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Abstract
The aim of this study was to estimate the seroprevalence of SARS-CoV-2 antibodies in a pediatric population after the first pandemic 
wave in Belgium. All patients requiring a blood sample between 1 July 2020 and 31 October 2020 in our institution were invited to 
participate. Their parents and siblings could also participate to estimate familial transmission and the congruence between serologi-
cal statuses. A questionnaire was completed for each participant to identify symptoms consistent with COVID-19 in the previous 
months. Blood samples were tested for SARS-CoV-2-specific immunoglobulin G using ELISA. The final population included 
112 children, 24 siblings of these children, and 36 adults. The seroprevalence of cases was 6.9% before 8 September, a date that 
corresponds to 1 week after the beginning of the second wave in Belgium and 22.5% afterwards (OR = 3.89, 95% CI (1.20; 12.58), 
p-value = 0.03). Twenty-five percent of children were asymptomatic, and none experienced severe disease. The symptoms associated 
with SARS-CoV-2-positive antibodies were diarrhoea (OR = 9.9, 95% CI [2.88; 33.87.65] p-value < 0.01), fever (OR = 3.8, 95% 
CI [1.44; 10.22] p-value < 0.01), rhinitis (OR = 3.9, 95% CI [1.38; 10.90] p-value = 0.01), or anosmia (OR = 31.5, 95% CI [1.45; 
682.7], p-value = 0.02). A child was the first symptomatic household member in 50% of the familial clusters.

Conclusion: Seroprevalence in children was comparable to that of the general population. Children could represent the 
source of infection in the household.

What is Known:
• COVID-19 infection is generally mild or asymptomatic in children and adolescents.
• Belgian strategy of testing was focused on symptoms.
• Adults are believed to be responsible for most of familial clusters.
What is New:
• Serological testing gives a more accurate view of the rate of infected children.
• Based on serological results, children have been infected as frequently as adults during the first and second wave in Belgium.
• Seventy-five percent of SARS-CoV-2 IgG-positive children presented a mild symptomatology, and 25% were totally asymptomatic.
• Children could represent the source of infection within household.
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Abbreviations
CHU  Centre Hospitalier Universitaire
COVID-19  Coronavirus disease 2019
IgG  Immunoglobulin G
PCR  Polymerase chain reaction
SARS-CoV-2  Severe acute respiratory syndrome corona-

virus 2

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus that causes coronavirus disease 2019 
(COVID-19), has spread rapidly around the world since 
emerging in Wuhan, China, in late 2019 [1]. In Belgium, 
the first case of the new respiratory disease was detected 
in February 2020, and local transmission of SARS-CoV-2 
infections was subsequently proven in early March. There 
was a first wave of infections from March to the end of June 
2020, then a low incidence of new COVID-19 infections 
until end of August, and a second wave started after August 
31 [2].

The clinical course of infected individuals is highly vari-
able, ranging from asymptomatic carriage to very severe 
disease, eventually leading to death. The potential for trans-
mission is documented at all stages, with pre-symptomatic 
and asymptomatic transmissions playing an important role 
in the pandemic [3].

The usual diagnostic method of COVID-19 is the detec-
tion of SARS-CoV-2 by polymerase chain reaction (PCR) 
on a nasopharyngeal swab. As elsewhere, the testing strat-
egy has gradually evolved in Belgium. At the beginning 
of the first wave, only those requiring hospitalisation were 
screened, whereas since May 2020, it is recommended to 
test every possible case.

Even if their burden varies widely among countries, 
children and adolescents are consistently a low proportion 
among people diagnosed with COVID-19 [4]. However, the 
pediatric population is likely underreported in epidemiologic 
studies as testing is focused on symptoms, and children and 
young people have generally a mild clinical course of the 
disease [4]. Specific antibodies testing could therefore be a 
more accurate method to estimate the real impact of SARS-
CoV-2 in children as they reveal previous infections regard-
less of the symptoms. The cumulative incidence estimated 
by SARS-CoV-2 antibody detection was already demon-
strated to be much higher than that ascertained by reported 
COVID-19 cases [5].

The results of first seroprevalence studies tend to con-
firm that children have lower rates of infection than adults, 
especially the younger children (< 10 years) [6−8], but this 
is not uniformly found, and some studies show the same 
seroprevalence in children as in adults [9−11].

The role of children in the epidemic, particularly in 
household transmission, remains also poorly understood. 
However, several studies show that the secondary attack rate 
is lower if the index case is a child [12, 13].

The objective of this study was to estimate the seropreva-
lence of SARS-CoV-2 antibodies in a pediatric population 
after the first pandemic wave in Belgium and to get insight 
into the route of contamination within household clusters.

Materials and methods

Study design

This monocentre observational study was designed to esti-
mate the seroprevalence of SARS-CoV-2 antibodies among 
children requiring a blood sample for any reason (follow-up, 
pre-operative, diagnostic assessment…) between 1 July 2020 
and 31 October 2020 in different settings from the Centre 
Hospitalier Universitaire (CHU) Saint-Pierre (Brussels). 
Their parents and siblings were also invited to participate to 
estimate familial transmission and the congruence between 
serological statuses. Parents were asked to complete a ques-
tionnaire to identify whether they or their child had devel-
oped symptoms consistent with COVID-19 at any time since 
the beginning of the pandemic.

Participants

Children aged between 6 months and 16 years at the time of 
recruitment who needed a blood sample for any reason were 
eligible to participate. Informed consent was obtained, and 
assent was given by children 9 years or older. If the informed 
consent was given for the child, we offered parents living 
with the child and any siblings to be included as well. Par-
ticipants were free to decline/withdraw consent at any time 
without providing a reason and without being subject to any 
resulting detriment.

Serological testing

Blood samples were collected at the CHU Saint-Pierre, and 
the sera were tested for SARS-CoV-2-specific immunoglobu-
lin G (IgG) using the Euroimmun Anti-SARS-CoV-2 ELISA 
IgG (Euroimmun, Luebeck, Germany) according to the man-
ufacturer’s instructions for the enzyme-linked immunosorbent 
assay (ELISA) automated system ETI-MAX 3000 (DiaSorin, 
Saluggia, Italy). The Euroimmun Anti-SARS-CoV-2 ELISA 
IgG uses microplate wells that are coated with the SARS-
CoV-2 recombinant S1 structural protein, and the results are 
evaluated semi-quantitatively by calculation of a ratio of the 
extinction of samples over the extinction of the calibrator. 
This test demonstrated excellent sensitivity and specificity 
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for detection of IgG antibodies from samples collected after 
COVID-19 diagnosis by polymerase chain reaction (PCR) 
[14]. The ratio interpretation was as follows: < 0.8: nega-
tive, ≥ 0.8 to < 1.1 borderline, ≥ 1.1 = positive.

Each enrolment included a questionnaire on age, sex, 
medical background, contact with PCR-positive individu-
als, place of work, school, and kindergarten frequentation. 
Symptoms compatible with COVID-19 since March 2020 
and up to 15 days before the serological test were also 
recorded. Each participant was contacted by phone to be 
informed of their results and eventually complete any miss-
ing information. A retrospective review of medical files was 
also made when necessary.

Statistical analysis

Descriptive statistics were used for demographic data and 
symptomatology. Variables associated with SARS-CoV-2 
infection were analysed with Mann–Whitney U tests for con-
tinuous data and Fisher’s exact test for categorical data. All 
the analyses were carried out using GraphPad QuickCalcs 
(GraphPad Software, San Diego, CA, USA). A p-value of 
0.05 or less was considered statistically significant.

Results

We included 115 children as well as 24 siblings and 37 par-
ents (15 fathers and 22 mothers) of these children. Recruit-
ment of children by site is divided as follows: emergency 
wards (46%), dermatology and ear, nose and throat outpa-
tient clinic (36%), pediatric hospitalisation wards (11%), and 
pre-operative outpatient consultations (7%).

The participants whose SARS-CoV-2 ELISA test result 
was determined as borderline were excluded from the anal-
ysis. The final population therefore included 112 children, 
24 siblings of these children, and 36 adults.

Seroprevalence in children

We focused the analysis of the seroprevalence of SARS-
CoV-2 infections after the first wave in Belgium on the 
children who were initially recruited (one child per house-
hold) to avoid the bias of selecting children from house-
holds in which the virus had been more prevalent, which 
could have been the case if several children from the same 
family had been included. The median age of the 112 chil-
dren was 4.5 years (range 0.5 to 15.4 years), 60 (53.6%) 
were boys. The presence of anti-SARS-CoV-2 IgG was 
demonstrated in 14 children (12.5%) with a proportion of 
seropositive children significantly higher after the 8th of 
September, a date that corresponds to one week after the 
beginning of the second wave in Belgium. There were 5/72 
(6.9%) SARS-CoV-2-positive sera among those sampled 
between 1 July and 8 September vs 9/40 (22.5%) among 
those sampled after this date (p-value = 0.03, OR = 3.89, 
95% CI [1.20; 12.58]). The median age of the SARS-
CoV-2 seropositive children was 9.2 years, compared to 
4 years for SARS-CoV-2 seronegative children. However, 
the age difference was not statistically significant (p = 0.1). 
Parents’ professional activities during lockdown, school 
attendance during lockdown, housing conditions, medi-
cal history were not associated with past SARS-CoV-2 
infection. Only a notion of a contact with a PCR-positive 
individual was significantly associated with SARS-CoV-2 
seropositivity (3/98 vs 7/14, p-value < 0.0001, OR = 31.67, 
95% CI [6.68; 150.0]) (Table 1).

Familial testing

We offered to perform serologic testing on siblings and 
parents of all 112 children, but only 31 households agreed 
to participate. The members of these households were 
distributed as follows: 31 initially recruited children, 24 
siblings, 15 fathers, and 21 mothers.

Table 1  Characteristics of 
patients with a positive SARS-
CoV-2 IgG. Based only on 
initially recruited patients 
(n = 112)

* Seventy-eight children had at least one parent with a professional activity at the time of lockdown. The 
rest of the parents was either unemployed or absent
** Sixty-six children were attending school at the time of lockdown

Total
n = 112

SARS-CoV-2 IgG 
seronegative n = 98

SARS-CoV-2 
IgG seropositive 
n = 14

P Value

Molecular testing 26 23 3 P > 0.05
Male 60 52 8 P > 0.05
House living 22 18 4 P > 0.05
Unemployed parents 34 30 4 P > 0.05
Professional activity during lockdown* 34/78 31/68 3/10 P > 0.05
School attendance during lockdown** 11/66 10/60 1/6 P > 0.05
Identified risk contact 10 3 7 P < 0.01
Relevant health history 35 31 4 P > 0.05
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Six households (19.4%) had at least one seropositive 
member (Table 2). These 6 households comprised 21 ana-
lysable subjects, 7 were adults, and 14 children (aged 1.5 
to 16.8 years). The first symptomatic case was a child in 
3 households and an adult in 3 other families.

In these households, the majority of adults (6/7) 
and children (13/14) reported mild symptoms compat-
ible with COVID-19 at any moment from March 2020. 
None required hospitalization. However, the detection of 
SARS-CoV-2 antibodies was more frequent in children 
than in adults as we detected SARS-CoV-2 IgG in 2/7 
adults and in 12/14 children (p-value = 0.02, OR = 15.0, 
95% CI [1.63; 138.2]).

Interestingly, among the 3 children who had a negative 
PCR at the time of the symptoms, 2 exhibited SARS-
CoV-2-specific IgG (Table 2).

Symptoms in children

Including the 24 siblings, 136 children were tested for 
the presence of SARS-CoV-2 antibodies. Among them,  
20 were SARS-CoV-2 IgG seropositive (14 initially recruited  
children and 6 siblings; median age 8.3 years, range from 
0.6 to 15.4 years).

Of the 20 seropositive children, 15 (75%) experienced 
viral infection symptoms. No symptoms were noted by 
their parents for 5. The prevalence of asymptomatic 
infection was therefore 25%. Overall, 49 children experi-
enced symptoms which could have been consistent with 
COVID-19 infection, but only 15 exhibited SARS-CoV-2 
antibodies (30.6% of symptomatic children).

Among the 136 children, the report of any symp-
tom of a viral infection since March 2020, but also  
specifically the report of an episode of diarrhoea 
(p-value < 0.01, OR = 9.87, 95% CI [2.88; 33.87]), fever 
(p-value < 0.01, OR = 3.84, 95% CI [1.44; 10.22]), rhinitis 
(p-value = 0.01, OR = 3.88, 95% CI [1.38; 10.90]), or anos-
mia (p-value = 0.02, OR = 31.49, 95% CI [1.45; 682.7])  
were all significantly associated with the presence of spe-
cific SARS-CoV-2 IgG (Table 3). By contrast, the report 
of a sore throat, myalgia, dyspnoea, or chest pain were not 
associated with the serology result. No children were hos-
pitalised because of SARS-CoV-2 infection in our study.

Discussion

In Belgium, in order to reduce social contacts and thus the 
circulation of the virus in the population, a general lock-
down has been imposed in mid-March 2020, and in particu-
lar, schools have been closed with the exception of daycare 
centres for children whose parents work in an “essential” Ta
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profession. A progressive release of the lockdown was then 
carried out from mid-May. The seroprevalence we found in 
children after the first wave (6.9%) is in the range of what 
was found in the Belgian population at the same time period 
(4.5 to 6.9%) [15]. We show also a significantly higher 
SARS-CoV-2 seroprevalence (22.5%) after September 8, 
which corresponds to 1 week after the beginning of the sec-
ond wave in Belgium. However, mitigation measures were 
only reintroduced at the end of October. In the meantime, 
the children could engage in all their usual activities with the 
only constraint of having to wear a mask for those over the 
age of 12. Compared to the first wave, during which schools 
were closed and people were confined to their homes, the 
potential sources of infection were much greater for children 
at the beginning of the second wave, increasing their likeli-
hood of being infected. The increase in seroprevalence from 
the beginning of the second wave is in line with what was 
seen in the adult population for this period (26% in Brussels) 
[16]. The seroprevalence we found is relatively comparable 
to those found at the same time in the adult population in 
Belgium, both after the first wave and at the beginning of 
the second wave.

Meta-analysis of household contact studies has shown fewer 
cases in children compared to adults [17], although these find-
ings may be subject to bias [18]. However, children have sig-
nificantly more potentially contaminating contacts than adults 
when no mitigation measures are taken, and this could explain 
that we, as others, found serological evidence that the rate of 
infection in children is comparable to that of the adult popu-
lation [9]. In our study, SARS-CoV-2-seropositive children 
tended to be older than seronegative children. The difference 
was not statistically significant potentially due to the small 
sample size. Younger children might have reduced exposure 
due to a lower degree of social mobility or may be less likely 
to seroconvert [19].

Transmission within households, particularly depend-
ing on the age of the index case, is still subject to many 

uncertainties. Current evidence supports a lower transmis-
sion from children to adults [1, 20, 21], but data are not 
unequivocal as one study found younger age (< 20 years) 
associated with increased infectivity [22] and other studies 
finding no age effect [23, 24]. However, few studies have 
characterized the transmission of SARS-CoV-2 in European 
households and the risk for transmission depends on viro-
logical factors but also on the type and intensity of social 
contacts, which may differ between different cultures.

 Many studies on household transmission were done when 
a strict confinement was applied and children had few or 
no social interactions outside of the family. In our study, 
as many children as adults seem to have brought the virus 
into their home and most of the children living in the house-
holds where we have the serologic proofs that the virus was 
introduced were immunised against SARS-CoV-2. There-
fore, it seems that, even if children show few signs of infec-
tions, they could be easily infected when they are placed 
in high-risk conditions to acquire the SARS-CoV-2. The 
transmission by children in their households could also be 
more frequent than initially thought. A high transmission 
of SARS-CoV-2 among US household members, including 
households where the index case was a child, was recently 
described [25], and transmission from children or adoles-
cents to other family members showed a secondary attack 
rate of 45% in one study [26]. Recently, a Canadian study 
showed that, among households in which the apparent pri-
mary case was a child, the youngest children are the most 
likely to spread the virus, with the highest odds of transmis-
sion observed for children aged 0 to 3 years [24].

Two of the three children who were PCR negative at the 
time of symptoms had SARS-CoV-2-specific IgG after-
wards. One study in children suggests that they could mount 
a cellular immune response to SARS-CoV-2 more easily 
than adults and sometimes without virological confirmation 
of infection, raising the possibility that immunity in chil-
dren can prevent the establishment of SARS-CoV-2 infection 

Table 3  Symptomatology 
according to serological status. 
Based on all children: initially 
recruited patients + siblings 
(n = 136)

Symptoms Total Sars-CoV-2 IgG seronegative 
patients: n = 116 (%)

Sars-CoV-2 IgG seropositive 
patients: n = 20 (%)

P-Value

None 89 84 (72) 5 (25) P < 0.01
Fever 39 28 (24) 11 (55) P < 0.05
Rhinitis 25 17 (15) 8 (40) P < 0.05
Cough 23 16 (14) 7 (35) P < 0.05
Diarrhoea 13 6 (5) 7 (35) P < 0.01
Sore throat 7 4 (3) 3 (15) P > 0.05
Myalgia 7 4 (3) 3 (15) P > 0.05
Dyspnoea 3 3 (3) 0 (0) P > 0.05
Anosmia 2 0 (0) 2 (10) P < 0.01
Chest pain 0 0 (0) 0 (0) P > 0.05
Total 136 116 (100) 20 (100)
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[27]. A prospective household contact study suggests that 
infected children are detectable by PCR for a shorter period 
than adults [28].

Most of the children who exhibited SARS-CoV-2 IgG 
in our study were never tested by a molecular method, 
although 75% did develop symptoms of a viral infection, 
either because their minor symptoms did not require medical 
consultation or because they did not meet the national test-
ing guidelines criteria. As only cases proven by molecular 
diagnosis are recorded in the national database, this could 
lead to a large bias in the pediatric figures if they are less 
often symptomatic or less symptomatic than adults.

We found that at least 25% of SARS-CoV-2-infected chil-
dren never developed symptoms. The retrospective design 
of our study with respect to symptoms raises the possibility 
that the symptoms reported by parents may not be related 
to SARS-CoV-2 and that the number of children who were 
actually asymptomatic at the time of their infection is actu-
ally higher. Given the intense focus on health in Belgium 
since the first wave of COVID, it is unlikely that parents 
have forgotten symptoms presented by their child. The prev-
alence of asymptomatic SARS-CoV-2 infections we found 
is roughly the same as what is described in adults [29] and 
is in the range of asymptomatic infections numbers in other 
pediatric studies [30, 31].

By comparing the symptoms presented by positive 
SARS-CoV-2 IgG children with negative SARS-CoV-2 chil-
dren, we found four symptoms associated with seropositiv-
ity: fever, diarrhoea, rhinitis, and anosmia. These symptoms 
were previously reported in other studies involving children 
[32−34] but cannot be seen as specific for COVID-19 and 
are frequently very self-limited and mild in children. It is not 
obvious whether there are more asymptomatic infections in 
children than in adults but more infections remain mild and 
do not lead to a medical contact [35].

This study has several limitations. The retrospective 
design is prone to recall bias, and minor symptoms might 
not have been identified. It is possible that parents and 
children were more willing to participate if they suspected 
they had been infected, introducing a possible selection 
bias. We were also only able to test 6 households with 
at least 1 seropositive member. With such low numbers, 
errors due to chance (by sampling fluctuations) are more 
frequent. Finally, its monocentric design gives us infor-
mation localised to a single geographical area located in 
downtown Brussels. The findings might have been differ-
ent in area with distinct socio-demographic and economic 
characteristics [36].

However, we offer important epidemiological data on 
the rate of SARS-CoV-2 infection in Belgian children. 
These data provide more objective information on the 
impact of the pandemic on the pediatric population than 
those obtained from the nasopharyngeal swab, which 

underestimates the infection rate in children. The findings 
that the SARS-CoV-2 seroprevalence in children is com-
parable to adults, suggesting that they are as frequently 
infected as adults but that the infection stays under-recog-
nised in children are of importance, as are the findings that 
children could not unusually be the first case in households.

In conclusion, we do not find a lower seroprevalence of 
infection in children compared to adults. On the contrary, 
this seroprevalence seems to be at least as high, both by 
comparing our data with adult Belgian data from the same 
period and by the number of people confirmed to be infected 
in the households in which there was demonstrated SARS-
CoV-2 infection. Children have mostly minor symptoms 
when infected and are therefore under-tested and under-
diagnosed. However, it is not such a rare event that a child 
is the primary source of infection in a household.
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