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Summary
BACKGROUND: To date, few data are available about
severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) seroprevalence in young children and the role of
early-life childcare arrangements in transmission of the
virus. I n this study, we assessed the SARS-CoV-2 seroprevalence in children less than 6 years of age in the canton of Fribourg and identified risk factors associated with
seropositivity.
METHODS: The COVPED study is a population-based
cross-sectional study in children less than 6 years of age
living in the canton of Fribourg, Switzerland, who presented to a private paediatrician or the paediatric emergency
department of the Fribourg Hospital during a 9-week period between 11 January and 14 March 2021. Immunoglobulin G antibodies against SARS-CoV-2 trimeric spike protein were measured in capillary blood samples using an
in-house Luminex assay. A mean fluorescence intensity
ratio of above 6 was considered as positive. Metadata
was collected through electronic questionnaires. Logistic
regression analysis was performed to assess the risk of
seropositivity and associated factors.
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RESULTS: A total of 871 children, with a median age of
33 months (range 6 days to 5 years 11 months) were included; 412 (47%) were female. Overall, 180 (21%, 95%
confidence interval [CI] 18–24%) children were seropositive. Age as continuous variable was not associated with
seropositivity risk, apart from a higher rate in children
less than 3 months of age. Univariable analysis showed
that female sex was associated with a lower seropositivity
risk (unadjusted odds ratio [OR] 0.69, 95% CI 0.49–0.96;
p = 0.03). Day-care attendance was also associated with
a lower seropositivity risk (OR 0.67, 95% CI 0.47–0.95;
p = 0.03), whereas all other childcare arrangements were
not associated with seropositivity. No association was

found between the number of children and adults present
in extra-familial care and seropositivity. Multivariable
analysis identified the number of household members
above the age of 12 years being positive for SARS-CoV-2
as the main risk factor for seropositivity in children (adjusted odds ratio [aOR] 7.80, 95% CI 4.65–13.07; p <0.001
for one household member, aOR 22.07, 95% CI
13.49–36.11; p <0.001 for two household members and
aOR 32.20, 95% CI 9.30–111.55; p <0.001 for three or
more household members).
CONCLUSION: The number of household members tested positive for SARS-CoV-2 (PCR test) is the main exposure risk to seropositivity for children less than 6 years
of age. But the family size is not associated with an increased risk of infection. In young children, extra-familial
care does not increase the risk of becoming SARS-CoV-2
seropositive, neither does the number of contacts present
in extra-familial care. As adults and children will be vaccinated and new virus variants will be circulating the risk of
exposure for young children will likely change and needs
further monitoring.

Introduction
During the second wave of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic,
Switzerland had one of the highest incidences of infections
in Europe. This created an ideal environment to study
SARS-CoV-2 infections in children. In March 2021, approximately one year after the first coronavirus disease 19
(COVID-19) case in Switzerland, only 10% of the total
polymerase chain reaction (PCR)-confirmed infections occurred among children and adolescents less than 19 years
of age and 1% among children less than 9 years of age
[1]. However, since a large proportion of children infected
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with SARS-CoV-2 remain asymptomatic or mildly symptomatic and are therefore not tested [2–4], this likely underestimates the true rate of infection in this age group.
Few data are available about the rate of infections in young
children, as they are rarely studied separately from older
children.
Recent studies suggest that children might be infected with
SARS-CoV-2 as frequently as adults [3, 5] and have similar viral loads [6, 7]. Nonetheless, children seem to transmit the virus less and respiratory tract viral shedding is
shorter [5]. The role of children in transmission of SARSCoV-2 is an important discussion point in determining if
day-care facilities and schools can remain open. In
Switzerland, schools were closed from 16 March to 11
May 2020 [8]. During the same time period, childcare facilities were open only to children of parents with essential
jobs [9, 10]. On 11May 2020 schools and childcare facilities re-opened with protective measures [11, 12]. This decision was based on data that showed that schools had
a limited role in the transmission of SARS-CoV-2
[5, 13–17]. However, data on transmission in childcare facilities are lacking.
Household transmission plays a major role in the spread of
SARS-CoV-2 [2, 16, 18, 19]. Within households, children
are less frequently the index case, but there are few data
comparing the risk of transmission between children less
than 6 years, as they are rarely studied separately from older children [20–23].
The aim of the COVPED study was to assess the SARSCoV-2 seroprevalence in children less than 6 years of age
in the canton of Fribourg, Switzerland and to identify risk
factors associated with seropositivity.

Methods
Study design, setting
The COVPED study was designed as a population-based
cross-sectional study in children less than 6 years of age
living in the canton of Fribourg, Switzerland. Children
were recruited during a 9-week period from 11 January to
14 March 2021, during the second wave of the pandemic.
Participants
Of 42 private paediatricians working in the canton, 34 recruited children for the study in 13 different towns. Additionally, children were recruited from the paediatric emergency department of the Fribourg Hospital. Inclusion
criteria were (a) consultation at any of the participating
sites regardless of the purpose or complaint, (b) age less
than 6 years, (c) primary residence in the canton of Fribourg, (d) no previous participation in the study. The exclusion criterion was no language knowledge in German or
French. All children full filling the inclusion criteria were
offered participation, including healthy and sick children
(e.g., consultation for developmental check-ups, medical
and surgical conditions).
Data sources and variables
Epidemiological data, including childcare arrangements,
was collected through a standardised online questionnaire
via the secure web platform REDCap (version 10.0.6 –

Vanderbilt University) filled in by parents / legal guardians
in either French or German. Childcare arrangements were
defined as "intra-familial care" when children were being
looked after by parents and as "extra-familial care" when
children were being looked after by grandparents, other
family members, friends, neighbours, a daytime mom, at
school or attending a day-care for at least one day per
week. Day-care was defined as a care structure with more
than two adults supervising children. Daytime mom was
defined as a private care structure with one adult supervising children. Data on family size, the number of children present in extra-familial care and exposure to SARSCoV-2-positive individuals (defined as a self-reported
positive SARS-CoV-2 PCR on a respiratory sample since
the beginning of the pandemic) were collected. Children
above 12 years of age and adults were grouped into one
category since the same clinical criteria for SARS-CoV-2
testing were recommended by the Swiss Federal Office of
Public Health for both.
Capillary blood samples of a minimum of 400 µl were
collected in SSTTM tubes with silica micro-particles and
serum separator (BD Switzerland). Samples were immediately refrigerated locally and then transported to the laboratory of the Fribourg Hospital. Upon arrival samples were
centrifuged and plasma was frozen at –80° within 48 hours
after collection. Samples were grouped by batch and sent
to the laboratory of the Lausanne University Hospital under standardised storage conditions. IgG antibodies against
SARS-CoV-2 trimeric spike (S) protein were measured by
an in-house Luminex assay developed by the immunology-allergology laboratory of the Lausanne University Hospital, the Federal Polytechnic School of Lausanne and the
Swiss Vaccine Centre [24]. The same assay is used in large
national study investigating the population SARS-CoV-2
seroprevalence in Switzerland [25]. The sensitivity of the
assay depends on the time between onset of symptoms of
a SARS-CoV-2 infection and blood sampling: for 0 to 5
days the sensitivity is 12.5%; 6 to 10 days 42.1%; 11 to
15 days 91.7%; and 16 to 33 days 96.6%. The specificity is 99.2% regardless of the time between symptoms and
sampling [24]. A blood sample was considered as positive when the ratio between the mean fluorescence intensity and the mean fluorescence intensity of a pre-pandemic
blood pool sample (negative control) was equal or greater
than 6. A ratio lower than 3.9 was considered as negative,
and between 4 to 5.9 as indeterminate. Negative and indeterminate results were grouped together as ‘negative/indeterminate anti-SARS-CoV-2 IgG antibodies’.
Sample size
The sample size was calculated according to the desired
precision of the prevalence confidence interval (CI). The
total number of children under 6 years of age in the canton
of Fribourg is estimated at 17,343 [26]. Of these, 3400
children attended a day-care facility [27]. The expected
seropositivity of SARS-CoV-2 in children less than 6 years
of age was assumed to be between 2% and 10%. We calculated a sample size of 750 participants to provide sufficient
precision. Assuming a prevalence of 2%, the 95% Wilson
CI will range from 1.2% to 3.3%. For a prevalence of 5%,
the 95% Wilson CI will range from 3.7% to 6.9 % and for
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a prevalence of 10%, the 95% Wilson CI will range from
8% to 12.3%.
Ethics and data sharing
Written informed consent was obtained from participants’
parents or legal guardians. The study was approved by
the Cantonal Research Ethics Commission of Vaud (CERVD), Switzerland (Project-ID: 2020-01276). The study
was done according to the Declaration of Helsinki.
The data of this study are available from the corresponding
author, upon request.

The median age of the included children was 33 months
(range 6 days to 5 years 11 months). Of these, 180 (21%,
95% CI 18–24%) tested positive for IgG antibodies
against the SARS-CoV-2 S protein, 677 (78%, 95% CI
75–81%) negative and 14 (1%, 95% CI 0.9–3) indeterminate.
The distribution of children by age group (seven groups)
can be found in table 1 and figure 2. The seropositivity rate
was higher in the group less than 3 months of age but similar in the other age groups (p = 0.66).

Figure 1: Recruitment of participants.

Statistical analysis
Data were summarised by group (seropositive vs seronegative). Continuous variables were summarised using median and the interquartile range (IQR). Categorical variables
were summarised with numbers and percentages. The associations between the outcome and covariables were tested using a logistic regression model. The functional relationships between the outcome and continuous variables
were tested using fractional polynomials. Factors associated with the outcome with a p-value of less than 10%
from the univariable analysis were considered in a backward procedure to estimate a multivariable model. Goodness of fit of the multivariable model was tested with the
Hosmer-Lemeshow goodness-of-fit test and standards diagnostic tools for a logistic regression model. A p-value of
less than 0.05 was considered as significant. Stata 16 software (StataCorp. 2019. Stata Statistical Software: Release
16. College Station, TX: StatCorp LLC) was used for statistical analyses.

Results

Figure 2: SARS-CoV-2 seroprevalence as a function of age.

Through patient lists from private paediatricians and the
paediatric emergency department the number of eligible
children was estimated at approximately 8000. A total of
884 children were enrolled in the study, which represents a
participation rate of 11% (fig. 1).
Of the 884 children enrolled, 2 were excluded because they
were above 6 years of age, 8 because informed consent was
not obtained and 3 because of an insufficient blood sample. Blood samples from 871 children were analysed to determine the overall seroprevalence and to investigate the
association of age and sex on the seroprevalence. To investigate the association of childcare arrangement on the
seroprevalence, 12 participants had to be excluded because
of incomplete questionnaires.

Table 1:
SARS-CoV-2 seroprevalence and age groups comparison for children aged 0 to 71 months, January–March 2021 in Fribourg, Switzerland.
Children, n (%)
Total
Age (months)

Seropositive

Seroprevalence %
(95% CI)

OR (95% CI)

Overall
871

180

21 (18–23)

NA

≤3

22 (3)

8 (4)

36 (18–60)

2.17 (0.805.89)

3.1–11

96 (11)

20 (11)

21 (13–29)

ref.

12–23

192 (22)

46 (26)

24 (18–30)

1.20 (0.662.17)

24–35

146 (17)

27 (15)

18 (1225)

0.86 (0.451.64)

36–47

159 (18)

34 (19)

21 (1528)

1.03 (0.561.92)

48–59

130 (15)

22 (12)

17 (1023)

0.77 (0.391.52)

60–71

126 (14)

23 (13)

18 (1225)

0.85 (0.431.66)

ref.: reference; 95% CI: 95% confidence interval; OR: unadjusted odds ratio; NA: not attributed
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Univariable analysis
Of the 871 participants, 412 (47%) were female. Females
were less likely to be seropositive (72/412 (17%, 95% CI
14–22%) than males 108/459 (24%, 95% CI 2028%), OR
0.69, 95% CI 0.490.96; p = 0.03 (table 2).

Childcare arrangements
The seropositivity risk in children in extra-familial care
was similar to the risk of children in intra-familial care,
with 136/654 (21%, 95% CI 18–24%) and 43/205 (21%,
95% CI 16–27%) being seropositive, respectively, OR
0.99, 95% CI 0.67–1.45, p = 0.97.

Children in day-care had a lower seropositivity risk with
54/321 (17%, 95% CI 13-21%) compared with children
not in day-care 125/538 (23%, 95% CI 20–27%), OR 0.67,
95% CI 0.47–0.95, p = 0.03, table 2. Children cared for
by a daytime mum showed no increased risk of exposure
147/709 (21%, 95% CI 18–24%) compared with 32/150
(21%, 95% CI 15–29%) with no daytime mum, OR 1.04,
95% CI 0.67–1.60, p = 0.87. We found the same result for
children cared for by grandparents, 87/379 (23%, 95% CI
19–28%) compared with children not cared for by grandparents 92/480 (19%, 95% CI 16–23%), OR 1.26, 95% CI
0.90–1.75, p = 0.18, and in other childcare arrangements
18/95 (19%, 95% CI 11–27%) compared to children not
cared for in other childcare arrangements 161/764 (21%,
95% CI 18–24%), OR 0.88, 95% CI 0.51–1.51, p = 0.63.

Table 2:
Data summary and logistic regression analysis comparing seropositive versus seronegative SARS-CoV-2 in children less than 6 years of age.
Variables
Total of participants, n (%)

Overall

Seropositive children

Seronegative children

Univariable analysis OR (p-value)

Multivariable Analysis aOR (p-value)

871 (100)

180 (21)

691 (79)

Age in month (as continuous

Median (IQR)

--

27 (949)

34 (974)

1.0 (0.08)1

Age (as binary)

>3 months, n (%)

849 (97)

172 (20)

677 (80)

ref.

≤3 months, n (%)

22 (3)

8 (36)

14 (64)

2.25 (0.07)2

Male

459 (53)

108 (24)

351 (76)

ref.

ref.

Female

412 (47)

72 (17)

340 (83)

0.69 (0.03)

0.58 (0.01)

Extra-familial vs. Intra-familial care, n Extra-familial care
(%)
Intra-familial care

654 (76)

136 (21)

518 (79)

ref.

205 (24)

43 (21)

162 (79)

0.99 (0.96)

Type of childcare arrangement, n (%) No day-care

538 (63)

125 (23)

413 (77)

ref.

ref.

Day-care

321 (37)

54 (17)

267 (83)

0.67 (0.03)

0.60 (0.02)

No daytime mom

709 (83)

147 (21)

562 (79)

ref.

Daytime mom

150 (17)

32 (21)

118 (79)

1.04 (0.87)

No grandparents

480 (56)

92 (19)

388 (81)

ref.

Grandparents

379 (44)

87 (23)

292 (77)

1.26 (0.18)

No other childcare
arrangment

764 (89)

161 (21)

603 (79)

ref.

Other childcare
arrangement

95 (11)

18 (19)

77 (81)

0.88 (0.63)

Day-care

--

10.0 (6.0)

10.0 (5.00)

0.98 (0.41)

Daytime mom

--

3.0 (3.0)

4.0 (3.0)

0.84 (0.06)

Grandparents

--

2.0 (1.0)

2.0 (2.0)

0.94 (0.58)

Day-care, number of adults and children ≥12 years with a positive
COVID PCR test, n (%)

0 positive PCR test

174 (54)

34 (20)

140 (80)

ref.

1 positive PCR test

58 (18)

8 (14)

50 (86)

0.66 (0.33)

2 positive PCR tests

88 (28)

12 (14)

76 (86)

0.65 (0.24)

Daytime mom, number of adults and
children ≥12 years with a positive
COVID PCR test, n (%)

0 positive PCR test

30 (20)

6 (20)

24 (80)

ref.

1 positive PCR test

30 (20)

8 (27)

22 (73)

1.45 (0.54)

2 positive PCR tests

89 (60)

18 (20)

71 (80)

1.01 (0.98)

Grandparents, number of adults and
children ≥12 years with a positive
COVID PCR test, n (%)

0 positive PCR test

12 (3)

3 (25)

9 (75)

ref.

1 positive PCR test

114 (30)

48 (42)

66 (58)

2.18 (0.26)

2 positive PCR tests

251 (67)

35 (14)

216 (86)

0.49 (0.30)

School, n (%)

School

190 (22)

34 (18)

156 (82)

ref.

No school

681 (78)

146 (21)

535 (79)

1.25 (0.29)

≤3 members

205 (25)

50 (24)

155 (76)

ref.

ref.

4 members

393 (47)

88 (22)

305 (78)

0.89 (0.58)

0.73 (0.19)

≥5 members

236 (28)

36 (15)

200 (85)

0.56 (0.02)

0.35 (<0.001)

0 positive PCR test

629 (72)

50 (8)

579 (92)

ref.

ref.

1 positive PCR test

101 (12)

39 (39)

62 (61)

7.28 (<0.001)

7.80 (<0.001)

2 positive PCR tests

126 (14)

81 (64)

45 (36)

20.84 (<0.001)

22.07 (<0.001)

≥3 positive PCR
tests

15 (2)

10 (67)

5 (33)

23.16 (<0.001)

32.20 (<0.001)

Gender, n (%)

Children group size in childcare
arrangements, median (IQR)

Number of household members
(family size), n (%)

Household, number of adults and
children ≥12 years with a positive
COVID PCR test, n (%)

IQR: interquartile range; OR: unadjusted odds ratio; aOR: adjusted odds ratio; PCR: polymerase chain reaction; ref. – reference
Column-1 (variable name), columns-2, -3, -4 the overall and by group summary, column-5 the odds-ratio and associated p-value from univariable analysis (unadjusted OR), column-6 the odds-ratio and associated p-value from multivariable analysis (adjusted OR = aOR).
1

the OR obtained from the continuous analysis correspond to the ratio of the odds when the age is incremented by one month.

2

the OR obtained from the binary analysis correspond to the ratio of the odds between a chid aged ≤3 months compared to a child aged >3 months (=ref. group).
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For children in day-care and those cared for by a daytime
mom, neither the number of children, nor the number of
children or adults with a positive PCR test was associated
with the seropositivity risk (table 2).
In the children looked after by grandparents, the number of
children present was also not associated with the seropositivity risk. When one grandparent had a positive PCR test
the risk for children to be seropositive increased (OR 2.18,
95% CI 0.56–8.49, p = 0.26). However, when both grandparents had a positive PCR test the risk decreased (OR
0.49, 95% CI 0.13–1.88 p = 0.30).
School
School attendance was not associated with the seropositivity risk: 34/190 (18%, 95% CI 13–25%) children who
attended school were seropositive compared with 146/681
(21%, 95% CI 18–25%) who did not (OR 1.25, 95% CI
0.83–1.89, p = 0.29) (table 2).
Household
In the univariable analyses, an increase in the number of
household members above the age of 12 years being positive for SARS-CoV-2 by PCR test increased the risk of
seropositivity in children less than 6 years of age (OR 7.28,
95% CI 4.45–11.93, p- <0.001 for one, OR 20.84, 95%
CI 13.09–33.18, p <0.001 for two and OR 23.16, 95% CI
7.62-70.40, <0.001 for three or more household members)
(table 2).
Multivariable analysis
In the multivariable analysis number of household members and number of adults and children above the age of
12 years with a positive SARS-CoV-2 PCR were identified
as independent risk factors for seropositivity. An increase
in the number of household members above the age of 12
years being positive for SARS-CoV-2 PCR test increased
the risk of seropositivity in children (aOR 7.80, 95% CI
4.65-13.07, p-value <0.001 for 1 household, aOR 22.07,
95% CI 13.49-36.11, p-value <0.001 for 2 household and
aOR 32.20, 95% CI 9.30-111.55, p-value <0.001 for 3 or
more household members).
An increase in the number of household members (family
size) was associated with lower risk of seropositivity, as
soon as the family consists of 5 or more members (including children), table 2.
Model diagnosis and the Hosmer-Lemshow goodness of fit
test shows that the multivariable model fitted reasonably
well the data. The power of the multivariable model to discriminate between seropositive and seronegative individuals was calculated using the area under the ROC curve
AUC = 82.74.

Discussion
This study is one of the first studies to investigate associations of childcare arrangements and other factors on
SARS-CoV-2 seroprevalence in children under less than 6
years of age. The seropositivity rate of 21% found in this
age group is similar to the rate of 19% found in adults living in the canton of Fribourg at the same time [28]. The
seropositivity rate is also similar to that of children liv-

ing in other Swiss cantons, which have been reported to
be between 16% and 21% during the same time period
[28–30]. None of these studies reported separate results for
young children. We did not find differences in seroprevalence across different age groups, except in children less
than 3 months of age, which likely reflects maternal antibodies. In previous studies, age also did not influence the
seroprevalence; however, these studies did not compared
subgroups of children less than 6 years of age [31–33].
In our study, male children were more often seropositive.
Another study in Switzerland also reported a higher seroprevalence in male children [29]. This is in line with the
higher rate of SARS-CoV-2 infection and more severe
COVID-19 found in male adults [2, 34–36]. A male predominance for infection and increased severity of disease
has already been reported with other new viruses, such as
the Spanish influenza or the Middle Eastern respiratory
syndrome-CoV outbreak [37]. One hypothesis to explain
this sex difference is that certain genes involved in the immune response are located on the X chromosome, thus females carryng two X chromosomes with different allelic
options and mosaicism caused by X chromosome inactivation can have an immune advantage [36, 37].
One of the main findings of our study was that childcare
facilities and school are not places of increased exposure
to SARS-CoV-2 for young children. Even more strikingly,
attending day-care decreases the risk of children being
seropositive. This might be due to the mitigation measures
implemented in day-care. Our results are in line with those
from a study from the UK, which also showed that the risk
of seropositivity is not associated with school attendance
[32]. When children are in day-care or being looked after by a daytime mom or grandparents, neither the size of
the group of children nor the number of adults who have
had a positive COVID PCR is associated with the seropositivity rate. This reinforces the hypothesis that contact between young children has little impact on the transmission
of SARS-CoV-2.
As previously reported [31], our study also showed that
SARS-CoV-2 transmission for children under 6 years of
age mainly occurs at home. This can be explained by the
fact that at home there are usually fewer mitigation measures in place. We also found a similar trend with grandparents: if one grandparent has SARS-CoV-2 PCR positive, the risk for a young child to become seropositive is
doubled. However, if both grandparents are SARS-CoV-2
positive, the risk for the child to become positive decreases. This might be explained by grandparents limiting their
contact with children when more than one grandparent is
sick. It has been showed that transmission is reduced significantly by distancing and mask wearing [23].
We found that for children less than 3 months of age, the
risk of being seropositive is positively associated with an
increase in the number of family members, and this is reversed for older children. It is possible that the risk of
transmission within the family is greater for younger children since they can be infected by both parents and older siblings. Moreover, children less than 3 months usually
have much closer and longer physical contact with parents than older children. A decreasing contact with parents
might protect children living in large families. Also, miti-
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gation measures are easier to follow when children are older.
As the majority of adults and children will soon be vaccinated and new virus variants will be circulating, the risk of
exposure for young children will likely change and needs
further monitoring. Further studies are required to determine the role of long-term humoral responses in children
and their association with protection against reinfection.
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in young children compared with older children and adults.
In young children, extra-familial care does not increase the
risk of becoming SARS-CoV-2 seropositive, neither does
the number of contacts present in extra-familial care. The
number of household members tested positive for SARSCoV-2 (PCR test) is the main exposure risk for seropositivity for children less than 6 years of age. But the family
size is not associated with an increased risk of infection. As
adults and children will be vaccinated and new virus variants will be circulating the risk of exposure for young children will likely change and needs further monitoring.
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