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During the pandemic caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), mitigation policies for children have been a topic of considerable 
uncertainty and debate. Although some children have co-morbidities which 
increase their risk for severe coronavirus disease (COVID-19), and complications 
such as multisystem inflammatory syndrome and long COVID, most children 
only get mild COVID-19. On the other hand, consistent evidence shows that 
mass mitigation measures had enormous adverse impacts on children. A central 
question can thus be posed: What amount of mitigation should children bear, 
in response to a disease that is disproportionally affecting older people? In 
this review, we  analyze the distinct child versus adult epidemiology, policies, 
mitigation trade-offs and outcomes in children in Western Europe. The highly 
heterogenous European policies applied to children compared to adults did not 
lead to significant measurable differences in outcomes. Remarkably, the relative 
epidemiological importance of transmission from school-age children to other 
age groups remains uncertain, with current evidence suggesting that schools 
often follow, rather than lead, community transmission. Important learning points 
for future pandemics are summarized.
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1. Introduction

During the pandemic caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) (1), mitigation policies in relation to 
children have been a topic of considerable uncertainty and debate, 
most importantly because of the distinct disease manifestations, 
transmission dynamics, and public health trade-offs in children 
compared to adults (2–4).

As of January 2023, the COVerAGE database from UNICEF 
reported a total of 4.1 million global deaths due to coronavirus disease 
(COVID-19). Children and adolescents under 20 years of age 
accounted for 0.4% (5, 6) of these deaths, despite representing 30% of 
the world population (7). In high-income countries, the same age 
group accounted for 22% of the population, 23% of COVID-19 cases, 
but only 0.1% of registered COVID-19 deaths (8). Potential reasons for 
the lower proportion of COVID-19 deaths in children in high-income 
countries are (i) the older mean population age in high-income 
countries, which is associated with a steep rise in hospitalization and 
mortality rates due to COVID-19 (Figure 1) (9); (ii) a lower proportion 
of children with co-morbidities associated with more severe COVID-
19, and (iii) differences in the coding of COVID-19 deaths.

Some children are at higher risk for severe COVID-19, and 
protection from multisystem inflammatory syndrome in children 
(MIS-C) associated with COVID-19, as well as long COVID is 
important (10, 11). Moreover, if children contribute substantially to 

transmission, epidemiological restrictions may be justified beyond 
individual disease risk (12). However, as reviewed below, uncertainty 
remains on the importance of transmission dynamics between 
school-age children and older and vulnerable people, with whom they 
tend to have less contact (13) and consequently transmit less to, at 
least in comparison to same-age individuals (14–17).

These data pose a dilemma between epidemiological control versus 
the individual benefit-harm ratio which is central to medicine and 
public health (first, do no harm): what amount of mitigation should 
children bear, in response to a disease that is disproportionally affecting 
older people (5)? Mitigation measures had an extremely large impact 
on children, especially school closures, interruption of co-ordinated 
sport and other free-time activities and disruption of other public 
health efforts (18, 19). Damages arising from school closures include 
education loss, lack of social interaction, loss of indirect benefits such 
as meals, as well as marginalization and inequality (20, 21). A recent 
meta-analysis showed substantial overall learning deficit, which arose 
early in the pandemic and persists over time, affecting disproportionally 
children from low socio-economic backgrounds (22). This adds to the 
“education emergency of unprecedented scale” (19). A massive loss of 
nutritional support has been reported globally, with UNICEF 
estimating that, already during the first year of the pandemic, 370 
million children in 150 countries missed school meals (23). 
Furthermore, some morbidities, that are also associated with an 
increased risk for severe COVID-19 or potential sequelae, such as being 

FIGURE 1

Percent of total COVID-19 registered deaths assigned to age groups, UNICEF/MPI DR COVerAGE database.

https://doi.org/10.3389/fpubh.2023.1175444
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Soriano-Arandes et al. 10.3389/fpubh.2023.1175444

Frontiers in Public Health 03 frontiersin.org

overweight, diabetes, and mental health problems, increased in children 
due to interventions aimed to reduce SARS-CoV-2 transmission (24–
26). Medical care (including diagnosis, treatment and psychosocial 
support) of patients, including children, with chronic diseases or 
cancer, has been negatively affected by the pandemic (27–29).

European countries took reasonably similar approaches for the 
adult population when the pandemic began in 2020, but remarkably 
diverse strategies were implemented when it came to children. This 
included major differences in school closure policies (30), social and 
educational options offered to children during the crisis, as well as 
general mitigation (e.g., mask use) and pediatric vaccination policies. 
For example, Germany and Italy applied authoritative policies with 
strict non-pharmaceutical interventions (NPIs), arguably restricting 
children as much or even more than adults at certain times. In 
contrast, Scandinavian countries never imposed mask use on primary 
school (defined here as primary level education for those up to 
12 years of age) children and avoided strict NPIs such as curfews, 
giving children more options to socialize within the community (31). 
Vaccination or testing was also not a requirement for attending school, 
although vaccination was recommended and testing strongly 
recommended during the early Omicron wave in Denmark, before 
abandoning all mitigations on February 1, 2022.

The division between these two strategies of pediatric mitigation, 
a conservative approach emphasizing epidemiological control versus 
a strategy emphasizing approaches with many public health trade-offs, 
is probably the most defining feature of the Western European 
pandemic responses. Understanding the origin of these differences, 
the debates taking place behind them, and their benefits and harms, 
seems to be  one of the most essential learning points for future 
pandemics. To help such a discussion, this review analyses the 
epidemiology, policies, trade-offs, and outcomes of the COVID-19 
pandemic in children in Western Europe.

2. Methodology

Given the complexity of the topic, the heterogeneity and poor 
quality of studies in certain areas, as well as the large number of social 
and mitigation factors affecting these analyses, a systematic review was 
not deemed as feasible. A narrative review with the main aim of 
identifying key aspects that should be considered moving forward was 
judged as more appropriate. In February 2023, we searched PubMed, 
Web of Science, Google Scholar, and Cochrane library databases to 
identify relevant studies related to SARS-CoV-2, children, schools, 
and mitigation measures. We considered all types of articles, including 
clinical trials, observational studies, reviews, and meta-analyses. As 
this is a narrative review, we gave preference to the most recent and 
least bias-prone studies available in the current literature (ranking 
observational studies and studies using proxies of infection lower). 
Nevertheless, uncertainties and disagreements have been carefully 
discussed throughout the manuscript.

3. Epidemiology of pediatric 
COVID-19 in Europe

In the following chapter, we examine the multifaceted complexities 
of the COVID-19 pandemic, which encompass variations in 

susceptibility, transmissibility, exposure to SARS-CoV-2, and severity 
among children. Furthermore, we explore the impact of pediatric 
COVID-19 on the European pandemic, with a particular focus on the 
effect of distinct SARS-CoV-2 variants. Limitations of the available 
data and testing methods are also thoroughly addressed to provide a 
comprehensive overview of the current knowledge in the field.

3.1. Infection and transmission of 
SARS-CoV-2 in children in Europe

As a null hypothesis, it could be assumed that SARS-CoV-2 has 
similar attack rates in children and other population sub-groups. 
However, population subgroups, including children, had distinct 
exposure to SARS-CoV-2 due to differences in social contact patterns 
and NPIs, as well as due to inherent biological heterogeneity in 
susceptibility and transmissivity (32–34). These heterogeneities varied 
between countries and complicate epidemiological estimates for 
children. For example, school and work closures moved exposure into 
the community and homes for both children and adults in different 
ways at different times during the pandemic (35).

Biological heterogeneity also affects measurements of exposure. 
While polymerase chain reaction (PCR) tests have similar sensitivity 
and specificity for all subgroups, antibody tests require that individuals 
seroconvert upon exposure. However, some individuals abort 
infection without developing an antibody response (36–38), plausibly 
because of an asymptomatic or mild infection, or because of 
heterogeneous immune responses (39). Moreover, children can mount 
an immune response to SARS-CoV-2 without virological confirmation 
of infection; therefore routine virological and serological testing may 
not identify all exposed children (40). Antibody responses to some 
extent also correlate with the severity of the infection (41, 42). 
Children may be less likely to seroconvert or may have lower antibody 
responses (43–45), likely because children more often clear SARS-
CoV-2 infections with innate immunity. Moreover, a fraction of the 
population does seroconvert but seroreverts before measurement, 
adding to false negative infection prevalence estimates. Seroreversion 
may depend on the virus variant and immunity from vaccination or 
previous infection, including infection with other coronaviruses (46). 
These limitations make seroprevalence a lower bound for the true 
prevalence (47, 48). Furthermore, surveys need to be fully population-
representative to estimate the true prevalence in a population. 
Children were tested less compared with adults, especially early in the 
pandemic (49) and since many children are asymptomatic or have 
mild disease (50) they might not be  tested. However, even when 
testing is applied systematically, the secondary attack rate depends on 
age (51).

A meta-analysis of early studies suggested that children are 
substantially less susceptible to infection with SARS-CoV-2 (52), with 
the limitations mentioned above regarding representability and false-
negative test rates for pediatric compared with adult infections. A 
recent, detailed social-mixing analysis using PCR data without the 
seroconversion/−reversion limitations of antibody surveys confirmed 
that pediatric susceptibility to infection is about half that of adults (53).

The Institute for Health Metrics and Evaluation (IHME) has 
provided estimates of cumulative country-specific attack rates up to 
November 2021 (just before the Omicron variant took over) (54), with 
the caveat that the estimates may be biased toward adult population 
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surveys. Although concerns have been raised about the IHME 
mortality model which may explain the anomalous IHME infection 
fatality rates (IFRs) (55), the IHME infection estimates are reasonably 
consistent with national surveys and take into account seroreversion.

Different responses and social structures could be expected to 
produce variations in children-to-adult attack rates in various 
countries, although data on this is limited. When the IHME estimates 
are used (54), infection levels differ between countries, with relatively 
lower levels of infection in some Nordic countries such as Norway, 
Denmark and Finland, and higher levels in Sweden and many 
countries in continental Europe (54).

Social mixing is very heterogeneous, both across age groups and 
within age groups. European pre-pandemic contact matrices (13) 
show the largest mixing between similar age groups. The highest social 
mixing is seen in adults at working age, whereas older people have the 
least social contact with children and most contact with other adults 
or older adults. These data suggest that interactions between children 
and grandparents, a concern often raised during the pandemic, are 
fewer than naively assumed in a homogeneously transmitting 
population, consistent with the view that school transmission reflects 
community transmission, not the other way around (17, 56). The 
extent of interactions likely varies between countries and regions, and 
understanding these differences is crucial for developing effective 
public health policies (57, 58).

It also remains unclear whether having children at home or in the 
community rather than in school increases or reduces infection risk. 
A meta-analysis of 90 studies concluded that “risks of infection among 
children in educational settings was lower than in communities” (59). 
However, this may change when social distancing and mitigations are 
applied in schools.

Even if we were to presume that children were more infected in 
schools, spill-over to other age groups might still be lower in an open-
school context, as the social contact rate to older groups at home or in 
the community increases with schools closed, which could lead to 
higher transmission to the vulnerable. Interestingly, a large study 
performed in Northern California showed that the risk for 
hospitalization or intensive care admission (ICU) was lower for adults 
living with young children, suggesting that endemic coronavirus 
cross-immunity may play a role in protection against severe 
COVID-19 (60).

With the limitations discussed above and lack of data suggesting 
otherwise, we will assume that European countries share age-stratified 
contacts and infection patterns that are roughly heterogeneous in the 
same way. If so, a country’s pediatric attack rate would 
be approximately in proportion to the general population infection 
levels (54) (Table  1, bottom). For example, Germany’s estimated 
cumulative population infection rate up to November 2021 of 14.4% 
(54) was consistent with pediatric seroprevalence estimates until 
March 2021 of 10.8% (61), especially considering the half year gap in 
the timing of the survey and uncertainties regarding seroreversion. 
This relative size of the pediatric pandemic may have changed during 
the pandemic with different virus variants, with the highest infection 
rates seen for Omicron. However, this effect may also reflect increased 
application of pediatric testing.

Regarding transmission there appears to be  a clear difference 
between adolescents and young children: in regards to susceptibility, 
young children’s household secondary attack rate is much lower than 
that of adolescents (which is similar to adults) (59). This is reflected in 

prevalence in representative surveys [such as the ONS in the UK (62)], 
where the prevalence in primary-aged children was significantly lower 
than in adolescents for almost all of the first 18 months of the 
pandemic. In contrast, household transmission rates from younger 
children appears higher than from adolescents (although equal to or 
lower than from adults) (63, 64). This is likely reflective of the closer 
contact of caregivers with young children during illness, as viral loads 
appear lowest in younger children (64, 65). In addition, the 
age-dependent dynamics of transmission have changed dramatically 
over the course of the pandemic as result of shifting patterns of 
immunity. When adults became fully-vaccinated yet children were 
almost entirely unvaccinated, they had a much higher prevalence. This 
was the case during the latter Delta period (66) and initial Omicron 
wave. Now owing to higher rates of infection-induced immunity, 
younger children have again had the lowest rates of disease prevalence 
of any age group.

We might expect in the future that these patterns will morph into 
more similar patterns to those of seasonal respiratory viruses as a 
susceptible pool of young children keeps being added, and older 
cohorts keep adding to immunity through repeated infection. This is 
important for future pandemics. While we model respiratory virus 
pandemic response on influenza which include a disproportionately 
large role of young children in transmission; an important cause of 
this is the differences in immunity. For COVID-19, where there were 
no differences in immunity, young children did not play a 
disproportionate role (and if anything, played a disproportionately 
small role). This makes school closures less effective than might 
be predicted, impacting the cost–benefit analysis. For future novel 
pathogens with little or no population immunity, children may not 
play a disproportionately large role in transmission and school 
closures may be a less effective means of blunting transmission.

3.2. Impact of pediatric COVID-19 during 
the pandemic in Europe

Estimating the severity of infections requires comparison of 
hospitalization and death rates, or other adverse outcomes, against an 
estimate of the real prevalence of the disease in the corresponding 
age group.

As early as February 2020, a lower susceptibility of children to 
severe COVID-19 was suggested by data available from China (67). 
The steep age-related disease risk gradient and relative mild disease in 
children also quickly became evident during the first wave in Europe 
(68). Furthermore, seroprevalence studies began to emerge in Spring 
2020 and pointed toward substantially higher infection levels and 
correspondingly lower IFRs than deduced from case fatality rates, e.g., 
the Danish blood donor study (69, 70). In late April 2020, the Danish 
Statens Serum Institut published data indicating a nearly exponential 
dependency of mortality with age (71). Such patterns have since been 
confirmed (72), also in large international studies (73, 74). 
Symptomatic infection in children and adolescents less than 17 years 
of age was associated with approximately 1.2% crude hospitalization 
risk and 0.1% crude risk of ICU admission with population-wide 
infection-outcome risks being smaller due to additional 
non-symptomatic cases. These numbers representing 10 EU countries, 
provide a reasonable indication of the disease impact on children in 
the first waves of the pandemic in Europe (73). In many countries, 
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TABLE 1 Pandemic school responses and pediatric disease burden in Western European countries (as per November 2022).

Response UK* IRE GER* NETH BEL LUX FRA DEN NOR SWE ICE FIN SPA POR ITA SWI* AUS GRE

No. weeks with 
closed schools
(UNESCO) until 
end of 2022

16 16 14 12 9 9 7 8 5 0 0 8 10 12 13 6 15 18

No. weeks with 
partially-open 
schools (UNESCO) 
until end of 2022

11 11 24 19 20 6 5 27 24 24 6 25 (0 for 
primary school)

5 12 25 0 24 19

End of mandated 
restrictions at 
school (date)

Sep 2021 28/02/2022 Not yet 
in some 
states

25/04/2022 07/03/2022 01/02/2022 12/02/2022 01/04/2022 25/02/2022 13/01/2022 01/09/2022 01/09/2022 01/09/2022 25/04/2022

Masks for primary 
school children

No No Yes
until 
April 
2022

No At specific 
periods

At 
specific 
periods

At 
specific 
periods

No No No No National 
recommendation 
for ages 12 and 
over
until October 
2021

Yes
until April 
2022

Yes
until 
Sep 2022

Yes
until Sept 
2022

Yes
briefly

Yes
until Feb 
2022

Yes

Masks for 
secondary school 
children

>12y 
(indoors but 
outside 
classroom)

Yes Yes
until 
April 
2022

At specific 
periods 
(removed 
in class)

Yes Yes
until 
March 
2022

Yes No Yes No No Yes
until October 
2021

Yes
until April 
2022

Yes
until 
Sep 2022

Yes
until Sept 
2022

Yes Yes
until Feb 
2022

Yes

Testing and 
quarantine rules 
(pandemic 
summary until end 
of 2022)

Test and 
quarantine 
until 31 Mar 
2022 (test/
stay for 
contacts 
from 
Sep 2021)

Test and 
stay

Yes Yes Yes Yes Yes Yes
until Oct 
2021

Yes Yes Yes Yes
until Jan 2022

Yes
until Jan 
2022

Yes, until 
Jan 2022

Yes Yes Yes Yes

Asymptomatic 
testing (pandemic 
summary until end 
of 2022)

Secondary 
schools 
only—twice 
weekly from 
Mar 2021 to 
Mar 2022

No Yes Yes Yes Yes 
(stop in 
2022)

Yes Yes Yes (twice 
a week)

No No Yes, close 
contacts, subject 
to local 
evaluation (no 
screenings)

Yes, all 
contacts to 
initial case 
(bubble 
groups)

Yes, i.e., 
before 
starting the 
2021–2022 
academic 
year for 
>13y

Yes Yes Yes 
(mobile 
teams)

Yes

Infection rate, up 
to Nov 2021

27.7% 22.3% 14.4% 27.1% 32.0% 24.1% 23.3% 13.5% 11.2% 22.4% 7.9% 8.6% 24.9% 21.9% 19.6% 19.7% 22.4% 15.2%

Deaths 0–9y to 
April 1, 2022

4.8 4.9 1.7 4.9 (0–24) 0 4.4 4.9 12.3 1.9 5.7 3.4 5.0 3.4 4.6 (0–4)

Deaths 10–19y to 
April 12,022

11.0 4.7 3.5 4.9 (0–24) 0 3.4 5.9 6.7 1.6 5.6 2.9 5.1 1.2 5.9 (5–14)

UNESCO school closure dataset, https://covid19.uis.unesco.org/global-monitoring-school-closures-covid19/country-dashboard/; PH measures at schools by country, https://phsm.euro.who.int/measuresDatabase; Finland, https://thl.fi/en/web/infectious-diseases-and-
vaccinations/what-s-new/coronavirus-covid-19-latest-updates/situation-update-on-coronavirus/coronavirus-infections-in-schools; https://www.thl.fi/episeuranta/tautitapaukset/coronamap.html.
*Heterogeneity of policy implementations in different states.
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hospitalization rates in children infected with respiratory syncytial 
virus and influenza are much higher than in those infected with 
SARS-CoV-2 (75–78). With the arrival of Omicron and mass 
vaccination, the overall IFR fell further and was estimated to be as low 
as 6.2 per 100,000 people aged 17–72 years in a large collaborative 
Danish study (79). In addition to those direct short-term risks, there 
are additional longer-term effects, as discussed below.

3.3. MIS-C and long COVID

MIS-C, a disease characterized by hyperinflammation and multi-
organ involvement presenting with clinical features similar to 
Kawasaki disease or toxic shock syndrome, has been observed 2 to 
6 weeks after a SARS-CoV-2 infection, mainly in children. Although 
MIS-C is rare, affecting less than 0.1% of SARS-CoV-2-infected 
children, it has been associated with high rates of ICU admissions 
(~80%) and even death (~2%) (80).

The incidence of MIS-C varies between countries, depending on 
genetic and socio-economic factors, circulating virus variants, 
infection incidence and population immunity. A total of 111 cases of 
MIS-C were diagnosed in France from April 2020 to January 2021 
(~0.7 cases per 100,000 children during 9 months) (81). Similar 
numbers were reported from Spain, where 45 children were admitted 
to ICU with MIS-C from March to June of 2020 (82). The national 
Swiss Paediatric Surveillance Unit reported that 204 children were 
hospitalized with MIS-C between March 2020 and March 2022 (13 
per 100,000 children). In an international study which included 904 
children with MIS-C, a substantial decrease in incidence has been 
observed throughout the pandemic. It has been hypothesized that this 
might be due to immunity through previous infection or COVID-19 
vaccination or due to viral factors (83). COVID-19 vaccination might 
have a protective effect against MIS-C (84), and vaccination can 
be safely administered to children who have previously suffered from 
MIS-C (85). Even if MIS-C is associated with high ICU admission 
rates and organ involvement (mostly cardiac), the prognosis is 
generally good and most children recover rapidly, usually already 
during hospitalization (86).

A further complication of SARS-CoV-2 infections in children is 
post-acute sequelae, or “long COVID.” Systematic reviews show that 
most studies estimating the prevalence of long COVID in children 
have substantial limitations and that, even when there are control 
groups, it is difficult to differentiate between post-infectious long 
COVID and other pandemic-associated symptoms (11, 87, 88). The 
major limitations include a lack of a clear case definition for long 
COVID, arbitrary length of follow-up, inclusion of non-laboratory 
confirmed infections, and low response rates. Furthermore, there is 
potential for recruitment bias when people with a history of adverse 
effects could be more likely to accept recruitment in studies of self-
reported symptoms (88). A less discussed topic, nocebo effect as seen 
with other exposures (89, 90), may also warrant further study in the 
context of long COVID.

A Norwegian report on healthcare use reported that SARS-CoV-2 
infection in children had little impact on healthcare usage during the 
subsequent 6 months after the infection (91). A Danish cohort study 
concluded that long COVID in children is rare and mostly resolves 
after a short duration (92). Persisting symptoms have been reported 
after infections with other viruses. For example, for Epstein–Barr 

Virus, persisting symptoms, such as fatigue have been reported in up 
to 20% (93), and a large cohort study found that persisting symptoms 
in adolescents were similar after SARS-CoV-2 or influenza infection 
(94). One of the important outcomes of the pandemic is thus, arguably, 
to have raised awareness for long-term sequelae from infections more 
broadly and the associated unmet therapeutic need.

3.4. Co-morbidities associated with severe 
COVID-19

It is important to identify co-morbidities which increase the risk 
of severe COVID-19 (95), as children with these co-morbidities may 
benefit more from individual protective measures. An early systematic 
review identified that obesity increased the risk of severe COVID-19 
(relative risk ratio 2.87) (96) and cross-sectional studies suggest that 
diabetes type 1 and congenital heart disease also increases the risk 
(97). A meta-analysis concluded that children with neurological and 
cardiac co-morbidities, as well as obesity, have an increased risk of 
ICU admission or death (98). Further systematic reviews identified 
chronic lung diseases and prematurity (99) as well as obesity, 
congenital heart, chronic lung and neurological diseases as risk factors 
for severe COVID-19 (100).

A study from Switzerland reported that co-morbidities were 
associated with a higher rate of hospitalization but not of ICU 
admission (6). In Germany, excluding children without co-morbidities 
decreased the incidence of ICU admission from 0.22 to 0.09 per 
100,000 children (101). In the UK, more than 60% of children with 
MIS-C were reported to have co-morbidities, and from the eight 
children that died, all had co-morbidities (102). Also in the UK, 76% 
of the pediatric COVID-19-associated deaths during the first year of 
the pandemic were children with co-morbidities (103).

3.5. Effect of different SARS-CoV-2 variants

The main waves in Europe can be crudely classified into the first 
2020 wave of the predominantly D614G variant of the Wuhan 
reference type (104, 105); the second wave in autumn and winter of 
2020 to 2021, which included also Alpha (106), estimated to 
be approximately up to 30 to 50% more infectious and lethal; the 2021 
summer wave, which was mainly driven by the even more infectious 
and lethal Delta variant (107, 108); and finally, the winter wave of 2021 
to 2022, which was mainly driven by the Omicron variant which was 
less virulent at least partly due to high disease-relevant cellular 
immunity in the population at the time of its arrival (109), but 
substantially more infectious due to transmission-relevant antibody 
immune evasion (110, 111).

A question commonly raised was whether a new variant caused 
more severe disease in children compared with previous variants. For 
each new variant (Alpha, Delta and Omicron), it was initially 
suggested in media and early reports that the variant would be more 
severe in children (112, 113). Many such early data was based on 
limited sampling of children, and when taking into account more 
robust measures of relative virulence there was no indication that any 
of the variants had a disproportional virulence toward children, which 
would also require a special biological mechanism related to the 
mutations (113–116).
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4. Basic immunology and pathology of 
pediatric COVID-19

In the following chapter, we provide a succinct overview of the 
variations in immunology and pathology of COVID-19 between 
children and adults relevant to the topic.

4.1. Innate immunity

While much remains to be  understood, it is now clear that 
compared with adults, children react differently to SARS-CoV-2 on 
several levels. Compared with adults, children have much higher 
numbers of innate immune cells in their nasal mucosa and express 
higher levels of the major pattern recognition receptors involved in 
recognizing SARS-CoV-2 (117). The activation of these pattern 
recognition receptors results in the production of type I  and III 
interferons, which helps to control SARS-CoV-2. Interferon 
production after SARS-CoV-2 infection happens faster in children 
(118) and children infected with SARS-CoV-2 have higher levels of 
certain cytokines and chemokines in their nasal fluid (119).

In blood, children infected with SARS-CoV-2 have an early 
expression of genes associated with interferon production and a 
reduction of myeloid cells, dendritic cells, natural killer cells and 
classical (CD14 + CD16-), intermediate (CD14 + CD16+) and 
non-classical (CD14-CD16+) monocytes (117, 119–122). Adults with 
COVID-19, especially severe COVID-19, also have low levels of 
dendritic and natural killer cells, but only show a decrease of 
non-classical monocytes while classical and intermediate monocytes, 
which are involved in the cytokine storm, increase (120, 123–125). 
Furthermore, during early disease, children have higher levels of 
C-X-C motif chemokine ligand 10 (CXCL10), granulocyte-
macrophage colony-stimulating factor (GM-CSF), and interleukin 
(IL)-17A, while tumor necrosis factor (TNF) and IL-6 levels are 
similar when compared with adults (43, 122, 126).

4.2. Adaptive immunity

Levels of SARS-CoV-2-specific immunoglobulin (Ig) A and IgG 
in nasal fluid have mostly been reported to be similar in children and 
adults (119). Rapid and coordinated appearance of SARS-CoV-2-
specific CD4+ and CD8+ T cells in blood is associated with faster 
clearance of SARS-CoV-2 (127). Children with COVID-19 have 
higher lymphocyte counts, with a higher proportion of innate 
lymphoid and non-clonally expanded naïve T cells (128, 129). They 
also have higher numbers of T follicular helper cells, which are 
important for an early antibody response (130). Furthermore, they 
have lower T cell responses S and ORF1 proteins and reduced CD4+ 
T cell effector memory (43, 119, 128, 130). Results of T cell responses 
against nucleocapsid (N) and membrane proteins are conflicting with 
some studies showing lower (130) and others higher (43, 119, 128) 
levels in children.

In children with COVID-19, genes associated with B cell 
activation are expressed earlier than in adults (122). Studies comparing 
levels of SARS-CoV-2-specific antibodies between children and adults 
report conflicting results. Compared with adults, an early rise in 
specific antibodies (123, 125) has been observed in children. Some 

studies have also reported that children, although having milder 
infections, mount higher antibody levels which persist for longer (50, 
131). However, there are also studies reporting that children are less 
likely to seroconvert to SARS-CoV-2 compared to adults (44, 45), and 
have lower specific neutralizing antibody levels (43, 132). The role of 
endemic coronavirus infections in inducing pre-existing cross-
immunity protection against SARS-CoV-2 is debated (133). Healthy 
children mostly possess SARS-CoV-2 IgM, suggesting that children 
have less-experienced but more polyreactive humoral immunity 
compared to adults (134). When interpreting these results, it is 
important to consider that antibody levels depend on the disease 
severity, the timing of measurement after exposure (135–137), the 
type of antibody (IgA, IgM, IgG), and the target of the antibody 
measured, e.g., spike (S) protein, nucleocapsid (N) protein, 
non-structural proteins (NSP) or open reading frames (ORF) (138). 
Many factors, including different affinity and distribution of 
angiotensin converting enzyme 2 receptors, differences in vitamin D 
and melatonin levels, have been suggested to explain the age-gradient 
of severity in COVID-19 (139). However, apart from the above-
described differences in the immune system, the most likely 
explanation is the overall low observed prevalence of pre-existing 
endothelial injury and subsequent coagulation activation in the 
pediatric population (140–142).

5. School policies in Europe

In the following chapter, we present a comprehensive overview of 
the various migration measures implemented in different European 
countries to control the spread of COVID-19. These measures include 
but are not limited to school closures, regular testing, face mask 
mandates, and ventilation improvements, along with other 
non-pharmaceutical interventions. Additionally, we  meticulously 
evaluate the uncertainties and comparability of data to ensure the 
accuracy and reliability of our findings.

5.1. Overview of applied mitigation 
measures

Strategies to prevent SARS-CoV-2 transmission in open schools 
can be divided into the following categories: (1) social distancing 
measures that reduce contacts, e.g., alternating classes or reduced class 
sizes; (2) measures that might render contacts safer, e.g., use of face 
masks, hand hygiene, or ventilation; (3) surveillance and response 
strategies, e.g., screening or testing strategies, and isolation protocols; 
(4) combined measures that take several of the above-mentioned 
approaches. In addition, vaccination can be regarded as an additional 
measure, which can be combined with others (143, 144). Although 
efficacy of vaccines toward preventing infections with new variants 
decreased rapidly due to antigenic drift (145), observational studies 
indicate that they remain effective in the protection against severe 
disease (146). Teachers have been a priority group for COVID-19 
vaccination in countries such as Germany or Spain, achieving a high 
coverage rate in these countries (147). This was considered essential 
for Public Health authorities of some countries to keep schools open.

Public health policies and strategies, including restrictive 
measures, to control COVID-19 that were applied in European 
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schools are summarized in Table 1. They include physical distancing, 
use of face masks, frequent hand-washing and use of hand sanitizer, 
cleaning and disinfection, and ventilation and respiratory etiquette. 
European countries have been reinforcing and modifying sanitation 
protocols throughout the pandemic to keep schools open. In Sweden, 
pre-schools and schools for children up to 16 years of age stayed open 
throughout the first wave, and as in Denmark and Norway, masks 
were not used in school settings during this or any later wave (148).

Bubble group structures (small group of individuals who limit 
their social interactions to only each other) within schools were 
implemented in some countries, for example Spain (149). Other 
countries, such as Norway, designed a traffic light-monitoring system 
strategy to guide local school closures based on the rate of community 
transmission (150, 151). Levels were updated regularly from attending 
school in person to a hybrid model with a maximum attendance of 
50% and social distancing measures outdoors.

European institutions such as the European Centre for Disease 
Prevention and Control declared that recommendations for 
COVID-19 in children and the role of school settings in transmission 
published in July 2021 were also valid for the following 2022–2023 
academic year (152). In fact, the guidelines released during summer 
2022 addressed the key messages of staying at home if unwell, 
maintaining a good standard of hand hygiene, adhering to good 
respiratory etiquette, ensuring good ventilation arrangements, and 
continuing to maintain high sanitation standards.

5.2. Discussion of uncertainties and 
comparability of data

One of the most important limitations to direct comparison of the 
data is that European countries have faced different timelines and 
patterns of infections, lockdowns, school closures and re-openings 
during the pandemic (Table 1 and Figure 2). Further complicating 
comparisons, some areas or regions within each specific country often 
followed different guidelines, in accordance with the level of local 
community transmission (153).

Key epidemiological data for monitoring the COVID-19 
pandemic in children, such as disaggregated ICU admission rates by 
age groups or hospital admissions or deaths due to COVID-19 (and 
not with an incidental positive test for SARS-CoV-2), have been 
difficult to obtain from some European countries. Also, official 
numbers may be  differentially affected by testing, definition, and 
registration practices. With the aim to distinguish between children 
and adolescents who died as a result of SARS-CoV-2 infection from 
those who died of another cause but were incidentally infected with 
the virus, a UK review found a very low mortality rate of 2 per million 
(103), indicating the importance of separating these two types of data.

5.3. School closure

One of the earliest and most widespread actions taken by 
governments of European countries in 2020 was the closure of 
primary and secondary schools (Figure 2). This measure was applied 
because of previous knowledge inferred from other respiratory viruses 
such as influenza, where children are considered to be  important 
drivers for transmission (52, 154). Globally, more than 190 countries 

closed their schools completely or partially, putting more than 1.6 
billion students (or 80% of enrolled learners worldwide) out of their 
classrooms (30, 155). The closure of schools was highly disruptive, and 
the appropriateness of such measures has been debated extensively 
(156). With the emergence of the Omicron variant, the decision to 
close schools was no longer the norm and most European countries 
re-opened schools (Figure  2). Hybrid models of school closures 
during the COVID-19 pandemic involve a combination of in-person 
and remote learning. These models have been used in many countries 
as a way to reduce the number of students in schools at any given time, 
while still providing some level of in-person instruction. In some 
hybrid models, students attend school on alternating days or weeks, 
while in others, students attend school for a portion of the day and 
learn remotely for the rest. The effectiveness of these models in 
reducing transmission of COVID-19 is still being evaluated.

The effect of school closures on reducing SARS-CoV-2 
transmission was estimated in modeling studies to be high early in the 
pandemic (35). However, real-world data obtained after school 
re-openings across many countries showed only a modest impact of 
school opening and that students and teachers were more likely to 
be infected via household or community contacts than in schools (4, 
17, 157, 158). Low transmission risk in schools was concluded for the 
second half of 2020 in Germany (159). In Norway, few outbreaks were 
seen with schools open even during the Alpha wave, despite no use of 
face masks, explained by social distancing measures and social settings 
outside school (58, 150, 151). Similar results were seen in Switzerland, 
even at the time of high community transmission in December (160), 
and in Finland (161). These conclusions also seemed to hold true 
during the spread of the Delta variant (5). The studies, including 
systematic reviews, add to the evidence that school transmission is 
likely driven by home and community transmission rather than self-
propagated (17), and that school closures have limited effect on 
reducing transmission.

5.4. Testing

Another commonly used initiative during the pandemic has been 
to periodically test students and staff to prevent SARS-CoV-2 
transmission within schools. The schedule for this testing varied in 
different settings, i.e., twice or 3-times weekly. In terms of testing, the 
UK applied a “test-to-stay” strategy, in which students were provided 
with rapid tests (162). Daily contact testing of school-based contacts 
was non-inferior to self-isolation for control of SARS-CoV-2 
transmission, with similar rates of symptomatic infections among 
students and staff with both approaches (162). Some other initiatives, 
such as a school-sentinel-surveillance network in Catalonia (Spain), 
have been implemented to monitor and evaluate SARS-CoV-2 
infections in schools. This project aimed to do diverse screening 
strategies in a cohort of students and staff to monitor acceptance and 
potential impact (163). In some countries such as Austria, on-site 
school-entry testing were applied to control school transmission (164).

Contact tracing strategies have changed throughout the pandemic. 
For example, initially, in France, when a case was detected, contact 
cases that tested negative continued in-person learning while positive 
contacts switched to distance learning as they isolated for 10 days. This 
changed when the Omicron variant emerged, requiring contact cases 
to self-test immediately and again on the second and fourth days 
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without any isolation required (165). Similar policies were 
implemented in Spain with contacts allowed to continue in-person 
learning if asymptomatic (166).

Systematic reviews of contact tracing studies and population-
based studies have been published to inform on the role of children in 
the transmission of SARS-CoV-2 in household or educational settings 
(17). In Denmark, the National Board of Health published a booklet 
for parents in September 2020 with specific recommendations for 
parents in regards to testing their children and day-care or school 
attendance (167).

Several studies have addressed potential roles of regular nasal or 
saliva rapid testing in school children and teachers, showing that these 
provide little or no benefits on the overall community SARS-CoV-2 

burden (168), local transmission, or risk of hospitalizations for 
children (which remains extremely low) (169) or adults working in 
schools, compared with adults who do not (170).

The cost-effectiveness and feasibility of systematic antigenic 
testing of asymptomatic children or staff depend on the community 
infection levels (171). Self-administered swabs are less intrusive and 
may be better suited for children than mass testing at school locations. 
However, these benefits must be weighed against the potential loss of 
sensitivity if self-administered swabs are not used appropriately (172). 
Evidence of effect of routine asymptomatic mass testing in broad 
populations is conflicting and context-dependent (173–176), and 
there is little evidence of efficacy in school settings, where such testing 
practices could also be disruptive. For a long time, Denmark was the 

FIGURE 2

Closure of primary schools in European countries during the pandemic. The black line is showing the COVID-19 incidence per 105 population for each 
country.
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country with the highest number of PCR and antigen tests performed 
per capita, testing its population much more than neighboring 
Scandinavian countries but not with clear associated benefits (176). 
Therefore, testing should arguably be  prioritized for symptomatic 
children, especially if they belong to a risk group (177). With the 
Omicron variant and mass vaccination lowering IFRs (79), benefits of 
reducing transmission toward vulnerable groups are further reduced 
and shift the trade-off further toward emphasis on focused contact 
tracing near vulnerable children.

5.5. Masking

Similar to transmission of influenza virus (178), the Cochrane 
review for SARS-CoV-2 indicates little and uncertain effect of masking 
on broad adult populations (179). These reviews emphasize random 
controlled trials and low-risk studies and thus put less emphasis on 
confounded observational studies. Data on the efficacy of masking 
children in school settings are limited, and no randomized control 
trial has been performed. Consistent with this low evidence level, 
debate on this mitigation was controversial during the pandemic, and 
policies differed substantially between countries. A notable difference 
was observed between policies of some larger European countries, 
notably Italy and Germany, aligning with views in the US, and some 
other European countries reluctant to apply masking in school 
settings, with, e.g., Norway, Denmark, and Sweden never applying 
masking to primary school children. The CDC and AAP 
recommended masking of children aged 2 years or more (180), 
whereas the WHO (181), UNICEF and other international 
organizations only recommended masking from 5 years of age, when 
the community SARS-CoV-2 transmission was high.

Evidence of mask efficacy in school settings is low or inconclusive, 
and the safety for children has been questioned (182). While there is 
evidence that high-quality masks can block SARS-CoV-2 transmission 
in strictly controlled settings, their efficacy does not automatically 
translate to real-life scenarios, especially for children. A recent large 
study from Catalonia (Spain) found no differences in SARS-CoV-2 
cases in children of similar age groups attending classes with or 
without mask requirements (183), confirming previous studies (182). 
Conversely, studies from the US identified benefits from masking 
school children (184, 185), while in Finland no effect was identified 
(186), although these studies are at a lower evidence level than the 
Catalonia study due to ecological design and risk of bias from 
contemporary use of different non-pharmacological interventions.

Concerns also exist regarding possible negative effects of 
regular mask use on child health and development. Masks may 
impede communication (verbal and nonverbal) and understanding 
and transmission of emotions, as well as speech and language 
development (182). As every decision in medicine, masking 
requires balancing benefits and risks and balanced positions 
between extremes (mandatory universal masking vs. no masking 
at all), as well as strategic use of masking policies through 
personalized approaches (focusing on high risk population and/or 
periods of significant local transmission and burden on health 
systems) (187). We also note that a recent randomized clinical trial 
(188) found no differences between different types of masks 
(medical masks and N95 respirators) in preventing COVID-19 
among health care workers who provided routine care to patients 

with COVID-19, which is a surprising result that may suggest an 
overall modest effect of the intervention, consistent with other 
randomized trials.

5.6. Ventilation and other 
non-pharmaceutical interventions

Other NPIs to mitigate the risk of acquiring SARS-CoV-2  in 
school settings have been proposed, albeit with only little evidence of 
efficacy exists to date. One Cochrane systematic review from early 
2022 compiled published and unpublished research findings, largely 
from modeling studies, on different measures that could 
be implemented in schools (189). Some specific studies are highlighted 
in more detail below.

A study from Germany assessed the efficiency of air purifiers in 
reducing aerosols in high-school classrooms (190). The authors 
estimated a reduction of virus-containing aerosols by a factor of six; 
however, no clinical endpoints were investigated, with the certainty of 
evidence graded as very low by the Cochrane review authors. Of note, 
air purifiers do not render ventilation redundant, but should be seen 
as a supplementary tool.

In a non-randomized study from Italy, the association between the 
rate of a mechanical ventilation system installation at schools and 
SARS-CoV-2 infection in the respective classes was investigated (191). 
Ventilation between 10 and 14 liters per second per student reduced 
the likelihood of infection by 80%.

A survey study from the US, reported that elementary schools 
with face masks and ventilation strategies in place had lower SARS-
CoV-2 incidence rates (192). Ventilation strategies comprised opening 
windows or doors, the use of fans, or the combination thereof with air 
filtration, purification, or irradiation.

Several other similar studies that assessed combined measures 
were also evaluated in the Cochrane review, but all were categorized 
as very low certainty of evidence, with an inherent difficulty of 
disentangling mitigations to truly attribute effects to specific measures. 
It has been shown that portable HEPA air cleaners can reduce 
exposure to simulated SARS-CoV-2 aerosols in indoor environments, 
especially when combined with universal masking (193) and it is of 
interest whether this translates to school/classroom settings, which 
were not studied.

The ventilation aspect has also been addressed in national 
guidelines. The German consensus guideline on measures to prevent 
and contain SARS-CoV-2 transmission in schools recommends the 
implementation of ventilation strategies, while acknowledging that 
existing evidence has very low certainty (194). In addition, they 
recommended against using classrooms that have neither windows 
nor ventilation systems and concluded that mobile air purifiers should 
only be considered in exceptional situations.

Therefore, data about air purifiers suggest promising 
perspectives, but evidence is still preliminary and it will 
be  important to generate better evidence to quantify possible 
benefits in school settings and, especially, feasibility in order to 
establish the cost-effectiveness, particularly in low-resource settings 
and in a post-pandemic high-immunity setting. As noted in a recent 
Lancet Task Force Commission review (195), improving building 
ventilation systems may carry benefits beyond protection from 
COVID-19, e.g., protection against other respiratory infections, and 
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could be a wise cost-effective investment for population health in 
the longer term, if proved effective, especially in school 
settings (196).

6. Vaccination policies for children 
across Western Europe

On 21 December 2020, the European Medical Agency (EMA) 
approved the first vaccine against COVID-19 for adults and children 
over the age of 15, less than 1 year after the start of the pandemic. In 
May 2021, the vaccine was approved for 12–15-year-olds, 6 months 
later for 5–11-year-olds and, in February 2022, approval for children 
from the age of 6 months to 4 years was given. Currently, there are 
three approved pediatric vaccines in Europe, two of them 
(BNT162b2—Comirnaty®, mRNA-1273—Spikevax®) from 6 months 
of age and one (NVX-CoV2373—Nuvaxovid®) from 12 years of 
age (197).

All European countries have published national COVID-19 
vaccination policies, with marked differences between them. For 
example, some countries introduced vaccination in adolescents and 
children as soon as they were approved, whereas other countries 
postponed vaccinating children to further evaluate the available data. 
In the Nordic countries, Denmark and Iceland chose to recommend 
vaccination of all 5–12-year-olds, whereas Finland, Norway and 
Sweden only recommended vaccinating 5–11-year-olds at high-risk 
of severe disease or within high-risk households (Table  2). Most 
European countries have COVID-19 vaccine coverage rates well below 
50% in 5–11-year-olds (Figure 3 and Table 2), which is remarkably low 
when compared to other routine childhood vaccines. Two European 
countries that had recommended vaccination for all children more 
than 5 years of age, discontinued vaccinations in under 18-year-olds, 
namely Denmark (June 2022) and the UK (November 2022), with the 
exception of high risk groups where the vaccine is offered, but not 
recommended. Many European countries continue vaccinating 
children and adolescents against COVID-19, although the majority 
do not recommend boosters. In the US, vaccination of all children 
from 6 months onwards has been recommended (198), with low 
uptake in toddlers, whereas no European country has recommended 
vaccinating all children under 5 years of age.

Effectiveness of COVID-19 vaccination is defined as its ability to 
prevent infection, symptomatic disease, hospitalization, ICU 
admission and mortality, as well as the possible prevention of long 
COVID and MIS-C. As mentioned previously, most of the children 
that fall seriously ill with COVID-19 have an underlying condition 
(199). Pediatric vaccination policies should, therefore, carefully 
balance benefits and risks of vaccinating children and adolescents. A 
Danish nationwide healthcare register study showed reduced risk of 
SARS-CoV-2 Delta variant infection in adolescents that had been 
vaccinated with BNT162b2 (200). An American study including 24 
pediatric hospitals indicated that two doses of BNT162b2 vaccine 
might be protective against MIS-C in 12–18-year-olds (84). In this 
study, 95% of hospitalized children with MIS-C were unvaccinated, 
and only unvaccinated children with MIS-C required ICU admission. 
However, the incidence of MIS-C declined substantially with the 
introduction of the Delta variant, and the incidence rate of MIS-C per 
SARS-CoV-2 infection has been estimated to decline an additional 
95% for the Omicron variant (201).

Since mRNA vaccination is believed to reduce the likelihood of 
COVID infection and its severity in children, it would be expected 
that vaccination might also reduce the risk of long COVID in this age 
group to the same extent. However, there is currently not enough data 
to confirm whether vaccination protects against long COVID in 
children. As previously mentioned, the definitions and prevalence 
estimates of long COVID are highly variable and subject to substantial 
limitations (11). Because of this lack of clarity, it is even harder to 
assess the extent to which vaccination may reduce consequences of 
long COVID in children and this may complicate decision making 
(199, 202).

However, it is also important to take into consideration the effect 
of pediatric vaccination on transmission and the advantage that this 
might create in controlling the spread of infection. During the Delta 
variant period, mRNA vaccines appeared capable of reducing onward 
transmission (203). Vaccination protects against disease and also, to 
some smaller extent, against Omicron transmission in children (204), 
but due to the much larger immune escape (110, 145), vaccine 
effectiveness against Omicron transmission wanes within a few 
months (205, 206). A case–control study showed that primary 
immunization with two vaccine doses provided limited protection 
against symptomatic omicron infection; receiving a mRNA booster 
substantially increased protection, but that protection again waned 
with time (207). These findings make vaccination as a means of 
Omicron transmission control much more questionable, perhaps 
especially, due to the lack of clear evidence for school to community 
transmission discussed above.

Not all European countries have introduced a booster dose in 
children and adolescents (Table 2) and all countries refrained from 
providing a second booster. This might be explained by the frequently 
mild disease in this age group and the high prevalence of infection-
induced immunity, leading to favoring vaccine administration in 
other age groups at greater risk of serious disease. A recent risk–
benefit analysis also suggested that boosters to adolescents might 
be associated with net harm and that booster vaccine mandates are 
unethical (208); however this trade-off is still debated and seems to 
be conceived differently in the US and in Europe.

COVID-19 vaccines for children are, for the vast majority of cases, 
safe: the most common adverse events, such as injection site reactions, 
nausea and vomiting, are usually mild to moderate (197). A more 
serious adverse event associated with mRNA vaccination, diagnosed 
mainly in male adolescents, is myocarditis and pericarditis, a 
significant concern in the pediatric population, particularly in 16–17-
year-old males. It can occur after the first dose of an mRNA vaccine, 
but the highest risk has been shown to occur within 14 days of the 
second dose (209). A Nordic study found up to 28 excess cases of 
myocarditis or pericarditis per 100,000 young men (16–24 years) that 
received the second dose of the mRNA-1,273 vaccine, and up to 6 
excess cases per 100,000 of those vaccinated with the BNT162b2 
vaccine (210), making these events very rare but still important to 
monitor and consider in relevant trade-offs moving forward. 
Furthermore, vaccines can have non-specific effects (positive or 
negative) on overall health (211), but it has not yet been investigated 
whether COVID-19 vaccines have important non-specific effects, for 
example benefits on other outcomes, or some longer term negative 
effects. Another debate relates to whether vaccination itself can cause 
MIS-C. Although rare, there have been a few published case reports, 
suggesting that additional surveillance is needed (212–214).
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TABLE 2 SARS-CoV-2 vaccination policies and rates for different pediatric age strata, across European countries (as per November 2022).

Country Ages Start of 
vaccination

General vaccination 
stopped

At least one 
dose (%)

At least two 
doses (%)

Booster (%)

UK 5–11 Apr 2022 Nov 2022 11.2 6.7 0.1

12–15 Sep 2021 Nov 2022 50.4 37.9 1.1

16–17 Aug 2021 Nov 2022 64.2 50.9 13.9

IRE 5–11 Jan 2022 Ongoing 25 24 -

12–15 Aug 2021 Ongoing 75 70.4
36.6

16–17 Aug 2021 Ongoing 85.4

GER 5–11 Dec 2021 Ongoing 22.4 19.9 -

12–17 Aug 2021 Ongoing 74.4 69.5 31.4

NETH 5–11 Jan 2022 Ongoing 5 3 -

12–17 June 2021 Ongoing 59 56 2

BEL 5–11 Nov 2021 Ongoing 26.2 24.7 0

12–15 Sept 2021 Ongoing 72.7 71.7 15.2

16–17 Sept 2021 Ongoing 83.6 82.6 29

LUX 5–9 Nov 2021 Ongoing 20 17 -

10–14 June 2021 Ongoing 62 59 -

15–19 June 2021 Ongoing 84 81 -

FRA 5–9 Dec 2021 Ongoing 3.4 2.8 -

10–11 Dec 2021 Ongoing 10.1 8.4 0.5

12–17 June 2021 Ongoing 83.6 81.1 19.3

DEN 5–11 Nov 2021 June 2022 44.5 36.9 -

12–15 July 2021 June 2022 78.7 77.0 0.5

16–19 May 2021 June 2022 88.4 87.3 46.4

NOR 5–11 – – – – –

12–15 Sept 2021 Ongoing 86.4 13.5 –

16–17 Sept 2021 Ongoing 98.1 88.1 –

SWE 5–11 – – – – –

12–15 Oct 2021 Nov 2022 71.9 66.8 –

16–17 Aug 2021 Nov 2022 80.3 75.8 –

ICE 5–11 Jan 2022 Ongoing 60 41 –

12–15 Aug 2021 Ongoing 81 76 2

16–29 June 2021 Ongoing 90 83 52

FIN 5–11 – – 24.1 13.3 –

12–17 Aug 2021 Ongoing 75.1 68.2 3.9

SPA 5–11 Dec 2021 Ongoing 55.8 46.0 –

12–15 Aug 2021 Ongoing 92.5 96.1 –

16–17 July 2021 Ongoing

POR 5–11 Dec 2021 Ongoing 60 45 –

12–17 Aug 2021 Ongoing 99 98 –

ITA 5–11 Dec 2021 Ongoing 38.5 35.3 –

12–19 May 2021 Ongoing 86.6 83.9 46.6

SWI 5–11 Jan 2022 Ongoing 8.6 nr nr

12–15 May 2021 Ongoing 47.1 nr nr

16–17 Dec 2020 Ongoing nr nr nr

(Continued)
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7. Trade-offs

In the upcoming chapter, we aim to identify the primary goals of 
mitigation measures, assess their effectiveness, and evaluate their 
unintended consequences and trade-offs. Our analysis will also delve 
into the distributional impacts of these measures on children, with 
careful consideration of their potential implications.

7.1. School closure

School closure has many adverse effects: (1) it represents a large 
educational loss and the associated longer-term economical 
implications (3, 20); (2) it aggravates social inequalities (21); (3) it 
impairs non-educational benefits of schooling, such as social life and 
monitoring of child mental health (23, 215–217); (4) it may lead to 
worse nutrition status and increased inactivity and obesity, in itself 
are risk factors for disease, thus potentially also worsening physical 
health (23, 218).

Even in countries with excellent remote learning options such as 
the Netherlands, school closure led to learning loss (3), whereas in 
Sweden, which did not close schools during the pandemic, no learning 
loss was reported (219). For many children, schools offer the main way 
to monitor mental health and school closures disrupted this informed 
support (215, 216).

A huge trade-off that comes with school closures pertains to the 
detrimental consequences for children and adolescents, both on 
individual and societal levels (23, 220, 221). In some places, suicide 
rates among adolescents were higher during the COVID-19 pandemic 
than in the pre-pandemic era (222). Moreover, anxiety and depressive 
symptoms were reported to increase in association with school 
closures during lockdown phases (221). Other consequences including 
lost school-driven monitoring of child health (223), access to school-
supplied nutrition and sanitation and increase in domestic violence 
(224). All of these negative consequences had an disproportionately 
higher impact on females (20).

A Cochrane Review has aimed to map the evidence on unintended 
health and societal consequences of school-based measures to prevent 
and control the spread of SARS-CoV-2 (144). The authors identified a 
wide range of unintended consequences of school-based measures 
designed to prevent the spread of SARS-CoV-2, including psychosocial 
consequences (e.g., mental health issues, depression, loneliness) and 
equity and equality consequences (e.g., disadvantages for children from 
low-income households, unfair distribution of work between genders 
for parents). However, the evidence base was small, with large gaps 
where more research is needed. The authors recommended that future 
research look at interventions such as fixed groups, alternating physical 
presence at school and staggered arrival departure and break times, as 
well as testing and quarantine measures.

When combining the adverse effects with the typically mild 
impact of disease on children vs. adults and most studies suggesting a 
limited tendency of school infection to drive community infection 
compared to the opposite (4, 16, 56, 58, 189, 221, 225) the school 
closures during the SARS-CoV-2 pandemic can be viewed now quite 
clearly as a mistake (223). Keeping schools open is now a top priority 
(19), and emphasis has instead moved to other mitigations in open 
schools to possibly combat transmission, as discussed further below.

7.2. Social distancing in school settings

Mitigations against transmission of infectious disease among 
children need to be evaluated on a background of benefit-harm trade-
offs in two different scenarios; (1) mitigations applied to protect the 
children themselves from disease, or (2) mitigations applied to protect 
vulnerable groups in society from pediatric transmission chains 
(school-to-community transmission).

The most relevant social distancing measures during open schools 
are distancing of students in the class-room, reduced class sizes, alternate 
schedules, outdoor activities, the creation of social bubbles or playing 
groups, and general social distancing advice. While most of these social 
distancing measures can be said to have few adverse or negative effects, 
they are likely to affect transmission if contacts are reduced. However, 

Country Ages Start of 
vaccination

General vaccination 
stopped

At least one 
dose (%)

At least two 
doses (%)

Booster (%)

AUS 5–11 Nov 2021 Ongoing 50.4 40.1 –

12–15 May 2021 Ongoing 80.1 75.2 –

16–17 May 2021 Ongoing 97.3 95.9 69.3

GRE 5–11 Dec 2021 Ongoing 17.4 15.5 –

12–15 Oct 2021 Ongoing 36.3 33.2 –

16–17 Aug 2021 Ongoing 58.9 54.3 –

nr, not reported.
Please replace by Vaccine by EU country: https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#age-group-tab; UK, https://coronavirus.data.gov.uk/details/vacc
inations?areaType=nation&areaName=England; Ireland, https://www.hpsc.ie/a-z/respiratory/coronavirus/novelcoronavirus/vaccination/covid-19vaccinationuptakereports/; Netherlands, https://
www.rivm.nl/sites/default/files/2022-09/Deelname_COVID-19_vaccinatie_in_Nederland_20220905_1109_definitief.pdf; Germany, https://impfdashboard.de/en/; Belgium, https://covid-
vaccinatie.be/en; Luxemburg, https://sante.public.lu/fr/espace-professionnel/recommandations/conseil-maladies-infectieuses/covid-19.html; France, https://www.santepubliquefrance.fr/dossiers/
coronavirus-covid-19/coronavirus-chiffres-cles-et-evolution-de-la-covid-19-en-france-et-dans-le-monde; Denmark, https://covid19.ssi.dk/overvagningsdata/download-fil-med-vaccinationsdata; 
Norway, https://statistikk.fhi.no/sysvak/antall-vaksinerte?etter=diagnose&diagnose=COVID_19&fordeltPaa=alder&alder=2,3; Sweden, https://www.folkhalsomyndigheten.se/
folkhalsorapportering-statistik/statistikdatabaser-och-visualisering/vaccinationsstatistik/statistik-for-vaccination-mot-covid-19/; Iceland, https://www.covid.is/statistical-information-on-
vaccination; Finland, https://thl.fi/en/web/infectious-diseases-and-vaccinations/what-s-new/coronavirus-covid-19-latest-updates/situation-update-on-coronavirus/coronavirus-infections-in-
schools. Spain, https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/Informe_GIV_comunicacion_20221111.pdf; Portugal, https://covid19.min-saude.
pt/wp-content/uploads/2022/11/DGS_boletim_20221107.pdf; Switzerland, https://www.covid19.admin.ch/en/vaccination/persons; Austria, https://www.health.gov.au/sites/default/files/2022-11/
covid-19-vaccine-rollout-update-24-november-2022.pdf; Greece, https://eody.gov.gr/en/https://vaccinetracker.ecdc.europa.eu/public/extensions/COVID-19/vaccine-tracker.html#age-group-tab.
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even such social distancing measures may become disruptive over longer 
time periods and thus require trade-off considerations, especially in 
highly immune societies with low IFRs (79).

7.3. Masks

The effectiveness of masks in typical adult community settings may 
vary, depending on overall community transmission levels, societal 
context, and mask type. However, two randomized controlled trials on 
mask use suggest that the effect size may range from 0 to 20% (226–
228), with small and uncertain effects concluded in the latest Cochrane 
review (179). In contrast, primary school children of 5–6 years age do 
not seem to benefit from mask use in the best available evidence so far 
from the Catalonian study (183). This study was not a randomized 
control trial, but a (cleverly) designed study using the monitoring of 
two class levels with and without mask use in close comparison, 
therefore better evidence may arise. The two results, when taken 
together, are consistent with the following possibilities: first, 
community transmission driving infection into schools rather than the 
opposite, resulting in little impact of school-based mitigation measures 
due to community infection; second, children having social contact 
patterns that impede the effectiveness of masks, or third, children 
lacking the ability to use masks adequately. Although community 
masking of adults and vulnerable populations is likely beneficial during 
periods of high transmission, the efficacy of masking school children 
remains uncertain, and may even pose potential risks.

7.4. Testing

Testing can be  used to inform on transmission levels in a 
context of interest, but the information can also potentially be used 

in mitigation, by quarantine and follow-up contact tracing, to 
reduce social contacts between infected and non-infected. We can 
distinguish two general types of testing mitigations: symptomatic 
contact tracing that tests children who are known or suspected 
contacts of primary cases, and broad asymptomatic routine testing 
that seeks to identify asymptomatic index cases without knowledge 
of their contacts. The last mitigation affects more children, is more 
costly, and is also overall more disruptive, but can, in principle, 
identify cases in their pre-symptomatic state to reduce 
transmission chains.

Most countries in Europe applied a combination of these two 
strategies in schools, but with large variation in the degree to which 
these testing practices were mandatory. For example, in Denmark, 
for a short period in late 2021 and early 2022, children were 
recommended to be  tested routinely as part of keeping schools 
open, but the testing was not enforced or required in order to 
attend school.

Contact testing to identify plausibly infected children may 
be useful and effective and can also, although sometimes overlooked, 
carry a substantial benefit in application toward vulnerable children 
(e.g., immuno-compromised children or other children at particular 
risk upon infection). Rapid antigen testing may provide a transmission 
protection around vulnerable individuals during periods of large 
community transmission, e.g., during winter, at a relatively smaller 
cost of testing for instance close contacts of those at-risk.

Broad asymptomatic testing may be useful for estimating infection 
levels in schools in order to inform decision making, but studies 
suggest that such testing regimes may not necessarily be very effective 
(176). Combining this with the possibility that these procedures may 
be disruptive to some children, balancing pros and cons would argue 
against applying such strategies, especially if mandated as a 
requirement for school attendance, which could be unethical given the 
debated absolute impact of being out of school.

FIGURE 3

COVID vaccine doses per 100 children between 5 and 11 years of age (as per November 2022).
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7.5. Ventilation strategies

The current evidence for benefits of ventilation is of low quality, 
randomized controlled trials are lacking. However, a benefit of 
ventilation in class room settings is quite plausible, given that 
transmission is lower in outdoor settings (229, 230). Such benefits 
should be seen in context of other benefits of cleaner indoor air, and 
also of costs associated with implementing these mitigations compared 
to the same money spent elsewhere on public health, as they may 
require large infrastructure changes. However, in cases where 
improvements are not expensive, or simply likely to be cost-effective, 
such interventions should be explored much more actively primarily 
in high-risk settings such as long term care facilities.

8. Concluding remarks

Throughout the pandemic, disease severity of COVID-19  in 
children remained low. However, due to concerns that children in open 
schools could increase infection levels in the community and thereby 
endanger vulnerable and older people, mass mitigations remained 
applied to children also during later waves of the pandemic.

Evidence now suggests that school closures had vast consequences in 
terms of education loss, loss of school-related public health efforts, such 
as mental health monitoring, nutritional effects, and large impacts on 
social inequality, with these interventions disproportionately harming 
disadvantaged children and families. Careful consideration should 
be  made in future pandemics from uncharacterized viruses, when 
decisions regarding possible school closures are to be made. As for other 
mitigation strategies, despite three pandemic years, large uncertainties 
remain both as to the effect and also negative effects of these mitigations, 
due to the absence of large randomized controlled trials for children in 
relevant settings. This absence of data represents a lost opportunity for 
evidence-based pediatric epidemiology.

These uncertainties have been reflected in the large variation in 
policies directed toward schools and children in Europe, much more 
distinct than for adults, with, e.g., smaller Scandinavian societies 
emphasizing a higher level of child normalcy (no mandates for school 
attendance or masks in primary school), and some larger countries 
emphasizing more authoritarian epidemiological control strategies, 
including direct mandates for school attendance, mask use, and 
indirect policies also negatively affecting children (such as curfews). 
Understanding the causes of these variations and the non-trivial 
relationships to outcome was beyond the scope of this review but 
would be a topic for future studies.

With these uncertainties and the arrival of Omicron and mass 
vaccination further driving down the IFR to low levels (79), we argue 
that these mitigations should be used carefully in contexts of high 
immunity. We emphasize focused contact tracing near vulnerable 
children, structured public health care and social inequality efforts, as 
the most meaningful of such mitigations, given the uncertainty 
regarding benefits and trade-offs. It is crucial that these mitigations 
are further evaluated and assessed to inform future pandemic policy 
and avoid mistakes done during the COVID-19 era. Although 
we aimed to present a well-rounded perspective on the subject, it is 
important to note that our approach was not systematic, and there 
may be selective reporting and other biases that should be considered 
when interpreting our findings. To further investigate the effects of 
various measures on children, future studies should utilize more 
rigorous methodologies. Additionally, we stress the significance of 
applying evidence-based medicine principles when implementing 
public health measures, and encourage more efforts toward producing 
high-quality evidence to better comprehend the impact of SARS-
COV-2 infection and measures on children.

Since SARS-CoV-2 will continue to circulate, it is important to 
continue research on the risk factors, diagnostics and treatment for 
severe infections and for long COVID.

Author contributions

All authors contributed equally to the review conception, design, 
and writing of the manuscript, read and approved the final manuscript.

Conflict of interest

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

Publisher’s note

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

References
 1. Hu B, Guo H, Zhou P, Shi Z-L. Characteristics of SARS-CoV-2 and COVID-19. Nat 

Rev Microbiol. (2021) 19:141–54. doi: 10.1038/s41579-020-00459-7

 2. Viner RM, Russell SJ, Croker H, Packer J, Ward J, Stansfield C, et al. School closure and 
management practices during coronavirus outbreaks including COVID-19: a rapid systematic 
review. Lancet Child Adolesc Health. (2020) 4:397–404. doi: 10.1016/S2352-4642(20)30095-X

 3. Engzell P, Frey A, Verhagen MD. Learning loss due to school closures during the 
COVID-19 pandemic. Proc Natl Acad Sci U S A. (2021) 118:e2022376118. doi: 10.1073/
pnas.2022376118

 4. Vardavas C, Nikitara K, Mathioudakis AG, Hilton Boon M, Phalkey R, Leonardi-
Bee J, et al. Transmission of SARS-CoV-2 in educational settings in 2020: a review. BMJ 
Open. (2022) 12:e058308. doi: 10.1136/bmjopen-2021-058308

 5. Howard-Jones AR, Bowen AC, Danchin M, Koirala A, Sharma K, Yeoh DK, et al. 
COVID-19 in children: I. epidemiology, prevention and indirect impacts. J Paediatr 
Child Health. (2022) 58:39–45. doi: 10.1111/jpc.15791

 6. Uka A, Buettcher M, Bernhard-Stirnemann S, Fougère Y, Moussaoui D, Kottanattu 
L, et al. Factors associated with hospital and intensive care admission in paediatric 
SARS-CoV-2 infection: a prospective nationwide observational cohort study. Eur J 
Pediatr. (2022) 181:1245–55. doi: 10.1007/s00431-021-04276-9

 7. UNICEF. Child mortality and COVID-19. (2022). Available at: https://data.unicef.
org/topic/child-survival/covid-19/ (Accessed November 10, 2022).

 8. Riffe T, Acosta E, the COVerAGE-DB teamAcosta EJ, Manuel Aburto D, Alburez-
Gutierrez A, et al. Data resource profile: COVerAGE-DB: a global demographic database 

https://doi.org/10.3389/fpubh.2023.1175444
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1038/s41579-020-00459-7
https://doi.org/10.1016/S2352-4642(20)30095-X
https://doi.org/10.1073/pnas.2022376118
https://doi.org/10.1073/pnas.2022376118
https://doi.org/10.1136/bmjopen-2021-058308
https://doi.org/10.1111/jpc.15791
https://doi.org/10.1007/s00431-021-04276-9
https://data.unicef.org/topic/child-survival/covid-19/
https://data.unicef.org/topic/child-survival/covid-19/


Soriano-Arandes et al. 10.3389/fpubh.2023.1175444

Frontiers in Public Health 16 frontiersin.org

of COVID-19 cases and deaths. Int J Epidemiol. (2021) 50:390–390f. doi: 10.1093/ije/
dyab027,

 9. UNICEF. COVID-19 confirmed cases and deaths. (2022). Available at: https://data.
unicef.org/resources/covid-19-confirmed-cases-and-deaths-dashboard/

 10. Stephenson T, Shafran R, De Stavola B, Rojas N, Aiano F, Amin-Chowdhury Z, 
et al. Long COVID and the mental and physical health of children and young people: 
national matched cohort study protocol (the CLoCk study). BMJ Open. (2021) 
11:e052838. doi: 10.1136/bmjopen-2021-052838

 11. Zimmermann P, Pittet LF, Curtis N. How common is long COVID in children and 
adolescents? Pediatr Infect Dis J. (2021) 40:e482–7. doi: 10.1097/INF.0000000000003328

 12. Guilamo-Ramos V, Benzekri A, Thimm-Kaiser M, Hidalgo A, Perlman DC. 
Reconsidering assumptions of adolescent and young adult severe acute respiratory 
syndrome coronavirus 2 transmission dynamics. Clin Infect Dis. (2021) 73:S146–63. doi: 
10.1093/cid/ciaa1348

 13. Mossong J, Hens N, Jit M, Beutels P, Auranen K, Mikolajczyk R, et al. Social 
contacts and mixing patterns relevant to the spread of infectious diseases. PLoS Med. 
(2008) 5:e74. doi: 10.1371/journal.pmed.0050074

 14. Silverberg SL, Zhang BY, Li SNJ, Burgert C, Shulha HP, Kitchin V, et al. Child 
transmission of SARS-CoV-2: a systematic review and meta-analysis. BMC Pediatr. 
(2022) 22:172. doi: 10.1186/s12887-022-03175-8

 15. Rajmil L. Role of children in the transmission of the COVID-19 pandemic: a rapid 
scoping review. BMJ Paediatr open. (2020) 4:e000722. doi: 10.1136/bmjpo-2020-000722

 16. Lee B, Raszka WV. COVID-19 transmission and children: the child is not to blame. 
Pediatrics. (2020) 146:e2020004879. doi: 10.1542/peds.2020-004879

 17. Viner R, Waddington C, Mytton O, Booy R, Cruz J, Ward J, 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) 84:361–82. doi: 
10.1016/j.jinf.2021.12.026

 18. Fore HH. A wake-up call: COVID-19 and its impact on children’s health and 
wellbeing. Lancet Glob Heal. (2020) 8:e861–2. doi: 10.1016/S2214-109X(20)30238-2

 19. Reuge N, Jenkins R, Brossard M, Soobrayan B, Mizunoya S, Ackers J, et al. 
Education response to COVID 19 pandemic, a special issue proposed by UNICEF: 
editorial review. Int J Educ Dev. (2021) 87:102485. doi: 10.1016/j.ijedudev.2021.102485

 20. Buonsenso D, Roland D, De Rose C, Vásquez-Hoyos P, Ramly B, Chakakala-Chaziya 
JN, et al. Schools closures during the COVID-19 pandemic: a catastrophic global situation. 
Pediatr Infect Dis J. (2021) 40:e146–50. doi: 10.1097/INF.0000000000003052

 21. Van Lancker W, Parolin Z. COVID-19, school closures, and child poverty: a social crisis 
in the making. Lancet Public Health. (2020) 5:e243–4. doi: 10.1016/S2468-2667(20)30084-0

 22. Betthäuser BA, Bach-Mortensen AM, Engzell P. A systematic review and meta-
analysis of the evidence on learning during the COVID-19 pandemic. Nat Hum Behav. 
(2023) 7:375–85. doi: 10.1038/s41562-022-01506-4

 23. Borkowski A, Ortiz Correa JS, Bundy DAP, Burbano C, Hayashi C, Lloyd-Evans 
E, et al. COVID-19: missing more than a classroom. The impact of school closures on 
Children’s nutrition. Innocenti working paper 2021-01. Florence, Italy: UNICEF (2021).

 24. Stavridou A, Kapsali E, Panagouli E, Thirios A, Polychronis K, Bacopoulou F, et al. 
Obesity in children and adolescents during COVID-19 pandemic. Children. (2021) 
8:135. doi: 10.3390/children8020135

 25. Rundle AG, Park Y, Herbstman JB, Kinsey EW, Wang YC. COVID-19 related 
school closings and risk of weight gain among children. Obesity. (2020) 28:1008. doi: 
10.1002/oby.22813

 26. La Fauci G, Montalti M, Di Valerio Z, Gori D, Salomoni MG, Salussolia A, et al. 
Obesity and COVID-19 in children and adolescents: reciprocal detrimental influence-
systematic literature review and meta-analysis. Int J Environ Res Public Health. (2022) 
19:7603. doi: 10.3390/ijerph19137603

 27. Jazieh AR, Akbulut H, Curigliano G, Rogado A, Alsharm AA, Razis ED, et al. 
Impact of the COVID-19 pandemic on cancer care: a global collaborative study. JCO 
Glob Oncol. (2020) 6:1428–38. doi: 10.1200/GO.20.00351

 28. Ding Y, Ramakrishna S, Long AH, Phillips CA, Montiel-Esparza R, Diorio CJ, et al. 
Delayed cancer diagnoses and high mortality in children during the COVID-19 
pandemic. Pediatr Blood Cancer. (2020) 67:e28427. doi: 10.1002/pbc.28427

 29. Snapiri O, Rosenberg Danziger C, Krause I, Kravarusic D, Yulevich A, Balla U, 
et al. Delayed diagnosis of paediatric appendicitis during the COVID-19 pandemic. Acta 
Paediatr. (2020) 109:1672–6. doi: 10.1111/apa.15376

 30. UNESCO. COVID-19 education response - country dashboard. (2022). Available at: 
https://covid19.uis.unesco.org/global-monitoring-school-closures-covid19/country-
dashboard/

 31. Saunes IS, Vrangbæk K, Byrkjeflot H, Jervelund SS, Birk HO, Tynkkynen L-K, et al. 
Nordic responses to Covid-19: governance and policy measures in the early phases of 
the pandemic. Health Policy. (2022) 126:418–26. doi: 10.1016/j.healthpol.2021.08.011

 32. Britton T, Ball F, Trapman P. A mathematical model reveals the influence of 
population heterogeneity on herd immunity to SARS-CoV-2. Science. (2020) 369:846–9. 
doi: 10.1126/science.abc6810

 33. Montalbán A, Corder RM, Gomes MGM. Herd immunity under individual 
variation and reinfection. J Math Biol. (2022) 85:2. doi: 10.1007/s00285-022-01771-x

 34. Neipel J, Bauermann J, Bo S, Harmon T, Jülicher F. Power-law population 
heterogeneity governs epidemic waves. PLoS One. (2020) 15:e0239678. doi: 10.1371/
journal.pone.0239678

 35. Haug N, Geyrhofer L, Londei A, Dervic E, Desvars-Larrive A, Loreto V, et al. 
Ranking the effectiveness of worldwide COVID-19 government interventions. Nat Hum 
Behav. (2020) 4:1303–12. doi: 10.1038/s41562-020-01009-0

 36. Breathnach AS, Duncan CJA, El BK, Hanrath AT, Payne BAI, Randell PA, et al. 
Prior COVID-19 protects against reinfection, even in the absence of detectable 
antibodies. J Infect. (2021) 83:237–79. doi: 10.1016/j.jinf.2021.05.024

 37. Liu W, Russell RM, Bibollet-Ruche F, Skelly AN, Sherrill-Mix S, Freeman DA, et al. 
Predictors of nonseroconversion after SARS-CoV-2 infection. Emerg Infect Dis. (2021) 
27:2454. doi: 10.3201/eid2709.211042

 38. Swadling L, Diniz MO, Schmidt NM, Amin OE, Chandran A, Shaw E, et al. Pre-
existing polymerase-specific T cells expand in abortive seronegative SARS-CoV-2. 
Nature. (2022) 601:110–7. doi: 10.1038/s41586-021-04186-8

 39. Manisty C, Treibel TA, Jensen M, Semper A, Joy G, Gupta RK, et al. Time series 
analysis and mechanistic modelling of heterogeneity and sero-reversion in antibody 
responses to mild SARS-CoV-2 infection. EBioMedicine. (2021) 65:103259. doi: 
10.1016/j.ebiom.2021.103259

 40. Tosif S, Neeland MR, Sutton P, Licciardi PV, Sarkar S, Selva KJ, et al. Immune 
responses to SARS-CoV-2 in three children of parents with symptomatic COVID-19. 
Nat Commun. (2020) 11:1–8. doi: 10.1038/s41467-020-19545-8

 41. Long Q-X, Tang X-J, Shi Q-L, Li Q, Deng H-J, Yuan J, et al. Clinical and 
immunological assessment of asymptomatic SARS-CoV-2 infections. Nat Med. (2020) 
26:1200–4. doi: 10.1038/s41591-020-0965-6

 42. Chou J, Thomas PG, Randolph AG. Immunology of SARS-CoV-2 infection in 
children. Nat Immunol. (2022) 23:177–85. doi: 10.1038/s41590-021-01123-9

 43. Pierce CA, Preston-Hurlburt P, Dai Y, Aschner CB, Cheshenko N, Galen B, et al. 
Immune responses to SARS-CoV-2 infection in hospitalized pediatric and adult 
patients. Sci Transl Med. (2020) 12:eabd5487. doi: 10.1126/scitranslmed.abd5487

 44. Toh ZQ, Anderson J, Mazarakis N, Neeland M, Higgins RA, Rautenbacher K, et al. 
Comparison of seroconversion in children and adults with mild COVID-19. JAMA Netw 
Open. (2022) 5:e221313. doi: 10.1001/jamanetworkopen.2022.1313

 45. Weisberg SP, Connors TJ, Zhu Y, Baldwin MR, Lin W-H, Wontakal S, et al. 
Distinct antibody responses to SARS-CoV-2  in children and adults across the 
COVID-19 clinical spectrum. Nat Immunol. (2021) 22:25–31. doi: 10.1038/
s41590-020-00826-9

 46. Dugas M, Grote-Westrick T, Vollenberg R, Lorentzen E, Brix T, Schmidt H, et al. 
Less severe course of COVID-19 is associated with elevated levels of antibodies against 
seasonal human coronaviruses OC43 and HKU1 (HCoV OC43, HCoV HKU1). Int J 
Infect Dis. (2021) 105:304–6. doi: 10.1016/j.ijid.2021.02.085

 47. Chen S, Flegg JA, White LJ, Aguas R. Levels of SARS-CoV-2 population exposure 
are considerably higher than suggested by seroprevalence surveys. PLoS Comput Biol. 
(2021) 17:e1009436. doi: 10.1371/journal.pcbi.1009436

 48. Self WH, Tenforde MW, Stubblefield WB, Feldstein LR, Steingrub JS, Shapiro NI, 
et al. Decline in SARS-CoV-2 antibodies after mild infection among frontline health care 
personnel in a multistate hospital network—12 states, April–August 2020. Morb Mortal 
Wkly Rep. (2020) 69:1762. doi: 10.15585/mmwr.mm6947a2

 49. Nikolopoulou GB, Maltezou HC. COVID-19 in children: where do we stand? Arch 
Med Res. (2022) 53:1–8. doi: 10.1016/j.arcmed.2021.07.002

 50. Renk H, Dulovic A, Seidel A, Becker M, Fabricius D, Zernickel M, et al. Robust 
and durable serological response following pediatric SARS-CoV-2 infection. Nat 
Commun. (2022) 13:128. doi: 10.1038/s41467-021-27595-9

 51. Alonso S, Alvarez-Lacalle E, Català M, López D, Jordan I, García-García JJ, et al. 
Age-dependency of the propagation rate of coronavirus disease 2019 inside school 
bubble groups in Catalonia. Spain Pediatr Infect Dis J. (2021) 40:955. doi: 10.1097/
INF.0000000000003279

 52. Viner RM, Mytton OT, Bonell C, Melendez-Torres GJ, Ward J, Hudson L, et al. 
Susceptibility to SARS-CoV-2 infection among children and adolescents compared with 
adults: a systematic review and Meta-analysis. JAMA Pediatr. (2021) 175:143–56. doi: 
10.1001/jamapediatrics.2020.4573

 53. Franco N, Coletti P, Willem L, Angeli L, Lajot A, Abrams S, et al. Inferring age-
specific differences in susceptibility to and infectiousness upon SARS-CoV-2 infection 
based on Belgian social contact data. PLoS Comput Biol. (2022) 18:e1009965. doi: 
10.1371/journal.pcbi.1009965

 54. Barber RM, Sorensen RJD, Pigott DM, Bisignano C, Carter A, Amlag JO, et al. 
Estimating global, regional, and national daily and cumulative infections with SARS-
CoV-2 through Nov 14, 2021: a statistical analysis. Lancet. (2022) 399:2351–80. doi: 
10.1016/S0140-6736(22)00484-6

 55. Kepp KP, Bjork J, Kontis V, Parks RM, Baek KT, Emilsson L, et al. Estimates of 
excess mortality for the five Nordic countries during the Covid-19 pandemic 2020-2021. 
Int J Epidemiol. (2022) 51:1722–32. doi: 10.1093/ije/dyac204

 56. Walsh S, Chowdhury A, Braithwaite V, Russell S, Birch JM, Ward JL, et al. Do 
school closures and school reopenings affect community transmission of COVID-19? 
A systematic review of observational studies. BMJ Open. (2021) 11:e053371. doi: 
10.1136/bmjopen-2021-053371

https://doi.org/10.3389/fpubh.2023.1175444
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1093/ije/dyab027
https://doi.org/10.1093/ije/dyab027
https://data.unicef.org/resources/covid-19-confirmed-cases-and-deaths-dashboard/
https://data.unicef.org/resources/covid-19-confirmed-cases-and-deaths-dashboard/
https://doi.org/10.1136/bmjopen-2021-052838
https://doi.org/10.1097/INF.0000000000003328
https://doi.org/10.1093/cid/ciaa1348
https://doi.org/10.1371/journal.pmed.0050074
https://doi.org/10.1186/s12887-022-03175-8
https://doi.org/10.1136/bmjpo-2020-000722
https://doi.org/10.1542/peds.2020-004879
https://doi.org/10.1016/j.jinf.2021.12.026
https://doi.org/10.1016/S2214-109X(20)30238-2
https://doi.org/10.1016/j.ijedudev.2021.102485
https://doi.org/10.1097/INF.0000000000003052
https://doi.org/10.1016/S2468-2667(20)30084-0
https://doi.org/10.1038/s41562-022-01506-4
https://doi.org/10.3390/children8020135
https://doi.org/10.1002/oby.22813
https://doi.org/10.3390/ijerph19137603
https://doi.org/10.1200/GO.20.00351
https://doi.org/10.1002/pbc.28427
https://doi.org/10.1111/apa.15376
https://covid19.uis.unesco.org/global-monitoring-school-closures-covid19/country-dashboard/
https://covid19.uis.unesco.org/global-monitoring-school-closures-covid19/country-dashboard/
https://doi.org/10.1016/j.healthpol.2021.08.011
https://doi.org/10.1126/science.abc6810
https://doi.org/10.1007/s00285-022-01771-x
https://doi.org/10.1371/journal.pone.0239678
https://doi.org/10.1371/journal.pone.0239678
https://doi.org/10.1038/s41562-020-01009-0
https://doi.org/10.1016/j.jinf.2021.05.024
https://doi.org/10.3201/eid2709.211042
https://doi.org/10.1038/s41586-021-04186-8
https://doi.org/10.1016/j.ebiom.2021.103259
https://doi.org/10.1038/s41467-020-19545-8
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1038/s41590-021-01123-9
https://doi.org/10.1126/scitranslmed.abd5487
https://doi.org/10.1001/jamanetworkopen.2022.1313
https://doi.org/10.1038/s41590-020-00826-9
https://doi.org/10.1038/s41590-020-00826-9
https://doi.org/10.1016/j.ijid.2021.02.085
https://doi.org/10.1371/journal.pcbi.1009436
https://doi.org/10.15585/mmwr.mm6947a2
https://doi.org/10.1016/j.arcmed.2021.07.002
https://doi.org/10.1038/s41467-021-27595-9
https://doi.org/10.1097/INF.0000000000003279
https://doi.org/10.1097/INF.0000000000003279
https://doi.org/10.1001/jamapediatrics.2020.4573
https://doi.org/10.1371/journal.pcbi.1009965
https://doi.org/10.1016/S0140-6736(22)00484-6
https://doi.org/10.1093/ije/dyac204
https://doi.org/10.1136/bmjopen-2021-053371


Soriano-Arandes et al. 10.3389/fpubh.2023.1175444

Frontiers in Public Health 17 frontiersin.org

 57. Ismail SA, Saliba V, Bernal JL, Ramsay ME, Ladhani SN. SARS-CoV-2 infection 
and transmission in educational settings: a prospective, cross-sectional analysis of 
infection clusters and outbreaks in England. Lancet Infect Dis. (2021) 21:344–53. doi: 
10.1016/S1473-3099(20)30882-3

 58. Rotevatn TA, Bergstad Larsen V, Bjordal Johansen T, Astrup E, Surén P, Greve-
Isdahl M, et al. Transmission of SARS-CoV-2 in Norwegian schools during academic 
year 2020-21: population wide, register based cohort study. BMJ Med. (2022) 1:e000026. 
doi: 10.1136/bmjmed-2021-000026

 59. Irfan O, Li J, Tang K, Wang Z, Bhutta ZA. Risk of infection and transmission of 
SARS-CoV-2 among children and adolescents in households, communities and 
educational settings: a systematic review and meta-analysis. J Glob Health. (2021) 
11:5013. doi: 10.7189/jogh.11.05013

 60. Solomon MD, Escobar GJ, Lu Y, Schlessinger D, Steinman JB, Steinman L, et al. 
Risk of severe COVID-19 infection among adults with prior exposure to children. Proc 
Natl Acad Sci U S A. (2022) 119:e2204141119. doi: 10.1073/pnas.2204141119

 61. Sorg A-L, Bergfeld L, Jank M, Corman V, Semmler I, Goertz A, et al. Cross-
sectional seroprevalence surveys of SARS-CoV-2 antibodies in children in Germany, 
June 2020 to May 2021. Nat Commun. (2022) 13:1–9. doi: 10.1038/s41467-022-30482-6

 62. Steel K, Bracher M. Coronavirus (COVID-19) infection survey, UK: 3 February 
2023. (2023). Available at: https://www.ons.gov.uk/peoplepopulationandcommunity/
healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurv
eypilot/3february2023

 63. Lyngse FP, Mølbak K, Skov RL, Christiansen LE, Mortensen LH, Albertsen M, 
et al. Increased transmissibility of SARS-CoV-2 lineage B.1.1.7 by age and viral load. Nat 
Commun. (2021) 12:7251. doi: 10.1038/s41467-021-27202-x

 64. Seibold MA, Moore CM, Everman JL, Williams BJM, Nolin JD, Fairbanks-Mahnke 
A, et al. Risk factors for SARS-CoV-2 infection and transmission in households with 
children with asthma and allergy: a prospective surveillance study. J Allergy Clin 
Immunol. (2022) 150:302–11. doi: 10.1016/j.jaci.2022.05.014

 65. Jones TC, Biele G, Mühlemann B, Veith T, Schneider J, Beheim-Schwarzbach J, 
et al. Estimating infectiousness throughout SARS-CoV-2 infection course. Science. 
(2021) 373:eabi5273. doi: 10.1126/science.abi5273

 66. Chudasama DY, Tessier E, Flannagan J, Leeman D, Webster H, Demirjian A, et al. 
Surge in SARS-CoV-2 transmission in school-aged children and household contacts, 
England, august to October 2021. Eur Secur. (2021) 26:2101019. doi: 10.2807/1560-7917.
ES.2021.26.48.2101019

 67. Lee P-I, Hu Y-L, Chen P-Y, Huang Y-C, Hsueh P-R. Are children less susceptible 
to COVID-19? J Microbiol Immunol Infect. (2020) 53:371. doi: 10.1016/j.jmii.2020.02.011

 68. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa M, Lancella L, 
Carducci FIC, et al. COVID-19 in children and adolescents in Europe: a multinational, 
multicentre cohort study. Lancet Child Adolesc Health. (2020) 4:653–61. doi: 10.1016/
S2352-4642(20)30177-2

 69. Erikstrup C, Hother CE, Pedersen OBV, Mølbak K, Skov RL, Holm DK, et al. 
Estimation of SARS-CoV-2 infection fatality rate by real-time antibody screening of 
blood donors. Clin Infect Dis. (2021) 72:249–53. doi: 10.1093/cid/ciaa849

 70. Swann OV, Holden KA, Turtle L, Pollock L, Fairfield CJ, Drake TM, et al. Clinical 
characteristics of children and young people admitted to hospital with Covid-19 in 
United  Kingdom: prospective multicentre observational cohort study. BMJ. (2020) 
370:m3249. doi: 10.1136/bmj.m3249

 71. Seruminstitut S. Epidemiologisk Trend og Fokus: Dødelighed. Copenhagen: 
Statens Seruminstitut (2020) Available at: https://files.ssi.dk/COVID19-epi-
trendogfokus-30042020-61ls.

 72. Kaspersen KA, Hindhede L, Boldsen JK, Mikkelsen S, Vestergaard LS, Berthelsen 
A-SN, et al. Estimation of SARS-CoV-2 infection fatality rate by age and comorbidity 
status using antibody screening of blood donors during the COVID-19 epidemic in 
Denmark. J Infect Dis. (2021) 225:219–28. doi: 10.1093/infdis/jiab566

 73. Bundle N, Dave N, Pharris A, Spiteri G, Deogan C, Suk JE, et al. COVID-19 trends 
and severity among symptomatic children aged 0–17 years in 10 European Union 
countries, 3 august 2020 to 3 October 2021. Eur Secur. (2021) 26:2101098. doi: 
10.2807/1560-7917.ES.2021.26.50.2101098

 74. O’Driscoll M, Dos Santos GR, Wang L, Cummings DAT, Azman AS, Paireau J, 
et al. Age-specific mortality and immunity patterns of SARS-CoV-2. Nature. (2021) 
590:140–5. doi: 10.1038/s41586-020-2918-0

 75. Li Y, Wang X, Blau DM, Caballero MT, Feikin DR, Gill CJ, et al. Global, regional, 
and national disease burden estimates of acute lower respiratory infections due to 
respiratory syncytial virus in children younger than 5 years in 2019: a systematic 
analysis. Lancet. (2022) 399:2047–64. doi: 10.1016/S0140-6736(22)00478-0

 76. Heppe-Montero M, Walter S, Hernández-Barrera V, Gil-Prieto R, Gil-de-Miguel 
Á. Burden of respiratory syncytial virus-associated lower respiratory infections in 
children in Spain from 2012 to 2018. BMC Infect Dis. (2022) 22:315. doi: 10.1186/
s12879-022-07261-1

 77. Jensen A, Simões EAF, Bohn Christiansen C, Graff Stensballe L. Respiratory 
syncytial virus and influenza hospitalizations in Danish children 2010-2016. Vaccine. 
(2021) 39:4126–34. doi: 10.1016/j.vaccine.2021.05.097

 78. Učakar V, Sočan M, Trilar KP. The impact of influenza and respiratory syncytial 
virus on hospitalizations for lower respiratory tract infections in young children: 

Slovenia, 2006–2011. Influenza Other Respir Viruses. (2013) 7:1093–102. doi: 10.1111/
irv.12134

 79. Erikstrup C, Laksafoss AD, Gladov J, Kaspersen KA, Mikkelsen S, Hindhede L, 
et al. Seroprevalence and infection fatality rate of the SARS-CoV-2 omicron variant in 
Denmark: a nationwide serosurveillance study. Lancet Reg Heal. (2022) 21:100479. doi: 
10.1016/j.lanepe.2022.100479

 80. Yasuhara J, Watanabe K, Takagi H, Sumitomo N, Kuno T. COVID-19 and 
multisystem inflammatory syndrome in children: a systematic review and meta-analysis. 
Pediatr Pulmonol. (2021) 56:837–48. doi: 10.1002/ppul.25245

 81. Ouldali N, Toubiana J, Antona D, Javouhey E, Madhi F, Lorrot M, et al. Association 
of intravenous immunoglobulins plus methylprednisolone vs immunoglobulins alone 
with course of fever in multisystem inflammatory syndrome in children. JAMA. (2021) 
325:855–64. doi: 10.1001/jama.2021.0694

 82. García-Salido A, de Carlos Vicente JC, Belda Hofheinz S, Balcells Ramírez J, 
Slöcker Barrio M, Leóz Gordillo I, et al. Severe manifestations of SARS-CoV-2  in 
children and adolescents: from COVID-19 pneumonia to multisystem inflammatory 
syndrome: a multicentre study in pediatric intensive care units in Spain. Crit Care. 
(2020) 24:666. doi: 10.1186/s13054-020-03332-4

 83. Buonsenso D, Perramon A, Català M, Torres JP, Camacho-Moreno G, Rojas-
Solano M, et al. Multisystem inflammatory syndrome in children in Western countries? 
Decreasing incidence as the pandemic progresses? An observational multicenter 
international cross-sectional study. Pediatr Infect Dis J. (2022) 41:989–93. doi: 10.1097/
INF.0000000000003713

 84. Zambrano LD, Newhams MM, Olson SM, Halasa NB, Price AM, Boom JA, et al. 
Effectiveness of BNT162b2 (Pfizer-BioNTech) mRNA vaccination against multisystem 
inflammatory syndrome in children among persons aged 12-18 years - United States, 
July-December 2021. MMWR Morb Mortal Wkly Rep. (2022) 71:52–8. doi: 10.15585/
mmwr.mm7102e1

 85. Hoste L, Soriano-Arandes A, Buddingh EP, Whittaker E, Belot A, Ulloa-Gutierrez 
R, et al. Severe acute respiratory syndrome coronavirus 2 vaccination in children with a 
history of multisystem inflammatory syndrome in children: an international survey. J 
Pediatr. (2022) 248:114–8. doi: 10.1016/j.jpeds.2022.05.028

 86. Pino R, Antoñanzas JM, Paredes F, Perramon A, Riviere JG, Coma M, et al. 
Multisystem inflammatory syndrome in children and SARS-CoV-2 variants: a two-year 
Ambispective multicentric cohort study in Catalonia, Spain. Eur J Pediatr. (2022) 
182:1897–909. doi: 10.1007/s00431-023-04862-z

 87. Behnood SA, Shafran R, Bennett SD, Zhang AXD, O’Mahoney LL, Stephenson TJ, 
et al. Persistent symptoms following SARS-CoV-2 infection amongst children and young 
people: a meta-analysis of controlled and uncontrolled studies. J Infect. (2022) 
84:158–70. doi: 10.1016/j.jinf.2021.11.011

 88. Zimmermann P, Pittet LF, Curtis N. The challenge of studying long COVID: an updated 
review. Pediatr Infect Dis J. (2022) 41:424–6. doi: 10.1097/INF.0000000000003502

 89. Colloca L, Barsky AJ. Placebo and nocebo effects. N Engl J Med. (2020) 382:554–61. 
doi: 10.1056/NEJMra1907805

 90. Colloca L, Miller FG. The nocebo effect and its relevance for clinical practice. 
Psychosom Med. (2011) 73:598. doi: 10.1097/PSY.0b013e3182294a50

 91. Magnusson K, Skyrud KD, Suren P, Greve-Isdahl M, Størdal K, Kristoffersen DT, 
et al. Healthcare use in 700 000 children and adolescents for six months after Covid-19: 
before and after register based cohort study. BMJ. (2022) 376:e066809. doi: 10.1136/
bmj-2021-066809

 92. Borch L, Holm M, Knudsen M, Ellermann-Eriksen S, Hagstroem S. Long COVID 
symptoms and duration in SARS-CoV-2 positive children - a nationwide cohort study. 
Eur J Pediatr. (2022) 181:1597–607. doi: 10.1007/s00431-021-04345-z

 93. Junker AK. Epstein-Barr virus. Pediatr Rev. (2005) 26:79–85. doi: 10.1542/
pir.26.3.79

 94. Taquet M, Dercon Q, Luciano S, Geddes JR, Husain M, Harrison PJ. Incidence, 
co-occurrence, and evolution of long-COVID features: a 6-month retrospective cohort 
study of 273,618 survivors of COVID-19. PLoS Med. (2021) 18:e1003773. doi: 10.1371/
journal.pmed.1003773

 95. Ng WH, Tipih T, Makoah NA, Vermeulen J-G, Goedhals D, Sempa JB, et al. 
Comorbidities in SARS-CoV-2 patients: a systematic review and meta-analysis. MBio. 
(2021) 12:e03647–20. doi: 10.1128/mBio.03647-20

 96. Tsankov BK, Allaire JM, Irvine MA, Lopez AA, Sauvé LJ, Vallance BA, et al. Severe 
COVID-19 infection and pediatric comorbidities: a systematic review and meta-
analysis. Int J Infect Dis. (2021) 103:246–56. doi: 10.1016/j.ijid.2020.11.163

 97. Kompaniyets L, Agathis NT, Nelson JM, Preston LE, Ko JY, Belay B, et al. Underlying 
medical conditions associated with severe COVID-19 illness among children. JAMA Netw 
Open. (2021) 4:e2111182. doi: 10.1001/jamanetworkopen.2021.11182

 98. Harwood R, Yan H, Da Camara NT, Smith C, Ward J, Tudur-Smith C, et al. Which 
children and young people are at higher risk of severe disease and death after 
hospitalisation with SARS-CoV-2 infection in children and young people: a systematic 
review and individual patient meta-analysis. EClinicalMedicine. (2022) 44:101287. doi: 
10.1016/j.eclinm.2022.101287

 99. Choi JH, Choi S-H, Yun KW. Risk factors for severe COVID-19 in children: a 
systematic review and meta-analysis. J Korean Med Sci. (2022) 37:e35. doi: 10.3346/
jkms.2022.37.e35

https://doi.org/10.3389/fpubh.2023.1175444
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S1473-3099(20)30882-3
https://doi.org/10.1136/bmjmed-2021-000026
https://doi.org/10.7189/jogh.11.05013
https://doi.org/10.1073/pnas.2204141119
https://doi.org/10.1038/s41467-022-30482-6
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/3february2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/3february2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/coronaviruscovid19infectionsurveypilot/3february2023
https://doi.org/10.1038/s41467-021-27202-x
https://doi.org/10.1016/j.jaci.2022.05.014
https://doi.org/10.1126/science.abi5273
https://doi.org/10.2807/1560-7917.ES.2021.26.48.2101019
https://doi.org/10.2807/1560-7917.ES.2021.26.48.2101019
https://doi.org/10.1016/j.jmii.2020.02.011
https://doi.org/10.1016/S2352-4642(20)30177-2
https://doi.org/10.1016/S2352-4642(20)30177-2
https://doi.org/10.1093/cid/ciaa849
https://doi.org/10.1136/bmj.m3249
https://files.ssi.dk/COVID19-epi-trendogfokus-30042020-61ls
https://files.ssi.dk/COVID19-epi-trendogfokus-30042020-61ls
https://doi.org/10.1093/infdis/jiab566
https://doi.org/10.2807/1560-7917.ES.2021.26.50.2101098
https://doi.org/10.1038/s41586-020-2918-0
https://doi.org/10.1016/S0140-6736(22)00478-0
https://doi.org/10.1186/s12879-022-07261-1
https://doi.org/10.1186/s12879-022-07261-1
https://doi.org/10.1016/j.vaccine.2021.05.097
https://doi.org/10.1111/irv.12134
https://doi.org/10.1111/irv.12134
https://doi.org/10.1016/j.lanepe.2022.100479
https://doi.org/10.1002/ppul.25245
https://doi.org/10.1001/jama.2021.0694
https://doi.org/10.1186/s13054-020-03332-4
https://doi.org/10.1097/INF.0000000000003713
https://doi.org/10.1097/INF.0000000000003713
https://doi.org/10.15585/mmwr.mm7102e1
https://doi.org/10.15585/mmwr.mm7102e1
https://doi.org/10.1016/j.jpeds.2022.05.028
https://doi.org/10.1007/s00431-023-04862-z
https://doi.org/10.1016/j.jinf.2021.11.011
https://doi.org/10.1097/INF.0000000000003502
https://doi.org/10.1056/NEJMra1907805
https://doi.org/10.1097/PSY.0b013e3182294a50
https://doi.org/10.1136/bmj-2021-066809
https://doi.org/10.1136/bmj-2021-066809
https://doi.org/10.1007/s00431-021-04345-z
https://doi.org/10.1542/pir.26.3.79
https://doi.org/10.1542/pir.26.3.79
https://doi.org/10.1371/journal.pmed.1003773
https://doi.org/10.1371/journal.pmed.1003773
https://doi.org/10.1128/mBio.03647-20
https://doi.org/10.1016/j.ijid.2020.11.163
https://doi.org/10.1001/jamanetworkopen.2021.11182
https://doi.org/10.1016/j.eclinm.2022.101287
https://doi.org/10.3346/jkms.2022.37.e35
https://doi.org/10.3346/jkms.2022.37.e35


Soriano-Arandes et al. 10.3389/fpubh.2023.1175444

Frontiers in Public Health 18 frontiersin.org

 100. Shi Q, Wang Z, Liu J, Wang X, Zhou Q, Li Q, et al. Risk factors for poor prognosis 
in children and adolescents with COVID-19: a systematic review and meta-analysis. 
EClinicalMedicine. (2021) 41:101155. doi: 10.1016/j.eclinm.2021.101155

 101. Sorg A-L, Hufnagel M, Doenhardt M, Diffloth N, Schroten H, von Kries R, et al. Risk 
for severe outcomes of COVID-19 and PIMS-TS in children with SARS-CoV-2 infection in 
Germany. Eur J Pediatr. (2022) 181:3635–43. doi: 10.1007/s00431-022-04587-5

 102. Ward JL, Harwood R, Smith C, Kenny S, Clark M, Davis PJ, et al. Risk factors for 
PICU admission and death among children and young people hospitalized with 
COVID-19 and PIMS-TS in England during the first pandemic year. Nat Med. (2022) 
28:193–200. doi: 10.1038/s41591-021-01627-9

 103. Smith C, Odd D, Harwood R, Ward J, Linney M, Clark M, et al. Deaths in 
children and young people in England after SARS-CoV-2 infection during the first 
pandemic year. Nat Med. (2022) 28:185–92. doi: 10.1038/s41591-021-01578-1

 104. Hou YJ, Chiba S, Halfmann P, Ehre C, Kuroda M, Dinnon KH, et al. SARS-CoV-2 
D614G variant exhibits efficient replication ex vivo and transmission in vivo. Science. 
(2020) 370:1464–8. doi: 10.1126/science.abe8499

 105. Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J, Abfalterer W, et al. 
Tracking changes in SARS-CoV-2 spike: evidence that D614G increases infectivity of 
the COVID-19 virus. Cells. (2020) 182:812–27. doi: 10.1016/j.cell.2020.06.043

 106. Supasa P, Zhou D, Dejnirattisai W, Liu C, Mentzer AJ, Ginn HM, et al. Reduced 
neutralization of SARS-CoV-2 B.1.1.7 variant by convalescent and vaccine sera. Cells. 
(2021) 184:2201–2211.e7. doi: 10.1016/j.cell.2021.02.033

 107. Mlcochova P, Kemp SA, Dhar MS, Papa G, Meng B, Ferreira IATM, et al. SARS-
CoV-2 B.1.617.2 Delta variant replication and immune evasion. Nature. (2021) 
599:114–9. doi: 10.1038/s41586-021-03944-y

 108. Planas D, Veyer D, Baidaliuk A, Staropoli I, Guivel-Benhassine F, Rajah MM, 
et al. Reduced sensitivity of SARS-CoV-2 variant Delta to antibody neutralization. 
Nature. (2021) 596:276–80. doi: 10.1038/s41586-021-03777-9

 109. Sigal A. Milder disease with omicron: is it the virus or the pre-existing immunity? 
Nat Rev Immunol. (2022) 22:69–71. doi: 10.1038/s41577-022-00678-4

 110. Cao Y, Wang J, Jian F, Xiao T, Song W, Yisimayi A, et al. Omicron escapes the 
majority of existing SARS-CoV-2 neutralizing antibodies. Nature. (2022) 602:657–63. 
doi: 10.1038/s41586-021-04385-3

 111. Mannar D, Saville JW, Zhu X, Srivastava SS, Berezuk AM, Tuttle KS, et al. SARS-
CoV-2 omicron variant: antibody evasion and cryo-EM structure of spike protein ACE2 
complex. Science. (2022) 375:760–4. doi: 10.1126/science.abn7760

 112. Day M. Covid-19: more young children are being infected in Israel and Italy, 
emerging data suggest. BMJ. (2021) 372:n383. doi: 10.1136/bmj.n783

 113. Sigal A, Milo R, Jassat W. Estimating disease severity of omicron and Delta SARS-
CoV-2 infections. Nat Rev Immunol. (2022) 22:267–9. doi: 10.1038/s41577-022-00720-5

 114. Whittaker R, Greve-Isdahl M, Bøås H, Suren P, Buanes EA, Veneti L. COVID-19 
hospitalization among children< 18 years by variant wave in Norway. Pediatrics. (2022) 
150:e2022057564. doi: 10.1542/peds.2022-057564

 115. Meyer M, Holfter A, Ruebsteck E, Gruell H, Dewald F, Koerner RW, et al. The 
alpha variant (B.1.1. 7) of SARS-CoV-2 in children: first experience from 3544 nucleic 
acid amplification tests in a cohort of children in Germany. Viruses. (2021) 13:1600. doi: 
10.3390/v13081600

 116. Molteni E, Sudre CH, Canas LDS, Bhopal SS, Hughes RC, Chen L, et al. Illness 
characteristics of COVID-19 in children infected with the SARS-CoV-2 Delta variant. 
Children. (2022) 9:652. doi: 10.3390/children9050652

 117. Loske J, Röhmel J, Lukassen S, Stricker S, Magalhães VG, Liebig J, et al. Pre-
activated antiviral innate immunity in the upper airways controls early SARS-CoV-2 
infection in children. Nat Biotechnol. (2022) 40:319–24. doi: 10.1038/s41587-021-01037-9

 118. Sampaio NG, Chauveau L, Hertzog J, Bridgeman A, Fowler G, Moonen JP, et al. 
The RNA sensor MDA5 detects SARS-CoV-2 infection. Sci Rep. (2021) 11:1–10. doi: 
10.1038/s41598-021-92940-3

 119. Pierce CA, Sy S, Galen B, Goldstein DY, Orner E, Keller MJ, et al. Natural 
mucosal barriers and COVID-19 in children. JCI Insight. (2021):e148694:6. doi: 10.1172/
jci.insight.148694

 120. Neeland MR, Bannister S, Clifford V, Nguyen J, Dohle K, Overmars I, et al. 
Children and adults in a household cohort study have robust longitudinal immune 
responses following SARS-CoV-2 infection or exposure. Front Immunol. (2021) 
12:741639. doi: 10.3389/fimmu.2021.741639

 121. Neeland MR, Bannister S, Clifford V, Dohle K, Mulholland K, Sutton P, et al. 
Innate cell profiles during the acute and convalescent phase of SARS-CoV-2 infection 
in children. Nat Commun. (2021) 12:1–5. doi: 10.1038/s41467-021-21414-x

 122. Vono M, Huttner A, Lemeille S, Martinez-Murillo P, Meyer B, Baggio S, et al. Robust 
innate responses to SARS-CoV-2  in children resolve faster than in adults without 
compromising adaptive immunity. Cell Rep. (2021) 37:109773. doi: 10.1016/j.
celrep.2021.109773

 123. Bordallo B, Bellas M, Cortez AF, Vieira M, Pinheiro M. Severe COVID-19: what 
have we  learned with the immunopathogenesis? Adv Rheumatol. (2020) 60:50. doi: 
10.1186/s42358-020-00151-7

 124. Bordoni V, Sacchi A, Cimini E, Notari S, Grassi G, Tartaglia E, et al. An 
inflammatory profile correlates with decreased frequency of cytotoxic cells in 
coronavirus disease 2019. Clin Infect Dis. (2020) 71:2272–5. doi: 10.1093/cid/ciaa577

 125. Carsetti R, Zaffina S, Piano Mortari E, Terreri S, Corrente F, Capponi C, et al. 
Different innate and adaptive immune responses to SARS-CoV-2 infection of 
asymptomatic, mild, and severe cases. Front Immunol. (2020) 11:610300. doi: 10.3389/
fimmu.2020.610300

 126. Li H, Chen K, Liu M, Xu H, Xu Q. The profile of peripheral blood lymphocyte 
subsets and serum cytokines in children with 2019 novel coronavirus pneumonia. J 
Infect. (2020) 81:115–20. doi: 10.1016/j.jinf.2020.04.001

 127. Tan AT, Linster M, Tan CW, Le Bert N, Chia WN, Kunasegaran K, et al. Early 
induction of functional SARS-CoV-2-specific T cells associates with rapid viral clearance 
and mild disease in COVID-19 patients. Cell Rep. (2021) 34:108728. doi: 10.1016/j.
celrep.2021.108728

 128. Fazolo T, Lima K, Fontoura JC, de Souza PO, Hilario G, Zorzetto R, et al. 
Pediatric COVID-19 patients in South Brazil show abundant viral mRNA and strong 
specific anti-viral responses. Nat Commun. (2021) 12:6844. doi: 10.1038/
s41467-021-27120-y

 129. Yoshida M, Worlock KB, Huang N, Lindeboom RGH, Butler CR, Kumasaka N, 
et al. Local and systemic responses to SARS-CoV-2 infection in children and adults. 
Nature. (2022) 602:321–7. doi: 10.1038/s41586-021-04345-x

 130. Cohen CA, Li APY, Hachim A, Hui DSC, Kwan MYW, Tsang OTY, et al. SARS-
CoV-2 specific T cell responses are lower in children and increase with age and time 
after infection. Nat Commun. (2021) 12:1–14. doi: 10.1038/s41467-021-24938-4

 131. Goenka A, Halliday A, Gregorova M, Milodowski E, Thomas A, Williamson MK, 
et al. Young infants exhibit robust functional antibody responses and restrained IFN-γ 
production to SARS-CoV-2. Cell Reports Med. (2021) 2:100327. doi: 10.1016/j.
xcrm.2021.100327

 132. Bhatt M, Zemek RL, Tang K, Malley R, Plint AC, Pham-Huy A, et al. Antibody 
seronegativity in COVID-19 RT-PCR-positive children. Pediatr Infect Dis J. (2022) 
41:e318–20. doi: 10.1097/INF.0000000000003573

 133. Li N, Li X, Wu J, Zhang S, Zhu L, Chen Q, et al. Pre-existing humoral immunity 
to low pathogenic human coronaviruses exhibits limited cross-reactive antibodies 
response against SARS-CoV-2  in children. Front Immunol. (2022):1042406:13. doi: 
10.3389/fimmu.2022.1042406

 134. Selva KJ, Van De Sandt CE, Lemke MM, Lee CY, Shoffner SK, Chua BY, et al. 
Systems serology detects functionally distinct coronavirus antibody features in children 
and elderly. Nat Commun. (2021) 12:1–14. doi: 10.1038/s41467-021-22236-7

 135. Cervia C, Nilsson J, Zurbuchen Y, Valaperti A, Schreiner J, Wolfensberger A, et al. 
Systemic and mucosal antibody responses specific to SARS-CoV-2 during mild versus 
severe COVID-19. J Allergy Clin Immunol. (2021) 147:545–57. doi: 10.1016/j.
jaci.2020.10.040

 136. Garcia-Beltran WF, Lam EC, Astudillo MG, Yang D, Miller TE, Feldman J, et al. 
COVID-19-neutralizing antibodies predict disease severity and survival. Cells. (2021) 
184:476–88. doi: 10.1016/j.cell.2020.12.015

 137. Wang Y, Zhang L, Sang L, Ye F, Ruan S, Zhong B, et al. Kinetics of viral load and 
antibody response in relation to COVID-19 severity. J Clin Invest. (2020) 130:5235–44. 
doi: 10.1172/JCI138759

 138. Hachim A, Gu H, Kavian O, Mori M, Kwan MYW, Chan WH, et al. SARS-CoV-2 
accessory proteins reveal distinct serological signatures in children. Nat Commun. 
(2022) 13:2951. doi: 10.1038/s41467-022-30699-5

 139. Zimmermann P, Curtis N. Why is COVID-19 less severe in children? A review of the 
proposed mechanisms underlying the age-related difference in severity of SARS-CoV-2 
infections. Arch Dis Child. (2021) 106:429–39. doi: 10.1136/archdischild-2020-320338

 140. Ignjatovic V, Mertyn E, Monagle P. The coagulation system in children: 
developmental and pathophysiological considerations. Seminars in thrombosis and 
hemostasis. Stuttgart, Germany: Thieme Medical Publishers (2011).

 141. Lippi G, Sanchis-Gomar F, Favaloro EJ, Lavie CJ, Henry BM. Coronavirus disease 
2019–associated coagulopathy. Mayo Clin Proc. (2021) 96:203–17. doi: 10.1016/j.
mayocp.2020.10.031

 142. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, Zinkernagel AS, 
et al. Endothelial cell infection and endotheliitis in COVID-19. Lancet. (2020) 
395:1417–8. doi: 10.1016/S0140-6736(20)30937-5

 143. Colosi E, Bassignana G, Contreras DA, Poirier C, Boëlle P-Y, Cauchemez S, et al. 
Screening and vaccination against COVID-19 to minimise school closure: a modelling 
study. Lancet Infect Dis. (2022) 22:977–89. doi: 10.1016/S1473-3099(22)00138-4

 144. Kratzer S, Pfadenhauer LM, Biallas RL, Featherstone R, Klinger C, Movsisyan A, 
et al. Unintended consequences of measures implemented in the school setting to 
contain the COVID-19 pandemic: a scoping review. Cochrane Database Syst Rev. (2022) 
6:CD015397. doi: 10.1002/14651858.CD015397

 145. Planas D, Saunders N, Maes P, Guivel-Benhassine F, Planchais C, Buchrieser J, 
et al. Considerable escape of SARS-CoV-2 omicron to antibody neutralization. Nature. 
(2022) 602:671–5. doi: 10.1038/s41586-021-04389-z

 146. Sacco C, Del Manso M, Mateo-Urdiales A, Rota MC, Petrone D, Riccardo F, et al. 
Effectiveness of BNT162b2 vaccine against SARS-CoV-2 infection and severe 
COVID-19 in children aged 5–11 years in Italy: a retrospective analysis of January–
April, 2022. Lancet. (2022) 400:97–103. doi: 10.1016/S0140-6736(22)01185-0

 147. UNESCO. Monitoring teacher vaccination against COVID-19. (2022). Available 
at: https://en.unesco.org/covid19/educationresponse/teacher-vaccination (Accessed 
November 24, 2022).

https://doi.org/10.3389/fpubh.2023.1175444
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.eclinm.2021.101155
https://doi.org/10.1007/s00431-022-04587-5
https://doi.org/10.1038/s41591-021-01627-9
https://doi.org/10.1038/s41591-021-01578-1
https://doi.org/10.1126/science.abe8499
https://doi.org/10.1016/j.cell.2020.06.043
https://doi.org/10.1016/j.cell.2021.02.033
https://doi.org/10.1038/s41586-021-03944-y
https://doi.org/10.1038/s41586-021-03777-9
https://doi.org/10.1038/s41577-022-00678-4
https://doi.org/10.1038/s41586-021-04385-3
https://doi.org/10.1126/science.abn7760
https://doi.org/10.1136/bmj.n783
https://doi.org/10.1038/s41577-022-00720-5
https://doi.org/10.1542/peds.2022-057564
https://doi.org/10.3390/v13081600
https://doi.org/10.3390/children9050652
https://doi.org/10.1038/s41587-021-01037-9
https://doi.org/10.1038/s41598-021-92940-3
https://doi.org/10.1172/jci.insight.148694
https://doi.org/10.1172/jci.insight.148694
https://doi.org/10.3389/fimmu.2021.741639
https://doi.org/10.1038/s41467-021-21414-x
https://doi.org/10.1016/j.celrep.2021.109773
https://doi.org/10.1016/j.celrep.2021.109773
https://doi.org/10.1186/s42358-020-00151-7
https://doi.org/10.1093/cid/ciaa577
https://doi.org/10.3389/fimmu.2020.610300
https://doi.org/10.3389/fimmu.2020.610300
https://doi.org/10.1016/j.jinf.2020.04.001
https://doi.org/10.1016/j.celrep.2021.108728
https://doi.org/10.1016/j.celrep.2021.108728
https://doi.org/10.1038/s41467-021-27120-y
https://doi.org/10.1038/s41467-021-27120-y
https://doi.org/10.1038/s41586-021-04345-x
https://doi.org/10.1038/s41467-021-24938-4
https://doi.org/10.1016/j.xcrm.2021.100327
https://doi.org/10.1016/j.xcrm.2021.100327
https://doi.org/10.1097/INF.0000000000003573
https://doi.org/10.3389/fimmu.2022.1042406
https://doi.org/10.1038/s41467-021-22236-7
https://doi.org/10.1016/j.jaci.2020.10.040
https://doi.org/10.1016/j.jaci.2020.10.040
https://doi.org/10.1016/j.cell.2020.12.015
https://doi.org/10.1172/JCI138759
https://doi.org/10.1038/s41467-022-30699-5
https://doi.org/10.1136/archdischild-2020-320338
https://doi.org/10.1016/j.mayocp.2020.10.031
https://doi.org/10.1016/j.mayocp.2020.10.031
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1016/S1473-3099(22)00138-4
https://doi.org/10.1002/14651858.CD015397
https://doi.org/10.1038/s41586-021-04389-z
https://doi.org/10.1016/S0140-6736(22)01185-0
https://en.unesco.org/covid19/educationresponse/teacher-vaccination


Soriano-Arandes et al. 10.3389/fpubh.2023.1175444

Frontiers in Public Health 19 frontiersin.org

 148. Ludvigsson JF. The first eight months of Sweden’s COVID-19 strategy and the key 
actions and actors that were involved. Acta Paediatr. (2020) 109:2459–71. doi: 10.1111/
apa.15582

 149. Perramon A, Soriano-Arandes A, Pino D, Lazcano U, Andrés C, Català M, et al. 
Schools as a framework for COVID-19 epidemiological surveillance of children in 
Catalonia, Spain: a population-based study. Front Pediatr. (2021) 9:754744. doi: 10.3389/
fped.2021.754744

 150. Stebbings S, Rotevatn TA, Larsen VB, Surén P, Elstrøm P, Greve-Isdahl M, et al. 
Experience with open schools and preschools in periods of high community 
transmission of COVID-19 in Norway during the academic year of 2020/2021. BMC 
Public Health. (2022) 22:1–9. doi: 10.1186/s12889-022-13868-5

 151. Rotevatn TA, Elstrøm P, Greve-Isdahl M, Surén P, Johansen TKB, Astrup E. 
School closure versus targeted control measures for SARS-CoV-2 infection. Pediatrics. 
(2022) 149:e2021055071. doi: 10.1542/peds.2021-055071

 152. ECDC. COVID-19 in children and the role of school settings in transmission - 
second update. (2021). Available at: https://www.ecdc.europa.eu/en/publications-data/
children-and-school-settings-covid-19-transmission (Accessed November 24, 2022)

 153. NRW. Start ins neue Kita-Jahr mit klarer Teststrategie und sorgfältiger Planung. 
(2022). Available at: https://www.land.nrw/pressemitteilung/start-ins-neue-kita-jahr-
mit-klarer-teststrategie-und-sorgfaeltiger-planung (Accessed November 25, 2022).

 154. Kawano S, Kakehashi M. Substantial impact of school closure on the transmission 
dynamics during the pandemic flu H1N1-2009  in Oita, Japan. PLoS One. (2015) 
10:e0144839. doi: 10.1371/journal.pone.0144839

 155. Khlaif ZN, Salha S, Affouneh S, Rashed H, ElKimishy LA. The Covid-19 
epidemic: teachers’ responses to school closure in developing countries. Technol Pedagog 
Educ. (2021) 30:95–109. doi: 10.1080/1475939X.2020.1851752

 156. Ladhani SN. Team sKIDs I. children and COVID-19 in schools. Science. (2021) 
374:680–2. doi: 10.1126/science.abj2042

 157. Ladhani SN, Baawuah F, Beckmann J, Okike IO, Ahmad S, Garstang J, et al. 
SARS-CoV-2 infection and transmission in primary schools in England in June–
December, 2020 (sKIDs): an active, prospective surveillance study. Lancet Child Adolesc 
Health. (2021) 5:417–27. doi: 10.1016/S2352-4642(21)00061-4

 158. Somekh I, Boker LK, Shohat T, Pettoello-Mantovani M, Simões EAF, Somekh E. 
Comparison of COVID-19 incidence rates before and after school reopening in Israel. 
JAMA Netw Open. (2021) 4:e217105–5. doi: 10.1001/jamanetworkopen.2021.7105

 159. Schoeps A, Hoffmann D, Tamm C, Vollmer B, Haag S, Kaffenberger T, et al. 
Surveillance of SARS-CoV-2 transmission in educational institutions, august to 
December 2020. Germany Epidemiol Infect. (2021) 149:e213. doi: 10.1017/
S0950268821002077

 160. Kriemler S, Ulyte A, Ammann P, Peralta GP, Berger C, Puhan MA, et al. 
Surveillance of acute SARS-CoV-2 infections in school children and point-prevalence 
during a time of high community transmission in Switzerland. Front Pediatr. (2021) 
9:645577. doi: 10.3389/fped.2021.645577

 161. Juutinen A, Sarvikivi E, Laukkanen-Nevala P, Helve O. Closing lower secondary 
schools had no impact on COVID-19 incidence in 13–15-year-olds in Finland. 
Epidemiol Infect. (2021) 149:e233. doi: 10.1017/S0950268821002351

 162. Young BC, Eyre DW, Kendrick S, White C, Smith S, Beveridge G, et al. Daily 
testing for contacts of individuals with SARS-CoV-2 infection and attendance and 
SARS-CoV-2 transmission in English secondary schools and colleges: an open-label, 
cluster-randomised trial. Lancet. (2021) 398:1217–29. doi: 10.1016/
S0140-6736(21)01908-5

 163. Bordas A, Soriano-Arandes A, Subirana M, Malagrida R, Reyes-Urueña JM, 
Folch C, et al. Study protocol for monitoring SARS-CoV-2 infection and its determinants 
in Catalonia (Spain): an observational and participatory research approach in a sentinel 
network of schools. BMJ Open. (2022) 12:e055649. doi: 10.1136/bmjopen-2021-055649

 164. Lasser J, Sorger J, Richter L, Thurner S, Schmid D, Klimek P. Assessing the impact 
of SARS-CoV-2 prevention measures in Austrian schools using agent-based simulations 
and cluster tracing data. Nat Commun. (2022) 13:554. doi: 10.1038/s41467-022-28170-6

 165. Education.gouv.fr. Année scolaire 2022-2023: protocole sanitaire. le ministère 
l’Éducation Natl la Jeun. (2022). Available at: https://www.education.gouv.fr/annee-
scolaire-2022-2023-protocole-sanitaire-342184 (Accessed November 24, 2022).

 166. Medidas de prevención, higiene y promoción de la salud frente a covid-19 para 
centros educativos. (2022). Available at: https://www.sanidad.gob.es/profesionales/
saludPublica/ccayes/alertasActual/nCov/documentos/2022_05_03_Medidas_C_educ_
covid.pdf

 167. Sundhedsstyrelsen. Gode råd skal vejlede forældre med børn i dagtilbud og skoler 
om sygdom og hjemsendelse. (2020). Available at: https://www.sst.dk/da/Nyheder/2020/
Gode-raad-skal-vejlede-foraeldre-med-boern-i-dagtilbud-og-skoler-om-sygdom-og-
hjemsendelse (Accessed November 24, 2022).

 168. Hoch M, Vogel S, Kolberg L, Dick E, Fingerle V, Eberle U, et al. Weekly SARS-
CoV-2 sentinel surveillance in primary schools, kindergartens, and nurseries, Germany, 
June–November 2020. Emerg Infect Dis. (2021) 27:2192. doi: 10.3201/eid2708.204859

 169. Bertran M, Amin-Chowdhury Z, Davies HG, Allen H, Clare T, Davison C, et al. 
COVID-19 deaths in children and young people in England, march 2020 to December 
2021: an active prospective national surveillance study. PLoS Med. (2022) 19:e1004118. 
doi: 10.1371/journal.pmed.1004118

 170. Fenton L, Gribben C, Caldwell D, Colville S, Bishop J, Reid M, et al. Risk of 
hospital admission with Covid-19 among teachers compared with healthcare workers 
and other adults of working age in Scotland, march 2020 to July 2021: population based 
case-control study. BMJ. (2021) 374:n2060. doi: 10.1136/bmj.n2060

 171. Maya S, McCorvie R, Jacobson K, Shete PB, Bardach N, Kahn JG. COVID-19 
testing strategies for K-12 schools in California: a cost-effectiveness analysis. Int J 
Environ Res Public Health. (2022) 19:9371. doi: 10.3390/ijerph19159371

 172. Mahase E. Covid-19: Innova lateral flow test is not fit for “test and release” 
strategy, say experts. BMJ. (2020):m4469:371. doi: 10.1136/bmj.m4469

 173. Pavelka M, Van-Zandvoort K, Abbott S, Sherratt K, Majdan M, Group CC-19 
working, et al. The impact of population-wide rapid antigen testing on SARS-CoV-2 
prevalence in Slovakia. Science. (2021) 372:635–41. doi: 10.1126/science.abf9648

 174. Hodosy J, Liptak R, Chromek M. The impact of population-wide rapid antigen 
testing on SARS-CoV-2 prevalence in Slovakia. Science. (2021) 372:635–41. doi: 10.1126/
science.abf9648

 175. Boďová K, Kollár R. Spatial scales, patterns, and positivity trends of SARS-CoV-2 
pandemics in mass rapid antigen testing in Slovakia. PLoS One. (2021) 16:e0256669. doi: 
10.1371/journal.pone.0256669

 176. Busk PK, Kristiansen TB, Engsig-Karup A. Assessment of the National Test 
Strategy on the development of the COVID-19 pandemic in Denmark. Epidemiologia. 
(2021) 2:540–52. doi: 10.3390/epidemiologia2040037

 177. WHO. Schooling during COVID-19: recommendations from the European 
technical advisory group for schooling during COVID-19 WHO (2021).

 178. Jefferson T, Del Mar CB, Dooley L, Ferroni E, Al-Ansary LA, Bawazeer GA, et al. 
Physical interventions to interrupt or reduce the spread of respiratory viruses. Cochrane 
Database Syst Rev. (2020) 2011:CD006207. doi: 10.1002/14651858.CD006207.pub5

 179. Jefferson T, Dooley L, Ferroni E, Al-Ansary LA, van Driel ML, Bawazeer GA, 
et al. Physical interventions to interrupt or reduce the spread of respiratory viruses. 
Cochrane Database Syst Rev. (2023) 1:CD006207. doi: 10.1002/14651858.CD006207.
pub6

 180. AAP. Face masks and other prevention strategies. American Academy of Pediatrics 
COVID-19 interim guidance. (2022). Available at: https://www.aap.org/en/pages/2019-
novel-coronavirus-covid-19-infections/clinical-guidance/face-masks-and-other-
prevention-strategies/ (Accessed December 13, 2022).

 181. WHO. Infection prevention and control in the context of coronavirus disease 
(COVID-19): a living guideline, 25 April 2022: updated chapter: mask use, part 1: health 
care settings World Health Organization (2022) Available at: https://www.who.int/
publications/i/item/WHO-2019-nCoV-ipc-guideline-2022.1.

 182. Munro APS, Hughes RC. Face coverings have little utility for young school-aged 
children. Arch Dis Child. (2022):324809. doi: 10.1136/archdischild-2022-324809

 183. Coma E, Català M, Méndez-Boo L, Alonso S, Hermosilla E, Alvarez-Lacalle E, 
et al. Unravelling the role of the mandatory use of face covering masks for the control 
of SARS-CoV-2 in schools: a quasi-experimental study nested in a population-based 
cohort in Catalonia (Spain). Arch Dis Child. (2022) 108:131–6. doi: 10.1136/
archdischild-2022-324172

 184. Cowger TL, Murray EJ, Clarke J, Bassett MT, Ojikutu BO, Sánchez SM, et al. 
Lifting universal masking in schools—Covid-19 incidence among students and staff. N 
Engl J Med. (2022) 387:1935–46. doi: 10.1056/NEJMoa2211029

 185. Murray TS, Malik AA, Shafiq M, Lee A, Harris C, Klotz M, et al. Association of 
Child Masking with COVID-19–related closures in US childcare programs. JAMA Netw 
Open. (2022) 5:e2141227–7. doi: 10.1001/jamanetworkopen.2021.41227

 186. Juutinen A, Sarvikivi E, Laukkanen-Nevala P, Helve O. Face mask 
recommendations in schools did not impact COVID-19 incidence among 10–12-year-
olds in Finland–joinpoint regression analysis. BMC Public Health. (2023) 23:1–6. doi: 
10.1186/s12889-023-15624-9

 187. Raifman J, Green T. Universal masking policies in schools and mitigating the 
inequitable costs of Covid-19. N Engl J Med. (2022) 387:1993–4. doi: 10.1056/NEJMe2213556

 188. Loeb M, Bartholomew A, Hashmi M, Tarhuni W, Hassany M, Youngster I, et al. 
Medical masks versus N95 respirators for preventing COVID-19 among health care 
workers. Ann Intern Med. (2022) 175:1629–38. doi: 10.7326/M22-1966

 189. Krishnaratne S, Littlecott H, Sell K, Burns J, Rabe JE, Stratil JM, et al. Measures 
implemented in the school setting to contain the COVID-19 pandemic. Cochrane 
Database Syst Rev. (2022) 1:CD015029. doi: 10.1002/14651858.CD015029

 190. Curtius J, Granzin M, Schrod J. Testing mobile air purifiers in a school classroom: 
reducing the airborne transmission risk for SARS-CoV-2. Aerosol Sci Technol. (2021) 
55:586–99. doi: 10.1080/02786826.2021.1877257

 191. Buonanno G, Ricolfi L, Morawska L, Stabile L. Increasing ventilation reduces 
SARS-CoV-2 airborne transmission in schools: a retrospective cohort study in Italy’s 
Marche region. Front Public Heal. (2022) 10:4922. doi: 10.3389/fpubh.2022.1087087

 192. Gettings J, Czarnik M, Morris E, Haller E, Thompson-Paul AM, Rasberry C, et al. 
Mask use and ventilation improvements to reduce COVID-19 incidence in elementary 
schools—Georgia, November 16–December 11, 2020. Morb Mortal Wkly Rep. (2021) 
70:779. doi: 10.15585/mmwr.mm7021e1

 193. Lindsley WG, Derk RC, Coyle JP, Martin SB Jr, Mead KR, Blachere FM, et al. 
Efficacy of portable air cleaners and masking for reducing indoor exposure to simulated 

https://doi.org/10.3389/fpubh.2023.1175444
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1111/apa.15582
https://doi.org/10.1111/apa.15582
https://doi.org/10.3389/fped.2021.754744
https://doi.org/10.3389/fped.2021.754744
https://doi.org/10.1186/s12889-022-13868-5
https://doi.org/10.1542/peds.2021-055071
https://www.ecdc.europa.eu/en/publications-data/children-and-school-settings-covid-19-transmission
https://www.ecdc.europa.eu/en/publications-data/children-and-school-settings-covid-19-transmission
https://www.land.nrw/pressemitteilung/start-ins-neue-kita-jahr-mit-klarer-teststrategie-und-sorgfaeltiger-planung
https://www.land.nrw/pressemitteilung/start-ins-neue-kita-jahr-mit-klarer-teststrategie-und-sorgfaeltiger-planung
https://doi.org/10.1371/journal.pone.0144839
https://doi.org/10.1080/1475939X.2020.1851752
https://doi.org/10.1126/science.abj2042
https://doi.org/10.1016/S2352-4642(21)00061-4
https://doi.org/10.1001/jamanetworkopen.2021.7105
https://doi.org/10.1017/S0950268821002077
https://doi.org/10.1017/S0950268821002077
https://doi.org/10.3389/fped.2021.645577
https://doi.org/10.1017/S0950268821002351
https://doi.org/10.1016/S0140-6736(21)01908-5
https://doi.org/10.1016/S0140-6736(21)01908-5
https://doi.org/10.1136/bmjopen-2021-055649
https://doi.org/10.1038/s41467-022-28170-6
https://www.education.gouv.fr/annee-scolaire-2022-2023-protocole-sanitaire-342184
https://www.education.gouv.fr/annee-scolaire-2022-2023-protocole-sanitaire-342184
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/2022_05_03_Medidas_C_educ_covid.pdf
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/2022_05_03_Medidas_C_educ_covid.pdf
https://www.sanidad.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov/documentos/2022_05_03_Medidas_C_educ_covid.pdf
https://www.sst.dk/da/Nyheder/2020/Gode-raad-skal-vejlede-foraeldre-med-boern-i-dagtilbud-og-skoler-om-sygdom-og-hjemsendelse
https://www.sst.dk/da/Nyheder/2020/Gode-raad-skal-vejlede-foraeldre-med-boern-i-dagtilbud-og-skoler-om-sygdom-og-hjemsendelse
https://www.sst.dk/da/Nyheder/2020/Gode-raad-skal-vejlede-foraeldre-med-boern-i-dagtilbud-og-skoler-om-sygdom-og-hjemsendelse
https://doi.org/10.3201/eid2708.204859
https://doi.org/10.1371/journal.pmed.1004118
https://doi.org/10.1136/bmj.n2060
https://doi.org/10.3390/ijerph19159371
https://doi.org/10.1136/bmj.m4469
https://doi.org/10.1126/science.abf9648
https://doi.org/10.1126/science.abf9648
https://doi.org/10.1126/science.abf9648
https://doi.org/10.1371/journal.pone.0256669
https://doi.org/10.3390/epidemiologia2040037
https://doi.org/10.1002/14651858.CD006207.pub5
https://doi.org/10.1002/14651858.CD006207.pub6
https://doi.org/10.1002/14651858.CD006207.pub6
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/face-masks-and-other-prevention-strategies/
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/face-masks-and-other-prevention-strategies/
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/face-masks-and-other-prevention-strategies/
https://www.who.int/publications/i/item/WHO-2019-nCoV-ipc-guideline-2022.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-ipc-guideline-2022.1
https://doi.org/10.1136/archdischild-2022-324809
https://doi.org/10.1136/archdischild-2022-324172
https://doi.org/10.1136/archdischild-2022-324172
https://doi.org/10.1056/NEJMoa2211029
https://doi.org/10.1001/jamanetworkopen.2021.41227
https://doi.org/10.1186/s12889-023-15624-9
https://doi.org/10.1056/NEJMe2213556
https://doi.org/10.7326/M22-1966
https://doi.org/10.1002/14651858.CD015029
https://doi.org/10.1080/02786826.2021.1877257
https://doi.org/10.3389/fpubh.2022.1087087
https://doi.org/10.15585/mmwr.mm7021e1


Soriano-Arandes et al. 10.3389/fpubh.2023.1175444

Frontiers in Public Health 20 frontiersin.org

exhaled SARS-CoV-2 aerosols—United States, 2021. Morb Mortal Wkly Rep. (2021) 
70:972. doi: 10.15585/mmwr.mm7027e1

 194. Orban E, Stuhrmann LY. S3-Leitlinie Maßnahmen zur Prävention und Kontrolle 
der SARS-CoV-2-Übertragung in Schulen | Lebende Leitlinie. (2022). Availabe at: https://
register.awmf.org/de/leitlinien/detail/027-076

 195. Sachs JD, Karim SSA, Aknin L, Allen J, Brosbøl K, Colombo F, et al. The lancet 
commission on lessons for the future from the COVID-19 pandemic. Lancet. (2022) 
400:1224–80. doi: 10.1016/S0140-6736(22)01585-9

 196. Allen JG, VanRy M, Jones ER, Sommers BD, Levinson M, Cao X, et al. The lancet 
Covid-19 commission task force on safe work, safe schools and safe travel: 6 priority areas. 
(2021). Availabe at: https://covid19commission.org/commpub/blog-post-title-two-
wedc9

 197. EMA. COVID-19 vaccines: key facts. (2022). Availabe at: https://www.ema.
europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-
covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-key-
facts#vaccination-in-children-section

 198. CDC. COVID-19 vaccination for children. Available at: https://www.cdc.gov/
vaccines/covid-19/planning/children.html (Accessed January 23, 2023).

 199. Howard-Jones AR, Burgner DP, Crawford NW, Goeman E, Gray PE, Hsu P, et al. 
COVID-19 in children. II: pathogenesis, disease spectrum and management. J Paediatr 
Child Health. (2022) 58:46–53. doi: 10.1111/jpc.15811

 200. Kildegaard H, Lund LC, Højlund M, Stensballe LG, Pottegård A. Risk of adverse events 
after covid-19  in Danish children and adolescents and effectiveness of BNT162b2  in 
adolescents: cohort study. BMJ. (2022) 377:e068898. doi: 10.1136/bmj-2021-068898

 201. Cohen JM, Carter MJ, Cheung CR, Ladhani SFor the Evelina Paediatric 
Inflammatory Multisystem Syndrome Temporally Related to SARS-CoV-2 (PIMS-TS) 
Study Group. Lower risk of multisystem inflammatory syndrome in children with the 
Delta and omicron variants of severe acute respiratory syndrome coronavirus 2. Clin 
Infect Dis. (2022) 76:e518–21. doi: 10.1093/cid/ciac553

 202. Zimmermann P, Pittet LF, Finn A, Pollard AJ, Curtis N. Should children 
be  vaccinated against COVID-19? Arch Dis Child. (2022) 107:e1. doi: 10.1136/
archdischild-2021-323040

 203. Lyngse FP, Mølbak K, Denwood M, Christiansen LE, Møller CH, Rasmussen M, 
et al. Effect of vaccination on household transmission of SARS-CoV-2 Delta variant of 
concern. Nat Commun. (2022) 13:3764. doi: 10.1038/s41467-022-31494-y

 204. Tan SHX, Cook AR, Heng D, Ong B, Lye DC, Tan KB. Effectiveness of BNT162b2 
vaccine against omicron in children 5 to 11 years of age. N Engl J Med. (2022) 
387:525–32. doi: 10.1056/NEJMoa2203209

 205. Chemaitelly H, Ayoub HH, AlMukdad S, Coyle P, Tang P, Yassine HM, et al. 
Duration of mRNA vaccine protection against SARS-CoV-2 omicron BA. 1 and BA. 2 
subvariants in Qatar. Nat Commun. (2022) 13:1–12. doi: 10.1038/s41467-022-30895-3

 206. Hansen CH, Schelde AB, Moustsen-Helm IR, Emborg H-D, Krause TG, Mølbak 
K, et al. Vaccine effectiveness against SARS-CoV-2 infection with the omicron or Delta 
variants following a two-dose or booster BNT162b2 or mRNA-1273 vaccination series: 
a Danish cohort study. medRxiv. (2021). doi: 10.1101/2021.12.20.21267966

 207. Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al. Covid-19 
vaccine effectiveness against the omicron (B.1.1.529) variant. N Engl J Med. (2022) 
386:1532–46. doi: 10.1056/NEJMoa2119451

 208. Bardosh K, Krug A, Jamrozik E, Lemmens T, Keshavjee S, Prasad V, et al. 
COVID-19 vaccine boosters for young adults: a risk benefit assessment and ethical 
analysis of mandate policies at universities. J Med Ethics. (2022):108449. doi: 10.1136/
jme-2022-108449

 209. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M, et al. Risk 
of myocarditis after sequential doses of COVID-19 vaccine and SARS-CoV-2 infection by age 
and sex. Circulation. (2022) 146:743–54. doi: 10.1161/CIRCULATIONAHA.122.059970

 210. Karlstad Ø, Hovi P, Husby A, Härkänen T, Selmer RM, Pihlström N, et al. SARS-
CoV-2 vaccination and myocarditis in a Nordic cohort study of 23 million residents. 
JAMA Cardiol. (2022) 7:600–12. doi: 10.1001/jamacardio.2022.0583

 211. Benn CS, Fisker AB, Rieckmann A, Sørup S, Aaby P. Vaccinology: time to change 
the paradigm? Lancet Infect Dis. (2020) 20:e274–83. doi: 10.1016/S1473-3099(19)30742-X

 212. Yousaf AR, Cortese MM, Taylor AW, Broder KR, Oster ME, Wong JM, et al. 
Reported cases of multisystem inflammatory syndrome in children aged 12-20 years in 
the USA who received a COVID-19 vaccine, December, 2020, through august, 2021: a 
surveillance investigation. Lancet Child Adolesc Heal. (2022) 6:303–12. doi: 10.1016/
S2352-4642(22)00028-1

 213. Santilli V, Manno EC, Giancotta C, Rossetti C, Cotugno N, Amodio D, et al. Two 
pediatric cases of multisystem inflammatory syndrome with overlapping neurological 
involvement following SARS-CoV-2 vaccination and unknown SARS-CoV2 infection: 
the importance of pre-vaccination history. Vaccine. (2022) 10:1136. doi: 10.3390/
vaccines10071136

 214. Karatzios C, Scuccimarri R, Chédeville G, Basfar W, Bullard J, Stein DR. 
Multisystem inflammatory syndrome following SARS-CoV-2 vaccination in two 
children. Pediatrics. (2022) 150:e2021055956. doi: 10.1542/peds.2021-055956

 215. Phelps C, Sperry LL. Children and the COVID-19 pandemic. Psychol Trauma 
Theory Res Pract Policy. (2020) 12:S73. doi: 10.1037/tra0000861

 216. Baron EJ, Goldstein EG, Wallace CT. Suffering in silence: how COVID-19 school 
closures inhibit the reporting of child maltreatment. J Public Econ. (2020) 190:104258. 
doi: 10.1016/j.jpubeco.2020.104258

 217. Almeida M, Challa M, Ribeiro M, Harrison AM, Castro MC. Editorial 
perspective: The mental health impact of school closures during the COVID-19 
pandemic. J Child Psychol Psychiatry. (2022) 63:608–12. doi: 10.1111/jcpp.13535

 218. Chaabane S, Doraiswamy S, Chaabna K, Mamtani R, Cheema S. The impact of 
COVID-19 school closure on child and adolescent health: a rapid systematic review. 
Children. (2021) 8:415. doi: 10.3390/children8050415

 219. Hallin AE, Danielsson H, Nordström T, Fälth L. No learning loss in Sweden 
during the pandemic evidence from primary school reading assessments. Int J Educ Res. 
(2022) 114:102011. doi: 10.1016/j.ijer.2022.102011

 220. Zhang L, Zhang D, Fang J, Wan Y, Tao F, Sun Y. Assessment of mental health of 
Chinese primary school students before and after school closing and opening during the 
COVID-19 pandemic. JAMA Netw Open. (2020) 3:e2021482–2. doi: 10.1001/
jamanetworkopen.2020.21482

 221. Viner R, Russell S, Saulle R, Croker H, Stansfield C, Packer J, et al. School closures 
during social lockdown and mental health, health behaviors, and well-being among 
children and adolescents during the first COVID-19 wave: a systematic review. JAMA 
Pediatr. (2022) 176:400–9. doi: 10.1001/jamapediatrics.2021.5840

 222. Goto R, Okubo Y, Skokauskas N. Reasons and trends in youth’s suicide rates 
during the COVID-19 pandemic. Lancet Reg Heal Pacific. (2022) 27:100567. doi: 
10.1016/j.lanwpc.2022.100567

 223. Silverman M, Sibbald R, Stranges S. Ethics of COVID-19-related school closures. 
Can J Public Heal. (2020) 111:462–5. doi: 10.17269/s41997-020-00396-1

 224. Park WJ, Walsh KA. COVID-19 and the unseen pandemic of child abuse. BMJ 
Paediatr open. (2022) 6:e001553. doi: 10.1136/bmjpo-2022-001553

 225. Ludvigsson JF. Children are unlikely to be  the main drivers of the COVID-19 
pandemic–a systematic review. Acta Paediatr. (2020) 109:1525–30. doi: 10.1111/apa.15371

 226. Bundgaard H, Bundgaard JS, Raaschou-Pedersen DET, von Buchwald C, Todsen 
T, Norsk JB, et al. Effectiveness of adding a mask recommendation to other public health 
measures to prevent SARS-CoV-2 infection in Danish mask wearers: a randomized 
controlled trial. Ann Intern Med. (2021) 174:335–43. doi: 10.7326/M20-6817

 227. Abaluck J, Kwong LH, Styczynski A, Haque A, Kabir MA, Bates-Jefferys E, et al. 
Impact of community masking on COVID-19: a cluster-randomized trial in Bangladesh. 
Science. (2022) 375:eabi9069. doi: 10.1126/science.abi9069

 228. Chikina M, Pegden W, Recht B. Re-analysis on the statistical sampling biases of 
a mask promotion trial in Bangladesh: a statistical replication. Trials. (2022) 23:1–5. doi: 
10.1186/s13063-022-06704-z

 229. Bulfone TC, Malekinejad M, Rutherford GW, Razani N. Outdoor transmission 
of SARS-CoV-2 and other respiratory viruses: a systematic review. J Infect Dis. (2020) 
223:550–61. doi: 10.1093/infdis/jiaa742

 230. Rowe BR, Canosa A, Drouffe J-M, Mitchell JBA. Simple quantitative assessment 
of the outdoor versus indoor airborne transmission of viruses and COVID-19. Environ 
Res. (2021) 198:111189. doi: 10.1016/j.envres.2021.111189

https://doi.org/10.3389/fpubh.2023.1175444
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.15585/mmwr.mm7027e1
https://register.awmf.org/de/leitlinien/detail/027-076
https://register.awmf.org/de/leitlinien/detail/027-076
https://doi.org/10.1016/S0140-6736(22)01585-9
https://covid19commission.org/commpub/blog-post-title-two-wedc9
https://covid19commission.org/commpub/blog-post-title-two-wedc9
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-key-facts#vaccination-in-children-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-key-facts#vaccination-in-children-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-key-facts#vaccination-in-children-section
https://www.ema.europa.eu/en/human-regulatory/overview/public-health-threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid-19/covid-19-vaccines-key-facts#vaccination-in-children-section
https://www.cdc.gov/vaccines/covid-19/planning/children.html
https://www.cdc.gov/vaccines/covid-19/planning/children.html
https://doi.org/10.1111/jpc.15811
https://doi.org/10.1136/bmj-2021-068898
https://doi.org/10.1093/cid/ciac553
https://doi.org/10.1136/archdischild-2021-323040
https://doi.org/10.1136/archdischild-2021-323040
https://doi.org/10.1038/s41467-022-31494-y
https://doi.org/10.1056/NEJMoa2203209
https://doi.org/10.1038/s41467-022-30895-3
https://doi.org/10.1101/2021.12.20.21267966
https://doi.org/10.1056/NEJMoa2119451
https://doi.org/10.1136/jme-2022-108449
https://doi.org/10.1136/jme-2022-108449
https://doi.org/10.1161/CIRCULATIONAHA.122.059970
https://doi.org/10.1001/jamacardio.2022.0583
https://doi.org/10.1016/S1473-3099(19)30742-X
https://doi.org/10.1016/S2352-4642(22)00028-1
https://doi.org/10.1016/S2352-4642(22)00028-1
https://doi.org/10.3390/vaccines10071136
https://doi.org/10.3390/vaccines10071136
https://doi.org/10.1542/peds.2021-055956
https://doi.org/10.1037/tra0000861
https://doi.org/10.1016/j.jpubeco.2020.104258
https://doi.org/10.1111/jcpp.13535
https://doi.org/10.3390/children8050415
https://doi.org/10.1016/j.ijer.2022.102011
https://doi.org/10.1001/jamanetworkopen.2020.21482
https://doi.org/10.1001/jamanetworkopen.2020.21482
https://doi.org/10.1001/jamapediatrics.2021.5840
https://doi.org/10.1016/j.lanwpc.2022.100567
https://doi.org/10.17269/s41997-020-00396-1
https://doi.org/10.1136/bmjpo-2022-001553
https://doi.org/10.1111/apa.15371
https://doi.org/10.7326/M20-6817
https://doi.org/10.1126/science.abi9069
https://doi.org/10.1186/s13063-022-06704-z
https://doi.org/10.1093/infdis/jiaa742
https://doi.org/10.1016/j.envres.2021.111189

	Policies on children and schools during the SARS-CoV-2 pandemic in Western Europe
	1. Introduction
	2. Methodology
	3. Epidemiology of pediatric COVID-19 in Europe
	3.1. Infection and transmission of SARS-CoV-2 in children in Europe
	3.2. Impact of pediatric COVID-19 during the pandemic in Europe
	3.3. MIS-C and long COVID
	3.4. Co-morbidities associated with severe COVID-19
	3.5. Effect of different SARS-CoV-2 variants

	4. Basic immunology and pathology of pediatric COVID-19
	4.1. Innate immunity
	4.2. Adaptive immunity

	5. School policies in Europe
	5.1. Overview of applied mitigation measures
	5.2. Discussion of uncertainties and comparability of data
	5.3. School closure
	5.4. Testing
	5.5. Masking
	5.6. Ventilation and other non-pharmaceutical interventions

	6. Vaccination policies for children across Western Europe
	7. Trade-offs
	7.1. School closure
	7.2. Social distancing in school settings
	7.3. Masks
	7.4. Testing
	7.5. Ventilation strategies

	8. Concluding remarks
	Author contributions

	References

