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ABSTRACT

Background: Estimating seroepidemiolgical prevalence of SARS-CoV-2 antibody is an essential public health strategy. There is insufficient
evidence of prevalence among those belonging to young age population in India. Objective: To compare the SARS-CoV-2 seropositivity
rate between children and adults in selected sites from India. Materials and Methods: This was a multicentric population-based
seroepidemiological study conducted in selected urban and rural areas of five sites selected from four states (Delhi, Odisha, Uttar Pradesh,
Tripura) of India. Participants aged >1 year were included from different clusters of each area. Total serum antibody against SARS-CoV-2
virus was assessed qualitatively by using a standard enzyme-linked immunosorbent assay (ELISA) kit.Results: Data collection period
was from 15 March 2021 to 10 June 2021. Total available data was of 4509 participants, of whom 700 were <18 years of age and 3809
were >18 years of age. The site-wise number of available data among those aged 2-17 years was 92, 189, 165, 146 and 108 for the sites
of Delhi urban, Delhi rural, Bhubaneswar rural, Gorakhpur rural and Agartala rural area, respectively. The seroprevalence was 55.7% in
the <18 years age group and 63.5% in the >18 years age group. The prevalence among female children was 58% and among male children
was 53%. Conclusion: SARS-CoV-2 seropositivity rate among children was high and comparable to that of the adult population. Hence,
it is unlikely that any future third wave by prevailing SARS-CoV-2 variant would disproportionately infect children 2 years or older.
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Introduction

Seroepidemiological assessment is one of the most important
aspects of policymaking and public health intervention of the
coronavirus disease 2019 (COVID-19) pandemic. This helps to
know the proportion of the population infected, symptomatic
and asymptomatic fractions, distribution of the infected as well
as susceptible population.!” Therefore, the vulnerable group of
population can be identified, which helps in day-to-day practice
for early identification and containment of the pandemic.”! Tt
also indicates the section of the population that is protected
to subsequent infection to some extent. In case of symptoms
persisting for long, where molecular tests may not be useful,
serological tests can give an idea of past infection.!

The clinical manifestation and immune reaction to severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) virus are
different in children compared to adults.”! Though children get
less severe infection, they ate susceptible in all age groups.’! The
reported cases in the young age group give an underestimation of
the infection level compared to adult age group.”! On the other
side, there is evidence indicating a lower infection rate among
children.B"I Therefore, the role of children in the transmission
of SARS-CoV-2 is not clearly understood.

Children, particularly those aged 5-18 years, attend schools.
It is commonly believed that classrooms could become
outbreak clusters.'! It is further assumed that those children
could then bring the infection home and pass it on to their
elderly grandparents who are at a higher risk of dying due to
COVID-19. Because of their reasoning, globally, there has been
closute of schools, thereby disadvantaging children in receiving
education.!'>!?)

The available seroepidemiological evidence in India shows
variable levels of prevalence in the young age groups. As per
a nationwide second serosurvey done in August—September
2020 in India, the prevalence among those in the 10-17 years
age group was 10.4%.'" Another study conducted in a hospital
setup in June—September 2020 showed a prevalence of 19.6%.!"
Detailed serological evidence in different age groups among

children is lacking.

We, therefore, undertook a community-based serosurvey for
SARS-CoV-2 among a population older than 2 years. The
objective of the study was to compare the SARS-CoV-2
seropositivity rate between children and adults.

Materials and Methods

Ethical approval and consent to participate

The study received ethical clearance from all five participating
institutes (letter no. for AIIMS, New Delhi: ITEC-959/04.09.2020;
AIIMS, Bhubaneswar: T/EMF/CM&FM/20/44; JIPMER,
Puducherry: JIP/TEC/2020/248; AIIMS, Gorakhpur: IHEC/
AIIMS-GKP/BMR/01/22; Agartala: F4 (5-234)/AGMC/
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ACADEMIC/IEC MEETING). Written informed consent,
assent and consent from the parents/guardians for participants
under the legal age of giving consent was obtained as per the
Indian medical research council (ICMR) guidelines.

Type of study

This is part of an ongoing multicentric population-based,
age-stratified, prospective SARS-CoV-2 seroprevalence study
under the Wortld Health Otganisation (WHO) Unity studies.!'"

Study setting and patient selection

The study is being conducted in five sites selected in India. The
sites selected are field practice areas of tertiary care medical
colleges in Delhi, Bhubaneswar, Gorakhpur, Puducherry and
Agartala [Figure 1]. In each site, both urban and rural arca
populations have been planned to be included. In Delhi, the urban
area is a resettlement colony in the South Delhi district, where
the majority of the population are from lower socioeconomic
strata. The rural site for Delhi is in the villages of Ballabgarh
block in Faridabad district of Haryana, which comes under Delhi
National Capital Region (NCR). The site of Bhubaneswar is
situated in the state capital of Odisha. The Gorakhpur area is
near the city Gorakhpur, Uttar Pradesh, which is a transit point
of international surface transport to Nepal. The Agartala site is
in the northeastern state of Tripura. The Puducherry site is a
Union Territory situated in South India.

Sample size and sampling strategy

For each study site, the sample size was 2000; thus, the total
aggregate was 10,000. In each study site, 1000 participants were
selected from urban areas and 1000 from rural areas. The rural
and urban areas were selected purposively in each study site, out
of which 25 clusters were chosen randomly from each of the
urban and rural areas. In urban areas, individual municipality
ward was considered as a cluster, whereas in rural areas, village
was considered as a cluster. The field team visited the meeting
point of multiple lanes, preferably at the centre of each cluster.
The starting lane was identified using the rotating pencil method.
From the first family, the recruitment process started and all
family members of =2 years of age were included. By these
methods, at least 10 consecutive families were visited, assuming
four participants per family. If we could not get 40 participants in
10 houses, we kept on going until a sample of 40 in that cluster
was achieved. At the end of a lane, the team moved to the left
side to approach the next family.

Outcome measures

The primary outcome variable was the participants’ serum
antibody reactivity to SARS-CoV-2 virus. Five millilitres of
venous blood sample was collected from each participant in
a clot activator vial with gel separator. The total antibodies in
serum to SARS-Co-V-2 were assessed using enzyme-linked
immunoassay (ELISA; WANTAI SARS-CoV-2 Ab ELISA kit,
Wantai SARS-CoV-2 Diagnostics) as per the manufacturer’s
protocol. WANTAI SARS-CoV-2 Ab ELISA is used for
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Figure 1: Geolocation of the study sites

the qualitative detection of total antibodies against S-RBD
SARS-CoV-2 virus in human serum or plasma specimens. It has
a sensitivity of 94.4% and a specificity of 100%.!"" Specimens
with an absorbance to cut-off ratio of 21.0 were considered
as positive.

Data collection tool

Data collection was done using electronic tablet based EpiCollect5
mobile and web-based application which was filled for each
participant. Information on exposure variables like age, sex, blood
group, history of any symptoms experienced in the past 3 months

Journal of Family Medicine and Primary Care

2818

from the date of recruitment, complications due to the symptoms,
contact history, vaccination status and use of mask was collected.
Once uploaded, the form was downloaded in Microsoft Excel
data format and merged with registration forms filled at the time
of sample collection based on unique identification numbers.

Study period

Data were collected from 15 to 31 March 2021 in Delhi utban
site, from 12 April to 22 May 2021 in Delhi rural (NCR),
from 22 March to 7 May 2021 in Bhubaneswar rural and from
26 March to 1 June 2021 in Agartala.
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Data analysis

Data were extracted in Microsoft Excel and analysed in Stata V12,
Categorical variables were expressed as proportions, whereas
the continuous variables were expressed as median, mean and
95% confidence interval (CI). To find the statistical difference
between categorical variables, the Chi-squared test was used. The
level of significance was taken at 0.05. The seroprevalence was
expressed as a proportion with 95% CI, according to the study site,
rural—urban area, age groups, sex and presence of any symptoms.
The age group was divided in two ways: the first type was less
than 18 years and 18 years or older, whereas the second type was
1-4, 4-9 and 10-17 years. The corrected estimate was calculated
by adjusting the test kit accuracy using the following formula:!'¥
adjusted prevalence = (crude prevalence + specificity — 1)/
(sensitivity + specificity — 1).

Results

Currently, we are reporting the available data of the
2-17 years age group from four sites, that is, urban and

rural sites of NCR of Delhi, Bhubaneswar, Gorakhpur and
Agartala.

The data collection period was from 15 March to 31 March
2021 (the second wave started on 1 April, and the peak date was
23 April) in Delhi urban site, from 12 April to 22 May 2021 (the
second wave started on 1 April, and the peak date was 10 May)
in Delhi rural site (Faridabad, Haryana), from 22 March to
7 May 2021 (the second wave started on 1 April, and the peak
date was 24 May) in Bhubaneswar site, from 22 April to 10 June
2021 (the second wave started on 1 April, and the peak date
was 27 April) in Gorakhpur site and from 26 March to 1 June
2021 (the second wave started on 15 April, and the peak date
was 23 May) in Agartala site [Figure 2a—¢].l'")

Till 11 June 2021, the number of recruited participants was 1001
from Delhi urban, 1059 from Delhi rural, 448 from Gorakhpur
rural, 1000 from Bhubaneswar rural and 1001 from Agartala
rural. The total number of recruited participants was 4509. Out
of them, 700 participants were <18 years of age and 3809 were
adults (=18 years) [Table 1]. Number of participants in <18 years
age group was 92, 189, 165, 146 and 108 for the sites of Delhi
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Figure 2: (a) Data collection period in an urban area of Delhi site in the context of ongoing COVID-19 pandemic; (b) data collection period in a

rural area of Delhi site in the context of ongoing COVID-19 pandemic;

(c) data collection period in a rural area of Gorakhpur site in the context of

ongoing COVID-19 pandemic; (d) data collection period in a rural area of Bhubaneswar site in the context of ongoing COVID-19 pandemic; (e)
data collection period in a rural area of Agartala site in the context of ongoing COVID-19 pandemic. COVID-19 = coronavirus disease 2019
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urban, Delhi rural, Bhubaneswar, Gorakhpur and Agartala,
respectively [Table 2]. The median age of the child participants
was 11, 12, 11, 13 and 14 years for the sites of Delhi urban,
Delhi rural, Bhubaneswar, Gorakhpur and Agartala, respectively,
whereas the median age of the adult participants was 406, 40,
45, 40 and 41 years for the sites of Delhi urban, Delhi rural,
Bhubaneswar, Gorakhpur and Agartala, respectively.

The total number of participants in the <18 years age group
positive for SARS-CoV-2 antibody was 390/700 (55.7%). The
prevalence of adult participants was 2421/3809 (63.5%) [Table 1].
The site-wise prevalence in these two age groups was similar,
except in Agartala site [Figure 3].

Irrespective of the age groups, rural sites had lower seropositivity
compared to the urban site (at Delhi). Within the rural sites,
children had slightly lower seropositivity compared to adults.
However, this differential prevalence was not observed in the
urban site [Table 2 and 3].

The prevalence in children was slightly higher among female
participants compared to males (58.6% vs. 53.0%). However,
there was no statistically significant difference (P-value 0.140)
in seropositivity between males and females. Among 700
children aged 2—17 years, 362 (51.7%) were males. The number
of participants aged 2—4 years was 33 (4.8%), 5-9 years was
153 (21.8%) and 1017 years was 512 (73.1%). Children aged 2—4
and 5-9 years had almost identical seropositivity rates (42.4% and
43.8%, respectively), which were lower than the rate observed

Table 1: Total prevalence of COVID-19 seropositive
participants of age <18 and >18 years

Variables Total N=4509
n %
Participants Seropositive Prop Adjusted
seropositive prevalence
<18 years 700 390 55.7 (52.0-59.4) 59.0 (55.4-62.6)
218 years 3809 2421 63.5 (62.0-65.1) 67.3 (65.8-68.8)
Total 4509 2811 62.3 (60.9-63.8) 65.9 (64.6-67.4)

COVID-19=coronavirus discase 2019

for children aged 10-17 years (60.3%) [Table 4]. The overall
proportion of seropositivity in the <18-year age group was also
similar across different symptom categories [Table 5].

Discussion

The seroprevalence of SARS-CoV-2 antibody among children
was similar to that of the adult population across the study sites,
except at Agartala rural. Though there was urban—rural difference
in terms of total prevalence, it was similar between the children
and adult populations. There was a slightly higher seropositivity
rate observed among female children. This finding is in contrast
to the meta-analysis where it was shown that the prevalence is
higher in men.”” This may be a chance finding due to a small
number of data available at the time of midterm analysis. The
higher seropositivity rate in children aged 10-17 years may be
reflective of their higher mobility and independence compared
to the younger children. As reported in the literature, a large
proportion of children (50.9%) had asymptomatic SARS-CoV-2

infection.?!l

In India, seroprevalence among children and younger age group
was estimated as a part of a larger nationwide survey on adult
age group. The second nationwide seroprevalence study done in
August—September 2020 had reported 9.0% seropositivity among
3021 children aged 10-17 years," while in our study, it was 60.3%.
One hospital-based study in Chennai had reported a prevalence
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Figure 3: Bar diagram of seropositivity (%) among participants < 18 years
and 18 years or older, according to the study sites

Table 2: Distribution of participants by age group and COVID-19 seropositivity at different study sites

Variables  Delhi urban n=1001 Delhi rural n=1059

Bhubaneswar rural n=1000 Agartala rural n=1001

Gorakhpur rural n=448

Participants Seropositive Participants Seropositive Participants

Seropositive Participants Seropositive Participants Seropositive

n n (%) n n (%) n n (%) (95% n (95% CI)* n (95% CI)*
(95% CI)* (95% CI)@ CIy

<18 years 92 68 (73.9) 189 116 (61.4) 165 75 (45.4) 146 45 (30.8) 108 87 (80.6)
(63.7-82.5) (54.0-68.3) (37.7-53.4) (23.4-38.9) (71.8-87.5)

>18years 909 680 (74.8) 870 512 (58.8) 835 451 (54.0) 855 475 (55.6) 340 307 (90.3)
(71.8-77.6) (55.5-62.1) (50.5-57.4) (52.1-58.9) (86.6-93.2)

Total 1001 748 (74.7) 1059 628 (59.3) 1000 526 (52.6) 1001 520 (51.9) 448 394 (87.9)
(71.9-77.4) (56.3-62.3) (49.4-55.7) (48.8-55.1) (84.6-90.8)

CI=confidence interval, COVID-19=coronavirus disease 2019, NCR=National Capital Region. 'Villages at Ballabgarh in district Faridabad, Delhi NCR". *The adjusted prevalence for<18 years is 78.3 (95% CI: 68.4-
86.2), for 218 years is 79.2 (95% CI: 76.4-81.8) and for total is 79.1 (95% CI: 76.5-81.6). “The adjusted prevalence for <18 years is 65 (95% CI: 57.8-71.8), for =18 years is 62.3 (95% CI: 58.9-65.5) and for total is

62.8 (95% CI: 59.8-65.7). *The adjusted prevalence for <18 years is 48.1 (95% CI: 40-55.8), for=18 years is 57.2 (95% CI: 53.8-60.6) and for total is 55.7 (95% CI: 52.5-58.8). <The adjusted prevalence for <18 years is
32.6 (95% CI: 25.3-41.1), for 218 years is 58.9 (95% CI: 55.6-62.3) and for total is 55 (95% CI: 51.8-58.1). “The adjusted prevalence for <18 years is 85.4 (95% CI: 77-91.3), for=18 years is 95.7 (95% CI: 92.8-97.5) and

for total is 93.1 (95% CI: 90.3-95.2)
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Table 3: Distribution of participants by age group and type of study site

Age group Location
Urban Rural
Total participants Total seropositive  Adjusted prevalence  Total participants  Total seropositive ~ Adjusted prevalence
(n) (n) (%) 95% CI (n) (n) (%) 95% CI

<18 years 92 68 (73.9) 78.3 608 322 (52.9) 55.9
(63.7-82.5) (69.8-86.7) (49.0-56.9) (52.0-59.9)

=18 years 909 680 (74.8) 79.2 2900 1741 (60.0) 63.5
(71.8-77.6) (76.6-81.8) (58.3-61.8) (61.8-65.3)

Total 1001 748 (74.7) 79.1 3508 20063 (58.8) 62.2
(71.9-77.4) (76.5-81.6) (57.2-60.4) (60.7-63.9)

CI=confidence interval

Table 4: Distribution of child participants by selected variables and seropositivity rate

Variables Total (N=700)
Participants (n) Seropositive (n) Proportion of seropositive (%) (95% CI) Adjusted prevalence (%) 95% CI

Male 362 192 53.0 (47.7-58.3) 56.1 (50.8-61.3)
Female 338 198 58.6 (53.1-63.8) 62.1 (56.7-67.3)
1-4 years 33 14 42.4 (25.5-60.8) 45.0 (28.1-63.0)
5-9 years 153 67 43.8 (35.8-52.0) 46.4 (38.3-54.6)
10-17 years 512 309 60.3 (55.9-64.0) 63.9 (59.5-68.0)
Symptomatic 131 90 68.7 (60.0-76.5) 72.8 (64.0-79.9)
Asymptomatic 569 300 52.7 (48.5-56.9) 55.9 (51.7-60.0)
Total 700 390 55.7 (51.9-59.4) 59.0 (55.2-62.7)

Cl=confidence interval

Table 5: Distribution of participants <18 years of age by
symptoms and seropositivity rate

Symptoms Total number of participants with any
one symptom (n=131)
Total number Seropositive Proportion
of symptoms seropositive
reported (95% CI)
n n %

Fever 67 45 67.2 (54.6-78.1)
Respiratory symptoms 67 44 65.7 (53.1-76.8)
(sore throat, runny nose,
cough, shortness of breath,
conjunctivitis)
Abdominal symptoms 15 10 66.7 (38.4-88.2)
(vomiting, nausea and
diarrhoea)
Neurological symptoms 4 3 75 (19.4-99.4)
(loss of smell and loss of
taste)

CI=confidence interval

of 19.6% in the age group of 1 month to 17 years."”! Another
recent study done in Chandigarh among children reported a
prevalence of 71% in urban, rural and slum areas.” As per a
large nationwide cross-sectional study performed in 21 states,
the seroprevalence among children aged 6-9 years was 57.2%,
whereas it was 61.6% in the age group of 10-17 years.”’

Urban area

During the first wave of the pandemic in India, the worst
affected areas were the large urban areas, including Delhi. We
collected data during the second fortnight of March 2021. This
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was the time when the first wave was subsiding and the second
wave had not yet started. Results show that a large majority
of the population had already been infected by the time we
conducted the study at Delhi urban site, which predominantly
had lower and middle socioeconomic strata people and had a very
congested neighborhoods. The obliteration of any difference in
seropositivity rate between children and adults suggests that as
the disease become generalised, it affects all age groups equally.

We found that the seropositivity rate in our study was
higher (74.7%) than the fifth serosurvey (conducted in January
2021) which reported an overall 56.1% for Delhi and 62.8% for
South Delhi district.?**! However, information on prevalence
in children and young age groups was lacking,

Rural areas

We had included four rural sites. Two of the sites (Bhubaneswar and
Agartala) were state capitals, one site (Faridabad under the rural site
of AIIMS, Delhi) was in NCR and one site (Gorakhpur) was a major
transit point for surface transportation to another country (Nepal).
Thus, these sites were more vulnerable to a pandemic. The data
were collected during the second wave. Gorakhpur site was the
worst affected (seropositivity rate of 87.9%), while Faridabad was
the least affected (seropositivity rate of 58.8%). Data collection in
all the sites was done just before the second wave hit the country,
except the site of Gorakhpur. This may be the reason for the highest
prevalence at the Gorakhpur site among all the sites. Overall, more
than half (62.3%) of those surveyed showed evidence of past
infection. Agartala site included some tribal populations as well. In
general, the tribal population might have lower mobility, resulting
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inlower vulnerability to SARS-CoV-2 infection. This might explain
the comparatively low prevalence in children at this site.

In a rapidly evolving pandemic, individuals who have been
recently infected (<14 days) may not have developed antibodies.
They would have been reported negative in serosurvey. Hence,
our findings are likely to be an underestimate.

We observed that children had a slightly lower seropositivity
rate compared to adults (55.7% vs. 63.5%). These findings are
similar to the previously reported evidence which found that
children are less affected than the adult age group.*
the pandemic, schools were closed and children were more likely
to have remained indoots compated to adults.™ For children, the
source of infections is likely to be houschold adults who bring

I Duting

the infection from outside during livelihood activities. Hence, we
can expect some lag in seropositivity among children. Evidence
suggests that children might produce different levels of antibodies
than adults when infected.® In that case, the antibody might not
be detectable by the existing laboratory tests. So, the observed
seropositivity rate would reflect the laboratory test’s proficiency
rather than any true difference between the infection rates of
children and adults. Overall, the results suggest that children and
adults are equally susceptible to SARS-CoV-2 infection.

Overall, our study found more than 50% of both young and
adult populations had already been infected with SARS-CoV-2.
Out of all seropositive participants, around two thirds had no
symptoms. The seroprevalence was similar in males and females,
and the populations of rural and urban areas had been almost
equally got infected across the sites.

Strengths

This study included participants from four different states
representing different geographical locations of India. We, for
the first time, provide a seroprevalence estimate for children
aged 2—17 years in India. Data from urban slum areas, rural
areas and some tribal populations at one site further increase
the generalisability. Including a large number of clusters within
each of the study sites makes our findings more representative.

Limitations

In Delhi urban, we had purposively selected an urban
resettlement colony. This area had a high population density
inhabited mostly by lower socioeconomic populations.
Therefore, it is not representative of Delhi urban population
as a whole. At all other sites, clusters were selected randomly.
Secondly, we did not perform neutralising antibody assay for
all these samples, which would have helped to interpret the
significance of seropositivity.

Conclusion

SARS-CoV-2 seropositivity rate among children was high and
comparable to the adult population. Hence, it is unlikely that
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any future third wave by prevailing SARS-CoV-2 variant would
disproportionately affect children 2 years or older.
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