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Summary

BACKGROUND: There has been much discussion about
coronavirus disease 2019 (COVID-19) and the virus that
causes it, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) in children and adolescents, since the
pandemic was recognised in early 2020. Understanding
their role in this pandemic is important for the development
of appropriate prevention measures.

OBJECTIVE: To summarise evidence about three aspects
of SARS-CoV-2 and COVID-19 in children and adoles-
cents: (1) severity of SARS-CoV-2 presentation, (2) risk of
SARS-CoV-2 infection and (3) risk of transmitting SARS-
CoV-2.

METHODS: We searched PubMed and MedRxiv for stud-
ies on SARS-CoV-2 and COVID-19 in children and ado-
lescents from January 2020 to 21 January 2021. The elec-
tronic search was supplemented by papers found in a
manual search or suggested by experts up to 29 March
2021. We included case reports, cross-sectional studies,
cohort studies, narrative reviews or viewpoints, systematic
reviews and modelling studies. We synthesised the infor-
mation descriptively and attempted to report findings sep-
arately for: infants and small children (0-5 years) who are
mostly pre-school; school children (6—12 years) broadly
covering primary school years; and adolescents (13—-17
years).

RESULTS: Of 2778 screened articles, we included 63 (20
case reports, 18 cross-sectional studies, 8 cohort stud-
ies, 6 narrative reviews or viewpoints, 10 systematic re-
views and 1 modelling study). Children (<12 years of age)
and adolescents (13—17 years of age) usually present with
mild disease, with few requiring intensive care treatment.
A minority of children of all ages (<18 years) remains
asymptomatic throughout the course of infection. In sero-
logical studies, reported symptoms are similar in children
with and without SARS-CoV-2 antibodies. Children and
adolescents can acquire and transmit SARS-CoV-2. The
risks of acquiring and transmitting SARS-CoV-2 seems to

increase with age. There was limited information about
SARS-CoV-2 variants of concern. Poor reporting of age
groups and contextual factors such as levels of community
transmission, school closures and other non-pharmaceu-
tical interventions make synthesis of findings across stud-
ies difficult.

CONCLUSIONS: The clinical presentation and role of chil-
dren and adolescents in SARS-CoV-2 susceptibility and
transmission needs further investigation, particularly with
regard to variants of concern. Large, prospective studies
that attempt to minimise biases in design, are analysed
appropriately and reported comprehensively should be
conducted.

Introduction

There has been much discussion about coronavirus disease
2019 (COVID-19) and the virus that causes it, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) in
children and adolescents, since the pandemic was recog-
nised in early 2020 [1-3]. Early in 2020, many countries
imposed general lockdowns to limit the spread of the virus
and to reduce the risk of collapse of their health systems,
which included the closure of educational facilities (day
care, schools and higher education institutions). The clo-
sures resulted in large numbers of children not attending
school worldwide, with greater reported impacts on stu-
dents from more disadvantaged socioeconomic back-
grounds [4, 5].

The earliest reports of COVID-19 included small numbers
of children and adolescents and commentaries suggested
that children were “spared the major impact of COVID-19
virus” [6]. Their role in the transmission of SARS-CoV-2
was unclear, however, because children were tested less
frequently than adults and differences in lockdown restric-
tions affect the contact patterns and exposure of children
and adults differently [7]. In spring 2020, the Federal Of-
fice of Public Health asked the Swiss National COVID-19
Science Task Force to provide information about SARS-
CoV-2 and COVID-19 in children and adolescents to in-

Swiss Medical Weekly - PDF of the online version - www.smw.ch

Page 1 of 13

Published under the copyright license “Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)".
No commercial reuse without permission. See https://smw.ch/permissions



Systematic review
I —————

form the development of preventive measures. This re-
quest led to a rapid review of the literature, which has since
been updated four times and published on the website of
the Swiss National COVID-19 Science Task Force most
recently on 28 April 2021 [8]. This article is based on the
rapid review and aims to summarise evidence about three
aspects of SARS-CoV-2 and COVID-19 in children and
adolescents: (1) severity of SARS-CoV-2 presentation in
children and adolescents; (2) risk of SARS-CoV-2 infec-
tion in children and adolescents; and (3) risk of children
and adolescents transmitting SARS-CoV-2. In addition, we
tried to identify studies about SARS-CoV-2 variants of
concern, which were documented to have started to emerge
in autumn 2020 [9].

Methods

This review began as a rapid review of literature selected
from a systematic search, with updates conducted as the
volume of publications increased. Owing to the urgent sit-
uation in early 2020, we did not write a protocol or register
the review.

Search strategy

We searched for literature published since 1 January 2020
in two electronic databases (PubMed and MedRxiv). We
conducted the first search on 1 May 2020 and the last
search on 21 January 2021. We used the following com-
binations of search terms in PubMed for title and abstract:
(COVID-19 OR "SARS-CoV-2" OR "novel coronavirus")
AND ("attack rate" OR "secondary attack rate" OR "in-
fectiousness" OR "transmission rate" OR "transmission")
AND  (children OR '"pediatric patients"), and
("COVID-19" OR "SARS-CoV-2" OR "novel coron-
avirus") AND ("asymptomatic" OR "presymptomatic'")
AND ("attack rate" OR "secondary attack rate" OR "in-
fectiousness" OR "transmission rate" OR "transmission"
OR "viral shedding") and (COVID-19 OR "SARS-CoV-2"
OR "novel coronavirus") AND ("attack rate" OR "sec-
ondary attack rate" OR "infectiousness" OR "transmission
rate" OR "transmission") AND (children OR "pediatric
patients") AND (kindergarten OR créche OR creche OR
preschool OR "elementary school" OR "secondary school"
OR "high school"). In MedRxiv we searched separately
for "COVID-19 and attack rate", "COVID-19 and infec-
tiousness" and "COVID-19 and children". We supplement-
ed the search results with a non-systematic search on 29
March 2021 of papers identified through general reading,
in e-mail alerts, suggested by experts, or referenced in the
aforementioned literature search. We searched, in particu-
lar, for studies that reported on variants of concern in chil-
dren and adolescents. Only studies in German and English
were included in the review.

Study selection

Case reports, cross-sectional studies, cohort studies, narra-
tive and systematic reviews and modelling studies were el-
igible for inclusion. One reviewer (MW) screened the ti-
tles and abstracts of all identified articles and read the full
text of all those potentially eligible. We did not include all
identified articles that might have been relevant throughout
the search period because of redundancy. For example, if
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many review articles reported on the same original studies,
we include the more recent reviews.

Data extraction

MW extracted and recorded relevant scientific information
from the selected studies. For each included study, MW
and MG extracted the details of: author and publication
year, country, study design, number and age range of in-
cluded study participants, a summary of the study setting
and, for review articles, the number of included studies.

Risk of bias

We did not use a specific tool for assessment of the risk of
bias owing to the urgency of the situation at the start of the
pandemic. We considered both study quality and the risk
of possible biases when reading the studies included in this
review, and reported these in the results section.

Data synthesis

We synthesised information from the included studies de-
scriptively. We did not perform quantitative syntheses be-
cause, for the objectives of the review, we judged that
the study designs, study settings and ages of participants
would be too heterogeneous for pooling of results to be ap-
propriate.

The findings for the three review questions might differ by
age, so we tried to summarise the findings for different age
categories when data were available, which would make
practical sense in Switzerland. We defined these groups as:
infants and small children (0-5 years) who are mostly pre-
school; school children (6—12 years) broadly covering pri-
mary school years; and adolescents (13—17 years).

Results

In total, we screened 2778 studies published up to 21 Janu-
ary 2021, of which 29 were included. We included another
34 studies (23 published, 11 not published and/or not peer-
reviewed) identified up to 29 March 2021. Of these 63 ar-
ticles, there were 20 case reports, 18 cross-sectional stud-
ies, 8 cohort studies, 6 narrative reviews or viewpoints, 10
systematic reviews and 1 modelling study (fig. 1). We re-
port findings from articles published up to 29 March 2021
in the results section. We summarise more recent develop-
ments in the discussion section.

Severity of SARS-CoV-2 presentation in children and
adolescents

Paediatric SARS-CoV-2 cases were described from the
early beginnings of the pandemic, but children (<12 years
of age) and adolescents (13—17 years of age) usually pre-
sent with mild disease, with few requiring intensive care
treatment [6, 10—15]. The reasons for the comparatively
mild disease, as well as the risk factors for severe disease
and potential mid-term to long-term effects on SARS-
CoV-2 infection in children and partially in adolescents,
are still being investigated.

Asymptomatic SARS-CoV-2 presentation in children and
adolescents

An asymptomatic course of disease is relevant for public
health if the infected people are infectious, go undetected
and can transmit SARS-CoV-2. A systematic review of
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studies published up to 10 June 2020 provides information
about the proportions of children of all ages, adolescents
and adults who were followed through the course of in-
fection. Most studies that distinguished participants by age
were done in hospital settings, which might result in se-
lection bias that underestimates the proportion of asymp-
tomatic infections. The children in hospital-based studies
were generally diagnosed during investigations of house-
hold contacts of confirmed cases and were hospitalised for
observation. In both adults and children, the majority of in-
dividuals with SARS-CoV-2 developed symptomatic dis-
ease. The proportions with persistently asymptomatic in-
fection were 27% in children (95% confidence interval
[CI] 22-32%; 10 studies, 285 children) and 11% in adults
(95% CI 6-19%; 10 studies, 3228 adults) [16]. Most stud-
ies in this review did not give detailed information about
age, so it was not possible to examine differences between

children of different age groups.

Asymptomatic infections can also be estimated in sero-
prevalence studies, although bias in recalling mild symp-
toms over periods of several months might result in under-
recording and symptoms reported cannot be attributed to a
particular infection episode. In the SEROCoV-POP study,
which included randomly selected participants from a past
cohort study and their household members in Geneva,
Switzerland, 13% (77/590) of all participants with SARS-
CoV-2 antibodies detected between 6 April and 30 June
2020 did not recall any SARS-CoV-2 symptoms since Jan-
uary 2020. When stratified by age, 44% (4/9) aged 4-9
years, 26% (13/50) aged 10-17 years and 10% (28/278)
aged 18-49 years reported no symptoms [17]. With the ex-
ception of loss of taste or smell, symptoms were as com-
mon in seropositive as in seronegative children. In the Ciao
Corona study in Zurich, a cohort study of 273 classes in
55 schools (n = 2585), 73% of all children (age range 6—16
years) experienced symptoms compatible with a SARS-
CoV-2 infection between January and June 2020, with no
difference between seropositive and seronegative children
[18]. Between July and November 2020, when the study
analysed 2831 children from 275 classes in 55 schools, on-
ly 29% (29/101) of seropositive children and 22% (420/
1923) of seronegative children reported symptoms com-

patible with SARS-CoV-2 [19].

camps, community)

Figure 1: Study selection. " Eligibility: language (English, Ger-
man); study design (case reports, cross-sectional studies, cohort
studies, modelling studies, reviews/viewpoints; both preprints and
peer-reviewed studies; study population (children and adolescents
<18 years old); settings (households, schools / day care centres /

‘ 2778 articles identified from PubMed search

2386 articles excluded after title

‘ 392 full text articles assessed for eligibility’

34 articles from manual search
* 23 published articles

« 11 articles not yet peer-
reviewed and published

63 articles included in review
29 articles from PubMed
34 articles from manual search

We did not find any studies reporting the frequency of
asymptomatic paediatric SARS-CoV-2 infection caused by
SARS-CoV-2 variants of concern.

Potential risk factors for severe SARS-CoV-2 disease in
children and adolescents

Early reports suggested especially infants (<1 year of age)
and younger children (1-5 years of age) to be at a higher
risk of severe disease than older children [13, 20]. These
reports, however, have methodological limitations, such as
some COVID-19 diagnoses being based on clinical symp-
toms alone without performing laboratory tests [13], or
missing data on hospitalisation status [20]. Several nar-
rative reviews, describing 32 different cases of neonatal
SARS-CoV-2 infection in total, all show neonates mostly
presenting with mild disease [21-25]. The respiratory
symptoms described in some patients were generally con-
sistent with their gestational age and could thus not be
attributed to SARS-CoV-2. These findings are supported
by small additional retrospective studies [26, 27] and a
prospective national cohort study from the UK [28], de-
scribing mild SARS-CoV-2 disease progression in
neonates. Multicentre hospital-based studies with more
complete data and consistent case definitions have also
been conducted. A prospective cohort study from 260 hos-
pitals in the UK, following 651 children and young adults
(225/651 <1 year old) between 17 January and 3 July
2020, found that the risk of admission to intensive care
was associated with age <1 month (odds ratio [OR] 3.21,
95% CI1.36-7.66) and age 10-14 years (OR 3.23, 95%
CI 1.55-6.99), compared with a baseline of 15-19 year
olds [29]. Multiple small studies from around the world de-
scribe mild SARS-CoV-2 disease progression and low hos-
pitalisation rates, even in children with severe underlying
health conditions such as cancer and immunosuppression
[30-36].

A hyperinflammatory syndrome in children with
COVID-19, called paediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2
(PIMS-TS) in Europe and multisystem inflammatory syn-
drome in children (MIS-C) in the United States has been
described as a serious, but rare consequence of SARS-
CoV-2 infection. The first case of an infant presenting
with classic Kawasaki disease who also tested positive
for SARS-CoV-2 was reported in April 2020 [37]. Shortly
thereafter, researchers in south-east England reported a
cluster of eight children with features associated with
Kawasaki disease or toxic shock syndromes, most of
whom had a history of exposure to, or a positive test for
SARS-CoV-2 [38]. In a report of 99 cases diagnosed with
MIS-C from New York there were 31 in 05 year olds, 42
in 612 year olds and 26 in 13-20 year olds [39]. Presenta-
tion with any Kawasaki type symptoms was more common
in those aged 012 years (31/73, 42%) than in those aged
13-20 years (3/26, 12%).

Potential mid-term and long-term effects of SARS-CoV-2
disease in children and adolescents

By the end of the search period, preliminary data from a
small study in Italy found that children are at risk of long-
term effects in the form of ongoing symptoms referred to
as long COVID or post-acute sequelae of SARS-CoV-2 in-
fection [40].
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Risk of SARS-CoV-2 infection in children and adoles-
cents

The risk of SARS-CoV-2 infection at different ages has
been investigated in different study types. We describe
the findings from population-based/cross-sectional studies,
contact tracing/ household studies and seroprevalence
studies separately because there are risks of bias associated
with different study designs.

Population studies / cross-sectional studies

There were few population-based or cross-sectional studies
available for analysis. An early study, conducted at the be-
ginning of the COVID-19 pandemic in the town of Vo’
in Italy by Lavezzo et al. (2020) tested a majority of the
population (85.9% at the first stage, 71.5% 14 days later)
for SARS-CoV-2, irrespective of symptoms. There were
no cases in 217 children aged 0—10 years and three cases in
250 11-20 year olds (1.2%), compared with 1.1% to 6.0%
in adults in 10-year age bands [41]. This survey is at low
risk of bias because nearly all residents were tested, there
were no restrictions before the lockdown and children and
adults lived in the same households. The COVID-19 In-
fection Survey (CIS), where randomly selected members
of the British population aged 2 years and older submit re-
peated swabs for SARS-CoV-2 testing, reported greater in-
creases in SARS-CoV-2 positivity in children aged 2 to 24
years than in older adults, coinciding with school reopen-
ings in September 2020 [42].

Contact tracing / household studies

We identified three systematic reviews covering contact
tracing / household studies. Viner et al. (2020) included 18
contact tracing studies in any setting, up to 28 July 2020.
They found a lower risk of infection for younger children
<10 years of age (OR 0.52, 95% CI 0.33-0.82) than for
adults (reference group) but not for older children and ado-
lescents >10 years of age (OR 0.72, 95% CI 0.46-1.10)
[43]. Zhu et al. (2020) reported similar findings in 14
household studies up to 24 August 2020 (4 of which were
included by Viner et al. (2020)). The risk of infection
was lower among all <18-year-olds than in adults (relative
risk [RR] 0.62, 95% CI 0.42-0.91) [44]. Madewell et al.
(2020) analysed 15 household studies up to 19 October
2020 (7 of which were also included by Viner et al.
(2020)). They compared the secondary attack rate in each
study and found the summary proportion of participants
with SARS-CoV-2 was higher in adult contacts (28.3%,
95% CI 20.2-37.1%) than in child and adolescent contacts
of all ages (<18 years of age) (16.8%, 95% CI 12.3-21.7%)
[45]. Most of the studies in these reviews were conducted
during times of strict social distancing. There is a risk
of bias in levels of exposure for adults and for children.
Adults were at risk of infection outside their homes, for ex-
ample, while shopping or at work, whilst children stayed
mostly at home. Children were, however, likely in contact
with adults within the families.

Some individual household studies (several of which are
included in the cited systematic reviews) distinguished be-
tween narrower age groups. A cohort study analysing 392
household contacts of 105 index patients in China calcu-
lated secondary attack rates of 2.3% (1/44) for younger
children (aged 0-5 years), 5.4% (3/56) for school children
and adolescents (aged 617 years) and 17.1% (60/292) for
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adults [46). In Singapore, a household study described 213
children in 134 households, of whom 13 became infect-
ed with SARS-CoV-2: 04 years old, 1.3% (1/77); 5-9
years, 8.1% (6/68); and 10-16 years, 9.8% (6/55) [47]. In
households in Israel with large numbers of children, older
children and adolescents (aged 5—17 years) were found to
be 61% less likely to be infected with SARS-CoV-2 than
adults, with the risk for younger children 0—4 years of age
being 47% lower than the risk for adults [48].

Seroprevalence studies

In a nationally representative seroprevalence survey per-
formed during a strict national lockdown in Spain (April-
May 2020), seroprevalence measured by immunoassay and
point-of-care tests was lowest in the youngest age groups
(both tests positive: <1 year: 0%, 95% CI 0.0-11.9%; 14
years: 2.6%,95% CI 1.2-5.5% vs e.g.,20-24 years:
3.7%, 95% CI 2.7-4.9%) [49]. The SEROCoV-POP sero-
prevalence study in Geneva, (>5 years old) in April-May
2020 found a lower risk of antibody positivity for children
<10 years (RR 0.32, 95% CI 0.11-0.65) than for adults >20
years of age. Seroprevalence among children aged 10-19
years was similar to that of >20 year olds (risk ratio 0.86,
95%-CI: 0.57-1.22) [50]. As this was a retrospective study
that was conducted when Swiss schools were closed, in-
dividual sources of infection were not analysed and chil-
dren might have been less exposed to SARS-CoV-2 than
adult household members. Another survey round was done
during a regional lockdown after the second peak of the
pandemic in November-December 2020. Seroprevalence
became similar for school children and adolescents (6—11
year olds: 22.8%, 95% CI 18.7-27.1%; 12—17 year olds:
23.6%, 95% CI 19.6-28.0%) and adults (25-34 years:
25.9%, 95% CI 21.8-30.2%) but was lower for children
aged 0-5 years (14.9%, 95% CI 10.7-19.6%) [51].

In a study in Germany, volunteers were invited through
newspaper and social media adverts and antibody levels
were measured in 5042 parent-child pairs in April-May
2020 during a strict lockdown [52]. A higher proportion
of parents (1.8%, 95% CI 1.3-2.4%) than children (1-5
years, 0.6%, 95% CI 0.3—1.3%) had SARS-CoV-2 antibod-
ies. In Chile, a school outbreak of 52 reverse transcrip-
tion polymerase chain reaction (RT-PCR) test positive cas-
es was analysed and seroprevalence was measured in a
random sample of students and staff 8—10 weeks after the
outbreak. The index case was a staff member in the pre-
school department. The authors thought it likely that the
staff member infected both pre-school children at school
and parents and colleagues during parent-teacher meetings.
They found 16.6% (95% CI 12.1-21.9%) of staff had an-
tibodies. A higher percentage of younger children (pre-
school, 12.3%, 95% CI 7.8-18.6%) than high school stu-
dents (5.7%, 95% CI 3.6-8.9%) had antibodies [53].

Risk of children and adolescents transmitting SARS-
CoV-2

We found a range of relevant study designs, including
laboratory-based studies, seroprevalence studies and sec-
ondary attack rate studies in households or schools/day
care centres. We also analysed studies specifically looking
into the paediatric transmission potential of SARS-CoV-2
variants of concern.
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Laboratory-based studies measuring SARS-CoV-2
Infectious SARS-CoV-2 can be isolated from children as
young as 7 days old. In Geneva, SARS-CoV-2 was suc-
cessfully cultured in samples taken from 12 out of 23 chil-
dren aged <16 years [54]. The same group found compara-
ble viral load levels (inferred from cycle threshold values
in PCR analyses) by age group in laboratory samples taken
within 5 days of symptom onset and tested between March
and May 2020 (53/405 aged <16 years) [55]. In a large lab-
oratory-based study in Germany, researchers analysed cy-
cle threshold values from PCR tests and found an associ-
ation between increasing age and increasing viral load on
one system (Roche Cobas system) and a negative associa-
tion on the other (Roche LC480 system) [56]. An indepen-
dent statistical analysis of the same data found that viral
load increased with age [57]. A major limitation of studies
based on collections of samples in diagnostic laboratories
is that inclusion in a study depends on having been tested.
Since testing for SARS-CoV-2 concentrates on detection
of infection in people with symptoms, children who are in-
cluded in these sample collections are unlikely to be repre-
sentative of all those infected (selection bias).

Seroprevalence studies

A longitudinal seroprevalence study in schools in Zurich,
Switzerland followed children aged 6-16 years in 55
schools and 273 classes in June/July and 275 October/No-
vember during a period when hygienic measures were in
place (e.g., mask wearing for teachers and students >12
years of age). In seven classes in five schools >3 students
had SARS-CoV-2 antibodies in periods of moderate to
high community transmission when seroprevalence itself
increased from 2.4% to 4.5% in schools [19]. It is not
known whether the students were infected as part of an out-
break or were sporadic cases, nor whether the infections
were acquired or transmitted in the school.

Secondary attack rate studies in households or

schools / day care centres

A meta-analysis analysing household clusters up to 24 Au-
gust 2020 reported that a child or an adolescent (<18 years)
was identified as the first case in 4% (8/13) of these clus-
ters. The paediatric index cases also led to fewer secondary
cases than adult index cases (4% vs 96% of 398 sec-
ondary cases). Acknowledging the potential undercounting
of children as index cases, the authors included asympto-
matic children as possible index cases and the proportion
of clusters with an index case <18 years increased to 19%
(30/211), and the proportion of secondary cases increased
to 22% (80/395 contacts) [44]. A regularly updated re-
view that includes studies with contact tracing data up to
21 January 2021 reported very limited transmission from
younger children in school settings, but found potential
outbreaks in school children and adolescents (without fur-
ther clarification of the respective age groups), especially
during times of higher community transmission [1].

Several studies have described clusters of SARS-CoV-2 in-
volving schools and school camps. A SARS-CoV-2 out-
break was described in a school in northern France in early
2020. In a serosurvey in one high school seroprevalence
was higher in adolescents (82/205, 40% in 15-17 year
olds) than adults (88/415, 21% in >18 years olds) [58]. As
neither the sampling methodology is known nor were the
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supposed index cases laboratory-confirmed SARS-CoV-2
cases, the extent of spread in the school compared with
outside is not known. Further studies describe clusters of
cases in overnight camps / retreats in the US and a school
in Israel [59-61]. Pray et al. (2020) [60] and Stein-Zamir
et al. (2020) (61] describe outbreaks in high schools (ages
12 and older), whereas the camp outbreak described by Sz-
abwlewski et al. (2020) [59] included children and ado-
lescents aged 6—17 years and found similar attack rates in
6-10 year olds (51/100, 51%) and 11-17 year olds (180/
409, 44%).

Other studies from schools have found limited transmis-
sion when community transmission was comparably low
even in secondary education facilities. Potential protective
measures in most reports were not described. Three school
settings in which no child contact became infected were
described in Singapore: 0/8 symptomatic contacts of an in-
fected 12 year old; 0/34 symptomatic contacts of an infect-
ed 5 year old; and 0/77 preschool pupils where a total of
16 staff members were infected [62]. In Australia, 18 index
cases (9 students and 9 teachers) in 15 different schools
(primary and high schools) had close contact with 735 fel-
low students and 128 staff. None of the 128 staff con-
tracted SARS-CoV-2 and the two initial cases (one student
and one staff) only infected two fellow students (one in a
high school and one in a primary school) [63]. In Ireland,
six index cases were described in schools before pre-emp-
tive school closures during the 2020 spring wave. Three
students aged 1015 years and three adults did not infect
any of the 1001 child contacts tested (924 school contacts,
77 non-school-related contacts) including those with only
mild symptoms [64]. In Germany, 137 index cases aged
<19 years were described from May to August 2020. From
more than 2300 contacts, 11 infections in classmates were
found (3 in childcare facilities, 1 in elementary school, 4
in secondary school and 3 in vocational school). None of
these secondary cases infected any other students. There
were several hygienic control measures in place (e.g., re-
duced class size, exclusion of sick children) [65]. A low
risk of infection from adult and paediatric index cases was
also seen in childcare settings in Rhode Island, USA and in
South Korea [66, 67].

A study from England [68] reported on 177 COVID-19-as-
sociated events in educational settings (preschool, primary
and secondary) involving 130 confirmed cases in children
and 213 in staff members. Most outbreaks (defined as >2
linked cases from the same education facility in <14 days,
including the index case) were small (median number of
cases 2, interquartile range 2-5). The maximum size of
outbreaks and thus the number of secondary cases was
lower when the index case was a child (median 1, max-
imum 6) than when the index case was a staff member
(median 1, maximum 12). Despite low case numbers there
was a strong association with regional incidence of report-
ed COVID-19; for every 5 new cases per 100,000 inhab-
itants the risk of an outbreak increased by 72% (95% CI
28-130%). In most outbreaks, a staff member was the in-
dex case (staff to staff in 26/55 outbreaks, staff to student
in 8/55 outbreaks, student to staff in 16/55 outbreaks and
student to student in 5/55 outbreaks). The same pattern of
index cases was seen in Georgia, USA, where nine clus-
ters were described in elementary schools from Decem-
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ber 2020 to January 2021. Of these nine clusters four were
started by teachers, one by a student and four were un-
known [69].

Studies on the paediatric transmission risks of new SARS-
CoV-2 variants

The British Children’s Task and Finish Group describes an
increase in infection prevalence between September and
October 2020, which was most marked in the 16-24 year
olds followed by 12—16 year olds [42]. The School Infec-
tion Survey conducted in November 2020 found that, de-
spite more testing, the level of infection in schools was
low even in times of high community transmission (stu-
dents: 1.24%, 95% CI 0.96—1.58%; staff: 1.29%, 95% CI
0.96-1.68%) [42]. This report was written before the in-
creased transmissibility of the alpha-variant (B.1.1.7) was
confirmed and other variants such as the delta-variant
(B.1.617.2) were first described as variants of concern. A
modelling study predicted that under 20 year olds could
have been affected more by this new SARS-CoV-2 variant
than by the previous variants, but this could have resulted
from increased transmission when schools were open dur-
ing a lockdown period, from increased susceptibility or
from increased symptoms leading to more testing [70]. We
did not find any data regarding the paediatric transmission
potential of other SARS-CoV-2 variants.

Discussion

This review summarises evidence from 63 studies about
the potential role of children (<12 years of age) and adoles-
cents (13—17 years of age) in the SARS-CoV-2 pandemic.
We included 63 studies, most of which were from high-in-
come countries and were published between March 2020
and April 2021.

Strengths and limitations of the review

We summarised the literature with a broad remit, address-
ing both clinical and epidemiological aspects of SARS-
CoV-2 infection in children and adolescents. This review
was performed to provide timely evidence for policymak-
ers in Switzerland. Owing to the time-sensitive nature of
the review, we did not plan to conduct a full systematic re-
view, so there is no written protocol or registration. There
are limitations to this kind of rapid review, but we did
try to reduce some of the risks of bias in traditional nar-
rative reviews. First, we used the same systematic search
up to 21 January 2021 and searched two databases to in-
clude studies published both in peer-reviewed journals and
as preprints to obtain new information with a wide range of
designs as soon as it became available. Second, although
we did not use a published tool to assess the risk of bias
in all studies, we report on methodological limitations of
studies in the text, and the potential consequences for the
findings. Third, we report transparently the information
sources, search dates and methodology. To include more
recent data, we performed a non-systematic literature
search until 29 March 2021. By ending the search at 29
March 2021, the review covers studies that were done be-
fore the circulation of SARS-CoV-2 variants of concern
was widely recognised. We might have missed potentially
relevant literature because we only searched two databases
with a comparatively basic search strategy, only one author
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assessed the results of the electronic search and we includ-
ed only studies in English or German. However, we sought
a range of expert opinions about studies to include and dis-
cussed the content and interpretation at length. We tried
to describe findings in different age groups of children,
but many studies did not provide enough information for a
finely stratified analysis.

Interpretation

Severity of SARS-CoV-2 presentation in children and ado-
lescents. Children and adolescents usually present with
milder symptoms of SARS-CoV-2 infection than adults
and are more likely to have an asymptomatic SARS-CoV-2
infection. A majority of children and adolescents in both
hospital-based studies of acute infection and population-
based seroprevalence studies developed symptoms of
COVID-19 [16, 17]. Severe disease was uncommon in
children and adolescents [6, 10—15], even amongst those
with predisposing conditions such as immunosuppression
or cancer [30-36]. Paediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2
(PIMS-TS) / multisystem inflammatory syndrome in chil-
dren (MIS-C) is one specific manifestation [37-39]. Our
search period identified only one study of long-term symp-
toms after SARS-CoV-2 infection [40]. Further studies are
being published, however, with researchers from Switzer-
land and from the UK describing a small proportion of
children experiencing symptoms lasting more than 2 to 3
months [71, 72].

Risk of SARS-CoV-2 infection in children and adolescents.
The risk of becoming infected with SARS-CoV-2 is a com-
bination of susceptibility (host biological factors), external
factors associated with exposure type (work, shopping,
schools, etc.) and exposure intensity (level of community
transmission and of preventive measures). Triangulation of
evidence across study designs provides valuable informa-
tion but needs to take into account differences between
countries. In population-based, cross-sectional and sero-
prevalence studies, fewer children than adults were infect-
ed. In the first pandemic wave, when strict lockdowns were
imposed [41, 42], findings might reflect, in part, chil-
dren’s exposure limited to the household while parents had
more contacts outside. In studies in which all household
members were exposed to an infected person, the propor-
tion becoming infected with SARS-CoV-2 also increases
with age [43-47]. Household members might have more
similar levels of exposure, but there are still differences in
intensity of exposure, with spouses likely being more ex-
posed to an infected adult than children [2]. As children
have fewer and milder symptoms than adults, they might
be less likely to be diagnosed as the index case, thus limit-
ing the potential interpretation of this data.

Risk of children and adolescents transmitting SARS-CoV-2.
Studies analysing the secondary attack rate show that chil-
dren can transmit SARS-CoV-2 in households, schools and
day care centres [1, 44, 58-61]. Amongst diagnosed indi-
viduals tested at the same time point after symptom on-
set, estimated SARS-CoV-2 viral load, in one study, was
similar in children, adolescents and adults [55]. Transmis-
sion is, however, also influenced by physiological features
such as lung capacity, hindering direct comparisons. As
with susceptibility to infection, the relative transmissibility
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of SARS-CoV-2 at different ages remains uncertain, large-
ly because of biases in the ascertainment of the challenges
involved in disentangling the influences of biological, host
and environmental factors [7].

The circulation of SARS-CoV-2 variants of concern, with
the alpha variant becoming dominant in Switzerland in
April 2021, and then being rapidly replaced by the delta
variant, may change epidemiology of the infection in chil-
dren and adolescents. Studies done during periods when
SARS-CoV-2 variants of concern are circulating will pro-
vide new information. Studies in outbreak settings can
compare the risks of infection with, and transmission of,
coronavirus for children and adolescents with those of
adults [73]. Large prospective longitudinal studies, with
the same methodology over time, will be needed to deter-
mine whether differences between variants affect children,
adolescents and adults differently.

Conclusion

Children are susceptible to SARS-CoV-2 infection and can
transmit the coronavirus. Susceptibility to, and transmissi-
bility of SARS-CoV-2 appear to be lower in young chil-
dren than in adolescents and adults. Precise levels and
the observed magnitude of age-related differences depend
on more than biological factors, including the level of
community transmission, between age-group differences
in exposure and the stringency of non-pharmaceutical mea-
sures. In laboratory-based and epidemiological studies, re-
searchers should report these factors as part of the context
in which the study was done, so that the findings can be
interpreted more easily. Large, prospective studies that at-
tempt to minimise biases in design, are analysed appro-
priately, and are reported comprehensively should be con-
ducted.

New studies about age-related differences in severity, sus-
ceptibility to, and transmissibility of, SARS-CoV-2 vari-
ants of concern in children and adolescents are needed.
These studies are particularly important as children are a
largely unvaccinated part of the population. Because of the
socioeconomic costs resulting from this lack of informa-
tion, more testing in schools and measures that will reduce
the risk of SARS-CoV-2 transmission in schools should
be considered. Research will allow monitoring of the in-
cidence of SARS-CoV-2 infection among children in the
community, including in the presence of new variants, de-
scribe long-term consequences of infection at the popula-
tion level, and follow-up of vaccination uptake and effec-
tiveness to minimise harms.

Recommendations for future research

In order to improve the significance of future studies we
recommend considering the following aspects to analyse
the role children and adolescents play in this pandemic:

— We recommend selecting the appropriate study design
for the respective research question, for example, per-
form population-based studies instead of hospital-based
studies to analyse the frequency of asymptomatic infec-
tion.

— We recommend studies differentiating between differ-
ent paediatric age groups.

Swiss Med WKkly. 2021;151:w30058

— We recommend performing prospective, longitudinal
studies instead of retrospective studies (e.g., seropreva-
lence studies).

— We recommend performing outbreak studies based on
thorough contact tracing, i.e. to trace all contacts, even
those outside of the respective educational facilities or
households, to properly identify the sources of infec-
tion.
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Table S1:
Summary of characteristics of studies included in the review.
Author Study type | Country Number of study par- |Age range of included Number of |Comments
ticipants participants studies (in
reviews)
Baggio, S. et al. (2020) Cohort Switzerland | 53 <16 y old, 352216y |0-82y n/a Laboratory-based study among symptomatic chil-
study old dren and adults
Balduzzi, A. et al. (2020) Case re- Italy 5 not reported n/a Observational report in a paediatric haemato-on-
port cology department
Boast, A. et al. (2021) Systematic |n/a n/a n/a not reported | Rapid literature review of paediatric literature
review
Boulad, F. et al. (2020) Cross-sec- |USA 20 children, 13 care- not reported n/a Observational study in a paediatric hemato-oncol-
tional study givers ogy department
Buitrago-Garcia, D. et al. Systematic |n/a n/a n/a 94 Living systematic review and meta-analysis on
(2020) Review asymptomatic/presymptomatic infections
Buonsenso, D. et al. (2020) | Cross-sec- | Italy 129 children mean 11 + 4.4y n/a Observational study in children with confirmed
tional study SARS-CoV-2 infection
Castagnoli, R. et al. (2020) | Systematic |n/a n/a n/a 18 Systematic review of studies on children with con-
Review firmed SARS-CoV-2 infection
CDC Covid-Response Team | Cross-sec- | USA 2572 0-17y n/a National observational study in children with
(2020) tional study SARS-CoV-2 infection
Children’s Task and Finish | Narrative |UK n/a n/a n/a Review of available data on children, schools and
Group (2020) Review/ transmission in UK
Viewpoint
Debatin, K.-M. et al. (2020) |Cross-sec- |Germany |2466 children, 2466 cor- |0-10y for children n/a Seroprevalence study in children and parents (in-
tional study responding parents terim analysis)
Dong, Y. et al. (2020) Cross-sec- |China 2135 n/a n/a Nationwide observational study of confirmed and
tional study suspected paediatric cases
Dufort, E. M. et al. (2020) Case re- USA 99 0-20y n/a Observational report of confirmed and suspected
port paediatric cases
Dumpa, V. et al. (2020) Narrative |n/a n/a n/a 8 Case report and narrative review on SARS-CoV-2
Review/ infection in neonates
Case re-
port
Ehrhardt, J. et al. (2020) Cross-sec- [Germany | 137 index cases, >2300 |0-19y n/a Observational study in SARS-CoV-2 infected chil-
tional study contacts dren attending daycare/school and their contacts
to evaluate transmission
Ferrari, A. et al. (2020) Case re- Italy 21 0-18y n/a Observational report in a paediatric haemato-on-
port cology departments
Fontanet, A. et al. (2020) Cohort France 326 adolescents and not reported n/a Retrospective cohort of high-school students, their
study school staff, 345 parents families and school staff (COVID19 cluster)
and siblings
Gale, C. et al. (2020) Cohort UK 66 0-30 days n/a National observational study in neonates with
study SARS-CoV-2 infection
Gold, J. A. W. et al. (2020) |Case re- USA 32 children, 13 educa- not reported n/a Observational report of SARS-CoV-2 infections in
port tors students and teachers (COVID19 clusters)
Gordon, M. et al. (2020) Systematic |n/a n/a n/a 8 Rapid literature review of neonatal SARS-CoV-2
Review infections
Heavey, L. et al. (2020) Case re- Ireland 6 index cases (3 children | not reported n/a Observational study in SARS-CoV-2 infected chil-
port and 3 staff members), dren attending school and school staff to evaluate
1025 contacts transmission
Held, L. (2020) Narrative |n/a n/a n/a n/a Reanalysis of data presented in ref Jones, TC et
Review/ al (2020)
Viewpoint
Hoang, A. et al. (2020) Systematic | n/a 7780 children n/a 131 Systematic review of studies on children with con-
Review firmed SARS-CoV-2 infection
Hrusak, O. et al. (2020) Case re- 25 coun- 200 children not reported n/a Multinational survey in a paediatric hemato-oncol-
port tries ogy departments
Ismail, S. A. et al. (2020) Cohort UK 928 000 (median student | 0-18y n/a Observational study of SARS-CoV-2 infection
study number) clusters and outbreaks in schools
Jones, T.C. et al. (2020) Case re- Germany |5524 children tested 0-19y n/a Laboratory study of routine testing samples for
port SARDCoV2
Jones, V.G. et al. (2020) Case re- USA 1 0.5y n/a Case report describing Kawasaki-like syndrome in
port an infant
Kyle, M.H. et al. (2020) Narrative |n/a 35 newborns 17 Review of studies reporting on children born by
Review/ mothers with SARS-CoV-2 infection
Viewpoint
L'Huillier, A.G. et al. (2020) |Case re- Switzerland | 23 median 2y (IQR n/a Laboratory based study on children infected by
port 3.8-14.5y) SARS-CoV-2
Lavezzo, E. et al. (2020) Cross-sec- | ltaly 234 children 0-10 y, all age groups n/a Population based study
tional study 28907 overall
Li, W.B. et al. (2020) Case re- China 105 index cases, 392 median 51y (IQR 39-60y) |n/a Observational study to evaluate household trans-
port household contacts mission
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Link-Gelles, R. et al. (2020) | Cohort USA 30 pediatric cases, 22 not reported n/a Statewide observational program in child care pro-
study adult cases grams to identify SARS-CoV-2 infections
Liu, W. et al. (2020) Cross-sec- | China 366 0-16y n/a Observational report in children with SARS-CoV-2
tional study infection
Lu, X. et al. (2020) Case re- China 171 0-16y n/a Observational report in children with SARS-CoV-2
port infection
Madewell et al. (2020) Systematic [n/a 77758 Children, <18 y Adults, 54 Systematic review of studies on household trans-
Review 218y mission
Marlais et al. (2020) Cross-sec- |11 coun- 18 6-14y n/a Observational study in immunosuppressed chil-
tional study |tries dren with SARS-CoV-2 infections
Minotti et al. (2020) Systematic |n/a 4 children, 106 adults not reported 16 Systematic review of studies in immunosup-
Review pressed children and adults with SARS-CoV-2 in-
fection
Morand et al. (2020) Narrative |n/a n/a n/a n/a Narrative review about SARS-CoV-2 infection in
review/ children
viewpoint
Mustafa, N. M. et al. (2020) | Systematic |n/a n/a n/a 17 Systematic review of studies describing clinical
review picture and transmission of SARS-CoV-2 in chil-
dren
National Centre for Immuni- | Case re- Australia 863 not reported n/a Observational study evaluating transmission be-
sation Research and Sur- port tween SARS-CoV-2 infected school children and
veillance (NCIRS) staff and their contacts
Pollan, M. et al. (2020) Cross-sec- | Spain 6627 children, 45331 all age groups n/a Nationwide population based seroprevalence
tional study adults study
Pray, I. W. et al. (2020) Cross-sec- |USA 127 children and 25 staff | 14-45y n/a Observational study about a summer school out-
tional study members break
Rawson, A. et al. (2020) Case re- USA 2 13y and 18y n/a Observational report of immunosuppressed chil-
port dren with SARS-CoV-2 infections
Richard, A. et al. (2020) Cross-sec- | Switzerland | 902 children, 7442 adults | 5-94y n/a Population based seroprevalence survey
tional study
Riphagen, S. et al. (2020) |Case re- UK 8 6-14y n/a Observation report of Kawasaki-like syndrome in
port children with SARS-CoV-2 infection
Sheth, S. et al. (2020) Narrative |n/a 326 mothers-children newborns 39 Review of studies reporting on children born by
Review/ pairs mothers with SARS-CoV-2 infection
Viewpoint
Somekh, E. et al. (2020) Case re- Israel 58 children, 36 adults 6-48y n/a Observational study on identified family clusters of
port SARS-CoV-2 infection
Stein-Zamir, C. et al. (2020) | Cross-sec- |Israel 1164 students, 152 staff |212y n/a Observational study about a high school outbreak
tional study
Stringhini, S. et al. (2020) Cross-sec- | Switzerland | 455 children, 2311 adults | 25y n/a Population based seroprevalence study
tional study
Stringhini, S. et al. (2021) Cross-sec- | Switzerland | 1014 children, 2986 all age groups n/a Population based seroprevalence study
tional study adults
Swann, O.V. et al. (2020) Cohort UK 651 median 4.6y (IQR n/a Observational cohort study in 260 hospitals de-
study 0.3-13.7y) scribing characteristics of hospitalised children in-
fected with SARS-CoV-2
Szablewski, C.M. et al. Cross-sec- | USA 344 children and staff 6-19y for campers, n/a Observational study about a camp outbreak
(2020) tional study 14-59y for staff
Torres, J.P. et al. (2020) Cross-sec- | Chile 1009 students, 235 staff |Mean 10.8y (SD 4.1) for [n/a Observational study about a school outbreak
tional study students, mean 42.8y (SD
10.4) for staff
Ulyte, A. et al. (2021) Cohort Switzerland | 2831 students 6-16y n/a Seroprevalence study in school children
study
Ulyte, A. et al. (2021) Cohort Switzerland | 2585 students 6-16y n/a Seroprevalence study in school children
study
Vardhelli, V. et al. (2020) Systematic |n/a 793 neonates newborns 45 Systematic review of studies reporting on children
review born by mothers with SARS-CoV-2 infection
Viner, R. M. et al. (2020) Systematic |n/a 41640 n/a 32 Systematic review on susceptibility and transmis-
review sion of children to SARS-CoV-2 compared to
adults
Volz, E. et al. (2020) Modelling |UK n/a n/a n/a Modelling study about the B 1.1.7 variant of
study SARS-CoV-2
Wei, M. et al. (2020) Cross-sec- |China 9 0-1y n/a Observational study in hospitalised infants with
tional study SARS-CoV-2 infection
Yoon, Y. et al. (2020) Case re- South Ko- |1 index case, 190 con- |4y n/a Observational study examining transmission of
port rea tacts SARS-CoV-2 from infected toddler to contacts
Yung, C.F. et al. (2020) Case re- Singapore |223 adult index patients, |0-16y for children n/a Observational study examining household trans-
port 213 child contacts mission of SARS-CoV-2 from adults to children
Yung, C.F. et al. (2021) Case re- Singapore |3 index cases (2 pedi- 5y, 12y n/a Nationwide contact surveillance and contact trac-
port atric, 1 adult), 119 con- ing study on SARS-CoV-2 infections in schools
tacts
Zhang, Z.J. et al. (2020) Case re- China 4 0-28 days n/a Observational report of neonates with SARS-
port CoV-2 infection
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Zhu et al. (2020)

Meta-
analysis

12 coun-
tries

213 clusters

n/a

57

Meta-analysis of studies describing household
transmission clusters of SARS-CoV-2

Abbreviations: IQR, interquartile range; n/a, not applicable
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