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SARS-CoV-2 in Children and Adolescents

Summary

The COVID-19 global pandemic, caused by the SARS-CoV-2 virus, was declared in early 2020.

The disease, and restrictive measures introduced to slow its spread, caused significant soci-

etal disruption. The role of children and adolescents in the transmission of SARS-CoV-2, and

how they were impacted by restrictive measures, was unclear. We conducted Ciao Corona, a

longitudinal school-based cohort study to assess how children and adolescents were affected

by the COVID-19 pandemic. With repeated serological antibody testing, seroprevalence of

SARS-CoV-2 among schoolchildren in the Swiss canton of Zurich was estimated at 5 time-

points from 2020 to 2022. Baseline questionnaires and periodic follow-up questionnaires were

used to collect a variety of other outcomes, including symptoms, changes in lifestyle (physi-

cal activity, screen time and sleep), family situation, and well-being (health-related quality of

life). Ciao Corona provided a high-quality evidence base to inform decisions related to mit-

igation measures in children and adolescents in Switzerland, including vaccination strategy.

We observed that SARS-CoV-2 seroprevalence in children and adolescents was similar to that

of adults with low evidence of outbreaks within schools or classes, and most children had

few symptoms (Article I (1) and Article II (2)). Physical activity decreased and screen time

increased during the pandemic period, and children and adolescents who continued to meet

World Health Organization recommendations for both reported better health-related quality

of life than those who did not meet either recommendation (Article III (3) and Article IV (4)).

Stress, anxiousness and sadness were also identified as key determinants of health-related

quality of life (Article V (5)). Further research opportunities include identification of which

children and adolescents are least likely to meet lifestyle recommendations, and most likely to

experience sadness, anxiousness or stress, which would enable targeted interventions aimed at

improving health-related quality of life in schoolchildren. While the COVID-19 global health

emergency has ended, the results of Ciao Corona can be used to inform preparedness strategy

in children and adolescents for the next pandemic.
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Introduction

Throughout human history, highly infectious diseases have been observed to spread quickly

across wide geographic areas, leading them to be referred to as “pandemic”. Some well-

known pandemics include the black death, cholera, the 1918 flu, SARS and the swine flu (6).

While there is no single accepted definition of the word pandemic, it generally involves a

novel highly contagious disease with high attack rates, minimal population immunity, and

often high disease severity spread across a large geographic area with the potential to move

between places (7). Alongside acute measures to treat infected persons, strategies to mitigate

the severity and spread of pandemics are of great public health interest. These strategies in-

clude a range of non-pharmaceutical approaches, as well as antiviral therapies and vaccination

(8). Such non-pharmaceutical strategies include isolation of cases, quarantine of potentially

infected persons, restrictions of travel, and school and workplace closures.

In December 2019, the first Coronavirus disease 2019 (COVID-19) case was identified, caused

by the SARS-CoV-2 virus. Within a few short weeks, a global pandemic had been declared,

with the first case noted in Switzerland in February 2020. The disease and restrictive measures

to stop its spread caused significant social and economic disruption. At the time, it was not

known how the virus was transmitted, how severe it was, or who was susceptible (9). Research

was necessary to understand the disease itself, how it spread, how to contain it and how to

treat it.

Much early research on the spread and impact of COVID-19 focused on the adult population.

These findings were, however, not always transferable to children and adolescents, who are

often considered more vulnerable than the adult population (10). Children and adolescents

often spend more time in crowded settings, e.g. schools and daycare centers, further increasing

their risk of contracting the disease. Mitigation measures should therefore consider the unique

situation of children and adolescents.

Due to lack of knowledge about infection and susceptibility, many countries, including

Switzerland, implemented very restrictive lockdowns in early 2020. Generally, these included

measures such as mask mandates, travel restrictions, and closing of public facilities, as had

been outlined in response to previous pandemics (8). From the perspective of children and

adolescents, relevant measures included school closings (or conversely, the decision to keep
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schools open), restrictions in sporting and other leisure activities, and vaccination strategies.

Good quality research was necessary to inform decisions about further implementation of

measures to contain the spread of the SARS-CoV-2 virus (11). The first year of the COVID-19

pandemic saw a large number of new studies trying to understand the new pandemic,

including heterogeneous populations of interest and study designs (12). Population-based

studies, rather than those focusing on e.g. children with symptoms or those admitted to

hospitals, were necessary to estimate seroprevalence in an unbiased manner and to explore

other outcomes in the general population.

After an initial emphasis on studying disease transmission, research quickly also turned to

the myriad other effects of the SARS-CoV-2 pandemic. In a matter of days, normal patterns of

life were completely overtaken by restrictive measures. Even as highly restrictive lockdowns

gave way to milder restrictions, patterns of work, school, leisure and other activities remained

changed for months to come. The extent to which such disruption affected children and

adolescents was unclear, including for example its effect on key lifestyle factors like physical

activity (PA), screen time (ST) and sleep, or on quality of life indicators such as well-being

and health-related quality of life (HRQOL) (13). There is only sparse data from previous

pandemics on the effect of a pandemic on mental health (10). Mental health is affected not

only because of the disease itself, but also because of mitigation strategies like school closures.

General aspects of well-being such as health-related quality of life have also been shown to be

impacted during pandemics (14).

To explore the impact of the COVID-19 pandemic on children and adolescents in Switzerland,

we therefore developed Ciao Corona (15), a school-based longitudinal cohort study of children

and adolescents in the canton of Zurich, one of the many studies in the Switzerland-wide

research network Corona Immunitas. Overall, 55 randomly selected schools (primary school

grades 1–6 and secondary school grades 7–9, ages 6–17 years) in the canton of Zurich, the

largest canton in Switzerland of approximately 1.5 million inhabitants (18% of the total Swiss

population), participated. Using serological testing, SARS-CoV-2 seroprevalence was assessed

in June 2020, November 2020, March 2021, December 2021 and June 2022. Schools and classes

participating in June 2020 were also invited to participate in later testing periods. By July 2022,

4250 children and adolescents had been tested, ranging from 1875 to 2500 participants or 43 to

55 schools per testing round. Children (or their parents) were also asked to fill out a baseline
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questionnaire at the time of their first antibody test which was shortly after the lockdown, and

then they completed follow-up questionnaires on a periodic basis (July 2020, January 2021,

March 2021, September 2021, and July 2022). These questionnaires further examined a large

range of other factors, including symptoms, lifestyle behaviors (PA, screen time, and sleep),

HRQOL, parents’ working situation. Many children in Ciao Corona participated at multiple

timepoints. The sampling strategy ensured that children in all districts of the canton of Zurich

were tested, in both urban and rural areas, and across all school levels. The Bayesian analysis

strategy adjusted seroprevalence estimates for the age and sex structure of the entire canton

of Zurich, corrected for possible school-level clustering, and corrected also for sensitivity and

specificity of the diagnostic test. Seroprevalence results from the initial round of serological

testing in June/July 2020 were published in (16), and final results from July 2022 in (17).

In this Habilitation, five publications related to Ciao Corona are summarized, which address

important research questions regarding the role of children and adolescents in the COVID-19

pandemic. Article I examined the SARS-CoV-2 seroprevalence in children and adolescents in

November 2020, as well as clustering of infections within schools and classes, and reported

symptoms (1). Article II updated the seroprevalence estimates in December 2021, and exam-

ined the role of the vaccination in 12-15-year-olds (2). Article III examined changes in lifestyle

(PA, ST and sleep) and their relationship with well-being and life satisfaction in Ciao Corona

and 3 other cohorts of children across Switzerland (3). Article IV assessed whether adherence

to lifestyle recommendations was associated with HRQOL across two years of the pandemic

(4). Finally, Article V aimed to identify other determinants of HRQOL from a broad set of

biological, social and psychological candidate variables (5).

Summary of the original articles

In our analysis of Ciao Corona serological testing from November 2020 (Article I) (1), we

reported that seroprevalence had increased to 4.5% among school-age children, with no sig-

nificant differences between children of different ages. Newly seropositive children reported

more symptoms than negative children, but the most common symptoms (headache, runny

nose, cough, sore throat, fatigue) were not specific to COVID-19. Though 7 / 275 classes had

multiple seropositive children, this was within the range of classes that could have occurred

by change if all infections were independent. There was therefore no strong evidence for clus-
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tering of infections in our sample. Symptoms were generally mild, not specific to COVID-19

and did not differ significantly between seropositive and seronegative participants.

By December 2021, the COVID-19 vaccination was approved in Switzerland for adolescents

aged 12-15, but not yet available to those aged 5-11. Seroprevalence had increased to 31%

among unvaccinated children and 46% overall (Article II) (2). Secondary school children had

on average higher seroprevalence than those in primary school, and this difference was only

partly explained by the new vaccination strategy. Variability between geographic districts,

between schools, and between classes increased substantially in the first two years of the

pandemic, mirroring an increasingly complex pattern of SARS-CoV-2 transmission, even in a

small geographic region. Observed seroprevalence in our sample was similar to other studies

of COVID-19 seroprevalence in children, and to other studies in adults.

As the pandemic progressed, it became clear that few children or adolescents suffered

longterm physical effects from COVID-19. Nevertheless, other consequences, for example

impacted lifestyle, mental health or quality of life, remained possible. Combining Ciao

Corona data from Zurich with three other COVID-19 cohorts of children in St. Gallen,

Graubünden and Ticino (Article III), we examined adherence to World Health Organization

(WHO) recommendations on PA (≥ 1 hr/day), ST (≤ 2hr/day) and sleep (9-11 hr/night

for those 6-13 years old and 8-10 hr/night for those 14-16 years old) between June 2020

and April 2021 (3), as well as the association between such lifestyle factors and overall

well-being. Fewer children met WHO recommendations for PA and ST during the first

wave of the COVID-19 pandemic, with a slight recovery during the second wave. Children

and adolescents meeting all three of the WHO recommendations for PA, ST and sleep were

significantly more likely to report excellent health and higher life satisfaction than those not

meeting any of the recommendations. We therefore demonstrated a substantial impact of the

COVID-19 pandemic on key lifestyle behaviors, and a positive association between lifestyle

and well-being.

If the pandemic impacted PA and ST in children and adolescents, a logical next question

is whether these changes affected HRQOL in this population? Using the Ciao Corona data

(Article IV), we investigated changes in adherence to WHO recommendations on PA and

ST during the first two years of the pandemic (4). Using inverse probability weighting with

propensity scores, we were further able to examine whether adherence to these recommenda-
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tions was associated with HRQOL. We found that while adherence to PA recommendations

dropped early in the pandemic and then recovered, adherence to ST recommendations re-

mained lower than pre-pandemic. Further, children and adolescents meeting both recommen-

dations had significantly higher HRQOL than those not meeting either recommendation.

Naturally, HRQOL is affected not only by lifestyle, but also by other factors, especially during

a pandemic with various restrictive mitigation strategies. In Article V, we therefore aimed to

identify determinants of HRQOL using a broad range of biological, psychological and social

factors in a large longitudinal population-based sample from the Ciao Corona study (5). Using

a data driven approach, sadness, anxiousness and stress were identified as the most important

determinants of HRQOL, more so than other factors such as PA or chronic health conditions.

Public health strategies to improve mental health may therefore be effective in improving

HRQOL in this age group.

Discussion

In the early months of the COVID-19 pandemic, our team developed the Ciao Corona study, a

prospective longitudinal school-based cohort study to examine seroprevalence and transmis-

sion of SARS-CoV-2 in children and adolescents in Switzerland, as well as assess the impact

of the pandemic on other aspects, including lifestyle and well-being. This Habilitation has

described 5 selected papers reporting on results from Ciao Corona, taken from a larger collec-

tion of publications about the study. In this section, the greater context of Ciao Corona results

are discussed.

SARS-CoV-2 seroprevalence estimates from serological antibody testing were described from

June 2020 (16), November 2020 (Article I: 1), March 2021 (18), December 2021 (Article II: 2),

and June 2022 (17). Article I described how overall SARS-CoV-2 seroprevalence in our sample

increased to 7.8% by November 2020, with minimal differences between age groups. Infec-

tions did not appear to cluster within classes, school levels or schools. Symptoms reported

were mostly general (e.g. headache, runny nose, sore throat, and fatigue), and were observed

in similar rates in seronegative and seropositive participants. Article II later discussed the in-

crease in seroprevalence by December 2021 to 46%, with much heterogeneity between classes,

schools, and geographic districts. Much, but not all, of the difference in seroprevalence be-

9



SARS-CoV-2 in Children and Adolescents

tween primary and secondary school participants could be explained by the introduction of

the vaccine for 12-15-year-olds in June 2021. The observed SARS-CoV-2 seroprevalence in chil-

dren and adolescents in Switzerland was similar to that of adults, as seen also in systematic

reviews (19). As many SARS-CoV-2 infections in children and adolescents were not reported,

often due to lack of PCR testing, the use of serological antibody testing is essential to capture

unbiased estimates of SARS-CoV-2 seroprevalence in this age group (20). Infections in chil-

dren and adolescents often presented with mild symptoms or were even asymptomatic (21).

School infection rates appeared similar to those of the general population, providing further

evidence that transmission in school settings did not substantially contribute to community

transmission (19,22). Older children and adolescents generally had high transmission rates

than younger children (21), even accounting for vaccination status.

Alongside much research related directly to transmission of the SARS-CoV-2 virus, we and

other researchers have explored the effect of the virus and strategies to mitigate it have had

on other aspects of life. Article III described changes in PA, ST and sleep in a cross-sectional

analysis of 4 cohorts of children and adolescents across Switzerland, and the relationship

between lifestyle and well-being (3). Few children and adolescents met recommendations for

PA and ST during the pandemic than before, with only a slight recovery during the second

wave of infections. Those meeting all three recommendations were more likely to report

excellent health (odds ratio: 1.95, 95% confidence interval 1.00 - 2.76). Article IV went on to

examine whether adherence to international recommendations on key lifestyle behaviors as

associated with HRQOL in a longitudinal analysis of Ciao Corona data (4). Adherence to PA

recommendations dropped in 2020 but returned to pre-pandemic levels by 2022. Similarly,

fewer children met ST recommendations in 2020 and 2021 than pre-pandemic. HRQOL was

9.7 points higher on a scale from 0 to 100 (95% CI 3.0 - 16.3) among those who met both

PA and ST recommendations compared to those who did not meet either recommendation.

Similar changes in lifestyle have been reported during the early phases of the COVID-19

pandemic (23,24). The onset of the pandemic was also associated with increased mental

health problems, such as anxiety and depression, and decreased HRQOL (25,13,26). Article

V identified sadness, anxiousness and stress as the most important determinants of HRQOL,

even other factors such as PA, ST, chronic health conditions or nationality (5). Mental health

has been observed to be associated with chronic health conditions, PA, family relationships

and social support (25). The need for high quality research on mental health and HRQOL to
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address future crises has also been emphasized (25,13,26). Few studies have taken a global

view on HRQOL in children and adolescents by trying to understand the influence of the

broader bio-psycho-social construct on their well-being and teasing out which factors alone or

in combination are most influential.

Results from Ciao Corona enabled evidence-based decision making with regards to mitiga-

tion strategies for school-age children in Switzerland, including school closures and vaccina-

tion strategy. Along with providing updates in SARS-CoV-2 seroprevalence in schoolchildren

over time, the Ciao Corona study’s school-based approach enabled the examination of poten-

tial clustering of infections, which would indicate outbreaks in classes or schools. The Swiss

National COVID-19 Science Task Force used Ciao Corona to inform their policy brief on mea-

sures in schools (27), noting that as schools had experienced few outbreaks, there was little

need to implement additional measures. With this evidence, schools in Switzerland were able

to stay open much longer than in many other countries (28). As the pandemic situation pro-

gressed, mitigation measures were adapted and vaccines protecting against COVID-19 were

developed. The Federal Commission for Vaccination Questions (“Eidgenössische Kommission

für Impffragen” (EKIF)) considered whether to recommend vaccination in children and ado-

lescents. For these age groups, Ciao Corona provided important evidence that COVID-19 was

primarily asymptomatic to mild with few longterm effects. Therefore, the EKIF recommended

the COVID-19 vaccine to 12-15-year-olds (in June 2021 (29)) who wished to be vaccinated,

and later to 5-11-year-olds (in December 2021 (31,30)) whose parents requested it. A general

recommendation was not made, as Ciao Corona and similar studies (19) had observed few

children and adolescents with severe disease or long-lasting symptoms. Evidence from this

and other studies was important to guide policy decisions on vaccination strategy (19,32), safe

schooling (27,33), and other mitigation measures.

A closer look at the literature reveals a heterogeneous mix of studies, both in terms of study

design and risk of bias (34). In contrast, Ciao Corona is a randomly selected school-based

longitudinal cohort study, where the school-based sampling approach closely matched that of

the general population of schoolchildren in the canton of Zurich. Ciao Corona was also one

of the few large studies to focus on the spread of SARS-CoV-2 in schools (16). To minimize

selection bias in enrolled children, serological testing was performed in schools, and study

information provided in multiple formats and languages. The longitudinal structure, with
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repeated serological testing in schools mixed with periodic online questionnaires, provided

much needed data on a variety of topics related to SARS-CoV-2 infection, transmission in

children and adolescents as well as other changes during the pandemic period (e.g. (19,35)).

Some limitations must be recognized. As with any diagnostic test, misclassification in Ciao

Corona was possible, both false negative and false positive. Some children may have lost

antibodies and therefore appeared seronegative despite having been infected with the virus

(36). Antibody testing does not identify recent infections as antibodies take some time to

develop. Ciao Corona used two different antibody tests, each with high sensitivity and high

specificity (ABCORA 2.0 from University of Zurich’s Institute for Medical Virology with sen-

sitivity 94.3% and specificity 99.0% (37), and SenASTrIS from Lausanne University Hospital’s

(CHUV) Service of Immunology and Allergy and EPFL’s Laboratory of Virology and Genetics

with sensitivity 94.0% and specificity 99.2% (38)). The estimation of seroprevalence in Ciao

Corona adjusted explicitly for sensitivity and specificity of the diagnostic test using a Bayesian

methodology (39), in line with other seroprevalence studies in Corona Immunitas (40). The

Bayesian approach we employed also assumed a range of plausible sensitivity and specificity

values for the diagnostic test, making the results more robust than if point estimates had been

assumed (36). The serological antibody testing used in the Ciao Corona study to assess sero-

prevalence is inherently retrospective. It cannot be used to assess the temporal sequence of

infections, e.g. to identify patterns of transmission within a specific class. As we did not only

test confirmed cases, Ciao Corona is unlikely to suffer from differential misclassification bias.

Sources of selection bias also need to be considered. Ciao Corona’s school-based sampling

scheme was described previously (15), and implemented by myself prior to study begin.

Schools with fewer than 40 total children across any of the school levels (lower levels: grades

1-3; middle level: grades 4-6; upper level: grades 7-9) were excluded, as were schools for

children with special needs (15). A random sample of primary schools was selected by ge-

ographic district, proportional to the population. For those selected primary schools, the

corresponding secondary school was selected. The list of schools obtained from the canton of

Zurich’s Department of Education did not include “Gymnasium” schools, secondary schools

leading to university education, which correspond to approximately 18% of the secondary

school population. The school sampling procedure did not take into account that the canton

of Zurich has relatively more primary schools than secondary schools (in that students in
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multiple primary schools may attend the same secondary school, depending on school dis-

trict). Classes within schools were chosen randomly, rather than testing all classes within each

school, so that the sampling distribution should be similar to that of the overall population.

Use of post-stratification weights in the analysis of seroprevalence corrects for a mismatch

in the age and sex distribution of the sample and population (40). While the school-based

sampling approach may not have been strictly population-based, it did not recruit partici-

pants that are more likely than average to be positive (as in e.g. hospital-based studies), or

less likely (e.g. only asymptomatic participants). We did not have information on how many

eligible children could not attend testing due to an acute SARS-CoV-2 infection.

Bias may also occur due to nonrandom willingness to participate. We do not know if some

subjects participated to determine if a previous bout of symptoms could have been COVID-19

or did not participate to avoid a positive test result (36). The participation rate of 50% in Ciao

Corona was nonetheless high despite the use of venous blood sampling (see Supplementary

Material in 18). The majority of Ciao Corona participants had highly educated parents, at

least one of whom was Swiss, but it is unlikely that SARS-CoV-2 infections differed among

children without Swiss nationality, as all came from the same community and attended the

same school.

In the analysis of lifestyle and HRQOL, other limitations played a role. Recent pre-pandemic

data on HRQOL in children and adolescents was not available for comparison and was not

possible to collect once the pandemic had begun. The four cohorts of schoolchildren described

in the cross-sectional analysis of lifestyle (3) used somewhat different questionnaires which

were at times challenging to combine. With more time to prepare the respective studies, uni-

form questionnaires could have been used in these Corona Immunitas centers. We did not

consider other measures of social situation, for example parents’ mental health, family cohe-

sion, or social isolation, and did not include many positive predictors of HRQOL. Switzerland

had a relatively short lockdown period and shorter school closings than other countries, and

therefore the association between HRQOL and lifestyle or mental health may have weaker

than in other countries (28). As the majority of Ciao Corona participants had highly educated

Swiss parents, our results may only partially hold for children from more vulnerable, socially

disadvantaged families. Finally, while our analysis implied that a focus on mental health

and lifestyle could improve overall HRQOL, the identified determinants of HRQOL are not
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guaranteed to translate beyond the pandemic setting.

The results of Ciao Corona as described here suggest several possibilities for further research.

As the COVID-19 pandemic has become endemic, studies of seroprevalence are no longer of

great interest. Pandemic-related changes to lifestyle and well-being nonetheless continue to

be important and are key to mental health preparedness in case of disasters and other crises

(41). We observed that adherence to international recommendations on PA, ST and sleep were

impacted during the pandemic, and not all returned to pre-pandemic levels. However, it

remains unclear which children and adolescents were likely not to meet these recommenda-

tions, and which were able to meet all recommendations, even despite pandemic restrictions.

Identification of determinants of low PA, high ST and insufficient sleep could serve to indicate

potential public health interventions in this age group. We observed that not meeting any of

the WHO recommendations implied a significant reduction in HRQOL compared to those

how met all recommendations, implying that public health interventions targeting lifestyle

could potentially be used to improve HRQOL. Components of mental health (sadness, anx-

iety and stress) were identified as key determinants of HRQOL in children and adolescents

during the COVID-19 pandemic, even more so than lifestyle behaviors. Further examination

of who is at risk of poor mental health would enable tailoring of mental health interventions

which could in turn improve both mental health and HRQOL (26). One likely scenario is that

there is a complex bidirectional interplay between mental health and lifestyle behaviors such

as PA (42), ST (43) and sleep (44). Even if, as we have observed, mental health is a main de-

terminant of HRQOL, public health interventions may be more easily implementable if they

target PA, ST or sleep directly and mental health only indirectly. Validation studies are also

needed to determine whether these results hold outside of the pandemic setting.

In May 2023, the WHO declared the end of the global health emergency that was the COVID-

19 pandemic. Life in Switzerland and around the world is mostly back to normal, at least in

terms of infectious disease outbreaks and measures to restrict them. Nevertheless, prepared-

ness for the next Public Health emergency is key to act quickly to mitigate it, and to maintain

the physical and mental health of the population. Children and adolescents are a subset of

the general population, with particular needs. Patterns of social contact in this age group,

due to close contact with their peers in schools, are not necessarily comparable to the general

adult population. And stressors, pandemic or otherwise, impact the development of children
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and adolescents that could influence their lives as they grow into adulthood (45). Multidisci-

plinary research specific to children and adolescents is needed to ensure that they receive the

physical, mental and social support they need in the next pandemic and beyond.

15



SARS-CoV-2 in Children and Adolescents

References
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18. Ulytė A, Radtke T, Abela IA, et al. Evolution of SARS-CoV-2 seroprevalence and clus-
ters in school children from June 2020 to April 2021: Prospective cohort study Ciao
Corona. Swiss Med Wkly. 2021;151:w30092.

19. Viner R, Waddington C, Mytton O, et al. Transmission of SARS-CoV-2 by children and
young people in households and schools: A meta-analysis of population-based and
contact-tracing studies. J Infect. 2022;84(3):361–382.

20. Bergeri I, Whelan MG, Ware H, et al. Global SARS-CoV-2 seroprevalence from January
2020 to April 2022: A systematic review and meta-analysis of standardized population-
based studies. PLOS Medicine. 2022;19(11):1–24.

21. Siebach MK, Piedimonte G, Ley SH. COVID-19 in childhood: Transmission, clinical
presentation, complications and risk factors. Pediatr Pulmonol. 2021;56:1342–1356.

22. Neil-Sztramko SE, Belita E, Traynor RL, et al. What is the specific role of schools and
daycares in COVID-19 transmission? A final report from a living rapid review. Lancet
Child Adolesc Health. 2024;

23. Kharel M, Sakamoto JL, Carandang RR, et al. Impact of COVID-19 pandemic lockdown
on movement behaviours of children and adolescents: A systematic review. BMJ Global
Health. 2022;7(1).

24. Madigan S, Eirich R, Pador P, et al. Assessment of changes in child and adolescent
screen time during the COVID-19 pandemic: A systematic review and meta-analysis.
JAMA Pediatrics. 2022;176(12):1188–1198.

25. Samji H, Wu J, Ladak A, et al. Review: Mental health impacts of the COVID-19
pandemic on children and youth – a systematic review. Child Adolesc Ment Health.
2022;27:173–189.

26. Orban E, Li LY, Gilbert M, et al. Mental health and quality of life in children and ado-
lescents during the COVID-19 pandemic: A systematic review of longitudinal studies.
Front Public Health. 2024;11.

17

https://doi.org/10.1371/journal.pone.0017030
https://doi.org/10.1371/journal.pone.0017030
https://doi.org/10.1007/s00038-020-01495-z
https://doi.org/10.1007/s00038-020-01495-z
https://doi.org/10.1007/s00038-020-01495-z
https://doi.org/10.1136/bmjopen-2020-047483
https://doi.org/10.1136/bmjopen-2020-047483
https://doi.org/10.1136/bmjopen-2020-047483
https://doi.org/10.1038/s41467-023-43330-y
https://doi.org/10.1038/s41467-023-43330-y
https://doi.org/10.4414/smw.2021.w30092
https://doi.org/10.4414/smw.2021.w30092
https://doi.org/10.4414/smw.2021.w30092
https://doi.org/10.1016/j.jinf.2021.12.026
https://doi.org/10.1016/j.jinf.2021.12.026
https://doi.org/10.1016/j.jinf.2021.12.026
https://doi.org/10.1371/journal.pmed.1004107
https://doi.org/10.1371/journal.pmed.1004107
https://doi.org/10.1371/journal.pmed.1004107
https://doi.org/10.1002/ppul.25344
https://doi.org/10.1002/ppul.25344
https://doi.org/10.1016/S2352-4642(23)00312-7
https://doi.org/10.1016/S2352-4642(23)00312-7
https://doi.org/10.1136/bmjgh-2021-007190
https://doi.org/10.1136/bmjgh-2021-007190
https://doi.org/10.1001/jamapediatrics.2022.4116
https://doi.org/10.1001/jamapediatrics.2022.4116
https://doi.org/10.1111/camh.12501
https://doi.org/10.1111/camh.12501
https://doi.org/10.3389/fpubh.2023.1275917
https://doi.org/10.3389/fpubh.2023.1275917


SARS-CoV-2 in Children and Adolescents

27. National COVID-19 Science Task Force. Assessment of measures in schools. Na-
tional COVID-19 Science Task Force; 2021.(https://sciencetaskforce.ch/en/policy-
brief/assessment-of-measures-in-schools)

28. UNESCO. Total duration of school closures. (https://webarchive.unesco.
org/web/20220625033513/https://en.unesco.org/covid19/educationresponse#
durationschoolclosures)

29. Bundesamt für Gesundheit. Covid-19-Impfung: Jugendliche ab 12 Jahren kön-
nen sich impfen lassen. 2021;(https://www.admin.ch/gov/de/start/dokumentation/
medienmitteilungen.msg-id-84095.html)

30. Bundesamt für Gesundheit. Covid-19: Die Impfung für Kinder wird empfohlen und
ist ab Anfang Januar möglich. 2021;(https://www.bag.admin.ch/bag/de/home/das-
bag/aktuell/medienmitteilungen.msg-id-86451.html)

31. Bundesamt für Gesundheit (BAG), Eidgenössische Kommission für Impffragen
(EKIF). Impfempfehlung für mRNA-Impfstoffe gegen Covid-19 (stand 14.12.21).
2021.(https://cdn.paediatrieschweiz.ch/production/uploads/2021/12/2021.12.14-
Impfempfehlung_de.pdf)

32. Zimmermann P, Pittet LF, Finn A, et al. Should children be vaccinated against COVID-
19? Arch Dis Child. 2022;107(3):e1–e8.

33. WHO Regional Office for Europe. Recommendations from the WHO technical advisory
group on safe schooling during the COVID-19 pandemic: Revised version following the
eighth TAG meeting, 20 january 2022. WHO Regional Office for Europe; 2022.(https:
//www.who.int/europe/publications/i/item/WHO-EURO-2022-5095-44858-63717)

34. Wiedenmann M, Goutaki M, Keiser O, et al. The role of children and adolescents in the
SARS-CoV-2 pandemic: A rapid review. Swiss Med Wkly. 2021;151(3738):w30058.

35. Vaughan A, Duffell E, Freidl GS, et al. Systematic review of seroprevalence of SARS-
CoV-2 antibodies and appraisal of evidence, prior to the widespread introduction of
vaccine programmes in the WHO european region, january–december 2020. BMJ Open.
2023;13(11).

36. Accorsi E, Qiu X, Rumpler E, et al. How to detect and reduce potential sources of biases
in studies of SARS-CoV-2 and COVID-19. Eur J Epidemiol. 2021;36:179–196.

37. Abela IA, Pasin C, Schwarzmüller M, et al. Multifactorial seroprofiling dissects the
contribution of pre-existing human coronaviruses responses to SARS-CoV-2 immunity.
Nat Commun. 2021;12:6703.

38. Fenwick C, Croxatto A, Coste AT, et al. Changes in SARS-CoV-2 spike versus nu-
cleoprotein antibody responses impact the estimates of infections in population-based
seroprevalence studies. J Virol. 2021;95(3):10.1128/jvi.01828–20.

39. Sempos CT, Tian L. Adjusting coronavirus prevalence estimates for laboratory test kit
error. Am J Epidemiol. 2021;90(1):109–115.

18

https://sciencetaskforce.ch/en/policy-brief/assessment-of-measures-in-schools
https://sciencetaskforce.ch/en/policy-brief/assessment-of-measures-in-schools
https://webarchive.unesco.org/web/20220625033513/https://en.unesco.org/covid19/educationresponse#durationschoolclosures
https://webarchive.unesco.org/web/20220625033513/https://en.unesco.org/covid19/educationresponse#durationschoolclosures
https://webarchive.unesco.org/web/20220625033513/https://en.unesco.org/covid19/educationresponse#durationschoolclosures
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-84095.html
https://www.admin.ch/gov/de/start/dokumentation/medienmitteilungen.msg-id-84095.html
https://www.bag.admin.ch/bag/de/home/das-bag/aktuell/medienmitteilungen.msg-id-86451.html
https://www.bag.admin.ch/bag/de/home/das-bag/aktuell/medienmitteilungen.msg-id-86451.html
https://cdn.paediatrieschweiz.ch/production/uploads/2021/12/2021.12.14-Impfempfehlung_de.pdf
https://cdn.paediatrieschweiz.ch/production/uploads/2021/12/2021.12.14-Impfempfehlung_de.pdf
https://doi.org/10.1136/archdischild-2021-323040
https://doi.org/10.1136/archdischild-2021-323040
https://www.who.int/europe/publications/i/item/WHO-EURO-2022-5095-44858-63717
https://www.who.int/europe/publications/i/item/WHO-EURO-2022-5095-44858-63717
https://doi.org/10.4414/SMW.2021.w30058
https://doi.org/10.4414/SMW.2021.w30058
https://doi.org/10.1136/bmjopen-2022-064240
https://doi.org/10.1136/bmjopen-2022-064240
https://doi.org/10.1136/bmjopen-2022-064240
https://doi.org/10.1007/s10654-021-00727-7
https://doi.org/10.1007/s10654-021-00727-7
https://doi.org/10.1038/s41467-021-27040-x
https://doi.org/10.1038/s41467-021-27040-x
https://doi.org/10.1128/jvi.01828-20
https://doi.org/10.1128/jvi.01828-20
https://doi.org/10.1128/jvi.01828-20
https://doi.org/10.1093/aje/kwaa174
https://doi.org/10.1093/aje/kwaa174


SARS-CoV-2 in Children and Adolescents

40. Stringhini S, Wisniak A, Piumatti G, et al. Seroprevalence of anti-SARS-CoV-2 IgG
antibodies in geneva, switzerland (SEROCoV-POP): A population-based study. The
Lancet. 2020;396(10247):313–319.

41. Roudini J, Khankeh HR, Witruk E. Disaster mental health preparedness in the commu-
nity: A systematic review study. Health Psychol Open. 2017;4(1).

42. Biddle SJH, Ciaccioni S, Thomas G, et al. Physical activity and mental health in children
and adolescents: An updated review of reviews and an analysis of causality. Psychol
Sport Exerc. 2019;42:146–155.

43. Tang S, Werner-Seidler A, Torok M, et al. The relationship between screen time and
mental health in young people: A systematic review of longitudinal studies. Clin Psy-
chol Rev. 2021;86:102021.

44. Morales-Muñoz I, Gregory AM. Sleep and mental health problems in children and
adolescents. Sleep Med Clin. 2023;18(2):245–254.

45. Ching BCF, Parlatini V, Downs J, et al. Long-term research priorities for mental health
of children and young people informed by lived experiences during the COVID-19
pandemic. Nat Mental Health. 2024;2:126–128.

19

https://doi.org/10.1016/S0140-6736(20)31304-0
https://doi.org/10.1016/S0140-6736(20)31304-0
https://doi.org/10.1177/2055102917711307
https://doi.org/10.1177/2055102917711307
https://doi.org/10.1016/j.psychsport.2018.08.011
https://doi.org/10.1016/j.psychsport.2018.08.011
https://doi.org/10.1016/j.cpr.2021.102021
https://doi.org/10.1016/j.cpr.2021.102021
https://doi.org/10.1016/j.jsmc.2023.01.006
https://doi.org/10.1016/j.jsmc.2023.01.006
https://doi.org/10.1038/s44220-023-00183-0
https://doi.org/10.1038/s44220-023-00183-0
https://doi.org/10.1038/s44220-023-00183-0


SARS-CoV-2 in Children and Adolescents

Appendix: Original articles of the Habilitation

Article I: Ulytė et al 2021, BMJ
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