
HAL Id: pasteur-03236257
https://pasteur.hal.science/pasteur-03236257

Submitted on 26 May 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

SARS-CoV-2 infection in schools in a northern French
city: a retrospective serological cohort study in an area

of high transmission, France, January to April 2020
Arnaud Fontanet, Laura Tondeur, Rebecca Grant, Sarah Temmam, Yoann

Madec, Thomas Bigot, Ludivine Grzelak, Isabelle Cailleau, Camille Besombes,
Marie-Noëlle Ungeheuer, et al.

To cite this version:
Arnaud Fontanet, Laura Tondeur, Rebecca Grant, Sarah Temmam, Yoann Madec, et al.. SARS-CoV-
2 infection in schools in a northern French city: a retrospective serological cohort study in an area
of high transmission, France, January to April 2020. Eurosurveillance, 2021, 26 (15), pp.2001695.
�10.2807/1560-7917.es.2021.26.15.2001695�. �pasteur-03236257�

https://pasteur.hal.science/pasteur-03236257
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


1www.eurosurveillance.org

Research

SARS-CoV-2 infection in schools in a northern French 
city: a retrospective serological cohort study in an area 
of high transmission, France, January to April 2020

Arnaud Fontanet1,2 , Laura Tondeur¹ , Rebecca Grant¹ , Sarah Temmam³, Yoann Madec¹ , Thomas Bigot⁴ , Ludivine Grzelak5,6,7 , 
Isabelle Cailleau⁸ , Camille Besombes¹ , Marie-Noëlle Ungeheuer⁹ , Charlotte Renaudat⁹ , Blanca Liliana Perlaza⁹ , Laurence 
Arowas⁹ , Nathalie Jolly10 , Sandrine Fernandes Pellerin10 , Lucie Kuhmel11 , Isabelle Staropoli5,6,12 , Christèle Huon³ , Kuang-Yu 
Chen13 , Bernadette Crescenzo-Chaigne6,7,14 , Sandie Munier6,7,14 , Pierre Charneau15,16 , Caroline Demeret14 , Timothée Bruel5,6,12 , 
Marc Eloit3,17, Olivier Schwartz5,6,12 , Bruno Hoen1,8

1. Emerging Diseases Epidemiology Unit, Institut Pasteur, Paris, France
2. PACRI Unit, Conservatoire National des Arts et Métiers, Paris, France
3. Pathogen Discovery Laboratory, Department of Virology, Institut Pasteur, Paris, France
4. Bioinformatic and Biostatistic Hub – Computational Biology Department, Institut Pasteur, Paris, France
5. Virus and Immunity Unit, Department of Virology, Institut Pasteur, Paris, France
6. UMR 3569, Centre National de la Recherche Scientifique, Paris, France
7. Université de Paris, Sorbonne Paris Cité, Paris, France
8. Direction de la recherche médicale, Institut Pasteur, Paris, France
9. ICAReB platform (Clinical Investigation & Access to Research Bioresources) of the Center for Translational Science, Institut 

Pasteur, Paris, France
10. Center for Translational Sciences, Institut Pasteur, Paris, France
11.  Medical Center of the Institut Pasteur, Institut Pasteur, Paris, France
12. Vaccine Research Institute, Creteil, France
13. RNA Biology of Influenza Virus, Department of Virology, Institut Pasteur, Paris, France
14. Molecular Genetics of RNA Viruses, Institut Pasteur, Paris, France
15.  Laboratoire Commun Pasteur/TheraVectys, Institut Pasteur, Paris, France
16. Unité de Virologie Moléculaire et Vaccinologie, Institut Pasteur, Paris, France
17.  National Veterinary School of Alfort, Maisons-Alfort, France
Correspondence: Arnaud Fontanet (fontanet@pasteur.fr)

Citation style for this article: 
Fontanet Arnaud, Tondeur Laura, Grant Rebecca, Temmam Sarah, Madec Yoann, Bigot Thomas, Grzelak Ludivine, Cailleau Isabelle, Besombes Camille, Ungeheuer 
Marie-Noëlle, Renaudat Charlotte, Perlaza Blanca Liliana, Arowas Laurence, Jolly Nathalie, Pellerin Sandrine Fernandes, Kuhmel Lucie, Staropoli Isabelle, Huon 
Christèle, Chen Kuang-Yu, Crescenzo-Chaigne Bernadette, Munier Sandie, Charneau Pierre, Demeret Caroline, Bruel Timothée, Eloit Marc, Schwartz Olivier, Hoen 
Bruno. SARS-CoV-2 infection in schools in a northern French city: a retrospective serological cohort study in an area of high transmission, France, January to April 
2020. Euro Surveill. 2021;26(15):pii=2001695. https://doi.org/10.2807/1560-7917.ES.2021.26.15.2001695 

Article submitted on 17 Sep 2020 / accepted on 16 Feb 2021 / published on 15 Apr 2021

Background: Children’s role in SARS-CoV-2 epidemi-
ology remains unclear. We investigated an initially 
unnoticed SARS-CoV-2 outbreak linked to schools in 
northern France, beginning as early as mid-January 
2020. Aims: This retrospective observational study 
documents the extent of SARS-CoV-2 transmission, 
linked to an affected high school (n = 664 participants) 
and primary schools (n = 1,340 study participants), in 
the context of unsuspected SARS-CoV-2 circulation 
and limited control measures. Methods: Between 30 
March and 30 April 2020, all school staff, as well as 
pupils and their parents and relatives were invited for 
SARS-CoV-2 antibody testing and to complete a ques-
tionnaire covering symptom history since 13 January 
2020. Results: In the high school, infection attack 
rates were 38.1% (91/239), 43.4% (23/53), and 59.3% 
(16/27), in pupils, teachers, and non-teaching staff 
respectively vs 10.1% (23/228) and 12.0% (14/117) in 
the pupils’ parents and relatives (p < 0.001). Among 
the six primary schools, three children attending 
separate schools at the outbreak start, while symp-
tomatic, might have introduced SARS-CoV-2 there, 

but symptomatic secondary cases related to them 
could not be definitely identified. In the primary 
schools overall, antibody prevalence in pupils shar-
ing classes with symptomatic cases was higher than 
in pupils from other classes: 15/65 (23.1%) vs 30/445 
(6.7%) (p < 0.001). Among 46 SARS-CoV-2 seropositive 
pupils < 12 years old, 20 were asymptomatic. Whether 
past HKU1 and OC43 seasonal coronavirus infection 
protected against SARS-CoV-2 infection in 6–11 year 
olds could not be inferred. Conclusions: Viral circula-
tion can occur in high and primary schools so keeping 
them open requires consideration of appropriate con-
trol measures and enhanced surveillance.

Introduction
As the coronavirus disease (COVID-19) pandemic con-
tinues to evolve, the extent of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection 
in children has not been well documented and the 
role children may play in virus transmission remains 
unclear. During the first epidemic peak, many coun-
tries included school closures among the measures 
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implemented to limit viral transmission, largely based 
on the evidence of the impact of school closures on 
influenza transmission [1]. As many schools have reo-
pened or are now reopening, it is critical to evaluate 
the risk of viral circulation among pupils and staff in 
schools.

Initial epidemiological data from China indicated that 
children were significantly less affected by COVID-
19 than adults, whether considering the total number 
of clinical cases, disease severity or fatal outcomes 
[2]. Similar findings have also been reported in other 
countries [3,4]. It is understood that children, when 
infected, present with mild and asymptomatic forms of 
the disease more frequently than adults, with severe 
and fatal outcomes remaining rare in children [5,6].

Younger children (≤ 10 years old) are generally believed 
to be less susceptible to SARS-CoV-2 infection than 
adults [7,8], and, in households, infections in such chil-
dren usually originate from an older member [9]. Some 
studies have nevertheless documented similar second-
ary attack rates in families among children and adults 
[10]. In infected children, SARS-CoV-2 can be detected 
in the throat for 9–11 days after a positive PCR result 
[9] and for up to 1 month in faecal samples [11], with 

live virus culture from faecal samples rarely being suc-
cessful [12]. Viral loads have been found to be similar 
between infected children and adults [13,14], suggest-
ing that children could be as infectious as adults [15]. 
Nevertheless, because of the fewer and milder symp-
toms that children experience, transmission might be 
less efficient in this group.

At the time of school reopening at the beginning of the 
2020/21 academic year in the northern hemisphere, 
the number of SARS-CoV-2 secondary transmissions 
in school settings documented in the scientific litera-
ture was limited. A meta-analysis of nationwide contact 
tracing data, including some in the school environment 
in Taiwan had found low secondary attack rates [16]. 
Very few or no secondary COVID-19 cases had been 
reported from investigations in Australia [17], France 
[18], Ireland [19], Singapore [20], the United Kingdom 
(UK) [21] and the United States (US) [22]. Exceptions, 
however, included important clusters in a high school 
in Israel after school reopening in May 2020 [23], and a 
large school community outbreak in Santiago, Chile in 
March 2020 [24].

The first three imported COVID-19 cases identified in 
France were reported on 24 January 2020 in travellers 

Table 1
Infection attack rates among participants of investigations documenting the extent of SARS-CoV-2 transmission in a high 
school and primary schools, northern France, 30 March–30 April 2020 (n = 2,004 participants)

Characteristic

High school investigation (n = 664) Primary school investigation (n = 1,340)

Total number
Number of 

 
seropositive

Per cent 
seropositive p Total number

Number of 
 
seropositive

Per cent 
seropositive p

Sex
Male 253 54 21.3

0.08
571 54 9.5

0.34
Female 411 113 27.5 769 85 11.1
Age group in years
< 12 8 0 0.0

< 0.001
538 46 8.6

0.1012–17 235 82 34.9 78 12 15.4
≥ 18 421 85 20.2 724 81 11.2
Type of participant
Pupil 239 91 38.1

< 0.001

510 45 8.8

0.36

Teacher 53 23 43.4 41 3 7.3
Non-teaching staff 27 16 59.3 28 1 3.6

Parents

All 228 23 10.1 642 76 11.8
Of an infected 

pupil 82 15 18.3 59 36 61.0

Of a non-
infected pupil 132 7 5.3 569 39 6.9

Other 14 1 7.1 14 1 7.1

Relatives

All 117 14 12.0 119 14 11.8
Of an infected 

pupil 50 10 20.0 9 4 44.4

Of a non-
infected pupil 65 2 3.1 107 10 9.3

Other 2 2 100.0 3 0 0.0

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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returning from Wuhan, China [25], but widespread 
autochthonous circulation of the virus was not reported 
until end of February 2020. On 24 February, a patient 
from the Hauts-de-France region, north of Paris, was 
admitted to hospital in Paris in a critical condition 
and was diagnosed with SARS-CoV-2 infection on 25 
February 2020 (data not shown). The ensuing epide-
miological investigation led to the identification of 
a cluster of COVID-19 that involved a high school in 
a small city (15,000 inhabitants), north of Paris (data 
not shown). Following this initial investigation, we 
conducted a retrospective closed cohort study to esti-
mate the SARS-CoV-2 infection attack rate (IAR) in the 
high school and across primary schools in the same 
city using serological assays with high sensitivity and 
specificity for the detection of SARS-CoV-2 antibodies 
[26,27].

Methods
After the confirmation of the case of COVID-19 from the 
Hauts-de-France region on 24 February 2020, an initial 
retrospective epidemiological investigation identified 
two teachers from the high school who had had symp-
toms consistent with COVID-19 on 2 February 2020. 
Since there was no known circulation of SARS-CoV-2 at 
that time in the region, no public health or social meas-
ures intended to limit the transmission of the virus had 
been implemented and no active SARS-CoV-2 testing 
was being conducted. A preliminary rapid investigation 
among adults and pupils who had respiratory symp-
toms and who were willing to be tested at the high 
school on 5–6 March 2020 revealed that 11/66 (16.7%) 

adults and 2/24 (8.3%) pupils had acute infection, as 
determined by a positive real-time reverse transcrip-
tion (RT)-PCR test result.

Study design
To further understand the extent of transmission in the 
high school, irrespective of symptoms, a retrospective 
closed cohort study was conducted between 30 March 
and 4 April 2020. All pupils – high schools in France 
usually provide education to children between 15 and 
18 years-old – as well as teachers and non-teaching 
staff (administrative, cleaners, catering) from the high 
school were invited to participate in the investigation.

One month later (28–30 April 2020), to check if there 
might have been SARS-CoV-2 circulation in primary 
schools as well, a similar investigation was performed 
in all six primary schools – for children aged 6 to 11 
years – of the same city. Again, all pupils, as well as 
teachers and non-teaching staff (administrative, clean-
ers, catering) from each of the six primary schools were 
invited to participate in the investigation. For each 
pupil, at least one parent was invited to participate in 
the study, as well as any of the other children over the 
age of 5 years of the household.

Following informed consent, all high school and pri-
mary school participants completed a questionnaire, 
which sought to obtain sociodemographic informa-
tion, underlying medical conditions, history of symp-
toms since 13 January 2020, a date corresponding to 
approximately 2 weeks before the first clinical cases 

Figure 1
Timeline of symptom onset among (A) 143 symptomatic cases who were seropositive for SARS-CoV-2 antibodies in a high 
school and (B) 107 symptomatic cases who were seropositive for SARS-CoV-2 antibodies in primary schools, investigation 
in a city in northern France, 13 January–19 April 2020 (n = 250)
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were reported in France [25], and history of COVID-19 
diagnosis confirmed by RT-PCR, before the investiga-
tion. A 5 mL blood sample was taken from all partici-
pants, irrespective of whether they had reported fever 
or respiratory symptoms since 13 January 2020.

Laboratory analyses
In the high school study, all serum samples were 
tested for antibody responses to SARS-CoV-2 using 
several assays developed by Institut Pasteur: an ELISA 
N assay, detecting antibodies binding to the nucle-
ocapsid (N) protein; a S-Flow assay, which is a flow-
cytometry based assay detecting anti-spike (S) IgG; 
and a luciferase immunoprecipitation system (LIPS) 
assay, which is an immunoprecipitation-based assay 
detecting anti-N, anti-S1 and anti-S2 IgG. Cut-offs were 
chosen so that the specificity, based on the evalua-
tion performed on sera from 240 pre-epidemic blood 
donors, would be higher than 99% for each of the tests 
[26]. In the high school study, participants were con-
sidered seropositive for SARS-CoV-2 antibodies if any 
of the serological assay tests were positive. In a further 
study, the S-Flow assay was shown to have a sensitiv-
ity of 99.4% to detect mild forms of COVID-19, which 
had been RT-PCR-confirmed [27]. As such, for the pri-
mary schools’ study, only the S-Flow was used for first 
line serological testing. All sera for the S-Flow assay 
were tested at a 1:300 dilution.

Samples were also tested for neutralisation activity 
using a viral pseudotype-based assay. Briefly, single 
cycle lentiviral pseudotypes coated with the S protein 
and encoding for a luciferase reporter gene were pre-
incubated with the serum to be tested at a dilution of 
1:100 for the high school sera, and 1:40 for the primary 
school sera, and added to 293T-angiotensin-converting 
enzyme 2 (ACE2) target cells [28]. The luciferase signal 
was measured after 48 hours. The percentage of neu-
tralisation activity was calculated by comparing the 

signal obtained with each serum to the signal gener-
ated by control negative sera.

In addition, in a subgroup of samples (see below), the 
LIPS assay was used to assess antibody responses to 
the full S ectodomain in a pre-fusion conformation of 
the SARS-CoV-2, the two seasonal human beta-coro-
naviruses (HKU1, OC43) and one seasonal alpha-cor-
onavirus (229E). Technical details and sensitivity and 
specificity information of the assay are available else-
where [28].

Case definitions
Any participant with a positive serology at the time 
of blood sampling was considered as being SARS-
CoV-2 seropositive. Seropositive individuals were cat-
egorised as symptomatic cases if any symptoms were 
reported by the participant since 13 January 2020, or, 
alternatively, as asymptomatic. As the clinical presen-
tation of COVID-19 was not well characterised at the 
time the study was conducted, there was no restric-
tion on symptoms. Symptoms were considered only if 
they occurred at least 7 days before the date of blood 
sample collection to allow time for seroconversion [29]. 
Symptoms were further categorised as major (fever, 
dry cough, dyspnoea, anosmia and ageusia) or minor 
(sore throat, rhinitis, myalgia, diarrhoea, headache, 
asthenia).

Statistical analyses
The IAR was defined as the proportion of all partici-
pants with SARS-CoV-2 antibodies detected, which 
was used as a proxy for prior SARS-CoV-2 infection. 
Binomial exact confidence intervals (CI) were calcu-
lated for proportions. IAR was compared according to 
age, sex, occupation, comorbid conditions and recent 
symptoms using a chi-squared test. Positive predictive 
values were calculated for symptoms potentially asso-
ciated with the detection of SARS-CoV-2 antibodies. 
Antibody levels against seasonal human coronaviruses 

Table 2
Proportion of pupils with SARS-CoV-2 antibodies by class and by primary school in a city in northern France, 13 
January–19 April 2020 (n = 510)

School
Class and proportion of pupils with SARS-CoV-2 antibodies

All classes
CP CP/CE1a CE1 CE1/CE2a CE2 CE2/CM1a CM1 CM1/CM2a CM2

Proportion Proportion Proportion Proportion Proportion Proportion Proportion Proportion Proportion Proportion %
A 1/7 0/8 0/7 NA 0/9 NA 0/10 1/12 0/8 2/61 3.3
B 2/17 0/1 NA 1/32 NA 3/18 NA 5/22 NA 11/90 12.2
C 0/12 NA 3/10 NA 1/14 NA NA 10/32 NA 14/68 20.6
D 0/8 0/8 1/13 0/9 1/11 NA 1/24 0/1 1/12 4/87b 4.6
E 0/12 2/28 NA 0/9 2/15 NA 2/15 0/25 0/13 6/117 5.1
F 0/16 NA 1/11 NA 2/18 NA 4/22 NA 1/20 8/87 9.2

CE1: cours élémentaire première année; CE2: cours élémentaire deuxième année; CM1: cours moyen première année; CM2: cours moyen 
deuxième année; CP: cours préparatoire; NA: not applicable (the school in question had few pupils so there were no children populating the 
class in question); SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

The classes CP, CE1, CE2, CM1, CM2 respectively correspond to the first to fifth years (levels) of primary school. Shaded areas: classes with 
one documented symptomatic introduction.

a These are classes combining two levels.
b Class missing for one child.
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(HCoVs) were compared using a Wilcoxon matched 
pairs signed rank sum test in a subgroup derived from 
the study population of children with neutralising anti-
bodies (n = 49) matched for age and sex with children 
without neutralising antibodies (n = 98). All statistical 
analyses were performed using Stata 15.0 (StataCorp, 
College Station, Texas, US).

Ethical statement
This study was registered with ClinicalTrials.gov 
(NCT04325646) and received ethical approval by the 
Comité de Protection des Personnes Ile de France III. 
Informed consent was obtained from all participants, 
and parents provided informed consent for any chil-
dren under the age of 18 years.

Results

Evidence of SARS-CoV-2 circulation in the 
schools
From 30 March to 4 April 2020, 878 of 1,262 high 
school pupils, teachers, and non-teaching staff were 
invited by email to participate in the investigation 
(email addresses were not available for 384). Of these, 
323 (36.8%) responded and participated in the study: 
243 pupils, 53 teachers and 27 non-teaching staff. In 
addition, 348 parents of the 243 pupils and their rela-
tives living in the same household joined the study 
(see  Figure S1). Blood samples could not be obtained 
from seven, making a total high school study popula-
tion of 664 study participants. Pupils (n = 239) and 
their parents (n = 228) constituted the majority of the 
study population (36.0% and 34.3%, respectively) 
(see Table S1).

The overall IAR among those linked to the high school 
was 25.1% (167/664).  Table 1  shows the proportion 
of those linked to the high school with SARS-
CoV-2 antibodies (see  Table S2  for the test-specific 
serological results). The IAR was higher (38.1%, 43.4%, 
and 59.3% in pupils, teachers, and non-teaching staff, 
respectively) than in parents and relatives (10.1% and 
12.0%, respectively) (p < 0.001). More specifically, the 
IAR was 5.3% among parents of a non-infected pupil 
and 18.3% among those of an infected pupil (p = 0.002). 
The IAR was 3.1% among relatives of a non-infected 
pupil and 20.0% among relatives of an infected 
pupil (p = 0.005).  Figure 1  displays, for both types of 
schools, the distributions by week of symptom onset 
of seropositive cases. In the high school (Figure 1A), a 
total of 143 such cases were observed. From 13 January 
2020, the weekly occurrences of symptomatic cases 
increased rapidly until school closure for the holidays 
on 14 February (end of week 7). Subsequently, the num-
ber of new cases dropped, with a more pronounced 
decrease after the introduction of local movement 
restriction measures, including stay-at-home orders, in 
the Hauts-de-France region on 1 March.

For the primary schools, 1,047 pupils and 51 teach-
ers from six primary schools were invited by email to 

participate in the investigation between 28 and 30 
April 2020. Of these, 541 (51.7%) pupils and 46 (90.2%) 
teachers accepted to participate in the study. Thirty-one 
pupils were excluded as they refused phlebotomy, as 
were four teachers not directly affiliated with any of the 
six schools. This resulted in 510 pupils and 42 teachers 
with a blood sample to be analysed. In addition, 641 
parents of pupils, 119 relatives of pupils sharing the 
same household, and 28 non-teaching staff completed 
the study population (Figure S2). Table S3 indicates the 
characteristics of the 1,340 participants.

The overall IAR across study participants linked to pri-
mary schools was 139/1,340 (10.4%). It did not differ 
by sex, age categories, or type of participants (Table 
1). Parents of infected pupils had higher IAR compared 
with parents of non-infected pupils (61.0% vs 6.9%; 
p < 0.0001), and relatives of infected pupils had higher 
IAR compared with relatives of non-infected pupils 
(44.4% vs 9.1%; p = 0.002) (Table 1). The epidemic 
curve, based on week of symptom onset experienced 
by the 107 SARS-CoV-2 symptomatic cases, increased 
up to the week ending 8 March (week 10), followed by a 
sustained decline (Figure 1B).

Based on the presence and timing of symptoms 
among seropositive children, we could identify three 
instances of introduction of infected symptomatic chil-
dren in three separate schools before the closure of 
the schools for holidays on 14 February (end of week 7) 
(see  Supplementary material text  and  Figure S3). We 
were only able to identify one symptomatic secondary 
case among pupils, teachers and non-teaching staff 
epidemiologically linked to one of the three infected 
symptomatic children – a teacher (school C) who had 
onset of symptoms on 12 February, but who also had 
a close contact (meal at a restaurant) with a RT-PCR 
confirmed COVID-19 case outside of the school 5 days 
before becoming unwell. However, antibody prevalence 
across the primary school pupils was higher among 
those attending the classes with symptomatic seropos-
itive cases compared with those in other classes: 15/65 
(23.1%) vs 30/445 (6.7%) (p < 0.001). Table 2 shows the 
proportion of children with SARS-CoV-2 antibodies by 
school and by class.

Symptoms associated with SARS-CoV-2 infection dif-
fered according to age groups (Table 3). Some associa-
tions had only borderline statistical significance and 
should be considered cautiously, taking into account 
that no correction was performed for multiple test-
ing. Among adults, fever, cough, dyspnoea, ageusia, 
anosmia, myalgia, sore throat, rhinorrhoea, headache, 
asthenia, nausea, and diarrhoea, were all positively 
associated with SARS-CoV-2 infection, with high posi-
tive predictive values for ageusia (80.8%) and anosmia 
(89.4%). Among teenagers (12–17 years), fever, ageu-
sia, anosmia, and diarrhoea were positively associated 
with SARS-CoV-2 infection, with high positive predic-
tive values for ageusia (89.5%) and anosmia (80.0%). 
Among children less than 12 years of age, only asthenia 
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(marginally, p = 0.06), and diarrhoea were positively 
associated with SARS-CoV-2 infection, and no symp-
tom had any relevant positive predictive value. The 
rate of hospitalisation was 0% (0/46;  one-sided 
97.5% CI: 0–7.7%) among the less than 12 years; 2.1% 
(2/94; 95% CI: 0.3–7.5%) among the 12–17 years; and 
5.4% (9/166; 95% CI: 2.5–10.0%) among adults. There 
were no deaths. Across the study period, among those 
who were seropositive, 20/46 (43.5%) children aged 
less than 12 years, 22/94 (23.4%) 12–17 years, and 
14/166 (8.4%) adults reported no symptoms (p < 0.001). 

Symptoms of respiratory infections – fever, cough, rhi-
nitis – were common among the participants without 
SARS-CoV-2 antibodies during the study period.

Proportion of cases with neutralising 
antibodies
Results concerning antibodies with neutralising activ-
ity > 50% were available for 303 of the 306 seroposi-
tive study participants. Among these 303, neutralising 
antibodies were detected in 218 (72.0%) and were as 
common among children (105/148, 71.0%) as adults 

Figure 2
SARS-CoV-2 and seasonal HCoV antibody responses by LIPS in children with (n = 49) and without (n = 98) SARS-CoV-2 
neutralising antibodies
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(113/155, 72.9%) (p > 0.05). Neutralising antibodies 
were higher in those who were symptomatic (184/246, 
74.8%) compared to those who reported no symptoms 
(34/57, 59.6%; p=0.02). Neutralising antibodies were 
more common in infected participants with certain 
symptoms compared to those without the respective 
symptom, including ageusia (74/92, 80.4% vs 144/211, 
68.3%; p = 0.03), anosmia (73/91, 80.2% vs 145/212, 
68.4%; p=0.04), asthenia (108/132, 81.8%% vs 
110/171, 64.3%; p =0.001), headache (97/121, 80.2% vs 
121/182, 66.5%, p=0.009), diarrhoea (54/64, 84.4% vs 
164/239, 68.6%; p =0.01), and myalgia (88/106, 83.0% 
vs 130/197, 66.0%; p = 0.002).

Antibodies to seasonal human coronaviruses 
and SARS-CoV infection in children
We compared antibody levels against seasonal human 
coronaviruses (HCoVs) in a subpopulation of children 
aged 6–11 years with (n = 49) and without (n = 98) 
antibodies for SARS-CoV-2, matched for age and sex. 
Antibodies against seasonal betacoronaviruses HKU1 
and OC43 were found at levels associated with past 
infection in 142/147 (96.6%) and 147/147 (100%) of 
children, respectively. Antibody levels to betacorona-
viruses (HKU1 and OC43) were similar between SARS-
CoV-2 seropositive and seronegative children, whereas 
antibody levels against alphacoronavirus (229E) were 
higher among SARS-CoV-2 seropositive compared with 
seronegative children (p = 0.01) (Figure 2).

Discussion
This comparative study in a region, which turned out 
to have high SARS-CoV-2 community transmission 
early in the COVID-19 pandemic in France [30], pro-
vides important information regarding the circulation 
of SARS-CoV-2 in the school environment and into the 
household setting. Viral circulation in schools and 
families of pupils in February 2020 took place at a time 
when no one was aware of the presence of the SARS-
CoV-2 virus in the community, since it was only on 25 
February that the first COVID-19 diagnosis was made 
in a patient from the region who was hospitalised in 
Paris. As a result, this study allowed us to document 
the circulation of the virus in the absence of control 
measures, at least until 25 February. First, while the 
high school experienced a noticeable outbreak of 
symptomatic infections, the circulation of the virus in 
the primary schools was partly silent, with a large pro-
portion (43.5%) of asymptomatic infections among chil-
dren under 12 years old. Second, parents and relatives 
of infected pupils were more likely to be infected com-
pared with those of non-infected pupils, particularly 
for families of primary school pupils. Third, infected 
children less than 12 years of age experienced mild 
forms of disease, with no specific symptoms, or were 
asymptomatic, while teenagers and adults experienced 
similar forms of disease. Adults and children devel-
oped neutralising antibodies at a similar rate, with a 
higher proportion of those with neutralising antibodies 
among symptomatic compared with non-symptomatic 
participants. Finally, past infection with seasonal 

coronavirus HKU1 and OC43 was very common (>95% 
of primary school-aged children), precluding the possi-
bility of studying any effect of past infection with these 
two coronaviruses on the risk of acquiring SARS-CoV-2 
infection.

In the high school, where the virus was introduced 
in early February, an important outbreak took place, 
with 41% (130/319) of infected pupils and staff at the 
time of our investigation. School closure for the holi-
days had a clear impact on viral circulation. In primary 
schools, among symptomatic cases during the 3 weeks 
preceding the school closure for holidays (14 February) 
and then the stay at home order in the city (1 March), 
we could identify three SARS-CoV-2 infected pupils in 
three separate schools. We were only able to identify 
one symptomatic secondary case linked to one of the 
three infected symptomatic children – a teacher, but 
this case could have equally been infected by another 
SARS-CoV-2 infected person outside of the school. 
However, the prevalence of antibodies was higher 
among pupils attending the classes where cases were 
identified, suggesting silent circulation of the virus 
in these classes. These findings differ from results of 
previous studies [16-22], which all show limited sec-
ondary transmission in school settings or school aged 
children. Only studies in Israel [23] and Chile [24] have 
documented substantial outbreaks linked to school 
settings. The study in Chile used serologic testing like 
our study, but found lower antibody prevalence among 
high school pupils compared with younger pupils [24]. 
One likely explanation for the discordant findings of 
our study with respect to other published studies is 
the absence of infection prevention and control meas-
ures in classes at a time no one knew the virus was cir-
culating, and the presence of children with symptoms 
in the classes. Together, these findings suggest that 
high school aged children have similar susceptibility to 
SARS-CoV-2 infection as adults in the school setting, 
and can transmit SARS-CoV-2 efficiently. For primary 
school aged children, the presence of symptoms in the 
children in each of the schools may have facilitated 
transmission to others, although the overall IAR in pri-
mary schools was low.

Since the two teachers from the high school diagnosed 
on 2 February seem to be among the first cases identi-
fied in the city, it is likely that the high school outbreak 
may have contributed to the early dissemination of the 
virus into the pupils’ homes. As a result, the increase in 
SARS-CoV-2 antibody prevalence among parents (from 
5.3% to 18.3%) and relatives (from 3.1% to 20.0%) 
of non-infected compared with infected pupils may 
reflect the secondary intra-household attack rate after 
introduction of the virus into the homes. Interestingly, 
in the absence of knowledge of virus circulation and 
of control measures at that time, a relatively limited 
proportion of household members became infected. 
Further, these figures align well with the 15% sec-
ondary attack rate observed in a study of cases and 
close contacts in Shenzhen, China [10]. In contrast, in 
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the primary schools, the high prevalence of antibod-
ies among parents (61.0%) and relatives (44.4%) of 
infected pupils suggest that contacts between primary 
school aged children with parents and relatives may 
be closer compared with adolescents and parents, or 
that parents and relatives may have been the source of 
infection for the primary school pupils.

In adults, symptoms associated with SARS-CoV-2 infec-
tion were fever, cough, shortness of breath, ageusia, 
anosmia, headache, asthenia, myalgia, sore throat, 
and diarrhoea, all since known to be associated with 
COVID-19. Symptoms with the highest predictive val-
ues for SARS-CoV-2 infection were anosmia and ageu-
sia, as previously reported [31,32]. Symptoms were 
less specific in children, with only fatigue and diar-
rhoea being associated with SARS-CoV-2 infection for 
primary school children. Altogether, in this community-
based study, the rate of hospitalisation remained low, 
ranging from 0% in primary school children to 5.4% 
in adults. This study also gave an opportunity to esti-
mate the proportion of asymptomatic infections, which 
increased from 8.4% in adults to 23.4% in high school 
children and 43.5% in primary school children. These 
figures are likely underestimated, since symptoms 
related to other respiratory infections may have been 
attributed to SARS-CoV-2 in seropositive individuals 
who may have been otherwise asymptomatic. Indeed, 
the current estimate of the proportion of individuals 
who are infected with SARS-CoV-2 and remain asymp-
tomatic is ca 20%, with a suggestion that children have 
a higher proportion of asymptomatic infections [33].

Most (218/303, 72.0%) seropositive individuals had 
neutralising antibodies up to 3 months after the pre-
sumed start of the outbreak, with no difference between 
children and adults. Individuals with symptoms were 
more likely to have neutralising antibodies compared 
with individuals without, as described elsewhere 
[34]. T-cell reactivity against SARS-CoV-2 proteins in 
unexposed individuals has been identified as being 
attributable to cross-reactivity with past seasonal cor-
onaviruses infection [35], and we investigated whether 
past seasonal coronaviruses infections may protect 
against SARS-CoV-2 infection. In this study, almost all 
children aged 6–11 years tested had previous immunity 
against human coronaviruses (HCoV) HKU1 and OC43, 
precluding the possibility of studying any effect of past 
infection with these two coronaviruses on the risk of 
acquiring SARS-CoV-2 infection. Interestingly, antibody 
levels against HCoV 229E were higher among SARS-
CoV-2 infected compared with non-infected, raising the 
question of whether recent infection with SARS-CoV-2 
may have had a boosting effect on past HCoV 229E 
antibodies. One previous study found no evidence of 
cross-protective immunity linked to previous infection 
by seasonal HCoVs against SARS-CoV-2 infection [28], 
while a different study suggests that SARS-CoV-2 anti-
bodies reactive to the S protein of OC43 are boosted 
following SARS-CoV-2 infection [36].

The current study has several important limitations 
among which the particularly low rate of high school 
participants (only 37% of the population invited for the 
study came for the high school study). Since access to 
COVID-19 diagnosis was very limited until our investi-
gations, it is unlikely that knowledge of SARS-CoV-2 
infection status influenced decisions to join the study, 
and therefore the IAR estimates of our study. Although 
all pupils, staff and families of pupils were invited to 
participate in the study, we cannot exclude that peo-
ple who were symptomatic during the study period may 
have been more likely to participate in the study than 
those who were not symptomatic. The overall IAR of 
10.4% among participants other than those linked to 
the high school aligns well with the overall figure for 
high transmission areas of France after the first epi-
demic wave [37]. Further, the inferences as to where 
transmission may have occurred – in the school or in 
the home – are made more difficult among the primary 
school aged children through the use of serology for 
retrospective diagnosis and a large proportion of mild 
or asymptomatic infection. Nonetheless, the higher 
proportion of infected pupils in classes with sympto-
matic and infected children allows us to speculate that 
transmission likely occurred in the school setting.

Conclusion
Our investigations identified SARS-CoV-2 circulation in 
both a high school and primary schools at the very early 
onset of the pandemic, in a context of unsuspected 
circulation in the community and absence of control 
measures. Decisions to reopen or close schools should 
be considered carefully in the context of the extent of 
transmission in the wider community. Ongoing moni-
toring for possible resurgence in infections would be 
needed, as well as strategies to limit transmission in 
the school setting, including testing of all those with 
symptoms, rapid isolation of cases and quarantine and 
testing of contacts, hand hygiene, physical distancing, 
respiratory etiquette, cohorting of classes, and the 
wearing of masks for older pupils.
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