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Abstract

Limited prospective serosurveillance data in children regarding severe acute re-

spiratory syndrome coronavirus 2 (SARS‐CoV‐2) infection have been reported. We

prospectively investigated SARS‐CoV‐2 seropositivity in children during a 16‐month

period of the coronavirus disease 2019 (COVID‐19) pandemic, including the four

waves of the pandemic, before SARS‐CoV‐2 adolescents' vaccination. Serum sam-

ples from children admitted to the major tertiary Greek pediatric hospital for any

cause, except for COVID‐19 infection, were randomly collected from 05/2020 to

08/2021. The study period was divided into four 4‐month periods representing

relevant epidemic waves. Total SARS‐CoV‐2 antibodies for nucleocapsid protein

were determined using the Elecsys® Anti‐SARS‐CoV‐2 reagent. A total of 3099

children (0–16 years) were included in the study. A total of 344 (11.1%) seropositive

children were detected (males: 205 [59.5%]; median age [interquartile range [IQR]]:

3 years [0.6–10]). Seropositivity rates (%) increased during the four 4‐month periods:

1.4%, 8.6%, 17.2%, and 17.6%, respectively. A correlation of seropositivity rates in

children with new diagnosed SARS‐CoV‐2 cases in the community was detected. No

significant differences were detected between males and females. Seropositivity was

significantly higher in hospitalized than in nonhospitalized children and in non‐Greek

compared to Greek children (p < 0.001). The lowest seropositivity rate before school

opening (9/2021) was detected in the age groups 6–12 years (14.4%) and 12–16

years (16.1%). However, compared with the other age groups, the lowest median

antibody titers were observed in children 0–1 year (median [IQR]: 13.9 cut‐off index:

[4.5–53.9] [p < 0.001]). Although the seropositivity of children was related to the

community epidemic waves, the exposure was limited. Low seropositivity rates in

school‐age children support the need for SARS‐CoV‐2 immunization.
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1 | INTRODUCTION

Since the first reports of coronavirus disease 2019 (COVID‐19) and

the identification of the novel coronavirus that causes severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2), the infection has

spread at an unprecedented pace and caused more than 200 million

confirmed cases in adults and children worldwide.1,2

Although most pediatric COVID‐19 cases present as asympto-

matic, mild, or moderate, there are rare cases of severe clinical pre-

sentation of the postinfection multisystem inflammatory syndrome,

when children require hospitalization to prevent life‐threatening

complications of the infection.3–5

It is difficult to estimate the exact incidence rate of SARS‐CoV‐2

infection in children, mainly due to the increased number of asymp-

tomatic cases.6 Children are commonly infected after close contact

with an infected family member within the same household, even

though viral transmission rates have also been reported in several

other activities, including schools.7

Serological studies have been critical in tracking the evolution of

the COVID‐19 pandemic by deciphering the true extent of trans-

mission in different populations.8 Estimating the true rate of SARS‐

CoV‐2 infection allows public health specialists to predict the likely

future course of the epidemic in specific locations or populations and

to better design interventions to control the epidemic.8,9

The aim of this study was to prospectively evaluate the SARS‐

CoV‐2 seropositivity rates of children 0–16 years old during a 16‐

month period of the pandemic in Athens, Greece before adolescents'

immunization. In the study, the role of epidemiological parameters,

including sex, age, origin, and hospitalization status, was also

evaluated.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This was a prospective cohort study involving children who pre-

sented in the emergency department or were admitted for any rea-

son to the ‘'Aghia Sophia’’ Children's Hospital, a 750‐bed tertiary

pediatric hospital, which is the largest hospital for children in Greece.

To evaluate the seropositivity of children in the Athens me-

tropolitan area, serum samples were prospectively collected from 05/

2020 to 08/2021. Each month, approximately 200 serum samples

were randomly collected from the Department of Clinical Biochem-

istry of “Aghia Sophia” Children's Hospital. Serum samples were re-

sidual sera that were ordered from paediatricians for any medical

reason from hospitalized children or children from the emergency

department. Children with proven COVID‐19 infection either with

SARS‐CoV‐2 PCR or with the rapid test were excluded from the

study. Epidemiological parameters, which included age, sex, origin,

and hospitalization status, were recorded. If a child was admitted to

the hospital more than once within the study period and the results

of his antibody test results were positive, only those of the first

positive result were included in the analysis. Further laboratory

testing of the serum samples was performed anonymously using an

identification code.

The study period was divided into four 4‐month different sub-

periods representing different phases of the pandemic: 01/05/

2020–31/08/2020, 01/09/2020–31/12/2020, 01/01/2021–30/

04/2021, and 01/05/2021–31/08/2021. Children from different

age groups were enrolled in this study and were categorized as in-

fants (0–1 year), toddlers (1–4 years), pre‐school (4–6 years), primary

school (6–12 years), and adolescents (12–16 years).

Data on the new cases of COVID‐19 in Greece were found on

the site of the Greek National Public Health Organization

(GNPHO).10

2.2 | Ethical approval

The study protocol was in accordance with the 1964 Declaration of

Helsinki and its later amendments or comparable ethical standards

and was approved by the scientific and bioethics committee of “Aghia

Sophia” Children's Hospital (No. 25609).

2.3 | Antibody detection assay

Serums for SARS‐CoV‐2 antibody detection were tested in the In-

fectious Diseases Laboratory of the Choremeion Research facility,

First Department of Pediatrics, Medical School, National and Kapo-

distrian University of Athens, “Aghia Sophia” Children's Hospital.

Serum samples were tested using Elecsys® Anti‐SARS‐CoV‐2 (Roche

Diagnostics) reagent on a Cobas e 411 immunoassay analyzer for the

semiquantitative detection of total antibodies (IgA, IgM, and IgG)

against SARS‐CoV‐2 nucleocapsid protein according to the manu-

facturer's instructions. Elecsys® Anti‐SARS‐CoV‐2 is an electro-

chemiluminescence immunoassay (ECLIA), which is based on a

double antigen sandwich enzyme‐linked immunosorbent as-

say methodology. ECLIA represents a highly effective technique, with

an estimated sensitivity of 99.5% (14 days from the onset of symp-

toms) and a specificity of 99.8%. Values of ≥1 cut‐off index (COI) are

positive.

2.4 | Statistical analysis

The assumption of normality was checked through kurtosis and

skewness, Kolmogorov–Smirnov, and Shapiro–Wilk tests. Absolute

and relative frequencies (%) were used to describe the qualitative

variables, while median and interquartile range (IQR) were used for

quantitative variables. Differences between qualitative variables

were evaluated with the χ2 test. To check the proportions, a binomial

test was conducted (for dichotomous variables) or one sample χ2 test

(for nondichotomous variables). Correlations were assessed via the

Spearman correlation coefficient. The statistical significance level
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was set at a p‐value of <0.05. Statistical analysis was performed with

the SPSS version 26.0 (IBM Corp., Released 2019. IBM SPSS Statis-

tics for Windows, Version 26.0. IBM Corp).

3 | RESULTS

A total of 3099 pediatric serum samples were tested from 1/5/

2020 to 31/8/2021. More specifically, in the first subperiod were

tested 793 (25.6%) samples, in the second 775 (25%), in the third 775

(25%), and in the fourth 756 (24.4%) (p: 0.75). Demographic char-

acteristics of the study population and seropositive children in each

study subperiod are presented inTable 1. The median age (IQR) of the

study population was 5 years (0.9–11 years). Among the 3099 chil-

dren, 1712 (55.2%) were male, 2221 (71.7%) were hospitalized, and

2260 (72.9%) were of Greek origin.

A total of 344 (11.1%) seropositive children were detected

during the study period, with median age of 3 years (IQR: 0.6–10

years). The median age of seropositive children in the four study

subperiods were: 1st: 2 years (IQR: 0.2–5), 2nd: 3 years (IQR:

0.4–11.3), 3rd: 2 years (IQR: 0.4–10.7), and 4th: 4 years (IQR: 1.1–10)

(p: 0.167).

Seropositivity in different pediatric departments of the hospital

was 13.9% (227/1634) in general pediatric departments, 5.1% (5/98)

in pediatric intensive care unit, 8.6% (21/244) in neonatal intensive

care unit, 9.7% (14/144) in surgical departments (including surgery,

cardiothoracic surgery, neurosurgery, orthopedics, urology, ophthal-

mology, plastic surgery, and otorhinolaryngology departments), 4.9%

(2/41) in the cardiology department, and 6.7% (4/60) in the neurol-

ogy department.

The seropositivity of SARS‐CoV‐2 (%) during each month of the

study is presented in Figure 1A and the relevant monthly new cases

of COVID‐19 cases in Greece, as reported by the GNPHO in

Figure 1B. Seropositivity varied significantly among the four sub-

periods. Seropositivity increased from 1.4% in the 1st subperiod to

8.6% in the 2nd, 17.2% in the 3rd and 17.6% in the 4th subperiod

(p < 0.001). The lowest seropositivity was detected in 08/2020 (0%)

and the highest were detected in 06/2021 (21.8%) and 07/2021

(21.2%). There was a correlation of seropositivity rates in children

with newly diagnosed SARS‐CoV‐2 cases in Greece with Spearman r:

0.75 (95% confidence interval: 0.3913–0.9109) (p: 0.001).

The SARS‐CoV‐2 seropositivity (%) detected in the four different

subperiods per age group are presented inTable 1 and Figure 2. In all

age groups, there was a statistically significant increase in ser-

opositivity during the four study subperiods (p < 0.001) except for the

age group of 4–6 years (p: 0.119). In all four study subperiods, the age

group 4–6 years had the highest seropositivity rate, followed by the

0–1 year and the 1–4 years group. The lowest seropositivity rate at

TABLE 1 Distribution of the demographic characteristics of the 3099 children who included in the study in the four different study periods:
1st: 05/2020–08/2020, 2nd: 09/2020–12/2020, 3rd: 01/2021–04/2021, 4th: 05/2021–08/2021

Study period
Total 1st 2nd 3rd 4th

Variable Categories n (%) n (%) n (%) n (%) n (%) p value

Children tested 3099 793 (25.6) 775 (25) 775 (25) 756 (24.4) 0.75

Seropositive 344 (11.1) 11 (1.4) 67 (8.6) 133 (17.2) 133 (17.6) <0.001

Gender Female 139/1387 (10.0) 5/364 (1.4) 31/351 (8.8) 57/357 (16) 46/315 (14.6) <0.001

Male 205/1712 (12.0) 6/429 (1.4) 36/424 (8.5) 76/418 (18.2) 87/441 (19.7) <0.001

p value 0.09 >0.999 0.898 0.445 0.08

Age group (years) 0–1 112/837 (13.4) 5/213 (2.4) 23/211 (10.9) 52/253 (20.6) 32/160 (20.0) <0.001

1–4 73/642 (11.4) 1/145 (0.7) 11/151 (7.3) 25/156 (16.0) 36/190 (19.0) <0.001

4–6 37/237 (15.6) 5/66 (7.6) 7/51 (13.7) 14/67 (20.9) 11/53 (20.8) 0.119

6–12 70/882 (8.0) 0/240 (0.0) 13/234 (5.6) 24/179 (13.4) 33/229 (14.4) <0.001

12–16 52/501 (10.4) 0/129 (0.0) 13/128 (10.2) 18/120 (15.0) 21/124 (16.9) 0.001

p value 0.001 <0.001 0.115 0.285 0.577

Department Hospitalized 274/2221 (12.3) 7/541 (1.3) 59/540 (10.9) 120/622 (19.3) 88/533 (17.0) <0.001

Non‐hospitalized 70/878 (8.0) 4/252 (1.6) 8/235 (3.4) 13/153 (8.5) 45/238 (19.0) <0.001

p value <0.001 0.75 <0.001 0.001 0.411

Origin Greek 209/2260 (9.3) 6/580 (1.0) 32/553 (5.8) 95/594 (16.0) 76/533 (14.3) <0.001

Non‐Greek 135/839 (16.1) 5/213 (2.4) 35/222 (15. 8) 38/181 (21.0) 57/223 (25.6) <0.001

p value <0.001 0.176 <0.001 0.143 <0.001

Note: Among them, 344 (11.1%) were detected seropositive for SARS‐CoV‐2.
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(A)

(B)

F IGURE 1 (A) Monthly seropositivity rates (%) for SARS‐CoV‐2 antibodies from 5/2020 to 8/2021 in 3099 children of Athens metropolitan
area. (B) New COVID‐19 cases in Greece 5/2020–8/2021, including all age groups (data from Greek National Public Health Organization)10

F IGURE 2 Changes in SARS‐CoV‐2 seropositivity (%) in 3099 children of different age groups from 5/2020 to 8/2021 presented in four
different 4‐month periods: 1st: 5/2020–8/2020, 2nd: 9/2020–12/2020, 3rd: 1/2021–4/2021, 4th: 5/2021–8/2021 in Athens
metropolitan area
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the last period was detected in the age groups 6–12 years (14.4%)

and 12–16 years (16.1%).

No significant differences were detected between seropositive

males and females during the study period (p: 0.09) (Table 1). Ser-

opositivity was significantly higher in hospitalized children than in

non‐hospitalized children (p: 0.0004) (Table 1). Children of non‐Greek

origin had statistically significant higher seropositivity rates compared

to children of Greek origin in all subperiods (p < 0.001) (Table 1).

Antibody titers per age group are presented in Figure 3. The

median (IQR) antibody titer per age group was 13.9 COI (4.5–53.9) in

the 0–1‐year‐old, 59.6 COI (13.3–137.9) in the 1–4 years, 63 COI

(12.6–170.1) in the 4–6 years, 39 COI (9.5–133.1) in the 6–12 years,

and 33.1 COI (8.1–81.2) in the 12–16 years (p: 0.001).

4 | DISCUSSION

In the present study, we prospectively investigated SARS‐CoV‐2

seropositivity in a large pediatric population during a 16‐month

period of the COVID‐19 pandemic and the possible association with

epidemiological and demographic characteristics to evaluate the need

for immunization.

We detected increasing seropositivity in sequential epidemic

waves and an association with the new cases in the general popu-

lation indicating the increased circulation and transmission of the

virus in the community. The initial low seropositivity in the first and

second epidemic waves are justified due to the implementation of

strict physical distancing measures, school closure, and the limited

exposure of children to close contacts outside of their household.11

In contrast, the subsequent increase coincides with the release of

restriction measures, as well as the circulation of more transmissible

variants of SARS‐CoV‐2.12,13

In our area, children <17 years old represent almost 17% of the

total population. Even taking into account the highest seropositivity

rate of children during the study period (21.8%), it means that only an

additional 3.7% of the total population has SARS‐CoV‐2 immunity. At

the same period (end of August 2021), the GNPHO reported that

people <17 years represent 12.1% of total cases.10 For this dis-

crepancy between pediatric confirmed cases and seropositivity, we

could hypothesize that antibodies are waning over time or there is a

delay between cases and antibody detection in the population. An-

other hypothesis could be that children who have asymptomatic or

mild symptomatic infection do not display detectable antibody

responses.

No differences in seropositivity rates between sexes were de-

tected, which is consistent with findings regarding confirmed SARS‐

CoV‐2 cases in Greece.10 Data from the United States on a Nation-

wide Commercial Laboratory Seroprevalence Survey also support the

comparable seroprevalence rates between females and males (20.4%

and 20.8%, respectively), as well as the equal incidence of the disease

in both women and males <17 years by August 2021.10,14,15

In all study subperiods, pre‐school children (4–6 years old) had

the highest seropositivity rate. This finding may possibly be over-

estimated due to the limited number of children of this age group

represented in the study. Nevertheless, it may partially explain the

transmission of preadolescent children in kindergartens and play-

grounds, in which epidemic control strategies are not always effec-

tive due to absence of physical distancing and use of face masks.16

An increased proportion of seropositive hospitalized compared

to non‐hospitalized children during the study period (12.3% and 8%,

respectively) was detected. This could be a reflection of persistent

physical symptoms in children after a known or unknown SARS‐CoV‐

2 infection (long‐COVID‐19), including dyspnea, cough, headache,

joint, or chest pain that may require hospitalization for further eva-

luation.17 Another hypothesis could be that COVID‐19 infection

could affect post‐infectious general health status. This has been

shown for other infections, such as measles, which has long‐term

effects in childhood infectious disease morbidity and mortality.18

However, this is a hypothesis that must be tested in large epide-

miological studies.

In the present study, significant differences in seropositivity rates

were found between children of Greek and non‐Greek origin in all

different subperiods. It appears that SARS‐CoV‐2 alongside other

infectious diseases incommensurately affects underrepresented ra-

cial and ethnic groups within society.19,20 This trend may possibly be

attributed to poverty, densely populated households, and to limited

access to health facilities.19,20 These factors lead not only to a dis-

proportionate increase in the incidence of SARS‐CoV‐2 infection in

these social groups but also to significant restrictions in laboratory

tests and confirmation of the disease.19,20 Public health measures

regarding the vaccination of children should take into account the

F IGURE 3 SARS‐CoV‐2 antibodies levels in 344 seropositive
children of different age groups from 5/2020 to 8/2021 in the
Athens metropolitan area. Bars represent median and line
interquartile range (IQR) values (COI, cut‐off index; y, years)
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elevated seropositivity rates in such groups and modify their vacci-

nation need with prospective seroepidemiology studies in the future.

COVID‐19 vaccines are an indisputable tool of major significance

for pandemic control and vaccinations in children began in Greece in

August 2021. The BNT162b2 COVID‐19 vaccine is authorized for

adolescents aged 12–15 years, with estimated efficacy and im-

munogenicity rates approaching 100%.21,22 Recently, the BNT162b2

COVID‐19 vaccine was licensed for children 5–11 years old.23 The

present study demonstrated that at the beginning of the upcoming

school year, only a minority of children aged 5–12 years (14.4%) and

12–16 years (16.1%) will enter school and other social activities with

detectable antibodies following natural SARS‐CoV‐2 infection. Study

findings support immunization of this age group as it will add pro-

tection from complications such as myocarditis or multisystem in-

flammatory syndrome in children, facilitate the school and other

activities' function, and protect the community from SARS‐CoV‐2

transmission.5,24

Although we cannot determine the onset of SARS‐CoV‐2 infec-

tion in seropositive children only from a randomly detected antibody

titer, the present study showed that children 0–1 year demonstrated

significantly lower SARS‐CoV‐2 antibody titers compared to the

other age groups. Transplacental transfer of maternal IgG from a

SARS‐CoV‐2‐infected mother can be largely cleared from an infant's

circulation by 6 months of age25 and this may justify the significantly

lower antibody titers of children 0–1 year compared to the other age

groups. Further studies should gain insight into immune responses

after SARS‐CoV‐2 infection and establish differences between age

groups.

Limitations of the study include that it represents only the pe-

diatric population of Athens and not country‐wide data. In addition,

the distribution of age groups in the study does not necessarily re-

present the total pediatric population. Furthermore, seroepidemiol-

ogy studies performed in hospitals may overestimate SARS‐CoV‐2

seropositivity as some of the children could be at the beginning of the

infection or could be exposed because of their hospitalization. These

potential limitations are common to most seroprevalence studies and

do not degrade the utility of the data during the pandemic, as so far

this is the only longitudinal study in our area.9

5 | CONCLUSION

As most children have mild symptoms after SARS‐CoV‐2 infection or

remain asymptomatic, it is difficult to determine the exact incidence

of COVID‐19 in the pediatric population. Through a prospective in-

vestigation of seropositivity in children, we showed that ser-

opositivity of children is associated with epidemic waves in the

community. Certain groups were affected disproportionately, in-

dicating that public health decisions need to better protect these

groups to reduce inequity in the impact of COVID‐19. Before the

initiation of SARS‐CoV‐2 immunization for adolescents and younger

children, the number of seropositive children is limited, which sup-

ports the need for immunization. Continuous surveillance of

seroepidemiological data in children can guide and optimize public

health policies on the implementation of preventive measures for

transmission or immunization in schools and communities.
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