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Background: Weather and the susceptibility of children to SARS-CoV-2 infection is still a
debated question particularly in view of important decisions regarding opening schools.
Therefore, we planned this cross-sectional analysis of antiSARS-CoV-2 Immunoglobulin-G
(IgG) antibodies in children with known household exposure to SARS-CoV-2. This
serosurveillance, to find the presence of IgG antibodies among children of probable household
exposure of confirmed COVID-19 cases will help in the better understanding of the immune
response after COVID-19 infection/exposure. Aims and Objectives: The aim of the study was
to investigate the prevalence of anti-SARS-CoV-2 antibodies in children among the families
who had confirm case/cases of COVID 19 during the second wave of the COVID-19 pandemic.
This study is designed as a cross-sectional serosurveillance study in Kota, Rajasthan India.
Materials and Methods: Population-based serosurveillance among children with probable
household exposure to confirmed COVID-19 cases who was admitted in Govt. Medical
College attached COVID 19 dedicated hospital was carried out during October 2021 to
December 2021 using the COVID IgG Antibody Detection Enzyme-Linked Immunosorbent
Assay kits. Seropositivity among children was measured and with various other factors to
understand the immunity status among COVID-19 cases. Descriptive statistical analysis done.
Results: 156/1285 eligible candidates (19.53%) having a total of 251 household contacts of
<17 years age group agreed to participate in study while rest of them refused. Anti-SARS-
CoV-2 IgG antibodies were presentin 127/251 household contacts (50.59%). Among them
maximum 28.68% of seropositive were from age group 11-17 years age, symptoms were
observed in 29.13% IgG positive contacts, maximum seropositivity was seen when only one
family member was hospitalized, 63% seropositivity was seen when primary relative of child
was hospitalized as compared to secondary. Maximum seroreactivity (55.9%) was seen when
the Chest CT score of index case was high, that is, 14-25. max reactivity was observed
76/127 (59.84%) when hospital duration of index case is <1 week. 118/127 (92.91%)
of seroreactive children were found when the index case was unvaccinated or partially
vaccinated. Conclusion: Seropositivity of 50.59% suggests that all the cases may not have
IgG antibodies. Among the seronegative cases, the antibodies either not developed, or are
undetectable, or have disappeared during the post COVID period. Seropositivity based on
gender difference is statistically not significant. Proportion of positivity shows an increasing
trend with increasing age among pediatric household contacts. Complete COVID-19
vaccination is an effective tool to minimize the disease frequency/severity. Severe disease
patients with high CT score transmits the infection to household contacts more efficiently.
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INTRODUCTION

About 20 months after the first reported case in Jaipur,
Rajasthan,' the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic is still putting
pressure on the health systems. There are concerns
raised regarding the probable third wave of COVID-19
where children and young age group is thought to get
mostly affected. A much-debated aspect of the disease
concerns its impact on small children. Weather and the
susceptibility of children to SARS-CoV-2 infection are still
a debated question and currently a hot topic, particularly
in view of important decisions regarding opening schools.
Serosurveillance involving cross-sectional analysis of
antiSARS-CoV-2 immunoglobulin G (IgG) antibodies in
children with known household exposure to SARS-CoV-2
uncovers the asymptomatic and subclinical infection and
thus helps in understanding the disease dynamics in a better
way for planning an appropriate public health response.

Many countries with higher number of reported
COVID 19 cases, the incidence data of COVID-19 in
the pediatric population from epidemiological reports
show only a small proportion of children (0—19 years)
in the total number of patients. In China, children under
18 amounted to 2-5%, Italy 1.2%, United States 7.3%,
and in Australia 4% of all COVID- 19 positive cases.*”
Very less proportion of COVID-19 positive children
developed a severe illness which required intensive care
support and prolonged mechanical ventilation.® Thus,
overall, there are proportionally fewer cases of and deaths
from COVID-19 disease for children and adolescents
than for adults. Thus, this data suggest that children show
clinical symptoms less often than adults. Due to mild or
asymptomatic infections, children ate not included in the
routine molecular testing (reverse transcriptase polymerase
chain reaction) for COVID-19 and according to existing
data, it is impossible to accurately determine the number
of infected children.’ In this way the number of infections
is probably underestimated. In this context, seroprevalence
studies are important in the assessment of the extent of
infection in the population.

Children particularly aged 3—18 years attend schools.
Classrooms could be a possible outbreak cluster. It is
further assumed that those children could transfer the
infection to their elderly grandparents and other family
elders with comorbidities who have a higher mortality risk
due to COVID-19. This happens to be a major reasoning
given for closure of schools and thereby disadvantaging
children in receiving education.'"!

We, therefore, undertook a community-based serosurvey
for COVID-19 antibody among household exposure
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children of previously confirmed COVID positive cases.
The objective of the study was to determine the COVID-19
seropositivity rate among children. It will help in monitoring
changes in the seroprevalence over time which will ultimately
help in planning adequate public health measures.

Aims and objectives

The aim of the study was to investigate the prevalence of
anti-SARS-CoV-2 antibodies in children among the families
who had confirmed case/cases of COVID 19 during the
second wave of the COVID-19 pandemic. Epidemiological
significance will be determined that how use of restrictive
and preventive measures towards probable exposure of
children to COVID-19 infection affect this prevalence.

MATERIALS AND METHODS

Design and study setting

This is a population-based, age-stratified cross-sectional
COVID-19 seroprevalence study conducted by Govt.
Medical College Kota. Population-based serosurveillance
among children of <17 years of age with probable
household exposure to confirmed COVID-19 cases (index
case) who was previously hospitalized in Govt. Medical
College attached COVID-19 dedicated hospital, was carried
out during October 2021 to December 2021. Index case
was defined as the firstidentified laboratory confirmed case
in the household. Household contacts (children <17 years
of age) of COVID 19 patients underwent serology test.
We defined household contact a person who lived in the
household of the COVID 19 patient (index case) at the
time of diagnosis, for example, the other partner and/or
children living in the same house. Non household contacts
were not included in the study. Similarly, index patients
not living with children younger than 17 years of age were
excluded.

Eligibility criteria

Participants were eligible for enrolment if they were
between the ages of <17 years, and if their parent or legal
guardian gave informed consent to participate. Multiple
children per household were eligible as long as they all are
household contact of index case.

Ethical considerations

Written informed consent was obtained from the study
participant’s parents/guardians. To maintain the covertness,
dignity and confidentiality of the participants, the details
were not disclosed. The study is approved by the Ethical
Committee of our Institution.

Serological samples and laboratory analysis
Samples were collected by dedicated sample collection teams
(SCT) who collected door to door samples after contacting
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the index case telephonically whose details were obtained
from hospital database. Samples were collected from
household contacts of eligible candidates (having children
of age group <17 years as household contact). After pretest
counseling and informed consent, 5 ml of blood was
collected in a test tube using all aseptic precautions and is
properly labeled. A proper requisition form with date, age,
and relevant history was completed before collection of
samples in EDTA vials. The collected blood was allowed
to clot than centrifuged at 3000 rpm for 5 min to separate
out serum. Precaution was taken to avoid hemolysis. The
samples were forwarded for analysis and immediately after
analysis; the remaining serum was separated into labeled
plastic tubes and stored at - 20°C (maximum 3 weeks) as
per manufacturer’s instructions. The CE certified version
of the Erbalisa COVID-19 Immunoglobulin-G (IgG)
Antibody Detection Enzyme Linked Immunosorbent
Assay (ELISA) kits (Erba Mannheim, calbiotech, Inc.
EL Cajon, USA), which was validated by ICMR (https://
www.icmt.gov.in/ckitevaluation.html, dated 30.11.2020),
was used to detect IgG antibodies against SARS-CoV-2
according to manufacturer’s recommendation (https://
erbalisacovid19.erbamannheim.com/products/covid-19-
elisa/). The kit used in study has a sensitivity of 98.3% and
specificity of 98.1% for IgG antibody detection and based
on the principle of indirect ELISA using recombinant
spike subunit antigen. Optical density was determined by
colorimetric reaction which allowed the detection of IgG
in the samples and the evaluation of the signal generated
by SARS-CoV-2 specific antibodies against the antigen
confirmed whether subjects were seropositive. Parents
were informed about their child’s serostatus telephonically.

RESULTS

A total of 2291 adults were admitted in Govt. Medical
Collage dedicated COVID hospital during the second wave
of COVID 19 during the period April 2021 to June 2021.
Among them, 1285 were living in a household with children
of <17 years of age. Table 1 shows of those 1285 eligible,
156 (19.53%) agreed to participate in study while rest of
them refused. These 156 cases were considered as the index
cases. At the time of COVID19 diagnosis/hospitalization
of these 156 index cases, a total of 251 household contacts
of <17 years age group were living in the same household
and were enrolled in the study, (mean age 11.12, range: 0.9
17 in years). Anti SARS-CoV-2 IgG antibodies were present
in 127 out of 251 houschold contacts (50.59%). Among
them, 17 were <5 years age, 38 were of age group 610, 72
were of age group 11-17 years age. Among 127 COVID-19
IgG seropositive houschold contacts, 61 were male and
66 were female. Of these 37/127 (29.13%) IgG positive
pediatric contacts developed COVID19 related symptoms
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Demographic
characteristics

Pediatric household contacts, n (%)

Reactive Non-reactive

Total (251) 127 (50.60%) 124 (49.40%)
Gender

Male 61 (48.03%) 61 (49.19%)

Female 66 (51.97%) 63 (50.81%)
Age (in years)

<5 17 (13.38%) 9 (7.25%)

6-10 38 (29.92%) 37 (29.83%)

11-17 72 (56.70%) 78 (62.92%)
Number of index case in family

1 65 (51.18%) 71 (57.25%)

2 37 (29.13%) 28 (22.58%)

3 11 (8.66%) 10 (8.06%)

>4 14 (11.03%) 15 (12.09%)
Relation to parents

Primary 80 (63%) 83 (66.93%)

Secondary 47 (37%) 41 (33.07%)
CT score of patients

<5 4 (3.14%) 7 (5.64%)

6-13 52 (40.94%) 22 (17.74%)

14-25 71 (55.92%) 95 (76.62%)
Duration of stay in hospital

1 week 76 (59.85%) 93 (75.01%)

1-2 weeks 27 (21.26%) 13 (10.48%)

>2 weeks 24 (18.89%) 18 (14.51%)

Vaccination status of family members
Unvaccinated/Partial 118 (92.91%)
Fully Vaccinated 09 (7.09%)

Clinical status of child
Asymptomatic
Symptomatic

111 (89.51%)
13 (10.49%)

90 (70.86%)
37 (29.13%)

91 (73.38%)
33 (26.62%)

while 90/127 (70.86%) wete found asymptomatic. Among
houschold pediatric symptomatic contacts with SARS-
CoV-2 IgG antibodies, 10/37 (27.02%) got confirmed
microbiologically through PCR on nasopharyngeal swab.
These diagnoses among houschold contacts happened
after the initial diagnosis of the index case, and they were
diagnosed as part of the contact tracing and epidemiologic
assessment done by the Local Health Authorities once the
index case had been reported by the hospital. In reference
to the total number of positive COVID-19 patients in the
family, maximum seropositivity (65/127) was seen when
only one of the family members was hospitalized while
seropositivity was found 37/127,11/127 and 14/127 when
number of hospitalized patients were 2, 3, 4, or more,
respectively. Comparing reactivity with social relationship,
80/127 (63.00%) wete found seropositive when one or
both of the primary relative got hospitalized (father,
mother, brother, and sister) while 47/127 (37.00%) were
found reactive when secondary social group was involved
(Like uncle, aunt, landlord, tenant, etc.) living in the same
household. Maximum seroreactivity 71/127 (55.9%)
was seen among household pediatric contacts when the
chest CT score of index case was high, that is, 14-25.
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Comparing seroreactivity with duration of hospital stay of
index case, max reactivity was observed 76/127 (59.84%)
when hospital duration is <1 week. 118/127 (92.91%) of
seroreactive children were found when the index case was
unvaccinated or partially vaccinated. (Table 1).

DISCUSSION

Based on our findings the average seropositivity among
pediatric household contacts of index case was of 50.59%.
However, it also implies that the remaining 49.41% have
either not developed the antibodies, have antibodies but
in undetectable proportion, or the antibodies might have
disappeared, after their development, during the post-
COVID period as the study was done approximately
6 months after possible exposure. IgG antibodies levels reach
its peak at during the 3™ month and then declines gradually
over the next few weeks/months.'>!®> This indicates that
these antibodies may not be long-lasting. The prevalence
in pediatric household contact was found slightly more
among females participants compared to males. However,
there was no statistically significant difference (P=0.853) in
seropositivity between two genders. This finding suggests
equal risk between both the gender groups and similar
findings were recorded in other studies as well'*'"® The
higher seropositivity rate in children aged 11-17 years may
be hypothesized due to their more mobility, more interactive
nature and more sense of independence as compared to
the younger children. Similar results were found in other
studies where higher rate was found for household contacts
of school-aged children and the lowest for household
contacts of children 0-9 years." In the present study, a large
proportion of children (70.86%) remained asymptomatic.
Children appear more likely to be asymptomatic than adults
and several case series have identified asymptomatically
infected children, usually during contact tracing,' However,
such asymptomatic household contact could behave like
carriers that had the potential to transmit the coronavirus
to other family members. Our study showed increasing
seropositivity trend among household pediatric contacts
as the chest CT score of index case was increasing, This
could be explained on the basis of increasing severity of
disease among index case having high viral load, thus heavy
viral shedding which could possibly infected clinically/sub
clinically, household contacts including children. In our study,
most of the seropositive contacts 80/127 (63.00%) were
found to be primary relative of index case (father, mother,
brother, and sister). This could be explained by fact that
most of the pediatric contacts remain in close proximity of
parents/primary relative in the same household, preferably
in the same room with more frequent exposures. Hence,
if any of the primary relative got infected, there are very
good chances to transfer the clinical/subclinical infection
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to the pediatric contact. More seropositivity is seen in those
household pediatric contacts when index case is hospitalized
for 1 week or less while seropositivity declines with increase
in duration of hospital stay. This could be explained by fact
that during the first wave of COVID-19, positive hospitalized
patients were discharged only after 3 consecutive negative
RTPCR reports. However, this was not the scenario in
second COVID-19 wave. Due to an unprecedented surge in
demand of medical oxygen/oxygen beds across the country
during the second wave of COVID-19 there was immense
pressure on hospitals and health infrastructure. Thus, to
cope up the situation, patients were discharged as soon as
they became asymptomatic with advice for home isolation.
But most of them might not have followed the quarantine
guidelines resulting in infecting the household contacts. In
the present study, most of the seropositive pediatric contact
were found in those families where members were non or
partially vaccinated (taken single dose of vaccine) while
seropositivity was less among children of fully vaccinated
family members. This explains that complete COVID
vaccination is very effective in combating the disease which,
in turn, deceases the chances of viral shedding and infecting
other household contacts including children.

Limitations of the study

Participation in this study was voluntary. So not all eligible
candidates gave their consent to participate in this study.
This study did not take consideration of children to adult
transmission of COVID-19 diseases which should be
study separately.

CONCLUSION

Seropositivity of 50.59% among COVID-19 cases household
pediatric contacts suggest that all the cases may not have IgG
antibodies. Among the seronegative cases, the antibodies are
not developed, or are undetectable, or have disappeared during
the post-COVID period. The reason for the seronegative
results in COVID-19 cases needs further in-depth scientific
research. The difference in seropositivity based on gender is
statistically not significant. Proportion of positivity shows
an increasing trend with increasing age among pediatric
household contacts. Complete COVID-19 vaccination is an
effective tool to minimize the disease frequency/severity and
thus limit the transmission. Severe disease patients with high
CT score transmits the infection to household contacts more
efficiently, so they should be treated and isolated propetly.
Given the transmission among household contacts within
families, personal protective measures should be used athome
to reduce the risk for transmission. If feasible, measures like
cohortisolation outside of hospitals, such as in a Community
Centre/quarantine home, might be a viable option for
reducing household transmission. To understand better about
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SARS-CoV-2 transmission patterns in children, more studies
with sufficiently larger data including the household designs
are required like (1) the stringent selection of cases where a
true index patient bringing the infection into the household
is known, (2) monitoring of all household members by
serial PCR or rapid antigen tests during the quarantine
period, (3) investigating the hygiene measures, duration,
and adherence to them during the quarantine petiod, and
(4) analyzing serologically all the household contacts after
the infectious period. Thus a arduous prospective study
design should help to improve in better understanding of
transmission patterns of SARS-CoV-2 between children
and adults.
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