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Abstract
Objectives
To examine longitudinal changes in severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) 
seroprevalence and to determine the clustering of 
children who were seropositive within school classes 
in the canton of Zurich, Switzerland from June to 
November 2020.
Design
Prospective cohort study.
Setting
Switzerland had one of the highest second waves 
of the SARS-CoV-2 pandemic in Europe in autumn 
2020. Keeping schools open provided a moderate 
to high exposure environment to study SARS-CoV-2 
infections. Children from randomly selected schools 
and classes, stratified by district, were invited for 
serological testing of SARS-CoV-2. Parents completed 
questionnaires on sociodemographic and health 
related questions.
Participants
275 classes in 55 schools; 2603 children participated 
in June-July 2020 and 2552 in October-November 
2020 (age range 6-16 years).
Main outcome measures
Serology of SARS-CoV-2 in June-July and October-
November 2020, clustering of children who were 
seropositive within classes, and symptoms in 
children.

Results
In June-July, 74 of 2496 children with serological 
results were seropositive; in October-November, 
the number had increased to 173 of 2503. Overall 
SARS-CoV-2 seroprevalence was 2.4% (95% credible 
interval 1.4% to 3.6%) in the summer and 4.5% 
(3.2% to 6.0%) in late autumn in children who were 
not previously seropositive, leading to an estimated 
7.8% (6.2% to 9.5%) of children who were ever 
seropositive. Seroprevalence varied across districts 
(in the autumn, 1.7-15.0%). No significant differences 
were found among lower, middle, and upper school 
levels (children aged 6-9 years, 9-13 years, and 
12-16 years, respectively). Among the 2223 children 
who had serology tests at both testing rounds, 
28/70 (40%) who were previously seropositive 
became seronegative, and 109/2153 (5%) who 
were previously seronegative became seropositive. 
Symptoms were reported for 22% of children who 
were seronegative and 29% of children who were 
newly seropositive since the summer. Between July 
and November 2020, the ratio of children diagnosed 
with SARS-CoV-2 infection to those who were 
seropositive was 1 to 8. At least one child who was 
newly seropositive was detected in 47 of 55 schools 
and in 90 of 275 classes. Among 130 classes with 
a high participation rate, no children who were 
seropositive were found in 73 (56%) classes, one or 
two children were seropositive in 50 (38%) classes, 
and at least three children were seropositive in 7 
(5%) classes. Class level explained 24% and school 
level 8% of variance in seropositivity in the multilevel 
logistic regression models.
Conclusions
With schools open since August 2020 and some 
preventive measures in place, clustering of children 
who were seropositive occurred in only a few classes 
despite an increase in overall seroprevalence 
during a period of moderate to high transmission of 
SARS-CoV-2 in the community. Uncertainty remains 
as to whether these findings will change with the 
new variants of SARS-CoV-2 and dynamic levels of 
community transmission.
Trial registration
NCT04448717

Introduction
The role school children have in transmitting severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection remains a controversial issue. 

1Epidemiology, Biostatistics 
and Prevention Institute 
(EBPI), University of Zurich, 
Hirschengraben 84, 8001 
Zurich, Switzerland
2Institute of Medical Virology, 
University of Zurich, Zurich, 
Switzerland
3University Children’s Hospital 
Zurich, Zurich, Switzerland
4Division of Infectious Diseases 
and Hospital Epidemiology, 
University Hospital Zurich, 
Zurich, Switzerland
Correspondence to: S Kriemler 
susi.kriemlerwiget@uzh.ch 
(ORCID 0000-0002-3384-7940)
Additional material is published 
online only. To view please visit 
the journal online.
Cite this as: BMJ 2021;372:n616 
http://dx.doi.org/10.1136/bmj.n616

Accepted: 2 March 2021

What is already known on this topic
The role of school children in transmitting severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection is a controversial issue; outbreaks in 
schools do occur and children can have similar seroprevalence as adults
Representative, prospective, and school based studies are needed to assess the 
overall spread of the virus in schools and clustering in classes
Understanding the transmission and impact of SARS-CoV-2 infection in school 
children is critical for implementing appropriate mitigation measures

What this study adds
Among 55 randomly selected schools and more than 2500 children, 2.4% of 
children had SARS-CoV-2 antibodies in July and 7.8% by November 2020 after a 
period of moderate to high community incidence
Seroprevalence did not differ among different age groups
Less than half of classes had at least one child who was seropositive; clustering 
of three or more children who were seropositive in a class was rare and was 
partly caused by unrelated infections at different time points
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Infection rates in children, particularly adolescents, 
can be as high as in adults,1 2 but children rarely 
develop clinically manifest coronavirus disease or 
severe health outcomes.3-6 However, debate continues 
about the prevalence of infections in children with no 
symptoms or few symptoms, and the potential spread 
in schools. Many countries closed their schools during 
the first half of 2020 to curb the pandemic, which led 
to disrupted education for 1.5 billion learners in up to 
172 countries as of April 20207; on 2 February 2021, 
more than 200 million learners were still affected by 
school closures.7

The negative effects of school closures include an 
increase in social and economic inequality, and adverse 
long term educational, social, and health outcomes for 
children.8-10 However, the epidemiological benefits 
of school closures for transmission of SARS-CoV-2 
are uncertain. Even during periods of moderate to 
high community transmission, in many countries 
few outbreaks have been observed among children in 
schools where infection control measures have been 
implemented.11-13 Although some outbreaks have been 
reported in educational settings during early 2020 
(eg, in Israel14 and the United States15), full or partial 
opening of schools in many countries in autumn 2020 
has not resulted in increased outbreaks.11 16-18

Most studies in schools have focused on people 
with identified SARS-CoV-2 infection and subsequent 
contact tracing within schools. Therefore, children 
with SARS-CoV-2 infection who have no symptoms 
or few symptoms are probably still being missed, 
and the extent to which they contribute to spread of 
infection within schools is not clear. Additionally, 
the total eligible population is often not defined in 
studies focusing on outbreaks and contact tracing of 
index children in schools; the relative frequencies of 
outbreaks and children with SARS-CoV-2 infection in 
these studies remain unclear. Longitudinal, population 
and school based studies are needed with random 
sampling at class and school level to determine the 
frequency of outbreaks in classes and schools.

In this article, we present the results of a longitudinal 
cohort study (Ciao Corona) in the canton of Zurich, 
Switzerland. We measured SARS-CoV-2 antibodies 
and assessed symptoms in a cohort of more than 2500 
children from 55 schools in June-July and October-
November 2020 (referred to as T1 and T2). Schools 
were open in this most populous canton of Switzerland 
since 17 August 2020, with preventive measures in 
place. While the number of new infections stayed 
low until early October, Switzerland subsequently 
experienced one of the highest second waves of the 
pandemic in Europe in autumn 2020. By the time 
testing took place in October-November, children 
had been exposed to high levels of community 
transmission for 3-6 weeks. Ciao Corona is one of the 
few prospective, population, and school based studies 
of SARS-CoV-2 seroprevalence. The study offers unique 
insights into changes in clustering of children who 
were seropositive within classes and schools, and the 
association with self-reported symptoms.

The objectives of the study were to estimate 
longitudinal changes in seroprevalence at individual, 
school, district, and cantonal levels; to calculate 
the ratio of children diagnosed with SARS-CoV-2 
infection to those who were seropositive; to assess the 
association of seropositivity with reported symptoms; 
to determine the frequency of clustering of children 
who were seropositive within classes and schools; and 
to investigate potential causes of observed clusters.

Methods
The protocol of this longitudinal cohort study 
(ClinicalTrials.gov identifier: NCT04448717) 
is reported elsewhere.19 The study is part of 
the nationally coordinated research network in 
Switzerland, Corona Immunitas.20 The study was 
based in the canton of Zurich, which has 1.5 million 
linguistically and ethnically diverse residents who 
live in urban and rural settings and comprise 18% of 
the Swiss population. In 2020, physical attendance 
of schools was interrupted between 16 March and 10 
May, and then continued until the start of the summer 
holiday on 13 July. As in most of Europe, schools 
in Switzerland have been in continuous operation 
from the start of the school year on 17 August to the 
end of 2020. When schools reopened, preventive 
measures were introduced and gradually adjusted 
(eg, masks for school staff, masks for children in 
secondary schools, distancing rules in classrooms 
and teachers’ rooms, no mixing of classes, reduction 
of large group activities, requirement for children to 
stay at home when ill). The measures varied, but all 
schools required children to stay at home if they were 
ill unless their symptoms were very mild (such as a 
runny nose or mild cough); they required adults to 
wear masks in school from 19 October, and secondary 
school children (older than 12 years) to wear masks 
from 2 November.

Specific contact tracing was implemented for 
schools, triggered by children or school staff testing 
positive for SARS-CoV-2. Subsequent action for the 
affected class and school was based on the assessment 
performed by the contact tracing team. Full classes 
were in general quarantined when two or more chil
dren were infected simultaneously within a class.

Population
We randomly selected primary schools from the list of 
all schools in the canton of Zurich, stratified by region, 
and matched the geographically closest secondary 
school (often in the same school building). Of 156 
schools invited to participate, 55 schools agreed. 
We randomly selected classes within participating 
schools, stratified by school level: lower school level 
(grades 1 and 2; children aged 6-9 years); middle 
school level (grades 4 and 5; children aged 9-13 years); 
and upper school level (grades 7 and 8; children aged 
12-16 years). We selected grades to ensure that the 
same cohorts would be in the classes until April 2021, 
when further testing is planned (children in grades 3, 
6, and 9 often change class and school during the next 
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academic year). The median number of children in 
invited classes was 20 (range 6-27, interquartile range 
18-22). We aimed to enrol at least three classes and at 
least 40 children from each school level at the invited 
schools. A major exclusion criterion was suspected 
or confirmed SARS-CoV-2 infection on the testing 
day, which precluded the child attending school and 
therefore being tested at school.

Timeline of testing
Venous blood samples were collected from participants 
at schools during two testing rounds. The first round of 
testing (T1) from 16 June to 9 July 2020 included 2585 
participants (serology results available for 2484), and 
the results are reported elsewhere.1 Additionally, 18 
eligible children who could not participate in June-
July were tested from late August to early September 
(serology results available for 12), and the results were 
merged with the T1 testing round, resulting in a total of 
2603 children. Figure 1 shows a flow chart of the study 
participants.

We invited the same cohort of classes to the second 
testing round (T2) from 26 October to 19 November 
2020. For previously invited classes that had been 
restructured after the summer break, all children in the 
newly formed classes were eligible to participate. The 
third testing round is planned for March-April 2021; 
this round includes children and their parents, and 
school staff.19

Serological testing and outcomes
Venous blood samples were analysed with the ABCORA 
2.0 binding assay (Institute of Medical Virology, 
University of Zurich), which is based on Luminex 
technology. This test has been described previously.1 
The test analyses immunoglobulins (IgG, IgM, and IgA) 
against four SARS-CoV-2 targets (receptor binding do
main, spike proteins S1 and S2, and the nucleocapsid 
protein N), yielding 12 different measurements. Cut-off 
values were established against prepandemic plasma 
that allowed a sensitivity of 94.3% and specificity of 
99.0% (see test description21; test parameters have 
been updated based on an expanded validation cohort). 
Samples were defined as seropositive for SARS-CoV-2 if 
at least two of the 12 parameters were above the cut-off 
value. Serological results were unavailable if venous 
blood could not be obtained during venipuncture or 
previously enrolled participants declined venipuncture 
during testing.

The results at T1 and T2 were combined and 
three serological outcomes were analysed. Table 1 
summarises the outcomes. The first outcome was the 
seroprevalence in June-July (T1). The second outcome 
was the seroprevalence in October-November among 
children who previously tested negative and those who 
were not tested in June-July (T2). Even though some 
of the children who were seropositive at T1 tested 
negative at T2, we excluded them from T2 results 
because of potentially persisting cellular immunity22 
and rare reports of reinfection in children, and thus 
a low likelihood of a repeated infection since the 
summer. The third outcome was the proportion of 
children who ever had a SARS-CoV-2 infection based 
on the serological test results by October-November. 
This outcome was defined by analysing the children 
tested at T2 (or seropositive at T1 and not retested at 
T2) and counting as positive those who tested positive 
at T1 (regardless of subsequent T2 results) or at T2. 
The seroprevalence at T1 and T2 does not add up to 
the proportion of T1+T2 seroprevalence because 
the populations included in the numerator and 
denominator of these three outcomes are not the same 
(see appendix 1 for explanation).

Statistical analysis
Descriptive statistics included summaries of partici
pation rates at the school, class, and individual level. 
Key characteristics of participants (age, school level, 
sex) and their reported symptoms were summarised as 
median (range) or count (percentage). Children without 
serology results were not included in the analysis of 
the main outcomes. Children without a completed 
questionnaire were not included in the analysis of 
symptoms. No missing data were reported for age, sex, 
class, and school identity of participating children. 
The participation rate in a class was calculated as the 
ratio of enrolled children to all children in the class.

We used Bayesian logistic regression2 to estimate 
seroprevalence, which was adjusted for participants’ 
grade at school, sex, and geographical district of 
the school, and contained random effects for school 

Schools invited

Did not attend in T2

156

Children enrolled in T1†

Schools enrolled
55

Classes invited in T1 (5033 children)
274

Classes invited in T2* (5230 children)
275

279

Newly enrolled in T2
228

2603

Serological test results2496 Questionnaires2306

Children participating in T2
2552

Serological test results,
2223 of them available at T1

2503 Questionnaires2059

Fig 1 | Flowchart of study participants. T1—testing in June-July 2020; T2—testing in 
October-November 2020. *Some classes were split or rearranged into multiple classes 
after summer break. †Eighteen of these children were enrolled from late August to early 
September 2020 (12 serological results, 18 questionnaires)
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levels (lower, middle, and upper). The Bayesian 
approach permitted adjustments for the sensitivity 
and specificity of the SARS-CoV-2 antibody test and 
the hierarchical structure of the cohort (individual and 
school levels). To compute seroprevalence estimates 
representative for the canton of Zurich, we stratified 
our results according to the total population size at the 
school level and geographical district.

We calculated the ratio of confirmed infections 
to total infections to assess how many SARS-CoV-2 
infections are potentially missed in non-serological 
studies (eg, using official statistics of confirmed 
infections). The ratio was calculated by using the real 
time polymerase chain reaction confirmed cumulative 
incidence of SARS-CoV-2 infections from 30 June to 8 
November 2020 and the total cumulative incidence 
until 8 November, based on official statistics,23 and 
the estimated autumn (T2) and overall (T1+T2) 
seroprevalence.

We determined whether schools or specific classes 
explained more of the variance in seropositivity 
by modelling individual level serology results in a 
multilevel logistic regression, with sex and school level 
as fixed effects, and class and school as random effects. 
Intraclass correlation was then used to compare the 
part of variance explained by class or school, allowing 
us to evaluate the potential association of seropositivity 
within classes or schools.

Cluster analysis focused on the class level. Clusters 
were defined as three or more children who were 
newly seropositive within a class during autumn 
testing (T2), regardless of class size. We chose this 
threshold because it is commonly associated with 
the spread of acute infection within classes and is 
used to initiate quarantine measures of the whole 
class. Although the temporal sequence of infections 
cannot be determined with serological testing, we 
aimed to increase the sensitivity of detection of 
potential clusters by using the smallest reasonable 
threshold.

Clustering was assessed in a subset of classes in 
which at least five children were successfully tested at 
the relevant time point and the participation rate was 
50% or higher in the class. Therefore, classes with low 
participation rates were excluded because they were 
potentially underpowered to detect clusters. However, 
if a cluster was identified in a class with a participation 
rate lower than 50%, the class was included in the 
numerator and the denominator for the proportion of 
classes with clusters. We calculated the proportion of 
classes with a cluster of children who were seropositive 
by dividing their number by the total number of 
enrolled classes.

We also evaluated how many clusters would be 
expected if children within classes were infected 
independently at the same overall rate as in the entire 
sample. In a simulation study, we created 10 000 
such hypothetical populations with the same number 
of classes and children that were tested at T2 in this 
study. In the simulation, an independent chance of 
seropositive results with a normal distribution (that 
is, no association of children who were seropositive 
within a class) was assumed, equal to the observed 
proportion of children who were seropositive at T2 
among all children tested at T2 who were not positive 
at T1 (see table 1). We then compared the actual 
observed distribution of clusters with those in the 
simulated populations, and calculated the probability 
of observing clusters of at least three, at least four, 
and at least five children who are seropositive within 
a class. If the observed actual number of clusters is 
higher than the number of clusters in the simulation 
study, this would provide evidence against clustering 
of children who are seropositive within classes by 
chance.

To further investigate potential causes and 
associations of infections within the detected clusters, 
after T2 testing we performed semi-structured 
interviews with the principals of schools with classes 
that had clusters of children who were seropositive 

Table 1 | Definitions of seroprevalence outcomes
Abbreviation Definition Numerator Denominator
T1 seroprevalence  
(seropositive in summer)

Seroprevalence in children in June-July 2020 Children who were seropositive in 
June-July

All tested children in June-July*

T2 seroprevalence (newly  
seropositive in autumn)

Seroprevalence in children in October-November 
2020, excluding children seropositive in June-July

Children who were seropositive in  
October-November, excluding those who 
also tested seropositive in June-July†

All tested children in  
October-November, excluding those who 
also tested seropositive in June-July

T1+T2 seroprevalence (ever  
seropositive in summer or autumn)

Proportion of children who had been infected  
with SARS-CoV-2 by October-November 2020,  
as reflected by ever being seropositive

Children who tested seropositive at least 
once in June-July or October-November  
(ever tested seropositive)

All tested children in October-November 
and those who were seropositive in 
June-July but did not participate in testing 
in October-November

SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
*Included 18 children tested (serological results available for 12) from late August to early September.
†Included 22 children who tested positive at T2, who were not tested at T1.

Table 2 | Comparison of individual serological results in study participants in summer (T1) and autumn (T2) 2020

Serological result at T1
Serological result at T2

Negative Positive Not available
Negative 2044 109 269
Positive 28 42 4
Not available 258 22 55
T1: June-July 2020; T2: October-November 2020.
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at T2. Interview questions covered numbers of SARS-
CoV-2 infections in teachers and children of the 
affected classes confirmed by real time polymerase 
chain reaction before serological testing, numbers of 
teachers and children who were quarantined, potential 
temporal sequence of infections, and other related 
circumstances. Data analysis was performed with R 
version 4.0.3.24 Bayesian hierarchical modelling was 
performed using the R package rstan.25

Patient and public involvement
Several school principals were consulted during the 
development of the protocol to ensure feasibility of the 
planned study procedures. Feedback was continuous
ly collected from invited and enrolled children and 
parents to adapt the communication strategies and 
channels. Online informational sessions, which 
encouraged open exchange and feedback, were 
organised at the onset of the study for invited and 
enrolled school principals, staff, and parents of the 
children.

Results
In total, 2831 children from 275 classes within 
55 schools in the canton of Zurich were enrolled 
in the study by October-November 2020. Of these, 
2603 participated in T1 summer testing and 2552 
participated in T2 autumn testing. Serology results 
were available for 96% and 98% of participants in 
summer and autumn, respectively. Figure 1 shows the 
flowchart of enrolled participants with serological test 
results and questionnaire information available.

At T2 testing, serological results were available for 
731 children from lower school level (median age 
8, age range 6-10 years), 863 children from middle 
school level (median age 11, age range 8-13 years), 
and 909 children from upper school level (median age 
14, age range 11-16 years); 1287 children were female, 
1211 were male, and five reported other gender. The 
median participation rate at T2 within a class was 47% 
(interquartile range 30-62%; median 39% in lower 
school level, 52% in middle school level, and 50% in 
upper school level).

P
ar

ti
ci

pa
n

ts
 re

po
rt

in
g 

sy
m

pt
om

s 
(%

)

0

20

30

40

10

Positive T2 Negative T2

Oth
er s

ym
pto

m
s

Pro
ductiv

e cough w
ith

 blood

Pain in
 th

e chest

Shortn
ess

 of b
re

ath

Diffi
culty

 bre
ath

ing

Loss
 of a

ppetit
e

Wate
ry or ir

rit
ate

d eyes

Fever o
f 3

8°C
 or m

ore

Pro
ductiv

e cough

Nause
a or v

om
itin

g

Loss
 of s

m
ell o

r t
aste

Musc
le or jo

int p
ain

Diarrh
oea

Sto
m

ach ache

Sneezing

Fever (s
ubjectiv

e)

Dry cough

Fatig
ue

Sore
 th

ro
at

Runny or c
ongeste

d nose

Headache

Any sy
m

pto
m

Lorem 
ipsum 

Fig 3 | Symptoms reported between July and November 2020 in children who were seronegative and newly 
seropositive (at autumn testing—T2)
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Fig 2 | Seroprevalence estimates in children in June-July 2020 (T1), among children who were newly seropositive in 
October-November (T2), and those who were ever seropositive by October-November (T1+T2). Overall and school level 
specific estimates (lower school level: grades 1 and 2, children aged 6-9 years; middle school level: grades 4 and 5, 
children aged 9-13 years; upper school level: grades 7 and 8, children aged 12-16 years), and district level specific 
estimates for canton of Zurich. Districts are ranked in order of decreasing population size
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Table 2 presents the distribution of serological 
results at T1 and T2. Among children seropositive at 
T1, 60% (42/70) had a positive serology result at T2. 
Age distribution and presence of symptoms reported 
before T1 testing was not different for these 42 children 
and the 28 children who were previously seropositive 
and were seronegative at T2.

Figure 2 shows seroprevalence at the two time 
points in the overall population, at school level, 

and for districts of Zurich. Estimated SARS-CoV-2 
seroprevalence in children at T1 was 2.4% (95% 
credible interval 1.4% to 3.6%). Seroprevalence in 
children in the autumn (newly seropositive at T2) was 
4.5% (3.2% to 6.0%). The proportion of children who 
were ever seropositive (T1+T2) by the autumn was 
7.8% (6.2% to 9.5%). The proportion of children who 
were ever seropositive (T1+T2) in the districts of Zurich 
ranged from 3.5% to 21.2%.
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Fig 4 | Distribution of children who were seropositive at T1 and newly seropositive at T2 in classes with at least five 
children and 50% or more of children tested (29 classes in lower school level, children aged 6-9 years; 46 classes in 
middle school level, children aged 9-13 years; and 54 classes in upper school level, children aged 12-16 years). The 
summary figure depicts the serological status of children in autumn 2020 (T2)
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T2 seroprevalence in lower, middle, and upper 
school levels was 4.4% (95% credible interval 2.7% 
to 6.7%), 5.0% (3.0% to 7.4%), and 3.9% (2.1% to 
6.2%), respectively; T1+T2 seroprevalence in lower, 
middle, and upper school levels was 8.5% (6.1% to 
11.4%), 8.0% (5.7% to 10.7%), and 6.4% (4.3% to 
8.9%), respectively. The estimated seroprevalence did 
not differ between male and female participants.

Symptoms between the summer break and Novem
ber 2020 were reported in 21.8% (420/1923) of 
participants who were seronegative and in 28.7% 
(29/101) of participants who were newly seropositive 
(at T2). Figure 3 presents the distribution of individual 
symptoms. Although reported rarely in general, only 
loss of smell or taste was more frequent in participants 
who were seropositive (3.0%, 3/101) than in those 
who were seronegative (0.2%, 4/1923). The most 
frequently reported symptoms in participants who 
were seropositive were headache (13.9%, 14/101), 
runny or congested nose (11.9%, 12/101), sore throat 
(11.9%, 12/101), and fatigue (8.9%, 9/101).

Compared with the cumulative incidence of SARS-
CoV-2 infections in children aged 4-15 years who lived 
in the canton of Zurich, the ratio of children diagno
sed with SARS-CoV-2 infection to those who were 
seropositive was 1 to 13 from January to November 
2020, and 1 to 8 from July to November.

Cluster analysis
The number of children who were newly seropositive at 
T2 within a school level ranged from 0 to 12, and within 
a class from 0 to 10. The number of children who were 
ever seropositive (T1+T2) ranged from 0 to 14 within a 
school level, and from 0 to 11 within a class. At least 

one child who was newly seropositive was detected in 
47 of 55 schools and in 90 of 275 classes (56 of 129 
classes with at least five children and with 50% or 
more of children tested).

At least one child who was ever seropositive was 
detected in 52 of 55 schools and in 125 of 275 classes 
(75 of 129 classes with at least five children and with 
50% or more of children tested). Figure 4 shows the 
distribution of children who were newly and ever 
seropositive within tested classes.

Seven classes in five schools had three or more 
children who were newly seropositive: three classes in 
the lower school level, two in the middle school level, 
and two in the upper school level. Table 3 presents 
detailed information about the clusters. Assuming 
a uniform 5.4% seropositivity rate across all tested 
children (corresponding to 131 children who were 
newly positive among the 2433 tested and eligible for T2 
outcome) and numbers of children tested within classes 
as observed in this study, a simulation study showed 
that seven or more clusters of at least three children with 
seropositivity would be expected by chance in 14% of 
repetitions, with a median of four expected clusters (95% 
credible interval 1 to 9). Therefore, even if infections 
within classes are not associated, in a population with 
a class structure similar to this study and with the same 
number of children with seropositivity, we would expect 
to see four clusters of three or more children who are 
seropositive in a class. Three or more clusters of at least 
four children would be expected in 1.5% of simulations 
(median number of clusters 0, 95% credible interval 0 
to 2), and two or more clusters of at least five children in 
0.2% of simulations (median number of clusters 0, 95% 
credible interval 0 to 1).

Table 3 | Detailed information on classes with three or more children who were newly seropositive between July and November 2020

School  
and level

No of children in class Confirmed infections
Quarantine or  

isolation

Information

Probable index case

Total Tested
Newly  
seropositive Teacher Children Teacher Children Teacher Child Household

1, middle 17 14 3 0 0 0 8 Individual unrelated children in quarantine 
because of positive household members — — X

2, lower 19 9 3 0 0 0 0 No confirmed infections previously known ? ? ?

3, lower 25 16 4 1 2 1 Whole class Teacher tested positive; next day two 
children tested positive X — —

4, middle 23 16 10 1 3 1 Whole class

Initially, a child with symptoms and parent 
tested positive; next day two other children 
and teacher tested positive after being 
identified with contact tracing; many  
household members (children and adults) 
of the class infected as well; index case 
remained unclear

? ? ?

4, lower 22 17 5 0 0 0 2
Two unrelated children in quarantine due  
to sports camp coach with diagnosed  
infection and affected household member

— — X

5, upper 17 13 3 0 1 0 Whole class
Class quarantined after a mother and  
subsequently the child (class student) tested 
positive while the class was at a camp

— — X

5, upper 16 12 3 0 0 0 3

Individual, unrelated children quarantined 
due to exposure to confirmed infection  
(one due to brother with infection from 
another class; other two unknown)

— ? ?

Information obtained through semi-structured interviews with school principals, including information about probable index case. One class from school 2 had participation rate of 47% and 
therefore is not shown in figure 4. Confirmed infections refer to previously diagnosed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection confirmed by real time polymerase 
chain reaction test within the class reported by school principals during interviews. Positive test refers to positive real time polymerase chain reaction test for SARS-CoV-2. X refers to a probable 
index case, and ? to a potential index case, according to the information provided by school principals
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In the multilevel logistic regression of individual 
serology results of the T2 serology model with random 
effects for school and class, school level (as a proxy 
for age) and sex were not important predictors. In the 
intraclass correlation analysis, school accounted for 
approximately 8% of the total variance, while class 
accounted for 24% of the variance.

Discussion
Principal findings
In this cohort study of 55 schools and more than 2500 
children, seroprevalence increased from 2.4% in June-
July to 7.8% in October-November 2020. SARS-CoV-2 
antibodies were not detected after four months for 
40% of children who were previously seropositive. No 
difference was found in seroprevalence between school 
levels, although a trend of lower seroprevalence was 
observed in older children. We observed only minimal 
clustering of children who were seropositive within 
classes and schools between July and November 2020, 
despite a clear increase in seroprevalence among 
children and a period of moderate to high SARS-CoV-2 
transmission in the community before testing. Some of 
the clusters could be explained by independent, non-
concurrent individual infections among classmates.

In autumn 2020, Switzerland had one of the highest 
reported incidences of SARS-CoV-2 infections in 
Europe, peaking at approximately 950 daily infections 
per million inhabitants in early November.26 A similarly 
high incidence was observed in the canton of Zurich 
where the study was conducted, with approximately 
590 daily infections per million inhabitants and 
around 16% positivity of real time polymerase chain 
reaction tests in the first half of November.23 However, 
schools have been open since the school year started 
on 17 August 2020. Some, but not extensive preventive 
measures were implemented, such as masks for 
school staff and restriction of large group activities, in 
addition to contact tracing in schools. As the number 
of infections in the community increased, children 
in secondary schools (older than 12 years) were 
required to wear masks from November. Under these 
circumstances, an increase in seroprevalence after the 
summer was expected. However, this increase was not 
accompanied by a high incidence of clusters of children 
who were seropositive within schools and classes.

Clusters of three or more children who were newly 
seropositive were observed only in the minority of 
classes (six out of 129 classes with high participation 
rate, and in one class with 47% participation rate). 
In contrast to some other studies, we did not observe 
higher seroprevalence or clustering in higher school 
grades. Potentially, behavioural factors and preventive 
measures (including older children wearing masks 
and contact tracing strategies in schools) helped to 
mitigate the potential spread of infection. Diagnosing 
children with SARS-CoV-2 infection also improved 
after the summer; the ratio of children diagnosed with 
SARS-CoV-2 infection to those who were seropositive 
increased from 1 to 89 (from spring to summer),1 to 1 
to 8 (from summer to autumn).

Observed clustering of children who were seropositive 
within a class could indicate an outbreak, but does not 
necessarily mean that an outbreak has occurred. In 
the seven classes with observed clusters, children who 
were seropositive were probably not part of the same 
infection transmission chain in at least two classes. 
In six classes, at least some of the children who were 
seropositive had previously been diagnosed with SARS-
CoV-2 infection or had been quarantined. The actual 
number of children with SARS-CoV-2 infection in the 
autumn (and therefore, the number of clusters) could 
be even smaller because we assumed that 22 children 
who were seropositive at T2 but with no serological 
results at T1 were all infected in the autumn, erring 
on potentially identifying more clusters. The results 
of the simulation showed that even if seropositive 
status was randomly assigned to children of the 
study population, clusters of three or more children 
(although not clusters of four or more children) could 
be observed. Therefore, even if children who were 
seropositive were not associated within classes (that 
is, infections were completely independent of each 
other), some clusters could be reasonably expected to 
be observed by chance. In comparison, in the canton 
of Ticino, Switzerland, where community transmission 
was even higher in November 2020, 1% (14/1410) 
of classes were affected by quarantine measures in 
August-November 202027 (no corresponding data were 
publicly available from the canton of Zurich at the time 
this article was submitted).

Multilevel models suggested that children who were 
seropositive were associated at class level more often 
than at school level. This observation could mean that, 
as expected, infection is more likely to spread within a 
class rather than within the entire school. Potentially, 
the random effect of the school would become even 
smaller once the incidence in the community (district) 
is controlled for. Therefore, these results support the 
use of focused, class based quarantine measures to 
control the spread of SARS-CoV-2 infection within 
schools.

Comparison with other studies, strengths and 
limitations
This study offers unique insights into the transmission 
and prevalence of SARS-CoV-2 infection in schools 
on a randomly selected, representative, longitudinal, 
population based cohort. Most other studies of SARS-
CoV-2 infections in schools have focused on contact 
tracing of index cases,11 28 and so potentially missing 
unidentified cases. Other studies have relied on the 
prevalence of diagnosed SARS-CoV-2 infection to 
assess the frequency of outbreaks and the risk of 
infection in children while schools are open.11 16 17 
A few studies tried to estimate the overall effect of 
closing and opening schools on the development of 
reported SARS-CoV-2 infections and deaths.29-31 Such 
ecological, retrospective studies often have major 
limitations of uncontrolled confounding, high level of 
aggregation for intervention (eg, pooling school and 
university closures as one intervention) and outcome 

 on 17 A
pril 2021 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.n616 on 17 M
arch 2021. D

ow
nloaded from

 



RESEARCH

the bmj | BMJ 2021;372:n616 | doi: 10.1136/bmj.n616� 9

(eg, outcomes at country level), and potentially 
measure the outcome in a population not exposed to 
the intervention. Finally, a stochastic modelling study 
of infection spread in schools has shown that some, 
although minimal, clustering of infections is likely 
even when major prevention and screening strategies 
are implemented.32

In contrast to these retrospective and modelling 
studies, our study offers a prospective population level 
view, which corresponds to school structure because 
of sampling at school and class levels. Additionally, 
having measured the baseline seroprevalence in 
June-July 2020, we were able to study the number 
of children who were newly seropositive and their 
clustering in classes in the autumn. The study had a 
high retention rate, with 89% of enrolled children 
retested in the autumn, and high overall participation 
rates, especially given the venous blood sampling in 
children, a process which often triggers anxiety. High 
participation rates within a large proportion of classes 
allowed the study of clustering at the class level, which 
has been lacking in other school based studies on SARS-
CoV-2 infection.33 34 The results of the first two testing 
rounds, presented in this paper, will be strengthened 
by subsequent testing in March-April 2021 (which will 
also include parents and school staff). This further 
round of testing will capture seroprevalence associated 
with SARS-CoV-2 infections between November 2020 
and March 2021. Subsequent testing will also provide 
evidence of whether transmission in schools changes 
as new variants of SARS-CoV-2 emerge and become 
more prevalent, and the community transmission level 
changes.

The study has limitations. Firstly, seroprevalence 
does not necessarily directly correspond to past SARS-
CoV-2 infection. Because several days are required for 
seroconversion after SARS-CoV-2 infection,35-38 recent 
infections could be missed. The incubation period of 
around five days (between 1 and 14 days) also means 
that clusters might develop in a class over an extended 
period of time.39 Serological studies inherently 
reflect infections that happened at least one week 
before testing. Ideally, serological testing would take 
place immediately after rather than during a period 
of high community transmission. Because testing 
in the 55 schools had to be scheduled in advance, 
when the projected development of the pandemic 
was uncertain, we were not able to move our testing 
dates to capture a longer period of high community 
transmission. Additionally, although we could adjust 
for test accuracy parameters at the population level, 
some false negatives and positives are expected on an 
individual level.40 Although the number of children 
who were seropositive at T1 and seronegative after 
four months at T2 (n=28, 40%) is compatible with 
the expected number of false positives at the low 
seroprevalence observed at T1, waning of antibodies 
in the asymptomatic population is also possible. 
Based on the estimated seroprevalence and test 
accuracy parameters, among the 131 children who 
tested positive in the autumn, 20 would be expected 

to be false positive; and among the 2330 who tested 
negative, 11 would be expected to be false negative. 
These data imply that the true rate of clustering could 
potentially be even lower.

Secondly, measuring seroprevalence rather than 
acute diagnosis of SARS-CoV-2 infection allows 
only a retrospective analysis, and prevents full 
reconstruction of the temporal sequence of infections 
within classes. We were able to reconstruct some of 
the temporal information by comparing the serology 
status of children in the summer and autumn, and so 
differentiating between children infected in the first 
(spring) and second (autumn) wave of the pandemic. 
We also interviewed school principals about the 
development of infections in classes with clusters.

Thirdly, seroprevalence is a dynamic parameter 
because some children lose the antibodies and might 
appear seronegative despite having had the virus. 
Based on the low reinfection rates in the literature, 
serological status only tells part of the story about 
the immunity against SARS-CoV-2 infection. Other 
unspecific or T cell mediated cellular responses 
might exist to confer long term immunity.22 However, 
the limitation would be even higher with diagnostic 
testing, within a much smaller temporal window of 
positivity, and no retrospective information. Finally, 
although the participation rate was relatively high 
and analysis of clustering limited to classes with at 
least 50% participation, we do not have individual 
level information on reasons for non-participation or 
sociodemographic characteristics of non-participants 
for comparison. Although a statistically non-significant 
negative trend was observed, the socioeconomic 
context of the region did not differ for non-participating 
and participating schools, and it was not associated 
with participation rates within schools.

Conclusions
Clusters of children who were SARS-CoV-2 seropositive 
occurred in only a few school classes despite an 
increase in overall seroprevalence in children during a 
period of moderate to high transmission of SARS-CoV-2 
infection in the community. While debate continues 
about mitigation measures to curb the pandemic and 
the role schools have in infection transmission, this 
study provides evidence that clusters of SARS-CoV-2 
infection are rare within classes. Future testing rounds 
of this study will provide insights on transmission 
within classes over prolonged periods during dynamic 
levels of community transmission and the spread of 
new SARS-CoV-2 variants.
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