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SARS-CoV-2 transmission among children and staff in 
daycare centres during a nationwide lockdown in France: 
a cross-sectional, multicentre, seroprevalence study
Eric Lachassinne, Loïc de Pontual, Marion Caseris, Mathie Lorrot, Carole Guilluy, Aurélie Naud,Marie-Aliette Dommergues, Didier Pinquier, 
Evelyne Wannepain, Elisabeth Hausherr, Camille Jung, Vincent Gajdos, Robert Cohen, Jean-Ralph Zahar, Ségolène Brichler, Romain Basmaci, 
Pierre-Yves Boelle, Coralie Bloch-Queyrat*, Camille Aupiais*, on behalf of the COVIDOCRECHE collaborators† 

Summary
Background The extent to which very young children contribute to the transmission of SARS-CoV-2 is unclear. We 
aimed to estimate the seroprevalence of antibodies against SARS-CoV-2 in daycare centres that remained open for key 
workers’ children during a nationwide lockdown in France.

Methods Children and staff who attended one of 22 daycare centres during a nationwide lockdown in France (between 
March 15 and May 9, 2020) were included in this cross-sectional, multicentre, seroprevalence study. Hospital staff 
not occupationally exposed to patients with COVID-19, or to children, were enrolled in a comparator group. The 
primary outcome was SARS-CoV-2 seroprevalence in children, daycare centre staff, and the comparator group. 
The presence of antibodies against SARS-CoV-2 in capillary whole blood was measured with a rapid chromatographic 
immunoassay. We computed raw prevalence as the percentage of individuals with a positive IgG or IgM test, and 
used Bayesian smoothing to account for imperfect sensitivity and specificity of the assay. This study is registered 
with ClinicalTrials.gov, NCT04413968.

Findings Between June 4 and July 3, 2020, we enrolled 327 children (mean age 1·9 [SD 0·9] years; range 5 months to 
4·4 years), 197 daycare centre staff (mean age 40 [12] years), and 164 adults in the comparator group (42 [12] years). 
Positive serological tests were observed for 14 children (raw seroprevalence 4·3%; 95% CI 2·6–7·1) and 14 daycare 
centre staff (7·7%; 4·2–11·6). After accounting for imperfect sensitivity and specificity of the assay, we estimated 
that 3·7% (95% credible interval [95% CrI] 1·3–6·8) of the children and 6·8% (3·2–11·5) of daycare centre staff had 
SARS-CoV-2 infection. The comparator group fared similarly to the daycare centre staff; nine participants had a positive 
serological test (raw seroprevalence 5·5%; 95% CI 2·9–10·1), leading to a seroprevalence of 5·0% (95% CrI 1·6–9·8) 
after accounting for assay characteristics. An exploratory analysis suggested that seropositive children were more likely 
than seronegative children to have been exposed to an adult household member with laboratory-confirmed COVID-19 
(six [43%] of 14 vs 19 [6%] of 307; relative risk 7·1 [95% CI 2·2–22·4]).

Interpretation According to serological test results, the proportion of young children in our sample with SARS-CoV-2 
infection was low. Intrafamily transmission seemed more plausible than transmission within daycare centres. Further 
epidemiological studies are needed to confirm this exploratory hypothesis.

Funding Assistance Publique—Hôpitaux de Paris; Mairie de Paris, Conseil Départemental de Seine Saint Denis.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Although SARS-CoV-2 infects people of all ages, 
the available data published so far show that children 
(ie, individuals aged ≤17 years) account for only 1–8% 
of laboratory-confirmed cases of COVID-191–5 and for 
2–4% of patients admitted to hospital.5,6 Furthermore, 
children rarely require hospital admission,4,7 admission 
to an intensive care unit, oxygen therapy, or ventilation.8,9

The burden of infection among children is therefore 
difficult to assess if testing is focused on symptomatic 
patients or those admitted to hospital. Population screening 
studies that estimate seroprevalence (indicating previous 
infection) are therefore useful in this context. To the best 
of our knowledge, few studies have estimated SARS-CoV-2 

seroprevalence in children, and only four included a sub-
group of preschool children (aged 0–3 years).10–13 None of 
the pub lished studies has focused on seroprevalence in 
daycare centres.

The extent to which children (symptomatic or not) 
contribute to the transmission of SARS-CoV-2 remains 
to be determined. At the beginning of the COVID-19 
pandemic, children were considered to be potential 
vectors of trans mission because they are known to 
contribute strongly to the spread of respiratory diseases 
such as seasonal influenza.14,15 This premise led to 
the adoption of preventive measures (including school 
closures) in many countries. The results of several 
epidemiological studies suggested that children were 
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not the primary drivers of COVID-19 in their 
community;16–18 they were rarely the index case in their 
households;19 they are less likely than adults to have 
SARS-CoV-2 infection, with an odds ratio of 0·56 
for being an infected contact (compared with adults) 
in a meta-analysis;20 and the rates of SARS-CoV-2 trans-
mission are low in schools and child-care settings.21 
However, the meta-analysis also indi cated that the 
population-level evidence showing that children and 
ado lescents have a lesser role than adults in the 
transmission of SARS-CoV-2 is still weak.20

In France, a nationwide lockdown was enforced 
from March 17 to May 11, 2020, to reduce the burden of 
COVID-19 on the health-care system. Most daycare 
centres and all schools were closed during this period. 
The small number of daycare centres that remained open 
were for children whose parents had to work during the 
COVID-19 crisis (ie, health-care professionals and other 
essential workers). Special precautions were adopted in 
these daycare centres: use of face masks by the staff; 
smaller, defined groups of children and staff; systematic 
measurement of body temperatures; exclusion of children 
who became feverish or ill; and reinforced hygiene and 
distancing measures.

We aimed to estimate the seroprevalence of SARS-CoV-2 
antibodies in children and staff in the daycare centres that 
remained open during the lockdown in the Paris region 
(the most affected region in France) and in two other 
French cities with a lower incidence (Rouen in Normandy 
and Annecy in the Alps).

Methods
Study design and participants
We did a cross-sectional, multicentre, seroprevalence 
study in 22 daycare centres located in the Paris region 
(n=20) and in the French cities of Annecy (n=1) and 
Rouen (n=1) in June 2020, 4–8 weeks after the end of 
France’s first nationwide lockdown. The daycare centres 
were operated by a local authority or a public-sector 
hospital. Children attending one of the 22 daycare 
centres during all or part of the nationwide lockdown 
(from March 15 to May 9, 2020) were eligible for 
inclusion, as were the staff who worked in these 
daycare centres during the same period. In each centre, 
we invited all staff and all parents of enrolled children 
to participate in the study. Recruitment was stopped 
after the planned number of participants had been 
included.

Research in context

Evidence before this study
We searched PubMed and the preprint server medRxiv on 
Dec 7, 2020, using the terms [“COVID-19” or “SARS-CoV-2”], 
[“child*” or “pediatric*”], and [“seroprevalence” or 
“sero-prevalence” or (“prevalence” and “antibodies”) or 
“seroepidemiology”] for population-screening studies describing 
the seroprevalence of SARS-CoV-2 infection that included 
children. We applied no language limitations. References cited by 
systematic reviews were also checked. After an assessment of the 
abstracts, 28 relevant publications on population-based studies 
were identified. Four of the studies had estimated seroprevalence 
in children aged 5 years or younger. In a national 
population-based study of 35 883 households in Spain 
(April, 2020), seroprevalence according to a point-of-care test 
was 1·1% (95% CI 0·3–3·5) in infants younger than 1 year of age, 
and 2·1% (1·3–3·4) in children aged 1–4 years. Three other studies 
found the estimated seroprevalence in children younger than 
4 or 5 years of age to be 1·6% (95% CI 0·5–3·0) in Brazil 
(May, 2020), 0% in the USA (May, 2020), and 20% (13–29) 
in Iran (April, 2020). None of these studies focused on daycare 
centres. However, the safety of reopening daycare centres and 
schools, and the role of young children in the spread of 
COVID-19, is subject to debate. We completed our search on 
Dec 7, 2020, by using the terms [“COVID-19” or “SARS-CoV-2”] 
and [“daycare” or “nursery”] to identify publications describing 
SARS-CoV-2 infection in daycare centres. We identified 
two publications. The first was a SARS-CoV-2 carriage study done 
in Belgium. The researchers did not find any SARS-CoV-2-
positive samples between Feb 29 and March 18, 2020. 

The second was a description of the characteristics of a cluster 
associated with a single nursery in Poland. The overall 
PCR positivity rate of the cluster was 27%.

Added value of this study
Our cross-sectional, multicentre, seroprevalence study was done 
at the end of the first wave of the COVID-19 pandemic in France, 
in June, 2020, 4–8 weeks after the end of the first lockdown. 
To the best of our knowledge, this was the first multicentre 
seroprevalence study to focus on preschool-age children in 
daycare centres. Estimating seroprevalence in very young children 
and staff attending daycare centres that remained open during a 
nationwide lockdown in France might help to understand the 
extent to which very young children contribute to the spread of 
SARS-CoV-2. Based on serological results, we found that the 
proportion of children with SARS-CoV-2 seropositivity was low. 
In an exploratory analysis, the seroprevalence among daycare 
centre staff did not differ from that observed in a comparator 
group of adult hospital workers not exposed to children. 
The main factor associated with SARS-CoV-2 seropositivity in 
children was contact with an adult household member with 
laboratory-confirmed COVID-19.

Implications of all the available evidence
On the basis of these findings, there is no evidence for daycare 
centres being major foci of viral contagion. Further sero-
epidemiological studies are needed to determine the 
incidence or prevalence, or both, of SARS-CoV-2 infection 
among children, and to assess the role that children might 
have in SARS-CoV-2 transmission.
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The comparator group (for the daycare centre staff) 
comprised hospital staff who kept working during the 
lockdown, were not occupationally exposed to infants, 
and were not directly exposed to patients with COVID-19. 
To this end, we recruited a sample of laboratory and 
admin istrative staff from six hospitals in the Paris region 
(n=150), Rouen (n=6), and Annecy (n=8).

The study protocol was approved by an independent 
ethics committee (CPP IDF III, Paris, France; reference: 
2020-AO1540–39). Daycare workers, adults in the compara-
tor group, and children’s parents were given information 
about the study’s goals and procedures, and provided their 
written consent to participate in the study.

This study is registered with ClinicalTrials.gov, 
NCT04413968.

Outcomes
The primary outcome was SARS-CoV-2 seroprevalence 
in the three study groups. Secondary outcomes were the 
proportions of children with a positive nasopharyngeal 
swab or stool swab in a SARS-CoV-2 RT-PCR test. 
Explora tory outcomes were factors associated with 
SARS-CoV-2 infection in the children or the adults (sex, 
age, medical history, history of symptoms and RT-PCR 
testing during the lockdown, composition of the family, 
contact with confirmed or suspected COVID-19 cases, 
number of days of attendance or work, occupations 
of children’s parents, occu pation of adult participants’ 
partners, and the serological status of parents).

Procedures
Eligible participants were enrolled between June 4 and 
July 3, 2020. An electronic case report form was completed 
on the day of inclusion. Data on sociodemographic 
variables, occupation, any personal history of infection, 
contact with confirmed or suspected COVID-19 cases, 
clinical symptoms and signs, and previous nasopharyngeal-
swab RT-PCR results (if available) were recorded. Data 
on the general characteristics of the daycare centres were 
also recorded (geographical location, number of children 
attending during the lockdown, number of staff, and the 
number of laboratory-confirmed cases among the children 
and staff).

Paediatricians collected capillary whole blood specimens 
(fingersticks) from all participants (ie, children and 
adults)  for testing with a rapid chromatographic immuno-
assay (Biosynex COVID-19 Ag BSS; Biosynex, Illkirch-
Graffenstaden, France) that qualitatively detects IgG 
and IgM antibodies against SARS-CoV-2. The test had 
been approved by the French national health authori ties. 
According to the manufacturer’s specifications, the sensi-
tivity of the diagnostic test is 91·8% (95% CI 83·8–96·6) 
and its specificity is 99·2% (97·7–99·8). Tests were 
considered to be valid only if the control line was present. 
Positive and negative serologies were defined respectively 
as the presence and absence of IgM or IgG, or both. The 
result was given to the parents as soon as it was available.

For detection of SARS-CoV-2 via RT-PCR, a naso-
pharyngeal swab and a stool swab were obtained from 
those children whose parents gave their consent for 
testing. Nasopharyngeal samples were collected with 
small swabs suitable for children and stored in transport 
buffer for molecular testing. Stool samples were collected 
with a swab directly from the children’s nappies or using 
an anal swab and were then conserved in transport 
buffer. Samples were stored at 4°C if testing was 
scheduled in the following 1–3 days or at –80°C if testing 
was scheduled at a later date. The SARS-CoV-2 RT-PCR 
test was done either locally, with various techniques 
validated by the French national health authorities and 
applied on a routine basis for hospital samples (n=248), 
or as part of a centralised procedure in a hospital 
laboratory (Avicenne Hospital, Bobigny, France [n=221]; 
with the Abbott RealTime SARS-CoV-2 assay on a 
m2000 device [Abbott, Rungis, France]), according to the 
manufacturer’s instructions. In line with international 
guidelines, all techniques used in the present study 
detected at least two specific targets for SARS-CoV-2 
strains and featured an internal quality control for the 
extraction and amplification steps. If an invalid result 
was obtained, stool samples were diluted five-fold (to 
remove potential polymerase inhibitors) and retested.

For the children’s parents and the adult participants’ 
partners, we defined three risk classes for occupational 
exposure to SARS-CoV-2: health-care professionals 
working in dedicated COVID-19 units, health-care pro-
fessionals not working in dedicated COVID-19 units, 
and those in other occupations.

All parents who worked in a hospital underwent 
serological testing (an ELISA based on detection of IgG 
or total Ig antibodies against SARS-CoV-2) in May and 
June, 2020, as part of a local campaign. The results were 
collected retrospectively in August, 2020.

Statistical analysis
According to modelling studies, the estimated cumu-
lative incidence of SARS-CoV-2 infection in the general 
population in the Paris region at the time of the present 
study was 10%.22 We calculated that the inclusion of 
150 partici pants would enable detection of an increase 
in seroprevalence (relative to the general population) 
of 75% (ie, a seroprevalence of 17·5%) and inclusion of 
320 participants would enable detection of a 50% in-
crease in seroprevalence (ie, a seroprevalence of 15%), 
with a power of 80%. For feasibility reasons, we decided 
to include 320 children, 150 daycare centre staff, and 
150 adult comparators. Although the sample size was 
not computed for this reason, we calculated that 
a sample size of 150 adults would enable detection of a 
100% increase in seroprevalence for daycare centre staff 
(relative to adult comparators), with a power of 70%.

The raw seroprevalence rate was computed as 
the percentage of tested participants with IgG or IgM 
anti bodies against SARS-CoV-2. We used Bayesian 
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smoothing to account for imperfect sensitivity and 
specificity.23

In an exploratory analysis, we used χ² test, Fisher’s 
exact test, or Wilcoxon’s test to compare participants’ 
characteristics as a function of their serological status. 
We compared seronegative children to seropositive 
children as a function of the parents’ serological status. 
The relative risk (RR) of a positive serology in children 
was computed according to whether or not they had 
been in contact with seropositive adults. We used 
logistic regres sion to compute the odds ratios (ORs) of 
occupational status (daycare workers relative to other 
occupations) after adjustment for age, sex, and contact 
with a known COVID-19 case. The threshold for statistical 
significance was set to p values less than 0·05. All tests 
were two-sided. Statistical analyses were done with 
R software, version 4.0.

Role of the funding source
The funding bodies were not involved in study design, data 
collection, data analysis, or data interpretation, in the 
writing of the report, or in the decision to submit the 
manuscript for publication. 

Results
22 daycare centres participated in the study: 12 (56%) 
were operated by a public-sector hospital and ten (44%) 

were operated by a local council. During the lockdown, 
the number of children attending each centre per day 
ranged from eight to 56 (median 24 [IQR 23–28]).

1008 children attending the 22 daycare centres between 
March 15 and May 9, 2020, were eligible for inclusion 
in this study; in accordance with the sample size 
requirements, we included the first 327 (32%) children 
whose parents consented to participate in the study 

Figure: Study flowchart

681 not assessed

11 uninterpretable
results

527 not assessed

1008 children attending the participating 
daycare centres between March 15 and
May 9, 2020

724 daycare centre staff who worked in the 
participating daycare centres between 
March 15 and May 9, 2020

327 children assessed for eligibility 197 daycare centre staff assessed for eligibility 164 adults in the control group assessed for
eligibility

327 children included 197 daycare centre staff included

327 children with a serological test result
(analysed for the primary outcome)

272 (83%) children with a stool RT-PCR test

197 (60%) children with a nasal RT-PCR test
result

261 (80%) children with an available stool 
RT-PCR test result

197 daycare centre staff with a serological test
result (analysed for the primary outcome)

164 adults in the control group with a serological
test result (analysed for the primary
outcome)

Children 
attending 
daycare 
centres 
(n=327)

Daycare 
centre staff 
(n=197)

Comparator 
group 
(n=164)

Serological assay positive 
for Ig antibodies

14 (4·3%) 14 (7·1%) 9 (5·5%)

Serological assay positive 
for IgG antibodies

13 (3·9%) 14 (7·1%) 8 (4·9%)

Serological assay positive 
for IgM antibodies

2 (0·6%) 5 (2·5%) 4 (2·4%)

Raw seroprevalence 
(95% CI)

4·3% 
(2·6–7·1)

7·7% 
(4·2–11·6)

5·5% 
(2·9–10·1)

Corrected seroprevalence 
(95% CrI)*

3·7% 
(1·3–6·8)

6·8% 
(3·2–11·5)

5·0% 
(1·6–9·8)

Data are n (%), unless otherwise indicated. 95% CrI=95% credible interval. 
*Assuming a sensitivity of 92% and a specificity of 99%.

Table 1: Estimated prevalence of SARS-CoV-2 infection in the study groups
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(figure). The mean age of the children was 1·9 (SD 0·9) 
years (range 5 months to 4·4 years), and 167 (51%) of the 
327 children were male.

The 197 daycare centre staff members (195 [99%] women) 
came from 19 daycare centres. The mean age was 
40 (SD 12) years.

14 of 327 children and 14 of 197 daycare centre staff were 
seropositive, resulting in estimated raw sero prevalence 
rates of 4·3% (95% CI 2·6–7·1) among children and 7·7% 
(4·2–11·6) among staff (table 1). After adjustment for 
imperfect test sensitivity and specificity, seroprevalence 
rates were 3·7% (95% credible interval [95% CrI] 1·3–6·8) 
among children and 6·8% (3·2–11·5) among daycare 
centre staff. None of the 197 nasal swabs and none of 
the 261 stool swabs from the children was positive for 
SARS-CoV-2 in an RT-PCR test.

On inclusion, 243 (77%) of 314 children with data on 
the presence or absence of symptoms were asymptomatic 
(appendix 2). Children’s characteristics by serological 
status are summarised in table 2. Contact with a 
confirmed adult household case of COVID-19 during the 
lockdown was more frequent in seropositive children 
than in seronegative children (RR 7·1 [95% CI 2·2–22·4]). 
There were no other large differences between seroposi-
tive and seronegative groups. Importantly, the presence 
of clinical signs during lockdown and exclusion from the 
daycare centre were not associated with seropositivity. 
The 14 seropositive children came from 13 different 
daycare centres. In the centre with two seropositive cases, 
the children were attending different sections. Six (43%) 
of the 14 seropositive children were asymptomatic during 
the lockdown, and eight (57%) had minor or mild signs 
of infection (fever, rhinitis, cough, or abdominal signs, or 
a combination of the above). Serological test results for at 
least one parent were available for 170 children (table 2), 
and 28 (17%) of these children had at least one sero-
positive parent. Of the eight children with a positive ser-
ology, symptoms during the lockdown, and seropositive 
parents, five presented symptoms 4–10 days after their 
parents did.

Seropositive children were more likely than sero negative 
children to have at least one seropositive parent (six [55%] 
of 11 vs 22 [14%] of 149; RR 6·1 [95% CI 1·9– 19·1]). 
Children attending a daycare centre with at least one sero-
positive staff member had a slightly increased risk of 
being seropositive (RR 1·9 [95% CI 0·7–5·8]; table 2).

On inclusion, none of the 185 daycare centre staff with 
data on the presence or absence of symptoms was feverish, 
and 40 (22%) of 185 reported symptoms (appendix 2). 
There was no increase in the risk of con tracting COVID-19 
following exposure to a child with laboratory-confirmed 
COVID-19, but the relative risk following contact with an 
adult COVID-19 case in the household was large (RR 13·1 
[95% CI 0·8–221·1]; table 3). The 14 seropositive daycare 
centre staff came from eight different daycare centres. 
There were two centres with three seropositive staff 
members.

Seronegative 
children 
(n=313)

Seropositive 
children 
(n=14)

Relative risk or 
mean difference 
(95% CI)

Sex

Female 155/313 (49%) 5/14 (36%) ··

Male 158/313 (51%) 9/14 (64%) 1·3 (0·4 to 3·9)

Age, years 1·9 (0·9) 1·7 (0·8) –0·2 (–0·6 to 0·2)

History of recurrent bronchiolitis or wheezing 86/312 (28%) 3/14 (21%) 0·8 (0·2 to 2·9)

Gestational age at birth, weeks 39 (1·7) 39 (1·9) 0 (–1 to 1)

Birthweight, Z score –0·05 (1·04) –0·07 (0·91) 0 (–0·5 to 0·5)

Ability to walk 221/311 (73%) 10 (71%) 1·0 (0·3 to 3·2)

Attendance at another type of care facility 61/312 (20%) 2/14 (14%) 0·7 (0·2 to 3·4)

Number of adults at home 2·0 (0·6) 2·1 (0·6) 0·1 (–0·2 to 0·4)

Number of children at home, including the 
study participant

1·8 (0·8) 1·5 (0·7) –0·3 (–0·7 to 0·1)

History of fever (body temperature >38°C) 
during lockdown*

70/292 (24%) 5/14 (36%) 1·5 (0·5 to 4·5)

History of respiratory signs (dyspnoea, cough, 
rhinitis, otitis, or conjunctivitis) during 
lockdown*

96/291 (33%) 6/12 (50%) 1·4 (0·5 to 4·1)

History of abdominal signs (diarrhoea, 
vomiting, or abdominal pain) during 
lockdown*

57/300 (19%) 2/13 (15%) 0·8 (0·2 to 3·6)

Exclusion from the daycare centre due to 
clinical signs during lockdown

49/311 (16%) 2 (14%) 0·9 (0·2 to 4·2)

RT-PCR testing of a nasal swab during 
lockdown*

15/313 (5%) 1 (7%) 1·5 (0·2 to 12·2)

Positive RT-PCR test during lockdown* 0 0 ··

Contact with a confirmed case of COVID-19 
during lockdown*

38/307 (12%) 6/14 (43%) 3·5 (1·2 to 10·7)

At least one child from the daycare centre 7/307 (2%) 1/14 (7%) 3·2 (0·4 to 27·9)

At least one daycare centre staff member 7/307 (2%) 1/14 (7%) 3·2 (0·4 to 27·9)

At least one other child living with the child 1/307 (<1%) 0 0

At least one adult living with the child 19/307 (6%) 6/14 (43%) 7·1 (2·2 to 22·4)

Mean number of days of attendance at a 
daycare centre during lockdown*

20 (12) 19 (12) –1 (–7 to 5)

Attendance at a daycare centre operated by a 
hospital†

250/313 (80%) 9/14 (64%) 0·8 (0·3 to 2·5)

Mean number of children attending the centre 
per day

29 (11) 25 (12) –4 (–10·4 to 2·4)

Parents’ occupation

At least one health-care worker in a 
dedicated COVID-19 unit

94/313 (30%) 3/14 (21%) 0·7 (0·2 to 2·6)

At least one health-care worker in a 
non-COVID-19 unit

167/313 (53%) 8/14 (58%) 1·1 (0·4 to 3·2)

Other occupations 52/313 (17%) 3/14 (21%) 1·3 (0·3 to 4·8)

Serological testing of parents

At least one seropositive parent‡ (n=170) 22/149 (14%) 6/11 (55%) 6·1 (1·9 to 19·1)

Serological testing of daycare centre staff§

At least one seropositive staff member 
(n=312)

133/299 (44%) 8/13 (62%) 1·9 (0·7 to 5·8)

Data are n/N (%), or mean (SD), unless otherwise indicated. Missing data for seronegative children: gestational age at 
birth (n=6), birthweight Z score (n=7), and number of days of daycare centre attendance (n=4). *Between March 15 
and May 9, 2020. †Daycare centres not operated by a hospital were operated by a local authority. ‡SARS-CoV-2 
serological status retrospectively determined in an ELISA (based on detection of IgG or total immunoglobulin). 
§Biosynex COVID-19 BSS test (Biosynex, Illkirch-Graffenstaden, France). 

Table 2: Characteristics of the screened children, by serological status

See Online for appendix 2
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There were 164 participants (127 [77%] women and 
37 [23%] men) in the comparator group, with a mean age 
of 43 (SD 12) years. Nine participants were seropositive, 
resulting in a raw seroprevalence of 5·5% (95% CI 
2·9–10·1; table 1). On inclusion, one of the 160 partici-
pants with data on the presence or absence of symptoms 
was feverish, and 20 (12%) reported acute symptoms 
(appendix 2). Seropositive adults in the comparator 
group were more likely than seronegative adults to have 
been exposed to another adult living in the household 
with confirmed COVID-19 (RR 17·2 [95% CI 2·1–140·8]; 
table 3).

The corrected seroprevalence rate among daycare centre 
staff was similar to that in the comparator group (6·8% 

[95% CrI 3·2–11·5] vs 5·0% [1·6–9·8]). After adjustment 
for age, sex, and contact with a known COVID-19 case, the 
odds of a positive serological status for occupational status 
(ie, being a daycare worker) were 1·5 (95% CI 0·6–3·9).

Discussion
Our results highlight the low SARS-CoV-2 seroprevalence 
rate among a group of young children attending day care 
centres during a nationwide lockdown in France. The 
seroprevalence rate among children was lower than that 
reported by various investigators for the general population 
in the same period in the Paris region (10% [95% CI 9–11] 
in a multicohort study,24 9% [7–11] in a report by the 
Direction de la Recherche, des Etudes, de l’Evaluation et 

Daycare centre staff Comparator group

Seronegative 
individuals (n=183)

Seropositive 
individuals (n=14)

Relative risk or mean 
difference (95% CI)

Seronegative 
individuals (n=155)

Seropositive 
individuals (n=9)

Relative risk or mean 
difference (95% CI)

Sex

Female 181/183 (99%) 14/14 (100%) ·· 121/155 (78%) 6/9 (67%) ··

Male 2/183 (1%) 0 0 34/155 (22%) 3/9 (33%) 1·5 (0·4 to 6·4)

Age, years 41 (12) 41 (15) 0·0 (–8·0 to 8·0) 43 (12) 44 (10) 1·0 (–5·8 to 7·8)

Number of adults at home, including the study 
participant

2·4 (1·2) 2·0 (0·9) –0·4 (–0·9 to 0·1) 2·2 (1·0) 2·0 (1·0) –0·2 (–0·9 to 0·5)

Number of children at home 0·9 (1·1) 0·8 (1·1) –0·1 (–0·7 to 0·5) 1·0 (1·2) 1·4 (1·1) 0·4 (–0·3 to 1·1)

History of fever (body temperature >38°C) during 
lockdown*

18/180 (10%) 4/14 (29%) 2·9 (0·8 to 10·2) 7/153 (5%) 1/9 (11%) 2·5 (0·3 to 22·5)

History of respiratory signs (dyspnoea, cough, rhinitis, 
otitis, or conjunctivitis) during lockdown*

61/178 (34%) 5/13 (39%) 1·1 (0·3 to 3·3) 32/144 (22%) 4/8 (50%) 2·2 (0·5 to 8·5)

History of abdominal signs (diarrhoea, vomiting, or 
abdominal pain) during lockdown*

26/177 (15%) 5/13 (39%) 2·5 (0·8 to 8·1) 19/151 (13%) 3/9 (33%) 2·7 (0·6 to 11·8)

History of other signs 106/183 (58%) 8/14 (57%) 1·0 (0·3 to 3·0) 66/155 (43%) 8/9 (89%) 2·1 (0·3 to 17·1)

Loss of appetite 12/183 (7%) 5/14 (36%) 5·4 (1·6 to 18·8) 8/155 (5%) 2/9 (22%) 4·3 (0·8 to 24·2)

Skin signs 14/183 (8%) 2/14 (14%) 1·9 (0·4 to 9·2) 5/155 (3%) 0 0

Headache 91/182 (50%) 8/14 (57%) 1·1 (0·4 to 3·4) 45/155 (29%) 5/9 (56%) 1·9 (0·5 to 7·5)

Asthenia 47/182 (26%) 7/14 (50%) 1·9 (0·6 to 5·8) 39/155 (25%) 6/9 (67%) 2·6 (0·6 to 11·1)

Myalgia 15/183 (8%) 5/14 (36%) 4·4 (1·3 to 14·7) 16/155 (10%) 4/8 (50%) 4·3 (1·0 to 17·7)

Anosmia 2/183 (2%) 4/14 (29%) 13·1 (2·8 to 60·1) 4/155 (3%) 5/9 (56%) 21·5 (4·1 to 111·8)

Ageusia 6/183 (3%) 4/14 (29%) 8·7 (2·1 to 35·9) 3/155 (2%) 6/9 (67%) 34·4 (5·7 to 207·6)

Chest pain 7/183 (4%) 2/14 (14%) 3·7 (0·7 to 20·0) 8/155 (5%) 3/9 (33%) 6·5 (1·4 to 30·7)

Joint pain 16/183 (9%) 5/14 (36%) 4·1 (1·2 to 13·7) 12/155 (8%) 3/9 (33%) 4·3 (1·0 to 19·4)

RT-PCR testing of a nasal swab during lockdown* 36/183 (20%) 3/14 (21%) 1·1 (0·3 to 4·1) 33/155 (21%) 3/9 (33%) 1·6 (0·4 to 6·6)

Positive RT-PCR test during lockdown* 2/36 (6%) 1/3 (33%) 5·5 (0·5 to 60·5) 1/33 (3%) 3/3 (100%) 32·0 (1 to 945)

Contact with a confirmed case of COVID-19 during 
lockdown* 

67/183 (37%) 7/14 (50%) 1·4 (0·5 to 4·1) 60/155 (39%) 6 (67%) 1·7 (0·4 to 7·1)

At least one child at work 10/183 (5%) 0 0 NA NA 0

At least one adult at work 41/183 (22%) 1/14 (7%) 0·3 (0·0 to 2·5) 51/155 (33%) 3/9 (33%) 1 (0·2 to 4·2)

At least one child living with the adult 0 0 ·· 2/155 (1%) 1/9 (11%) 8·6 (0·7 to 105·3)

At least one other adult living with the adult 1/183 (1%) 1/14 (7%) 13·1 (0·8 to 221·1) 2/155 (1%) 2/9 (22%) 17·2 (2·1 to 140·8)

Partner’s occupation 

Health-care worker in a dedicated COVID-19 unit 0 0 NA 1/109 (1%) 0 0

Health-care worker in a non-COVID-19 unit 3/122 (3%) 0 0 10/109 (9%) 0 0

Other occupation 119/122 (97%) 8/8 (100%) 1·1 (0·4 to 2·8) 98/109 (90%) 7/7 (100%) 1·1 (0·1 to 20·8)

Data are n/N (%), or mean (SD), unless otherwise indicated. Missing data for seronegative individuals (daycare centre staff): number of adults at home (n=2) and number of children at home (n=2). NA=not 
applicable. *Between March 15 and May 9, 2020.

Table 3: Comparison of daycare centre staff and the comparator group
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des Statistiques [DREES],25 and 7% [5–9] in a nationwide 
serological surveillance study26), while the seroprevalence 
rate among the adult participants in our study was similar 
to that in the general population. This finding is in line 
with previous studies in which the risk of SARS-CoV-2 
infec tion was lower among children than among adults.20,27 
No seroprevalence estimates have been reported for 
infants (0–3 years of age) in the Paris region. However, the 
national seroprevalence rate in France among children 
younger than 9 years (1·6%) was approximately half that 
seen in adults (3·3%),26 which is in line with our results. 
Moreover, the seroprevalence rate among daycare centre 
staff did not differ from that observed in a group of hospital 
staff who did not have occupational contact with children 
or COVID-19-positive patients.

The group of children in our study was considered 
to be at high risk of contracting COVID-19 from house-
hold members (primarily their parents) because of 
their parents’ occupations (health-care workers or other 
essential workers potentially exposed to SARS-CoV-2). 
Grouping these children together in a daycare centre 
during the COVID-19 pandemic was necessary but 
raised fears of accentuated transmission. Although the 
virus circulated actively during the lockdown, contact 
with other children and adults was limited to household 
members, and strict sanitary measures were introduced 
and enforced in the daycare centres. A protocol was set 
up for hosting key workers’ children in daycare centres. 
The children were hosted in small, unchanging groups 
of six to eight infants per room; the same children were 
looked after by the same daycare worker all week long. 
Daycare centre staff had to disinfect indoor surfaces, 
wear a mask all day long, and comply with social 
distancing measures, particularly during the lunch 
break. Parents were instructed on how to screen their 
children for symptoms that would have prohibited 
access to the daycare centre and parents were themselves 
not allowed to enter the daycare centre. Children were 
excluded from the daycare centre if they were symp tom-
atic. Compliance with these guidelines was not easy but 
our results suggest that the measures were effective in 
this par ticular population. Our results also suggest that 
exposure to children who had SARS-CoV-2 infection 
did not result in an increased risk of infection among 
daycare centre staff, compared with occupationally un-
exposed adults. Most of the adults were asymptomatic 
or had minor or mild symptoms during the lockdown. 
An exploratory analysis comparing seronegative and 
sero positive adults suggested that the seropositive 
adults had mostly contracted SARS-CoV-2 infection 
from another household member.

We did not find any evidence of SARS-CoV-2 transmis-
sion within daycare centres. By combining PCR testing 
with serological testing, we were able to evaluate not only 
SARS-CoV-2 infection at the time of inclusion in the 
study but also previous exposure to SARS-CoV-2. None of 
the children who attended a daycare centre for all or part 

of the lockdown period tested positive for SARS-CoV-2 
RNA; hence, none of the children enrolled at these 
daycare centres had prolonged or asymptomatic carriage. 
This finding was in line with the low frequency of 
symptoms at inclusion (ie, on the day when the sample 
was collected). SARS-CoV-2 RNA was not detected in any 
of the stool samples or anal swabs, even though it has 
been suggested that the virus persists for longer in stools 
than in the nasopharynx.28,29

Based on the parents’ reports, 43% (six of 14) of sero-
positive children were asymptomatic, and the remaining 
eight had only minor or mild symptoms. In exploratory 
analyses, the presence of symptoms (of any type and at 
any time) did not seem to be associated with children’s 
serological status, and the main factor associated with 
SARS-CoV-2 seropositivity in a child was contact with adult 
household members with laboratory-confirmed COVID-19. 
Contact with siblings or staff in the daycare centre 
with confirmed COVID-19 (ie, child-to-child or staff-to-
child contact) was not associated with SARS-CoV-2 
seropositivity in a child. SARS-CoV-2 seropositivity also 
seems to be associated with contact with a suspected but 
non-confirmed case of COVID-19 in an adult household 
member (results not shown), and the presence of at least 
one seropositive parent. The association appeared to be 
independent of the parents’ level of occupational exposure 
to SARS-CoV-2. Moreover, we found that the 14 sero-
positive children were broadly distributed across 13 differ-
ent centres and that seropositivity among the children was 
not associated with the duration of exposure (ie, the 
number of days attending the daycare centre) or the sero-
positivity of the daycare centre staff. All of these exploratory 
analyses constitute additional arguments for intrafamilial 
transmission rather than transmission at the daycare 
centre. Our results are in line with a previous report of very 
few cases of secondary SARS-CoV-2 transmission in a 
primary school setting in France.17 The available data 
indicate that children mostly contract COVID-19 at home 
or through contact with other family members.7,8,16,27,30 
However, these data must be interpreted with caution, 
since the studies were done during different time periods 
in countries where schools were closed and strict physical 
distancing was imple mented. Our results suggest that 
even if young children attend a daycare centre, they 
are more likely to contract COVID-19 at home, from a 
household member, than at the daycare centre. 

Our study had several limitations. First, our method for 
selecting participants might have biased our results. If 
confirmed cases had declined to participate, our study 
would have underestimated the seroprevalence rate. 
Conversely, if the participating children or adults had 
more contact with confirmed or suspected cases or were 
more frequently suspected of having COVID-19, our 
study would have overestimated the seroprevalence 
rate. We did not document the characteristics of non-
participating children and staff, or the reasons why some 
parents did not wish their child to participate in the study 
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(eg, fear of an invasive procedure), even though the 
daycare centre staff were particularly aware of the value 
of this type of research during and after the COVID-19 
pandemic.

Second, we chose to use a rapid fingertip serological 
test for its ease of performance and rapid response. 
This approach helped to ensure a relatively high partici-
pation rate among the children. However, the rapid test 
is less sensitive and less specific than a laboratory 
test. Hence, we adjusted the seroprevalence rate for 
imperfect sensitivity and specificity. This correction 
yielded COVID-19 seroprevalence estimates in adults 
that were slightly lower than those recorded in the 
general population in the Paris area.24–26 Lastly, screening 
children for an ongoing SARS-CoV-2 in fection was 
difficult because 40% of parents did not consent to the 
collection of a nasopharyngeal swab. A validated, non-
invasive, rapid diagnostic test would be particularly 
useful in this regard.

The study population had a number of particular 
features. The participating children were primarily at 
increased risk of intrafamily transmission due to their 
parents’ occupational exposure to SARS-CoV-2. Further-
more, the child to staff ratio was lower during the 
lockdown than it would be under normal circumstances, 
so that rigorous sanitary measures could be implemented 
for the staff, parents, and children. Unfortunately, we 
did not measure the levels of compliance with these 
procedures. Consequently, our results cannot be directly 
extrapolated to other populations and other time periods.

To investigate occupational contacts with children as a 
source of COVID-19 exposure among daycare centre 
staff, we tried to account for exposure in places other 
than the household (eg, travelling to work and the overall 
hospital environment) by selecting comparators who had 
similar but distinct occupational backgrounds. Therefore, 
our comparator group comprised hospital staff with a 
similar age range to daycare centre staff, who continued 
working in the hospital during the nationwide lockdown, 
and who were not in direct contact with patients who had 
COVID-19. We determined that laboratory technicians 
and administrative staff fulfilled these requirements. We 
found similar seroprevalence estimates in daycare centre 
staff and the comparator group, and there was no 
evidence of a strong association between SARS-CoV-2 
seropositivity and occupational contact with infants. This 
finding is in line with a previous study done during 
April and May, 2020, in the USA, showing that daycare 
workers whose centres remained open did not have 
a greater risk of contracting COVID-19 than daycare 
workers whose centres closed.31

The present results indicate that young children are 
not super-spreaders of SARS-CoV-2 and that daycare 
centres are not major foci of viral contagion. Intrafamily 
transmission was more plausible than transmission 
within daycare centres. Our exploratory comparison of 
seropositive and seronegative children suggested that 

clinical signs are not good decision criteria for PCR 
testing and that the main criterion should be a sus-
pected or laboratory-confirmed COVID-19 case in an 
adult house hold member. However, further epidemio-
logical studies are needed to confirm this hypothesis. 
The detection of a PCR-positive or seropositive child 
in a daycare centre does not mean that all the 
children should be tested. Contact tracing and screening 
tests must start with parents, other adult household 
members, and staff at the daycare centre. Further sero-
epidemiological studies are needed to determine the 
extent of SARS-CoV-2 infection among children and to 
define the role of children in viral transmission.
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