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f Faculté de médecine, université de Paris, 75270 Paris cedex 06, France
g French Pediatric Society, 75015 Paris, France

1. Introduction

Children have a very unique position in the COVID-19
pandemic. Infected children rarely develop severe forms of the
disease [1–3], and there is considerable epidemiological evidence
in favor of reduced susceptibility to infection [4,5] and reduced
ability to transmit the infection [6–9]. These data have called into

question the usefulness of the school closures that accompanied
the first lockdown measures in most countries in the spring of
2020. This questioning was all the more necessary since these
school closures were accompanied by numerous deleterious
effects on the physical and mental health of children and by
increased social inequalities [10–13].

As soon as the first lockdown was over, the French Pediatric
Society advocated to reopen the schools. This reopening was only
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Background and objectives: The role of schools in the spread of SARS-CoV-2 infections in the community is

still controversial. The objective of our study was to describe the epidemiology of SARS-CoV-2 infections

in different pediatric age groups during the first 2 months of the fall back-to-school period, in the context

of increasing viral transmission in France.

Methods: Weekly epidemiological data provided by Santé Publique France and the Ministry of National

Education were analyzed according to the age groups defined by the different school levels. Weeks (W)

34–42 were considered for analysis.

Results: The PCR positivity rate and incidence rate increased in all age groups during the study period, in

an age-dependent manner. At W42, with adults being considered as reference, the risk ratio for a positive

PCR test was 0.46 [95% CI: 0.44–0.49] and 0.69 [0.68–0.70] for children aged 0–5 years and 6–17 years,

respectively. Similarly, the incidence rate ratio was 0.09 [0.08–0.09], 0.31 [0.30–0.32], 0.64 [0.63–0.66],

and 1.07 [1.05–1.10] for children aged 0–5 years, 6–10 years, 11–14 years, and 15–17 years, respectively.

Children and adolescents accounted for 1.9% of the newly hospitalized patients between W34 and W42,

and for 1.3% of new intensive care admissions. No death was observed. Among infected children and

adolescents, the percentage of asymptomatic individuals was 57% at W34 and 48% at W42. The number

of schools closed remained low, less than 1% throughout the study period. The number of confirmed

cases among school staff was consistent with the data measured in the general population.

Conclusion: In the context of increasing viral transmission in the population, the spread among children

and adolescents remained lower than that observed among adults, despite keeping schools open.

However, the impact was age-dependent, with data in high schools close to those observed in adults.
�C 2021 French Society of Pediatrics. Published by Elsevier Masson SAS. All rights reserved.
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14]. However, this back-to-school period took place under
articular epidemiological conditions in France, since viral spread
as increasing within the general population, especially among

oung adults. While it was accepted that reopening schools could
e safe in the context of low transmission in the community [15],
he epidemiological impact of keeping schools open in a context of
ncreasing viral diffusion remained poorly documented. The
bjective of our study was therefore to describe the epidemiology
f SARS-CoV-2 infections in different pediatric age groups during
he school months of September and October 2020.

. Methods

.1. Population

Two sources of data were used regarding SARS-CoV-2
nfections: general population data provided weekly by the
ational Public Health Agency, Santé Publique France (SPF), and

chool data provided weekly by the Ministry of National Education
MNE). General population incidence calculations were based on
he number of people in each age group as recorded by the National
tatistics and Economic Studies Institute (INSEE). The schools
egistered by MNE included all French public or private
nstitutions, from kindergarten classes (3–5 years old) to high
chools (15–17 years old). These schools accommodate 12,400,000
tudents, supervised by 1,162,850 adult staff, teachers or others.
he students were spread over 528,400 classes in 61,500 schools.
he health protocol put in place was aimed at welcoming all pupils,
t all levels, and throughout school time, in compliance with the
rescriptions issued by the health authorities. These are described

n detail in the supplementary Appendix (Suppl. Appendix 1). In
ractice, guidelines for hygiene and social distancing measures
ere given for students and staff. Wearing a face mask, both

ndoors and outdoors (except for sports activities), was mandatory
or staff and pupils in secondary schools (from 11 years old). School
tarted on September 1 and continued until the vacation on
ctober 17. The indications for polymerase chain reaction (PCR)

esting in children were proposed by the French Society of
ediatrics, and included the presence of symptoms, contact with an

nfected person, or the presence of a person at risk of severe COVID
t home [14].

.2. Data collected

The following weekly epidemiological data were provided
ccording to age by SPF: number of PCR tests performed, number of
ositive PCR tests, weekly national incidence of proven cases,
umber of hospitalizations, number of intensive care hospitaliza-
ions, number of deaths. SPF also gave the number of investigated
lusters, defined by the presence of at least three confirmed or
robable cases, within a 7-day period. We used data from week
W) 34 to W42, i.e., from August 17 to October 25, 2020, in order to
ake into account the resurgence of viral circulation that preceded
he start of the school year in France.

For data collection, three information systems were used:

 the number of daily tests for COVID-19 as well as the number of
positive tests reported to SPF since May 13, 2020 by the
laboratories participating in the SI-DEP system (Screening

� the number of hospitalizations for COVID-19, including patients
in intensive care (ICU) or other critical care units and deaths
occurring during hospitalization, are reported by all establish-
ments in France via the SI-VIC system (Information System for
Victim Monitoring). SI-VIC was activated for the management of
the COVID-19 epidemic on March 19, 2020. The data collection
for this study was stopped on November 18 at 3 p.m. It is
currently not possible to differentiate between hospitalizations
linked to a diagnosis of COVID-19 and those during which a
diagnosis of COVID-19 was made;

� since May 11, 2020, the Regional Health Agencies (ARS), in
conjunction with the regional SPF units and local partners, have
been investigating clusters, defined by at least three confirmed
or probable cases within a period of 7 days, belonging to the
same community or having participated in the same gathering of
people, whether they know each other or not. The SI-MONIC
(Cluster Monitoring) system, developed by the SPF, gathered the
data.

From W38, the MNE provided the following weekly data:
number of confirmed cases among students and staff, number of
classes closed, number of schools closed. The confirmed cases of
students were those reported by families to their establishment.
Initially, class closures were considered as soon as the first case
was confirmed in a class. The rules for class closures were loosened
on September 22. From this date, class closures were only
considered when three students tested positive for COVID-19,
not coming from the same family or not living in the same
household. However, variations may have occurred in the
decisions to close classes, which were ultimately made by the
regional health agencies.

2.3. Data analysis

For the analysis, age groups were defined according to school
levels: 0–2 years (nursery school or home childcare), 3–5 years
(kindergarten), 6–10 years (primary school), 11–14 years (middle
school), 15–17 years (high school). We also analyzed epidemic data
from the upper age groups in the general population: 18–29, 30–
49, and 50 years and over. The relative risk of having a positive PCR
test result by age was calculated for each age group, with the 30–49
age group in the general population considered as the reference.
Children and adolescents were then grouped into two categories,
0–5 years and 6–17 years, and compared with adults 18 years and
older. Similarly, the ratio of incidence per week was calculated for
each age group in comparison with the incidence measured in the
30–-49-year-old age group, which was used as reference. Results
are given with 95% confidence intervals. STATA software was used
for the analysis.

3. Results

3.1. Confirmed cases

The period from W34 to W42 was marked by an increase in the
number of cases identified by PCR (Table 1). Within the overall
French population, the number of weekly new cases was 28,009
and 174,141 in W34 and W42, respectively. This increase may be
partly related to the increase in the number of tests performed,
Information System). This information system includes all the
biomedical analysis laboratories, whether private or public,
ambulatory or hospital-based and can be considered as
exhaustive, since it forms the basis for the implementation of
the contact-tracing process. The data collection for this study
was stopped on November 18 at 4 a.m;
2

which rose from 727,551 to 1,234,761 in W34 and W42,
respectively. This increase was, however, mainly linked to an
increase in viral spread in the population, as demonstrated by the
sustained and large rise in the percentage of positivity among the
tests performed, from 3.8% to 14.1% in W34 and W42, respectively
(Fig. 1).
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Analysis by age group identified different epidemiological
profiles according to age category during the study period. The

Between W34 and W42, an increase in the number of cases
was observed in all age groups (Table 1), but children and

Table 1
New SARS-CoV2 proven cases in each age range. The number of tests performed each week (N) and the number of positive tests (n) are given. The weekly incidence is

expressed per 100,000 persons of the corresponding age range.

Age range W34 W35 W36 W37 W38 W39 W40 W41 W42

0–2 years N

n (%)

6627

228 (3.4)

7396

302 (4.1)

9303

436 (4.7)

16,440

537 (3.3)

11,539

451 (3.9)

7020

315 (4.5)

5,488

296 (5.4)

5,705

391 (6.8)

6,754

552 (8.2)

Incidence 10.6 14.0 20.2 24.9 20.9 14.6 13.7 18.2 25.6

3–5 years N

n (%)

7164

232 (3.2)

8562

341 (4.0)

13,859

569 (4.1)

37,740

847 (2.2)

22,013

604 (2.7)

9016

365 (4.0)

6,735

329 (4.9)

7,772

537 (6.9)

9,929

601 (6.0)

Incidence 10.0 14.7 24.6 36.5 26.1 15.8 14.2 23.2 25.9

6–10 years N

n (%)

16,097

478 (3.0)

19,995

811 (4.1)

26,634

1,225 (4.6)

80,433

2,145 (2.7)

78,334

2,311 (2.9)

29,548

1,536 (5.2)

18,753

1,537 (8.2)

23,253

2,591 (11.1)

33,040

3,737 (11.3)

Incidence 11.6 19.6 29.7 51.9 56.0 37.2 37.2 62.7 90.5

11–14 years N

n (%)

21,540

646 (3.0)

25,658

963 (3.7)

24,760

1,422 (5.7)

48,319

2,107 (4.4)

71,985

2,621 (3.6)

53,651

2,656 (4.9)

41,733

2,865 (6.9)

49,261

4,548 (9.2)

65,429

6,366 (9.7)

Incidence 19.3 28.7 42.4 62.8 78.1 79.2 85.4 135.6 189.8

15–17 years N

n (%)

25,087

856 (3.4)

30,016

1,350 (4.5)

29,254

2,089 (7.1)

44,865

2,504 (5.6)

64,383

3,475 (5.4)

56,919

3,355 (5.9)

50,957

3,716 (7.3)

60,382

5,746 (9.5)

77,108

7,828 (10.1)

Incidence 34.5 54.4 84.2 101.0 140.1 135.3 149.8 231.7 315.6

18–29 years N

n (%)

174,809

11,026 (6.3)

211,059

15,456 (7.3)

22,6136

19,103 (8.4)

237,970

21,382 (9.0)

244,301

24,669 (10.1)

217,824

23,865 (11.0)

200,177

23,621 (11.8)

219,686

31,711 (14.4)

25,9916

39,999 (15.4)

Incidence 120.6 169.1 209.0 233.9 269.9 261.1 258.4 346.9 437.6

30–49 years N

n (%)

220,321

8580 (3.9)

275,463

11,969 (4.3)

299867

15,808 (5.3)

344,246

18,715 (5.4)

337,958

21,818 (6.5)

267,480

21,435 (8.0)

243,487

24,226 (9.9)

291,514

39,041(13.4)

37,8818

55,841(14.7)

Incidence 50.8 70.9 93.6 110.8 129.2 126.9 143.4 231.2 330.6

� 50 years N

n (%)

255,906

5963 (2.3)

310,782

8474 (2.7)

331,814

12,024 (3.6)

331,420

16,287 (4.9)

325,922

19,558 (6.0)

299,107

20,275 (6.8)

291,142

23,115 (7.9)

330,780

38,120 (11.5)

403,767

59,217 (14.7)

Incidence 22.4 31.8 45.1 61.1 73.4 76.1 86.7 143.0 222.2

All N

n (%)

727,551

28,009 (3.8)

888,931

39,666 (4.5)

961,627

52,676 (5.5)

1,141,433

64,524 (5.6)

1,156,435

75,507 (6.5)

940,565

73,802 (7.8)

858,472

79,705 (9.3)

988,353

122,685 (12 .4)

1,234,761

174,141 (14.1)

Incidence 41.7 59.1 78.5 96.1 112.5 110.0 118.8 182.8 259.5

Fig. 1. Weekly PCR test positivity rates for different age groups. For clarity, the references for each age group are noted in the figure next to the corresponding curve.
beginning of the study period (W34) was marked by a predomi-
nant viral circulation in the 18–29 age group, with a positive PCR
rate of 6.3%, contrasting with rates of less than 4% in all other age
groups (Fig. 1), and with an incidence rate of 120.6/100,000
persons, 3 times higher than that measured in the general
population (Table 1).
3

adolescents under 18 years of age only contributed to less than
13% of the cases identified (Fig. 2), while they represent 22% of
the total population. The increase was particularly marked
among adults over 30 years of age, unrelated to variations in the
number of tests performed (Suppl. Fig. 1). Interestingly, an
increase in the number of tests performed in children around
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37 and W38 was not accompanied by a parallel increase in the
umber of positive cases (Suppl. Fig. 1).

At the end of the study period, in W41 and W42, there were
hree groups that could be identified according to their PCR
ositive rate (Fig. 1). Children between 0 and 5 years old had the

owest rates of positive PCR results, between 6 and 8%. Children
nd adolescents between 6 and 17 years old had intermediate rates
f positivity, between 9 and 11%. Adults over the age of 18 exceeded
he 14% positivity rate. Compared with adults, the relative risk of
aving a positive PCR test result was significantly lower in all
ediatric age groups from W38 onward (Fig. 3 and Suppl. Table 1).

The changes in weekly incidences were also clearly age-
ependent (Fig. 4). Children between 0 and 5 years of age
ontinued to have a low incidence, with a modest increase
etween W34 and W42. In the group of children between 6 and
7 years old, the increase in weekly incidence between W34 and
42 was even greater the older the child was. At W42, the

ncidence in adolescents aged 15–17 years was 316/100,000,
igher than that measured in the general population (259/
00,000). Compared with adults, the incidence rate ratio was
ignificantly lower in all pediatric age groups between 0 and
4 years of age throughout the study. There was no longer a

significant difference in the incidence rate ratio in 5–17-yearolds
from W39 onward (Suppl. Table S2).

3.2. Hospitalizations

Of the newly hospitalized patients with a positive sample for
SARS-CoV-2 between W34 and W42, children and adolescents
younger than 18 years of age accounted for 1.9% of these
hospitalizations (Table 2). They accounted for 1.3% of new
hospitalizations in intensive care. No deaths were observed in
children or adolescents. Infants between 0 and 2 years of age
represented 48% of all pediatric hospitalizations and 43% of
intensive care admissions.

3.3. Proportion of asymptomatic cases

Of those with a positive PCR test result, the percentage of
asymptomatic individuals varied little over the 9 weeks, but
differed by age group (Suppl. Fig. 2). Among children and
adolescents under 18 years of age, the percentage of asymptomatic
individuals was 57% at W34 and 48% at W42. In adults 18 years and
older, the proportion of asymptomatic individuals among those

Fig. 2. Percentage of children and adolescents between 0 and 18 years of age among newly confirmed COVID-19 cases each week.
ig. 3. Risk ratio for positive test according to age and by week. Children are grouped into two age groups: 0–5 years (black columns) and 6–17 years (grey columns). The

eference group consists of all adults aged 18 and over, indicated by the hatched line (RR = 1). Error bars are 95% confidence intervals.

4
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testing positive was much lower, measured at 39% and 31% at W34
and W42, respectively.

At W42, the rate of positive PCR test results was identical in
children between 0 and 10 years of age, tested while symptomatic
or asymptomatic (Fig. 5). From the age of 11 onward, the rate of
positivity became higher in symptomatic individuals than in
asymptomatic ones, and this difference increased with age group
to be very marked in adults.

3.4. Class closures

The number of confirmed cases in children in primary, middle,
or high schools, reported by their families at their establishment
and listed by the MNE, was lower than the number of cases
identified by the exhaustive collection of SPF (Table 3). The
underestimation varies according to the week, from 36% at W39 to
59% at W41 (Suppl. Fig. 3).

The number of class closures was high during W39, and then
stabilized at less than 300 per week with less stringent closure
rules (Table 3). The number of schools closed remained low
throughout the study period. Overall, the number of classes closed
from W40 onward was higher than the number of clusters
analyzed by SPF in primary, middle, and high schools (Table 4).
Clusters reported in nurseries and kindergarten represented less
than 3% of all clusters analyzed in France during the study period.
Clusters were most numerous in middle and high schools,
representing 10% of all clusters analyzed.

4. Discussion

Our study assessed the trends of pediatric COVID-19 cases in
France in September and October 2020, in the particular context of
the permanent and full opening of schools, despite a national
context of increasing viral diffusion within the general population.

Fig. 4. Weekly incidence of proven cases of COVID-19 in different age groups in week 34 (grey columns) and week 42 (black columns).

Table 2
Weekly number of new hospital admissions (H) and new intensive care admissions (ICU) among children and adolescents by age group, and numbers observed in the French

population as a whole.

0–2 years 3–5 years 6–10 years 11–14 years 15–17 years Total population

H ICU H ICU H ICU H ICU H ICU H ICU

W34 19 2 3 0 4 0 5 0 5 1 1084 174

W35 21 4 3 1 6 1 3 0 11 1 1337 210

W36 23 2 6 1 8 2 7 2 10 1 1704 288

W37 20 1 5 1 7 0 11 1 10 0 2464 427

W38 32 5 4 2 13 0 15 1 12 3 3657 599

W39 22 2 3 1 2 0 12 1 12 1 4204 786

W40 28 4 6 0 5 0 11 1 16 2 4264 893

W41 26 1 4 1 6 1 10 3 20 3 5084 910

W42 93 12 5 2 13 6 15 2 19 2 7530 1343

Total 284 33 39 9 64 10 89 11 115 14 31,328 5630
On the other hand, the number of confirmed cases among
school staff was consistent with the data measured in the total
general population (Table 3). The increase in the number of cases
observed at the end of the study period was shifted by 1 week
compared with that observed in the general population (Suppl.
Fig. 4).
5

In the French context where the indications for PCR tests were
limited in children, targeting those actually at risk of infection,
while tests were freely available to adults regardless of the notion
of symptoms or contact, our first study result was that viral spread
as assessed via the positive PCR rate remained lower in children
and adolescents than in adults. While a high positivity rate was
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bserved in the 18–29-year-olds at the start of the study, the
ighest positivity rates at the end of the study were observed not
nly in the 18–29-year-olds, but also in the 30–49-year-olds and
he over 50-year-olds, this last age group being the one with the
reatest increase in the rate of positivity during the course of the
tudy. Among children and adolescents, we identified an effect of
ge on the PCR positivity rate in the different school grades. During
he course of the study, the PCR positivity rate increased slightly in
hildren in nursery or kindergarten, while for those in primary,
econdary, or high school it increased more, but without reaching
he rates observed in adults. Nevertheless, the relative risk of

positive PCR results remained significantly lower in children and
adolescents, regardless of their educational level, than that of
adults throughout the study, suggesting that the increase in the
number of cases in adults had only a delayed impact on children.
These results support studies suggesting that children were less
susceptible to infection and weaker transmitters of COVID-19, and
they justify a posteriori the continued opening of schools in the
French context of the study period. In a model based on
multinational data, children’s susceptibility to infection was
estimated to be half that of adults [4]. A recent systematic review
with meta-analysis including 18 contact-tracing studies confirmed
the lower susceptibility to infection of children under 12–14 years
of age compared with adults, while the susceptibility of
adolescents did not appear to be different [5]. In a large SARS-
CoV-2 prevalence study focusing on children in southwest
Germany during a period of lockdown, the estimated seropreva-
lence was particularly low in children aged 1–10 years, and
threefold lower than in their parents, suggesting that children
were unlikely to have boosted the pandemic [16]. Very similar to
our study, the recent analysis of pediatric infections observed in
the United States between March and December 2020 showed that
among persons aged 0–24 years, the weekly incidence was higher
in each successively increasing age group, and that the weekly
incidence among adults aged 25 years and over exceeded that
among children and adolescents aged 0–13 years throughout the
review period [17]. Concerning more specifically intra-school

Fig. 5. Percentage of positive PCR tests during week 42 in individuals tested without symptoms (gray columns) or with symptoms (black columns), by age group.

able 3
umber of cases reported to the Ministry of National Education.

W38 W39 W40 W41 W42

Confirmed cases

among students,

n (% of total)

5056

(0.04)

5612

(0.05)

4636

(0.04)

5279

(0.04)

8223

(0.07)

Confirmed cases

among staff, n (%

of total)

1307

(0.11)

1153

(0.1)

1031

(0.09)

1276

(0.11)

2063

(0.18)

Classes closed, n (%

of total)

NA 1152

(0.2)

290

(0.05)

199

(0.04)

293

(0.06)

Schools closed, n (%

of total)

89

(0.14)

19

(0.03)

14

(0.02)

24

(0.04)

27

(0.04)

able 4
lusters registered within the SI-MONIC system (Santé Publique France).

All (n) Nurseries Kindergarten Primary Middle and high University

n % n % n % n % n %

W34 222 0 0 0 0 1 0.5 0 0 1 0.5

W35 229 1 0.4 1 0.4 0 0 1 0.4 1 0.4

W36 360 6 1.7 3 0.8 3 0.8 11 3.1 3 0.8
W37 502 10 2.0 12 2.4 24 4.8 56 11.2 42 8.4

W38 495 13 2.6 7 1.4 26 5.3 78 15.8 59 11.9

W39 526 7 1.3 10 1.9 13 2.5 88 16.7 72 13.7

W40 503 13 2.6 4 0.8 10 2.0 66 13.1 52 10.3

W41 580 16 2.8 3 0.5 10 1.7 50 8.6 60 10.3

W42 799 13 1.6 2 0.3 9 1.1 71 8.9 41 5.1

Total 4216 79 1.9 42 1.0 96 2.3 421 10.0 331 7.9

6
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transmission, it is interesting to compare our study with the
experience of Baden-Wurttemberg and their reopening of schools
in May 2020 [18]. This reopening in this German region was done
with reinforced hygiene and social distancing measures, but no
masks were worn in class, even at secondary school. During the
11 weeks of the study, pediatric cases between 0 and 19 years of
age accounted for 17.9% of all cases reported in this region,
compared with the maximum value of 12.6% at W37 in our study.
Among the individuals that had attended school during their
infectious period, secondary cases within the school were observed
for only 4% of them. Similarly in Italy, based on the estimated post-
lockdown transmissibility, it was concluded that reopening
educational levels up to secondary schools might have influenced
SARS-CoV-2 transmissibility only marginally [19]. However, some
models underline the need to accompany the reopening of schools
with reinforced measures of hygiene and social distancing [20]. It
was previously admitted that schools could open safely when
community transmission was low [15]. Based on the evidence from
contact tracing in schools, and on observational data from a
number of EU countries, a survey of the European Center for
Disease Prevention and Control (ECDC) suggested that reopening
schools has not been associated with significant increases in
community transmission after the first lockdown [21]. Interesting-
ly, a French modeling study can be compared with what really
happened [22]. In this model, the progressive or immediate return
to school for some or all students was shown to significantly
influence the dynamics of ICU hospitalizations for COVID-19. In the
actual situation, and despite a progressive and complete opening of
schools after the first lockdown in France, the ICU admissions
observed were those corresponding to the curve of the model
constructed with the continued closure of schools, suggesting that
the reopening of schools did not have an impact on viral spread in
the population: The actual number of hospitalizations in ICU in Ile
de France was 181 in W31, compared with around 250 predicted
by the model with maintained school closure and 1500 in the case
of full reopening, even considering a very low transmissibility
among young children.

However, in the specific context of increasing community
transmission during the study period, a significant increase in
the weekly incidence was measured among middle school
students, and more so among high school students, despite the
mandatory wearing of masks for these age groups within their
schools. It is likely that festive behavior at school-leaving or at
weekends, which is itself age-dependent, contributed to this
result. It is also possible that this result in fact illustrated a
physiologically intermediate behavior of these age groups with
regard to viral infection and transmission. Several studies had
already noted this age-dependent susceptibility to infection. In
the Korean experience, home transmission from an index case
was 3 times lower in 0–9-year-olds than in 10–19-year-olds
[8]. In an analysis of 58 clusters within the same household, the
secondary attack rate was twice as high among 13–17-year-olds
than among those under 12 years of age [6]. At the end of our
study period, adolescents between 15 and 17 years of age was
one of the age groups with a very high weekly incidence,
suggesting that the hygiene and social distancing measures
taken in high schools, or adherence to these measures, were not
sufficient to prevent transmission of the infection in this age
group. Mostly, the absence of a full lockdown allowed these
adolescents to maintain social activities that are more sources of

were potentially insufficiently respected. Further, the fact that
the positivity rate in 6–10-year-olds increased rapidly during
the study and was higher at W42 than that observed in 11–17-
year-olds is an indirect argument to justify the wearing of masks
from the age of 6 years, which was effective in France from
November 2020.

Despite the increasing incidence of infections among children,
especially in high and middle schools, an important finding of our
study was the low number of intra-school outbreaks, and the
absence of arguments for the transmission from students to
school staff. The number of classes closed due to multiple cases
within the class represented less than 1% of the total number of
classes, and the number of clusters investigated in the different
school levels (between 3 and 17 years old) by the regional health
agencies represented less than 15% of the total number of clusters
investigated at the national level. However, these numbers may
have been underestimated due to under-reporting of cases of
infected children by families to school directors. Nevertheless,
even considering that a factor of 2 must be taken into account due
to this under-reporting, the number of closed classes would have
remained very low. These results are very similar to those
observed in Italy during the first month of school in September
2020 [23]. Cases of infection in students or professionals were
reported in only 1.8% of schools. Less than 0.02% of students were
infected. Similarly, the German study showed the very low
participation of schools in all of the epidemics identified [24]. The
reported number of infected school staff was most likely more
reliable than the number of infected students, because absentee-
ism for staff was inevitably recorded by school directors.
Moreover, the complete correlation at the beginning of the study
between the incidence observed among staff and the general
population reinforced the credibility of these numbers. There was
clearly no over-representation of infection among school staff,
and even a later increase in infection among these individuals
compared with the increase in the general population. It is
possible that the many precautions taken within schools may
have contributed to a better protection of these persons.
Consistently, a US study found no difference in the rates of
infection or hospitalization during the first 3 months of the
pandemic between people who continued to care for children and
those who stopped that activity [25].

Finally, our study also confirmed that infections in children and
adolescents were very rarely severe. While the number of new
cases represented 10–12% of the new cases identified in the
general population, the number of pediatric hospitalizations
represented less than 2% of the total hospitalizations, and no
deaths were observed. This observation is now made in all
countries [1–3]. Recently published US data for children aged 0–17
years were very similar to ours, with hospitalization and ICU
admission rates of 2.3% and 0.8%, respectively [17].

Asymptomatic forms were predominant between 3 and 10 years
of age. They remained even more frequent between 11 and
17 years of age than in adults. This point was consistent with other
epidemiological studies [26,27] and with models constructed from
multinational data [4]. As a result of these predominantly
asymptomatic infections, our study showed that PCR positivity
rates were similar in symptomatic and asymptomatic children.
Asymptomatic children, however, are not representative of the
general pediatric population, as these children were mainly
sampled in the context of contact with another infected person.
contamination than the school itself [18]. However, these results
raise the question of which attitude to have toward high schools,
but also middle schools, in the context of high viral transmission
within the general population. It should be noted, however, that
the positive PCR rate in this age group remained lower than in the
older age groups, while hygiene and social distancing measures
7

The role of these asymptomatic infected children in the transmis-
sion of the virus remains poorly known, but is probably low, since
the child is rarely identified as the index case of a cluster [6–
9]. Further, the small number of identified clusters or closed classes
argue against an important role of these children in the
transmission of the infection.
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. Conclusion

In the specific French context, our study confirms an age effect
n the spread of SARS-CoV2, with the relative risk of a positive PCR
est result being significantly lower in children and adolescents
ompared with adults. These results, obtained while schools were
ept open in a context of increasing transmission in the general
opulation, argue for a marginal contribution of children in the
ynamics of the epidemic, and reinforce the interest of keeping
chools open, especially facilities for children in the first decade of
ife, so as to limit the numerous deleterious effects of school
losures demonstrated during the first lockdown. However, our
esults also show the need to strengthen policies to promote
ducation on hygiene and social distancing measures among
dolescents, and to advocate for the use of masks among 6–11-year-
lds when viral transmission in the general population is high.
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