 0000 09501 0.9809
Age 07419 0001 06228 08837 10661 0406 09167 12397
Age-square 10003 0956 09914 1.0092 09769 0000 09693 0.9847
Gender 15318 0000 13648 17193 12045 0.000 11006 13183
Income 09198 0189 08119 1.0419 0.8626 0003 07828 09507
Education 0.9567 0000 09410 09726 09345 0000 09195 0.9498
Middle 10691 0322 09368 1.2202 09913 0890 08758 11220
Western 12899 0.001 11147 14927 13789 0.000 12266 15501
Year FE Yes Yes

Constant 33374 0.005 14305 7.7862 12542 0532 06159 25539
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Left-behind children (N =9,916) Non-left-behind children (N = 16,986)
OddsRatio P> [z| [95% confidenceinterval] ~OddsRatio P >|z]  [95% confidence interval]

Grandchild care 12673 0.000 11221 14314 1.0994 0085 09871 12244
Public medical insurance 09172 0245 07929 1.0610 08490 0.002 07646 0.9427
Commercial medical 08232 0051 0.6773 10006 0.8480 0011 07472 0.9624
insurance

Medical utilization 09607 0000 09419 09798 0.9690 0.000 09526 0.9856
Age 09085 0321 07516 1.0981 0.9092 0.193 07878 10493
Age-square 09862 0.005 0.9767 09958 0.9874 0.001 09801 09947
Gender 1.1759 0.007 1.0444 13239 14150 0.000 12939 1.5474
Income 08110 0.001 07156 09191 09297 0136 08448 1.0232
Education 09490 0000 09304 09680 09388 0.000 09260 09518
Middle 09848 0847 08422 L1515 1.0656 0269 09522 11925
Western 14326 0.000 12255 1.6748 13447 0.000 12045 15013
Year FE YE YES

Constant 18516 0183 07484 45807 20295 0041 10290 4.0027
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Child’s age

Boys

17.7
18.1
187
19.2
19.7
203
208
214
219
25
2.0
2.6
4.1

Girls

175
180
185
19.0
194
199
204
210
215
221

27

239

Child’s age

125
13
135

145
15

155
16

165

Boys

47
252
257
2.1
264
2.6
29
27.1
274
276
278
280

Girls

5
250
256
259
263
2.6
269
271
274
27.6
278
280
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Child obesity rate, n(%) P-value by using chi-square test

No Yes
Grandchild care Yes 5,429 (78.04%) 1,528 (21.96%) Pearson chi2(1)=12.41, P = 0.000
No 17,130 (85.89%) 2,815 (14.11%)
Basic Medical insurance Insured 16,935 (84.32%) 3,150 (15.68%) Pearson chi2(1) = 234.77, P = 0.000
Uninsured 5,624 (82.50%) 1,193 (17.50%)
Commercial medical insurance Participated = 1 3,524 (86.86%) 533 (13.14%) Pearson chi2(1) = 31.89, P = 0.000

Unparticipated = 0 19,035 (83.32%) 3,810 (16.68%)
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Variables

Total
COVID-19-related

family economic hardship
No

Slight

Moderate

Severe

Sex

Male

Female

School grade

7

3

9

10

11

12

Residential area
Metropolitan

Urban

Rural

Co-residence with parents
Yes

No

Subjective academic performance
High

Middle

Low

Subjective family economic status
High

Middle

Low

Subjective health status
Good

Normal

Bad

Smoking status

No

Yes

Alcoholic use

Total
N (%)

54,948 (100.0)
16,268 (29.6)
21,841 (39.7)
13,583 (247)
3,256 (5.9)

28353 (516)
26595 (484)
10,005 (18:2)
9,564 17.4)
9392 (17.1)
8,907 (16.2)
8907 (162)
8173 (149)
8621 @30
26981 (49.1)
4,346 (7.9)

52332 (952)
2,616 (4.8)

2046 (36.7)
16585 (30.2)
18217 (332)
21339 (388)
26397 (48.0)
7202 (131)
38444 (70.0)
12342 (225)
4162 (7.6)

52478 (955)
2470 (45)

49056 (89.3)
582 (107)

Anxiety
Yes
N (%)
6,099 Ly
1419 (87)
2206 (10.)
1801 (133)
673 (207)
2,191 7.7)
3908 (147)
880 (8.8)
1,010 (10.6)
1055 (11.2)
922 (104)
1,101 (12.4)
1,131 1338)
2414 (102)
3175 (118)
510 (%))
312 a3
5,757 (11.0)
1,974 ©.8)
1,585 9.6)
2540 (139)
204 (93
2743 (104)
1332 (185)
2842 (7.4)
1955 (158)
1,302 (313)
5,663 (10.8)
436 a7.7)
5096 (104)
1,003 17.0)

No
N (%)
48849 (88.9)
14849 (913)
19,635 (899)
1,782 (86.7)
2,583 (79.3)
26,162 (923)
2,687 (853)
9125 (912)
8554 (894)
8337 (888)
7,985 (89.7)
7806 (87.6)
7,042 (862)
21207 (898)
23806 (882)
3,836 (88.3)
2274 (869)
46575 (89.0)
18172 (902)
15000 (904)
15677 (86.1)
19315 (905)
23654 (896)
5880  (81.5)
35602 (92.6)
10,387 (84.2)
2860 (68.7)
46815 (89.2)
2,034 (824)
43,960 (89.6)
4889 (83.0)

Depressive symptoms

P

<0.0001

<0.0001

<0.0001

<0.0001

0.0011

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Yes
N (%)
13840 (252)
3435 QLD
5175 (237)
3992 (204)
1,238 (38.0)
5633 (199
8207 (309)
2030 (203)
2281 (238
2429 (259)
2244 (252)
2476 (278)
2380 (9.)
5700 (242)
7026 (260)
1,105 (254)
13,068 (25.0)
772 (20.5)
4,406 (219)
380 (235
5544 (304)
4926 (231)
6385 (242)
2529 (35.0)
8,065 (21.0)
3802 (315
1883 (452)
12741 (243)
1,099 (44.5)
11505 (23.5)
2335 (396)

No
N (%)
41,108 (74.8)
12833 (78.9)
16666 (76.3)
9,591 (70.6)
2,018 (62.0)
22720 (80.1)
18388 (69.1)
7,975 (79.7)
7283 (762)
6,963 (74.1)
6,663 (74.8)
6431 (722)
5793 (70.9)
17912 (75.8)
19,955 (74.0)
3241 (74.6)
39264 (75.0)
1,844 (70.5)
15740 (78.1)
12695 (76.5)
12673 (69.6)
16413 (76.9)
20012 (758
4,683 (649)
30379 (790)
8450 (68.5)
2279 (548)
39737 (757)
1,371 (55.5)
37551 (765)
3557 (604)

p*

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

Suicidal ideation
Yes
N (%)
5979 (109)
1394 (86)
2200 (10.1)
1766 (13.0)
619 (19.0)
2254 (79)
3725 (140)
897 ©.0)
1,063 [(18Y]
1053 (11.2)
926 (10.4)
1,085 (122)
955 a7
2,440 (10.3)
3060 (114)
470 (10.8)
5504 (107)
385 (14.7)
1,942 9.6)
1,551 9.4)
2,486 (13.6)
2008 (94)
2639 (10.0)
1332 (185)
3,049 79)
1799 (14.6)
L3l (72)
5432 (10.4)
547 (22.1)
4,809 9.8)
1,170 (19.9)

No
N (%)
48969 (89.1)
14874 (914)
19,641 (89.9)
1817 (87.0)
2,637 (81.0)
2609 (921)
22,870 (86.0)
9108 (91.0)
8501 (88.9)
8339 (888)
7,981 (89.6)
7822 (878)
7218 (883)
21,181 89.7)
2912 (886)
3876 (89.2)
46738 (89.3)
2231 (853)
18204 (90.4)
15034 (90.6)
15731 (864)
19,331 (90.6)
23758 (90.0)
5880 (815)
35305 (920)
10543 (85.4)
3031 (728
47,046 (89.6)
1923 (77.9)
44247 (90.2)
4722 (80.0)

<0.0001

<0.0001

<0.0001

0.0008

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
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