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Introduction: In India, laboratory diagnosis of SARS - CoV-2 infection 
has been mostly based on real-time reverse transcriptase polymerase 
chain reaction (RT-PCR). Studies have shown that Viral titres peak within 
the first week of symptoms, but may decline post this time frame, 
thereby hampering RT-PCR based diagnostic strategies. These reasons 
have prompted the call for adoption of antibody testing as a potential 
source of data to address the gap in data and inform public health and 
governance policies oriented towards COVID-19. 

Materials and Methods: A Cross-sectional study with a sample size of 
9000 was conducted for 11 days (Dec 11-21, 2020) including all the 
79 wards under Jabalpur Municipal Corporation. Serum samples were 
tested for the presence of specific antibodies to COVID19 using ICMR-
Kavach IgG ELISA kits. The data collected was compiled on Microsoft Excel 
and data analysis was carried out using STATA 15E statistical software.

Result: Overall seroprevalence of the study population was found to be 
28.70% (weighted). Wards of the city of Jabalpur were classified into 
three categories based on the case prevalence - High (27 wards), Medium 
(26 wards) and Low (26 wards). Based on the overall seroprevalence, 
the estimated number of total infections were calculated to be 3, 54,870 
for the study population. Overall Case Infection Ratio was 31.41.

Conclusion: The current seroprevalence study rightly provides 
information on proportion of the population exposed, however, the 
correlation between presence and absence of antibodies is not a marker 
of total or partial immunity. Hence, the golden rule of Social distancing, 
sanitization, personal protective equipment and public health measures 
have to be continued.
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Introduction
Ever since the first case first case of novel Corona Virus 
infection reported on  December 31 2019 in Wuhan, 
China, the virus has spread across the globe rapidly and 
has caused massive catastrophe in various forms.1 In the 
wake of the swift increase in the number of COVID-19 
cases worldwide, a global pandemic was declared by the 
World Health Organisation (WHO) on March 12 2020.2 
Aggressive interventional efforts have been undertaken 
worldwide throughout the year 2020 to contain the spread 
of this health emergency of international concern. Despite 
intensive containment efforts, as of Feb 6 2021, cumulative 
cases worldwide have reached more than 106 million with 
more than 2.3 million deaths.3 India being no exception, is 
one of the worst affected country currently with over one 
crore people infected and 1.5 lakh deaths.4 Containment 
efforts by India during the year 2020 have mostly relied on 
mass quarantine or ‘lock-down’ measures to control and 
restrict population movement, thereby reducing person-
to-person contacts.5 However, several serological studies,6 
7 estimating anti-SARS-CoV-2 antibodies have showed that 
the actual number of infected individuals are higher than 
the reported cases due to various factors (Host, Agent 
and Environmental).8,9 Additionally, the requirement for 
specialist equipment and reagents for sample collection, 
skilled and trained laboratory staff, unavoidable time-gap 
between sampling and generation of test results amplify 
the gap between the reported cases and actual prevalence 
of infection. In India, laboratory diagnosis of infection has 
been mostly based on real-time reverse transcriptase 
polymerase chain reaction (RT-PCR). Furthermore, the issues 
of quality/ timing of collection, transportation time of the 
samples have impact on the outcomes of RT-PCR. Hence, 
estimating the seroprevalence status of the community 
regularly becomes an important catalyst to address the 
gap in data, thereby informing public health authorities 
and aiding governance policies oriented towards COVID-19. 

Since the announcement of the efficacy of few COVID-19 
vaccines through the interim analysis of placebo controlled 
phase 3 trials (mid phase), various countries including India 
intensified  national deployment plans for COVID-19 vaccine 
introduction.10 Knowing the serological status, Clinico-
social and geographical risk profile in the community for 
SARS-CoV-2 before vaccine introduction can potentially 
be helpful in guiding the vaccination program as well. 
With this backdrop, during the month of December 2020, 
a seroprevalence study was planned in one of the most 
affected district (Jabalpur) of the state Madhya Pradesh. 
Antibody is a protective protein produced by immune 
system in response to SARS-CoV-2 specific ‘antigen’.11 IgG 
antibody generally start appearing after two weeks of the 
onset of the infection, once the individual has recovered 

after infection and last for several months. Antibody-based 
tests would be capable of detecting both ongoing as well 
as past SARS-CoV-2 infections due to their capacity to 
detect IgG and IgM, thereby providing valuable clues about 
asymptomatic infections in the community.12 India has 
indigenously developed its own IgG-based ELISA test for 
COVID-19, with a reported sensitivity of 92.37% and a 
specificity of 97.9%.13 Using this test kit, the following 
study was conducted among the general population of 
Jabalpur jointly by department  of Community Medicine 
and Microbiology, Government Medical College, Jabalpur 
and technical supervision from National Centre for Disease 
Control, Delhi.

Materials and Methods
A Cross-sectional study was conducted for 11 days 
(December, 2020) including all the 79 wards under Jabalpur 
Municipal Corporation. With due precautions taken to avoid 
the risk of Covid infection exposure to the participants, 
a House to House survey was conducted with the help 
of Data collection team which  includes a Lab technician 
for sample collection and a Nursing Staff for Form filling. 
During the visit, all participants had to answer a short pre 
validated questionnaire, translated in their local language. 
It was followed by the collection of a blood sample by a 
trained member the team. All individuals aged 1 to less than 
18 years for whom parents or guardian are willing to give 
assent and any individual who is 18 years and above and 
is ready to give consent for participation were included in 
the study. Only those who have been residing in Jabalpur 
since March 1, 2020 were included. Individuals who did not 
give consent or who did not respond were excluded from 
the study. Individuals not in compos mentis or those who 
were intoxicated too were excluded.

As provided by JMC Jabalpur, the population of the city 
12,06,219 (As provided by CMHO Jabalpur) was considered 
as the Target Population. In May 2020 protocol of ICMR, the 
sero-prevalence in hotspot areas was considered as 5%.14 
Hypothesizing 1% rise each for June to October and 0.5% for 
1st half of November, it is taken as 10.5%. This prevalence was 
arbitrarily used for estimating the Sample size in this study. 
With Confidence Level of 95%, Absolute Precision of 1% and 
Design Effect of 2.5 the effective sample size was calculated 
using OpenEpi and was approximated to 9000. Stratified 
Random Sampling method was used to collect the samples 
and the required sample was divided proportionally across 
79 wards under Jabalpur Municipal Corporation according 
to their population weightage. Population weighted sample 
size was calculated for each ward and proportionate to 
the population of each ward, the number of samples were 
collected. Computer generated randomized household 
addresses were availed for the required sample size plus 
20% considering attrition and non-consent/ non-response.
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The urban area of Jabalpur was stratified based on ward-
wise geospatial mapping. Each ward was considered as one 
Strata. Kish Grid method was used to randomly identify 
each candidate based on age and gender. Considering 
the fact that sex-ratio of Jabalpur is 925 females per 1000 
males15, almost similar representation was given to males 
and females. Furthermore, considering the fact that children 
and adolescents (aged 1 to less than 18 years) represent 
an important cohort of the society and previous studies 
emphasizing the fact that children are just as likely as 
adults to be infected with this virus but less likely to be 
symptomatic or develop severe symptoms.16,17 There is an 
urgent need to gather evidence of this under-represented 
population, hence the sample population age groups were 
divided into three namely: 33% males of age 18 years and 
above, 33% females of age 18 years and above, 33% children 
and adolescent aged 1 to 18 years.

After securely packing the collected samples in a 
temperature controlled insulated boxes for maintaining 
the integrity, they were carried back to the field office 
immediately. The blood samples were stored in the site 
offices within specialised refrigerators at 40C before being 
further processed. Each blood sample was stored for up to 
one month at the mentioned temperature. After processing 
of the blood samples, the remnants were discarded taking 
all biohazard safety precautions. Blood samples thus 
collected and transported by maintaining Cold chain were 
processed as follows:

• The samples were de-identified, and testing was 
performed in an anonymous manner

• The serum was separated by using centrifugation at 
2200-2500 rpm for 20 minutes

• Aliquots of serum samples were preserved for batch 
testing and repeated freeze and thaw cycles were 
avoided

• Serum samples were tested for the presence of specific 
antibodies to COVID19 using ICMR-Kavach IgG ELISA kits

• Simultaneously, dry blood on pre-circled filter paper 
were collected from 15% of 9000 samples for parallel 
testing using same ICMR-Kavach IgG ELISA for comparing 
the results of test using venous blood v/s dried blood 

spot (with an intention that could help in deciding 
about mode of sample collection in future surveys)

• Interpretation of sero-reactivity was done as per the 
criteria provided by the manufacturer

This real time monitoring was done from specially 
designated Covid Control Room to resolve any issues, 
problems, discrepancies, and technicalities faced by field 
teams. Parallel coordination with various stakeholders such 
as Jabalpur District Administration, Health Department 
and NCDC (National Centre for Disease Control, Delhi) 
was carried out. 

Informed written consent was taken from the potential 
participants after getting verbal consent for participation in 
the study. In case of adults, informed written consent was 
obtained from the participant and in case of adolescents 
informed written assent was obtained. For children below 
12 years, consent was obtained from their parents/ legal 
guardians. Relevant ethical clearance will be taken from 
participating institutions (Institutional Ethical Committee) 
prior to the initiation of the study. After completion of data 
collection, the data from each field team was compiled on 
Microsoft Excel and data analysis was carried out using 
appropriate statistical software.

Result
In the study, overall 9,279 blood samples surveyed were 
found to be satisfactory as per lab standards and results 
of these samples have been utilized for estimation of 
weighted seroprevalence of SARS-CoV2 antibodies in 
general population of Jabalpur. Overall 2,665 samples 
showed positive results and thus the weighted 
seroprevalence was estimated to be 28.7% (CI: 27.81-
29.63%). Subsequently, adjusted seroprevalence as per 
sensitivity and specificity of ELISA test kit was calculated 
and was found to be 29.42% (CI: 28.41-30.43%). Data 
collected using a predesigned questionnaire contained 
basic socio-demographic parameters as well. It was used 
to analyse the gender wise distribution, age group wise 
distribution of seroprevalence and socio-economic groups, 
weighted and adjusted seroprevalence thus calculated is 
as shown in Table 1. 

Table 1.Seroprevalence of SARS-CoV-2 antibodies by age, gender and socio-economic profile

Category Variable Samples 
collected

Samples tested 
positive

Weighted 
prevalence

Adjusted prevalence*
(95% CI)

Gender Male 3629 1119 30.83% 31.77% (30.11-33.43)
Female 5650 1546 27.36% 27.91% (26.63 -29.19)

Age group
(years)

0-18 1023 282 27.51% 28.07% (25.03-31.10)
19-45 5413 1506 27.83% 28.43% (27.12-29.74)
46-60 1875 601 32.05% 33.13% (30.79-35.47)
>60 968 276 28.51% 29.19% (26.02-32.34)
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Wards of the city were arranged in a sequential order as 
per case prevalence (cumulative reported cases/ 10,000 
population) and classified into three categories (tertiles) - 
High (27 wards), Medium (26 wards) and Low (26 wards). 
Based on this classification of wards, status of SARS-CoV-2 
antibody seroprevalence has been described in Table 2. 
No significant difference in seroprevalence was observed 
in different categories of wards as per the prevalence of 
cumulative cases reported. However, it was observed that 
there was a wide range of difference between individual 
wards across the city. For example, wards such as Hanuman 
Tal ward, Shitla Mai Ward showed a seroprevalence of 

43.39% and 42.30% respectively whereas wards like Swami 
Dayanad Saraswati Ward and Dr. Jakir Hussain Ward showed 
seroprevalence as low as 12.74% and 13.13% respectively. 
A seroprevalence of ≥40% was observed in 6 wards and 
≤20% was observed in 14 wards. Wards of the city were 
arranged in a sequential order as per seroprevalence and 
classified into three categories (tertiles) - High (27 wards), 
Medium (26 wards) and Low (26 wards) and the details are 
as shown in Table 2. Pictorial representation of the city 
wards categorized by case prevalence and seroprevalence 
has been depicted in the form of Heatmaps for comparison, 
as in Figure 1. 

Socio 
economic 

group

Non-slum 7383 2116 28.66% 29.35% (28.22-30.48)
Slum 1896 546 28.95% 29.68% (27.43-31.93)
BPL 4398 1239 28.77% 29.48% (27.34-30.27)
APL 4881 1426 29.21% 29.97% (28.55-31.38)

Overall 9279 2665 28.72% 29.42% (28.41-30.43)
BPL – Below Poverty Line18, APL – Above Poverty Line.

Table 2.Seroprevalence of SARS-CoV-2 antibodies by wards (low, medium and high - case 
burden and seroprevalence)

Category Tertile
Average cases 
reported per 1 

lakh population

Total 
samples
collected

Samples 
tested 

positives

Weighted
prevalence

Adjusted
prevalence

(95% CI)

Wards 
categorized by 

case prevalence

High 1769 3195 925 28.64% 29.45% (29.38-29.53)
Moderate 755 2863 842 29.68% 30.59% (30.53-30.66)

Low 316 3221 898 28.90% 28.82% (28.75-28.89)

Wards 
categorized by 

sero-prevalence

High 954 3118 1150 36.91% 41.08% (41.05-41.11)
Moderate 964 3007 872 29.03% 32.31% (32.29-32.32)

Low 899 3154 643 20.31% 22.59% (22.56-22.63)
Overall 939 9279 2665 28.72% 29.42% (28.41-30.43)

Figure 1.Heat map of Jabalpur city Covid19 Case prevalence as on Dec 1, 2020 (Left) 
and SARS-CoV-2 antibodies Sero-prevalence (Right)
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Based on the overall adjusted seroprevalence, the estimated 
number of total infections were calculated to be 3,54,870 
for the study population with Infection-Case Ratio (ICR) of 
31.41. Details of estimated infection and ICR among wards 
categorized based on seroprevalence is depicted in Table 3. 

Discussion
Overall weighted seroprevalence of the study population 
was found to be 28.72% and the adjusted seroprevalence 
was 29.42%. Seroprevalence studies across the world show 
a wide spectrum of seroprevalence based on different 
stages of the epidemic. Findings from similar studies have 
been reported from Iran, United States and Germany with 
seroprevalence of 22%, 21-30% and 15% respectively.19-21 

There has been a wide range of reports on seroprevalence 
of SARS-CoV2 anti bodies from various places across India 
as well, including 57% in Urban Slums of Mumbai to 23.5% 
among general population of Delhi.22,23 A nationwide 
serosurvey conducted during Dec 2020 by ICMR estimates 
that the overall seroprevalence in India is 21.4%, sero-
prevalence of 31.7% in urban slums and 26.2% in urban 
non-slums.7 Our study conducted in Jabalpur during the 
same period is consistent with the national serosurvey 
results as well.

In our study, irrespective of the average cases reported 
per 1lakh population as on Dec 1 2020 (Mid Survey date 
when 50% of samples were collected within 14 days 
incubation period), there was no significant difference 
in seroprevalence (Table 2). High, medium and low case 
prevalent category (tertiles) of wards had no significant 
difference in seroprevalence. A similar study conducted 
in Indore (7.75% overall seroprevalence) during August 
showed the seroprevalence was consistent with case 
prevalence.24 This relation is not observed in our study 
since the spread of disease is more extensive, indicated 
by the overall seroprevalence of Jabalpur in December is 
4 times that of Indore in August. As the disease spreads, 
it can be hypothesized that the differences even out and 
there shall be more uniformity in disease spread. This can 
also be seen consistent with the fact the hotspot areas 
were 5 times more affected than the low seroprevalent 
wards in the Indore study as compared to our study where 
seroprevalence of hotspot areas was three times higher 

than the low risk areas. Case prevalence and seroprevalence 
always do not follow a linear relationship which is also 
supported by a SEROCoV-POP prospective study conducted 
in Switzerland which reported that most of the population 
of Geneva remained uninfected during the wave of the 
pandemic between April -May 2020, despite the high 
prevalence of COVID-19 in the region.25 However, the 
SEROCoV-POP prospective study showed a significant 
difference in seroprevalence among different age groups 
where as our study shows no significant association between 
seroprevalence and age groups or gender or socio-economic 
groups. The pattern indicates that the spread of disease 
becomes more even as the disease progresses indicating 
that the proportion of susceptible population if higher in 
any group, they have higher chance of getting infected over 
time and hence such scenario could be noticed. 

The overall Infection-Case Ratio in our study for Jabalpur 
was 31.41. Infection-case ratio calculated as per recent ICMR 
serosurvey result of 21.4% was 27 and our study results 
are in accordance with the national figures. However, the 
difference in ICR between different tertiles indicate the 
variation in case detection/ reporting and effectiveness 
of contact tracing program in different wards. Low 
seroprevalent areas with high case reporting are the best 
performing wards and high seroprevalent areas with low 
case reporting are the worst performing wards (Figure 1). 
As the seroprevalence rises, the proportion of susceptible 
population decreases and thus as the epidemic progresses, 
the variation in ICR should reduce. Repeated serosurveys 
and comparative studies shall aid in surveillance strategies 
and identifying the key aspects where improvement in 
intervention planning and implementation is essential. 
Lower the ICR, better is the surveillance program as higher 
proportion of asymptomatic cases get detected through 
effective contact tracing. 

The current seroprevalence study rightly provides 
information on proportion of the population exposed, 
nevertheless the correlation between presence and absence 
of antibodies is not a marker of total or partial immunity. 
It must also be noted that more than 70 percent of the 
population is still susceptible for COVID-19 infection. From 
the study it’s also clear that since the disease in spreading 

Table 3.Infection case ratio based on wards categorized according to SARS-CoV-2 seroprevalence

Risk category based on 
sero- prevalence

Population 
(Percentage)

Adjusted sero-
prevalence 

Positive cases as 
on Dec 1, 2020

Expected 
infections

Infection-
case ratio

High 4, 05, 561 (33.92%) 41.08% 3,867 1,66,592 43.08
Moderate 3, 91, 537 (32.46%) 32.31% 3,821 1,26,487 33.10

Low 4, 09, 121 (33.62%) 22.59% 3,611 92,426 25.60
Overall 12, 06, 219 (100%) 29.42% 11,299 3,54,870 31.41
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more evenly among all age groups, socio-economic groups 
with no predisposition to any gender, vaccination coverage 
has to be very extensive and should cover very subgroup 
of the population. As there is no clear-cut idea on the 
proportion of population to be covered for attaining herd 
immunity and also the duration of antibody stay in the 
human body or effectiveness of cell-mediated immunity 
post-vaccination, it is advised to continue following 
preventive measures until a clearer picture of the current 
pandemic is established. Hence, the golden rule of Social 
distancing, hand sanitization, usage of personal protective 
equipment such as masks and implementation of Public 
health measures have to be continued.

Recommendation
Non-Pharmaceutical interventions with focus on High Risk 
Groups (HRG) need to be continued to further prevent 
further spread of infection.

Repeat survey may be planned to assess the effectiveness 
of vaccination program at different stages.

Conflict of Interest: None
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