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Abstract

Background
Repeated cross-sectional serosurveys in the same geographic area establish the trend of 
the evolving pandemic. We present the findings of the third round of a national serosurvey 
to estimate the seroprevalence of SARS-CoV-2 infection among the general population and 
health care workers of India. 

Methods
We conducted the third population-based serosurvey between Dec 18, 2020 and Jan 6, 
2021 in the same 700 villages or wards from 70 districts in 21 states across India, which were 
selected for the first and second serosurveys. We enrolled from each district, at least 400 
individuals aged ≥ 10 years from general population and 100 HCWs from sub-district level 
public health facilities. Serum samples from general population were tested for the 
presence of IgG antibodies against nucleocapsid (N) and spike protein (S1-RBD) of SARS-
CoV-2 using the Abbott and Siemens assays respectively, whereas sera from HCWs were 
tested for anti-S1-RBD. For general population, sera positive for either of the antibodies 
were considered positive, while sera positive for anti-S1-RBD were considered as positive 
for HCW. Weighted seroprevalence estimates were adjusted for sensitivity and specificity 
of respective assays. 

Findings 
Of the 28,598 sera from general population, 4585 (16%) had IgG antibodies against N, 6647 
(23.2%) against S1-RBD and 7436 (26%) against either. The weighted and assay 
characteristic adjusted seroprevalence against either of the antibodies was 24.1 (95%CI: 
23.0% to 25.3%). Seroprevalence was lower in rural areas (21.4%, 95% CI: 20.3% to 22.6%) 
compared to urban non-slum (29.4%, 95% CI: 26.9% - 32.1%) and slum areas (34.6%, 95% 
CI: 31.0% to 38.3%). Among 7385 HCWs, the seroprevalence of anti-S1-RBD IgG antibodies 
was 25.6% (95% CI: 23.5% to 27.8%).

Interpretation 
Nearly one in four individuals aged 10 years or older from general population as well as 
HCWs were exposed to SARS-CoV-2 by December 2020 amounting to 271 million 
infections in India. 

Funding
Indian Council of Medical Research

Keywords: SARS-CoV-2, COVID-19, IgG, seroprevalence, India
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Research in context

Evidence before this study

Population based serosurveys are recommended to estimate the proportion of population 
already infected with SARS-CoV-2 and in particular, repeated cross sectional serosurveys 
conducted in the same geographical location provide estimates to monitor trends over a 
period of time. The information from the repeated cross-sectional surveys are valuable for 
the public health decision makers to design and revise containment strategies. Chen et al 
reviewed around 1500 studies and found that around two thirds of the studies used 
convenience sampling strategy to estimate seroprevalence and indicated a limited number 
of high-quality studies available among high-risk populations such as healthcare workers. 
The meta-analysis estimated an overall global seroprevalence of 8.0% in the general 
population and among healthcare workers was 17.1%. The first two nationwide serosurveys 
in India indicated that the prevalence of SARS-CoV-2 infection among adults had increased 
ten-fold, from 0.73% in May-June 2020 to 7.1% in August-September 2020. The second 
survey identified substantial transmission in rural areas, although seroprevalence continues 
to be higher in urban slum and non-slum areas. 

Added value of this study
Information of seroprevalence on high risk population groups such as health care workers is 
crucial to estimate the risk of infection and prioritise for vaccination. The number of 
COVID-19 cases in India has been declining since mid-September. In this context we 
estimated the seroprevalence of SARS-CoV-2 antibodies in the general population and 
among HCWs across India using a representative sampling method. The findings indicate 
that about 24% individuals aged 10 years and above and about 26% HCWs working in sub-
district level public health facilities were exposed to SARS-CoV-2 infection by December 
2020. Sero-prevalence of SARS-CoV-2 infection was lower among adults aged 18-44 years 
and in rural areas. Of the 70 districts surveyed, anti-N antibody seropositivity has increased 
in 55 and declined in 15 on account of waning of antibodies. We used two assays serially to 
account for the waning of anti N antibodies and to estimate accurate seroprevalence. 

Implication of all the available evidence
Around one fourth of the population have been exposed to SARS-CoV-2 infection and 
seroprevalence was similar between the general population and health care workers. The 
decline in cases could be due to higher seroprevalence in urban areas and warrants a 
focussed containment strategy such as prioritizing the elderly in rural population for 
vaccination, continued   non-pharmaceutical interventions such as physical distancing, use 
of face masks and hand-hygiene to prevent surge of cases.
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Introduction 

With more than 10 million laboratory confirmed cases and nearly 150,000 reported deaths 
as of 31 December 2020, India has the second largest number of COVID-19 cases reported 
globally (1). The nationwide lockdown imposed during March to May 2020 in India was 
relaxed in a phased manner since June 2020, allowing inter-state and inter-district 
movement of people as well as restoration of economic activities (2,3). The two population-
based serial serosurveys conducted in 70 Indian districts indicated that the prevalence of 
SARS-CoV-2 infection among adults had increased ten-fold, from 0.73% (95% CI: 0.34-1.13) 
in May-June, 2020 to 7.1% (95% CI: 6.2-8.2) in August-September, 2020 (4,5). The number 
of infections per reported COVID-19 case improved from 81.6-130.1 in May-June to 26-32 in 
August-September (4,5). 

SARS-CoV-2 poses a high occupational risk to healthcare workers (HCWs), who are at the 
forefront of management of COVID-19 cases in hospital settings. Knowledge of the burden 
of infection among healthcare workers is important to gauge the risk of within and outside 
hospital transmission of SARS-CoV-2, and evaluate the in-hospital infection control 
practices and adherence to non-pharmaceutical interventions as well (6). 

The number of COVID-19 cases in India has shown a downward trend since mid-
September, with the reported number of cases declining from more than 90,000 per day in 
September to less than 20,000 cases per day in December 2020. This decline was seen in all 
Indian states, except in the states of Kerala and Maharashtra (7). We conducted the third 
round of nationwide serosurvey in December 2020-January 2021 to estimate the 
seroprevalence of SARS-CoV-2 antibodies in the general population and determine the 
trends in infections since the previous serosurveys. We also estimated the seroprevalence 
among HCWs working in sub-district level public health facilities. 

Methods

Survey of general population: 

We followed the same survey methodology as in the first and second nationwide 
serosurveys (4,5). Briefly, the third population-based serosurvey was conducted in the same 
700 clusters (villages in rural areas and wards in urban areas) from 70 districts in 21 states 
across India, where previous serosurveys were done. We aimed to select a minimum of 400 
individuals aged 10 years and above from each district. The survey teams first selected four 
random locations from each cluster. Starting from a random household in each location, 
contiguous households were visited till a minimum of four households were enrolled. All 
household members aged 10 years and above who were permanent resident of the area 
were enumerated and consenting individuals present at the time of visit of survey team 
were included in the survey. No additional visits were made to include households which 
were locked or household members not present at the first visit. From each cluster, at least 
40 individuals were surveyed, with a minimum of 10 individuals from each random point. 
The survey was conducted between December 18, 2020 and January 6, 2021.

Survey of healthcare workers: 
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From each of the 70 districts identified for the general population survey, we selected 2-3 
sub-district level public health facilities (e.g. taluk or sub-divisional hospital, community or 
primary health center). All consenting individuals working in these facilities were included 
to ensure participation of a minimum of 100 HCW from each district. 

Data collection: 

Eligible individuals from the general population and HCWs who consented to participate 
were interviewed using the Open Data Kit mobile application (https://opendatakit.org/) to 
collect information about socio-demographic details, history of symptoms suggestive of 
COVID-19 since March, 2020 (eg, fever, cough, shortness of breath, sore throat, new loss of 
taste or smell, fatigue), contact with laboratory confirmed COVID-19 cases, and history of 
COVID-19 illness. 3–5 mL of venous blood was collected from each participant, and 
centrifuged sera were transported to ICMR-National Institute of Epidemiology, Chennai 
under cold chain.

Laboratory investigations: 

Serum samples collected from individuals from general population were tested for the 
presence of IgG antibodies against SARS-CoV-2 on the Advia Centaur Immunoassay 
system using the Siemens SARS-CoV-2 IgG Assay (Siemens Healthineers India, Mumbai) 
and Abbott Architect i2000SR automated analyzer using the Abbott SARS-CoV-2 IgG assay 
(Abbott Park, IL, USA). The Siemens assay detects IgG antibodies against S1 protein of the 
receptor binding domain (S1-RBD) whereas the Abbott assay detects IgG antibodies 
against nucleocapsid (N) protein of SARS-CoV-2. Sera from HCWs were tested only for IgG 
antibodies against S1-RBD. The sensitivity and specificity of the Siemens IgG assay is 100% 
and 99.90% respectively (8), while the Abbott IgG assay has a sensitivity of 100% and 
specificity of 99.6% (8). Sera with cut-off indices (COI) of >=1.0 on Siemens IgG assay or 
>=1·4 on Abbott IgG assay were considered as positive for IgG antibodies against SARS-
CoV-2. As a part of quality control, 150 positive and 150 negative sera for each of these 
assays were re-tested.  

Statistical analysis: 

We described the characteristics of study participants as percentages, means, and standard 
deviations (SDs). The reported occupations were categorized as high-risk and low-risk 
categories, on the basis of the potential risk of exposure to a known or unknown COVID-19 
case. We separately estimated the weighted seroprevalence of IgG antibodies against N 
protein and S1-RBD, along with 95% confidence interval (CI), using a random-effects model 
to account for cluster sampling. We calculated sampling weights as a product of the inverse 
of the sampling fraction for the selection of districts and the selection of villages or wards 
from each district. The weighted seroprevalence was further adjusted for the sensitivity 
and specificity of the respective assays (9). We estimated the overall seroprevalence in the 
general population by considering serum samples positive to either of the assays. The 
weighted overall seroprevalence was adjusted for the joint sensitivity and specificity of two 
assays (9). Seroprevalence among HCWs was considered on the basis of anti-S1 assay only. 
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We also calculated the overall seroprevalence by age group, sex, area of residence, and 
COVID-19-related characteristics of study participants.

The first serosurvey was conducted only among adults, whereas individuals aged >=10 
years were surveyed in the second and third surveys. The serum samples in the second 
round were tested only for IgG antibodies against N protein using Abbott assay. For 
comparing the seroprevalence in the three surveys, we randomly selected one adult per 
household from the survey database, and estimated the adjusted seroprevalence of IgG 
antibodies against N protein among these adults.  

We applied the overall adjusted seroprevalence in the general population aged 10 years or 
older to the total population of the entire country aged >=10 years to estimate the total 
number of SARS-CoV-2 infections. Studies indicate that IgG antibodies start appearing 
between 7 and 14 days after onset of symptom and RT-PCR positivity (10). We estimated 
the infection to case ratio by dividing the estimated number of SARS-CoV-2 infections by 
the number of reported COVID-19 cases detected by RT-PCR or rapid antigen test, at 1 
week (Dec 19, 2020) and 2 weeks (Dec 12, 2020) before the median survey date (Dec 26, 
2020). 

Human participants protection: 

We obtained written informed consent from individuals aged 18 years or older and assent 
from children aged between 12 and 17 years, with written informed consent from their 
parents or guardians, before the survey (11). The Institutional Human Ethics Committee of 
ICMR-National Institute of Epidemiology, Chennai approved the study protocol.

Results

Seroprevalence among general population

We enumerated 37,502 individuals aged 10 years and above residing in 17,178 households 
from 700 clusters in 70 districts. Of the 35,099 (93.6%) individuals who were available at the 
time of visit of survey teams, 28,598 (81.5%) consented to participate (Fig 1). 

The mean age of study participants was 38.2 (SD: 16.4) years. Overall, 16,333 (57·1%) 
participants were in the age group of 18-44 years, while 6938 (24·3%) were aged between 
45-60 years, 3037 (10·6%) were aged above 60 years and 2290 (8.0%) were below 18 years 
of age. Nearly three fourth participants (n=21,187, 74.1%) were residing in rural areas, 52% 
(n=14,763, 51.6%) were females, and 15.2% (n=4,333) had an occupation with higher risk of 
exposure to potentially infected persons. Of the 1949 (6.8) participants who reported 
history of respiratory symptoms since March 2020, 483 (24.8%) reported seeking medical 
care. A total of 3232 (11·4%) individuals reported having been tested for SARS-CoV-2 by 
RT-PCR or rapid antigen test in the past, of whom 289 (8.9%) reported a positive result 
(Table 1). 

Of the 28,598 individuals tested, 4585 (16%) had IgG antibodies against N protein and 6647 
(23.2%) had IgG antibodies against S1-RBD. The weighted and assay characteristics 
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adjusted seroprevalence of IgG antibodies against N and S1-RBD protein was 14.3% (95% 
CI: 13.6% – 15.0%) and 21.5% (95% CI: 20.5% - 22.6%), respectively. Overall, 7436 
individuals had IgG antibodies against either N or S1-RBD protein, with the weighted and 
assay characteristic adjusted seroprevalence of 24.1% (95% CI: 23.0% - 25.3%) (Table 2). 
Seroprevalence in districts ranged between 4.9% in Mahisagar (Gujarat) to 44.4% in Bijapur 
(Chhattisgarh) 

The overall seroprevalence was not different by sex (males: 23.2%, 95% CI: 22.1% - 24.5%; 
females: 24.9%, 95% CI: 23.7% - 26.3%). The seroprevalence was lowest among individuals 
aged 18-44 years and similar among other age groups. Individuals residing in rural areas 
had significantly lower seroprevalence (21.4%, 95% CI: 20.3% - 22.6%), as compared to 
those living in urban non-slum (29.4%, 95% CI: 26.9% - 32.1%) and urban slum areas 
(34.6%, 95% CI: 31.0% - 38.3%) (Table 3). 

Seropositivity was higher among individuals who reported COVID-19 related symptoms 
(28.7%, 95% CI: 26.2% - 31.5%), had contact with COVID-19 case, either within (28.7%, 95% 
CI: 26.2% - 31.5%) or outside the household (24.9%, 20.0 - 30.6) and laboratory confirmed 
COVID-19 infection (63.2%, 56.7 - 69.1).

Seroprevalence among adults

In order to be able to compare the seroprevalence among adults between the three 
serosurveys, we randomly selected 16,565 adults, one per household, from the database. 
Of these, 2657 had IgG antibodies against N-protein with weighted and adjusted 
seroprevalence of 14.3% (95% CI: 13.5%-15.1%). The weighted seroprevalence of IgG 
antibodies against either N or S-RBD protein was 24.3% (95% CI: 23.1% - 25.6%). 

Burden of SARS-CoV-2 infection by December 2020

Applying the overall seroprevalence to the population aged 10 years and above, we 
estimated that 27,14,04,207 (25,90,16,464 -28,49,18,110) individuals in India were infected 
by December 2020. With 1,00,27,311 and 1,01,81,165 COVID-19 cases reported by 12 Dec 
and 19 Dec 2020 respectively, we estimated that there were 27.1 (25.8 - 28.4) and 26.7 (25.4 
- 28.0) infections per reported COVID-19 case. 

Seroprevalence among healthcare workers

We included 7,385 individuals working in 199 sub-district level public health facilities in 70 
districts in the survey. Their mean age was 38 (SD: 10.2) years and 4209 (56.9%) were 
females. 1066 (14.4%) reported history of respiratory symptoms since March 2020 and 3250 
(44.1%) had contact with known COVID-19 case, 96% of whom were within household. In 
all, 664 (14.1%) of the 4700 who reported having underwent COVID-19 test were positive 
(Table 1). 

The weighted and test performance adjusted seroprevalence of IgG antibodies against 
SARS-CoV-2 infection was 25.6% (95% CI: 23.5-27.8) (Table 2). Although the 
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seroprevalence was higher among doctors/nurses (26.6%, 95% CI: 23.6-29.8), the 
seroprevalence was not different among different categories of HCWs. Seroprevalence did 
not differ by age and sex. Seroprevalence was higher among symptomatics, reported 
contact with COVID-19 case within household and reported COVID-19 positive (Table 3)

Discussion

The third serosurvey findings indicated that nearly 24% of India’s population aged ten years 
and above was exposed to SARS-CoV-2 infection by December 2020, with an estimated 271 
million infections. The seroprevalence did not differ by sex but was lower among adults 
aged 18-44 years and in rural areas although lower than the urban areas. The results also 
indicate that about one-fourth of healthcare workers working in the peripheral public 
sector health facilities were positive for IgG antibodies.

We used antibody assays to detect IgG against N and S1-RBD proteins of SARS-CoV-2 in 
this survey. Unlike antibodies against the spike protein, antibodies against the 
nucleocapsid protein do not have a neutralizing effect on SARS-CoV-2 because the target 
protein is located inside the virus and is therefore not directly accessible for antibodies. 
Overall, S1 is a more specific antigen for SARS-CoV-2 antibody diagnostics. Nucleocapsid 
protein assays are reported to be more sensitive than S1 assays in detecting antibodies in 
mildly infected patients that are reported to show absent or delayed, and lower SARS-CoV-
2 antibody responses (12,13). It has been shown that the anti-nucleocapsid antibodies 
appear earlier than the spike antibodies and therefore, may increase the clinical sensitivity 
of the assay, if samples are drawn early (14). IgG antibody response against different viral 
antigens is heterogeneous in nature and does not always correlate with each other (15). 
Therefore, detecting antibodies against two different antigens, with high sensitivity and 
specificity, is needed to confirm the findings and avoid false-negative results in surveillance 
studies. (16) Testing algorithms with more than one test may be necessary to rule out false 
positives by initial tests, as in HIV and hepatitis (14).

The seroprevalence studies provide information about the extent of transmission in the 
past and help to understand the future course of the pandemic. The seroprevalence of IgG 
antibodies against SARS-CoV-2 among individuals aged >=10 years in India, has increased 
from 6.6% in August to 24.1% in December 2020. The prevalence of IgG antibodies against 
N protein between the two serosurveys has increased at least by 2.2 folds. Serum samples 
from the previous serosurvey were not tested for anti-S1-RBD IgG antibodies. During the 
same period, the reported number of COVID-19 cases in India has increased 3.5 folds. The 
anti-N antibody seropositivity has decreased in 15 of 70 survey districts by 10.7% to 63.4%, 
with the steepest decline in Vizianagaram (Andhra Pradesh), Chennai (Tamil Nadu), and 
Ganjam (Odisha) districts. In the remaining 55 districts, sero-positivity to anti-N antibodies 
has increased by 1.04 to 76 folds (Supplementary table 1). This increase in seroprevalence 
was consistent with increase in the number of COVID-19 cases reported between August 
and December months in these districts (Supplementary table 2).  

The seroprevalence was significantly lower in the 18-44 years age group in contrast to the 
second serosurvey when the prevalence was similar across age groups. Between August 
and December 2020, the age specific seroprevalence of anti-N antibodies among 
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individuals aged 18-44 years has increased by 1.8 folds, and by 2.6-3.1 folds in the 
remaining age groups. (Supplementary table 3) The lower seroprevalence in the active and 
productive age group compared with other age groups is not consistent with the current 
transmission pattern of COVID-19 in India (17). This age group was exposed to infection 
early in the pandemic as reflected in the relatively high incidence of COVID-19 among this 
age group during January-April 2020 (17) and hence the increase in seroprevalence could be 
relatively lower in this age group. 

We found higher sero-prevalence of SARS-CoV-2 infection in urban areas compared to the 
rural areas. Although this pattern was similar to the serosurvey in August 2020, the 
seroprevalence was not different in slum and non-slum urban areas as observed during 
August 2020. Between August and December 2020, the increase in seroprevalence was 
highest in rural areas (2.5 fold), followed by urban non-slum (1.93 fold) and urban slum (1.07 
fold) reflecting the varied distribution of susceptible population in these areas. The 
declining trend in the reported number of COVID-19 cases in India since mid-September 
2020 points towards a reduction in transmission that could be attributed to higher 
seroprevalence in urban slum and non-slum areas considering these locations to be the 
drivers of the epidemic in the country. High seroprevalence of infection have been reported 
in some of the megacities (5). Our serosurvey findings also indicate that a large proportion 
of individuals in the rural area continue to remain susceptible to infection. Similar finding 
was observed in the recent serosurvey conducted in the India state of Karnataka (18). 

Seroprevalence was substantially high and nearly double among individuals reporting 
contact with COVID-19 case within the household compared to contact outside the 
household. Household transmission of SARS-CoV-2 seems to be the predominant mode of 
transmission in the country suggestive of poor adherence to quarantine/isolation measures, 
use of mask and hand sanitation and inadequate ventilation within households. High 
secondary attack rates within households have been reported by other studies in India. (19-
21)

The seroprevalence of anti-S1 IgG antibody was higher among HCWs working in sub-
district level healthcare facilities compared to the general population substantiating the 
known higher risk of exposure among them. Seroprevalence among HCWs (25.6%) 
observed in our study was much higher than the 8.7% prevalence estimated in a systematic 
review and meta-analysis among HCWs (22). A comparable seroprevalence among clinical, 
paramedical, field and administrative workers in health facilities and by place of contact 
with known COVID-19 case suggests widespread transmission of SARS-CoV-2 in the survey 
areas. 

Our study has several limitations. First, the participation of children aged 10–17 years in this 
survey was lower than the census-based age distribution in India (23). According to 2011 
census, about 14% of the population were aged 10–17 years, whereas 8% of the study 
population were aged 10–17 years. The under-representation of children and over-
representation of adults in the survey could lead to underestimation of the true 
seroprevalence, if we expect a real difference in the risk of exposure to SARS-CoV-2 across 
age groups. (Supplementary table 4) Although we enrolled the required number of 
individuals, about 18.5% of the eligible individuals declined to participate in the survey. If 
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this non-response was not at random, then this could introduce selection bias. Individuals 
who declined to participate were more likely to be male and younger than 18 years of age. 
Second, we used different assays to measure the IgG antibodies in three serosurveys. In the 
first serosurvey, laboratory assay which detected IgG antibodies against whole cell antigen 
was used, and positive sera were re-tested with assay which detected antibodies against S1 
domain of the spike protein of SARS-CoV-2 (4). In the second serosurvey, a laboratory 
assay which detected IgG antibodies against nucleocapsid protein of the virus was used (5). 
As antibodies against nucleocapsid protein of SARS-CoV-2 virus have been shown to 
decline faster over a period of time, the actual seroprevalence might have been under-
estimated and thereby the actual number of infections (24). For the same reason, the 
actual difference in seroprevalence between the first two surveys may have been under-
estimated, as antibody assays for different viral proteins were used. In order to overcome 
these limitations, the serum samples were tested with both anti-nucleocapsid and anti-S1 
assays in the third survey. Third, studies suggest decline in population level seropositivity 
on account of waning IgG antibodies over a period time, especially antibodies against N 
protein. Since the cut off indices specified by manufacturers are based on ≥ 14 days 
convalescent sera, lowering the COIs can improve the sensitivity of the assays used for 
population based serosurveys. (25) Irsara C et al suggested a lower COI of >0.54 for Abbott 
and 0.32 for Siemens IgG assays to improve the sensitivity. (16) Using these cut-offs, the 
overall seroprevalence was 37.4% (95% CI: 35.9-38.8) (Supplementary table 5) 

In conclusion, the findings of the third nationwide serosurvey indicate that nearly one in 
four individuals aged 10 years or older from general population as well as healthcare 
workers were exposed to SARS-CoV-2 in India by December 2020. The seroprevalence 
increased between August and December 2020, and the decline in the number of COVID-19 
cases seen in India since mid-September could be on account of higher sero-prevalence in 
urban areas. As three fourth of the population is still susceptible, it is necessary to continue 
ongoing surveillance for COVID-19 cases, especially in rural areas. It is also necessary to 
continue implementation of non-pharmaceutical interventions such as physical distancing, 
use of face masks and hand-hygiene. Govt of India has initiated COVID-19 vaccination since 
January 2021, targeting healthcare and frontline workers in the first phase and individuals 
aged above 50 years in the second phase. (26) As higher proportion of rural population is 
susceptible to infection and considering limited healthcare facilities in rural areas especially 
oxygen beds (27), elderly population in the rural areas may be prioritized for COVID-19 
vaccination.  

Contributors: 

MVM, TB, JWVT, MSaK, KR, DCSR, SP and BB did the study design. TB, MSaK, JWVT, SSe, 
RSa, AT, SA, RB, SDB, AKB, VC, DD, AKD, KRD, VD, GRD, SMSK, MSuK, AL, MM, AMa, CR, 
JT, RY, RA, KA, DKB, PB, DB, JB, ASC, DC, AC, HD, SD, RD, DE, PG, IH, RKH, BJ, AK, SK, 
NNK, JSK, AK, NK, VGVK, GGJN, GM, NKM, AM, KN, AN, ARN, AKP, GVP, MAQ, SDR, AR, 
SSa, RS, KS, VKS, HBS, PKS, PS, RSi, NS, DSV, AV, VCW, SurY, SY, KZ, AC, AD, RSD, SD, 
RK, AMK, KN, SN, CP, KP, SaP, ShP, HR, TR, YKS, ShS coordinated the field operations. 
CPGK coordinated the laboratory processing and testing of samples. VS, JWVT, MVM, RSa, 
and MSaK did the data analysis. MVM, TB, JWVT, MSaK, KR, SP, DCSR, and BB did the 
data interpretation. MVM, TB, VS, JWVT, RSa and MSaK accessed and verified the data. 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



13

MVM, TB, MSaK, JWVT and wrote the first draft of the manuscript. All authors approved 
the final version of the manuscript.

Funding: The study was funded by Indian Council of Medical Research 

Competing Interests: All authors have completed the ICMJE uniform disclosure form at 
www.icmje.org/coi_disclosure.pdf and declare no competing interests  

Ethical Approval: The project was approved by Institutional Human Ethics Committee at 
ICMR-National Institute of Epidemiology 

Role of the funding source
The funder of the study was involved in reviewing the study design, writing of the 
manuscript, and the decision to submit the paper for publication. All authors had access to 
all the data in the study and had final responsibility for the decision to submit for 
publication.

Data Sharing: A subset of the key anonymised individual participant data collected during 
the study, along with a data dictionary, is available upon request to the corresponding 
author, after approval of a proposal with a signed data access agreement.

Acknowledgement 
We acknowledge the field supervision and support provided by WHO India; Ministry of 
Health and Family Welfare, Government of India; State and district health officials; primary 
health-care staff in the planning and conduct of the serosurvey; and the ICMR team 
members 

Assam
Bibek Saikia, Ritwik Dutta, Hridoy Ranjan Gogoi, Angshuman Saikia, Dipti Kangkana 
Kachari, Amir Sohail Khan, Mimal Nagtey, Jiturponi  Saikia, Rimpi Konwar, Tikendra Gogoi, 
Prahlad Das, Parmanada Upadhyay, Pullab Das, Roojali Doley, Moon Saikia, Santanu 
Kakoty, Gamuk Kutum, Agastin Kerketa, Gunin Mili, Tapan Kalita, Krishna Khadka, Samir 
Ranjan Borah, Jiban Saikia, Pranjal Das, Amit Kr.Ray, Rituraj Borgohain, Mahanta Gogol, 
Bidya Pegu, Ananta Bora 

Bihar
Naveen Kumar Mandal, Kumar Gautam, Sanjeev Gupta, Ujjwal Prakash, Sahdeo Mandal, 
Prakash Ranjan, Saurav Kumar, Santosh Kumar, Rahul Kumar, Ranjeet Kumar, Paras 
Kumar, Kumar Rakesh Mandal, Satish Kumar Thakur, Amit Kumar, Amit Lakra, Ashish 
Kumar, Binod Kumar, Amit Ranjan, Prateek Raushan, Vikas Kumar, Mumtaz Alam Khan, 
Baidyanath Roy, Alok Kumar, Ajeet Kumar Ram, Sakaldeep Kumar, Ajeet Kumar, Aaditya 
Panday, Umesh Kumar, Dhirendra Kumar, Abhay Kumar, Sanjeet Kumar, 
BhoopDhakar,Vikash Kumar Roy, Kundan Kunal, Vikash Kumar, Vivek Kumar,Amrendra 
Kumar,Vikram Kumar Chaudhary, Md Arif,Raneeta Singh,Madhu Kumari, Roushan 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



14

Kumar,Deen Dayal Kushawaha, Ashish Kumar B P Subramanya,Ujjwal Prasad Sinha, 
Rajeev Chandra Kumar,  Ashish Tigga,Sanjay Kumar Singh, Geetika Shankar, Anand 
Gautam, Susheel Gautam, Rajendra Kumar,Adarsh Varghese,Anisur Rehman Bhuiyan, 
Kunnal Kuvalekar 

Chhattisgarh
Archana Nagwanshi, Sunil Kumar Pankaj, Irshad Khan, Rahul Roy, Chetan Ravishankar 
Raut, Kunjbihari Patel, Chandra Kishore Thakre, Pekhan Kumar Sahu, Nand Kumar Modi, 
Nand Kumar Sahu, Champu Ratre, Bhoopendra Thakur, Awadh Baghel, Hemant 
Bawthande, Dev Kumar Sahu, Rajesh Kumar Soni, Devdas Joshi, Vokesh Yadu, Gulshan 
Sahu, Cherapalli Rao, Manish, Keshav Dhruw

Gujarat
Dinkar Raval, GC Patel,  A M Kadri, Harsh N Bakshi, Pranav G Patel, Arthur Mcwan, Anand 
Santoke, Monark Vyas, S A Aarya, Pankaj Nimawat, Shabbir Ali Dedhrotiya, Yagvalky Jani, 
Jitendra Patel, Hasmukh Parmar, Hardik Nakshiwala, Vaidehi Gohil, Jagdish Patel, Parulben 
Patel, Jigneshbhai Tadvi, Priyank Gandhi, Piyushbhai Parasar, Vinodbhai Valvi, Jagdishbhai 
Padvi, Dhawal Patel, Divyaben Zala, Mayurbhai Vasava, Manmitbhai Solanki, Darshnaben 
Patel, Chetnaben Chaudhari, Aartiben Rathva, Riyaben Mistry, Nikiben Bhau, Jyotsnaben 
Bariya, Tejasbhai Patel, Kartikbhai Prajapati, Babita Roy, Pareshbhai Parmar, Manojbhai 
Bhagora, Pareshbhai Patel, Hemantbhai Kalasva, Shardaben Vankar, Divya Patel, Ravisinh 
Chauhan, Nimisha Patel, Misha Patel, Harsha Sadat, Puja Patel, Girish Shah, Partapsinh 
Taviyad, Raginiben Gosai, Krutikaben Rana, Imtiyazbhai Shaikh, Madhuben Mahera, 
Bhavikaben Patel, Prakashakumar Patel, Sangitaben Patel, Geetaben Patel, Pratapbhai 
Pagi, Bharatbhai Rana, Jinalben Patel, Archanaben Pandavi, Dilipbhai Baria, IshavarSinh 
Rathod, Sharmishtha Patel, Sunitaben Solanki, Bhavesh Vaghela, Moinuddin Mansuri, 
Nitesh Rathore, Purvi Nayak, Hardeep Khair, Rajendra Acharya, Vijyaben Amin, Nirmal 
Prajapati, V J Pargi, Asmitaben Kharadi, Rajubhai Patel, Komalben, Hemangini Baria, 
Meenaben Bamaniya, Shantaben Prajapati, Rameshbhai Patel, Imran Mansuri, 
Yashvantbhai Nayak, K K Parmar, Rahul Siroi, Krunal Darji, Mahavir Solanki, Shivani Joshi, 
Mahesh Gavit 

Jammu and Kashmir 
Haseena Mir, Syed Arshad Rafiq, Iqra Nisar Chowdri, Tanzeela Bashir Qazi, Rafiya Kousar, 
Iram Sabah, Shahroz Nabi, Abdul Aziz Lone, Ishtiyaq Ahmad Sumji, Mehvish Afzal Khan, 
Shaista Ismail, Anjum Asma, Misbah Ferooz Kawoosa, Shifana Ayoub, Armaan Reyaz 
Kuchay, Saadatul Manzoor, Iflah Rafiq, Umar Wani, Tahir Zahoor Khan, Ayesha Aijaz, 
Masroor Gayas, Zuba Reyaz, Umar Bashir Ganaie, Nafiya Gulzar, Shazia Hafiz, Raja 
Salman, Tuba Riaz, Iram Jan, Mudeer Ahmad, Aadil Abdullah Bhat, Rizwana Mehmood, 
Sadaqat Nawaz, Zarka Arshad, Zubair Khan, Rayeesa Riyaz, Sajad Rasool Kar, Naik Sarmad 
Bashir, SA Majeed, Fayaz Ahmad Wani, Milad Zahoor, Showkat Hussain Bhat, Mohammad 
Yusuf Rather, Syed Bilal, Qazi Tufail, Akif Manzoor, Ghulam Mohiuddin, Shabir Ahmad Dar, 
Feroz Ahmad, Riyaz Ahmad, Shanipal Singh, Satnam Singh, Masrat Jan, Mushtaq Ahmad, 
Bilquees Akhtar

Jharkhand

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



15

Anushil Anand, Swagata Lakshmi Tarafdar, Alok Kumar, Aman Gupta, Vikash Kumar Sinha, 
Mukesh Kumar Aggarwal, Viresh Kumar Mishra, Nilesh Kumar, Abdul Kalam Azad, Raushan 
Raj, Mamta Kumari, Puja Kachhap, Soni Khatun, Sudhanshu Munda, Jayaram Mehta, Suraj 
Mahto, Jyoti Anant, Pratima Kumari, Ajay Kerketta, Sony Khatun 

Karnataka
Jawaid Akhtar, Arundathi Chandrashekar, Patil Om Prakash, Rameshchandra Reddy, 
Pankaj Kumar Pandey, Kiran K, Sarika Jain Agrawal, M V Kumar, H P Arundathi Das, 
Ranganath Vivekanand Reddy, G Hamsaveni, Lokesh Alahari, R S Sreedhar, K R Nischit, 
Mishba Hani, Anil Talikoti, N T Nagraj, Satish Ghatage, Shoba, Sandeep, Ravi Shankar, 
Savitha, Sujatha, Govardhan, Babu Mahendra, Vinay Kumar, Harish, Vishwas, Srinivas, 
Premasudha, Vanitha, Suhail, Rakesh, Sahana, Sunitha, Mustapa, Krishnamurthy, Rekha, 
Minaz-ul-Islam, Manohar, Sanjeev Patil, K Archana, Amir Pasha, Renuka Katti, Mantappa 
Halamalli, Sunil Serikar, Siddu Patil, Nagendra, N Vijayalakshmi, Y G Srikantha, R 
Hariprashanth, M N Prasanna, Lal Kumar, R Bhuvaneshwari, R Ragapriya, Dinesh Kumar B, 
Praveen Pujar, Ullera Ashoka, A N Sunil, Umar Farooq M Dalawai, N Narasimharaju, 
Bheema Zakheer Hussain, Namewar Hanmanth, Somashekharayya S Hiremath, Charan Raj 
Rao 

Kerala
P S Rakesh, Suja Aloysius, A K Anitha, Sharath G Rao, Nikilesh Menon Ravikumar, Arun Raj, 
Akhila Pradeep, M R Abhirami, A Shilna, T Nikhilamol, Anumol Raju S, A S Asitha, M Manoj, 
R Sindhya, Neethu Sugathan, K Sumi, Peneena Varghese, A L Aravind Krishanan, M P 
Anupranam, V Prakash Jaison, B S Vishnu Raj, V S Venoth, Gladson, M Aravind Babu, Refic 
D, A R Arima, Soniya Joseph 

Maharashtra
Ganga GS, Dilip Sharma, Savita Bahekar, Archana Gaikwad, Namrata Hajari, Hema 
Vishwakarma, Rahul Arke, Vivek Yengade,Vinod Pethkar, Pravin Dandge, Avinash Shinde, 
Dhiraj Panpatil, Aditya Bengale, Padmakar Kendre, Suraj Rakhunde, Prathamesh Chavan, 
Pramod Jamale, Anil Rathod, Akshay Phulari ,Inayat Nadaf, Tejas Phale, Sunil Shirke, Ajit 
Buchude, Sourabh Tidake, Kartik Chitrakar, Ganesh Barate, Somnath Bangar, Kirtiraj 
Madankar, Sagar Rokade, N Ramaswami, Satish Pawar, Archana Patil, Pradeep Awate, 
Abhijeet Raut, Deepak Madhukar Mugalikar, Vipin Itankar, Rajendra Bhosale, Rahul 
Rekhawar, Abhijeet Chaudhari, Rajesh Deshmukh, Nagurao S Chavan, Balasaheb 
Nagargoje, Nilkanth Bhosikar,  Suryankant Gite, Sunil Pokhrna, Sanjay Salunkhe, Dilip 
Patode, Shankar Rao Deshmukh, Balaji Shinde, Radhakrishna Pawar, Sandip Sangale, 
Milind Pore, Sandip Bharaswadkar, Rajabhau Yeole, Rahul Shimpi, Vikas Kokare, Chetan 
Khade, Harshad Lande, Avinash Borkar, Mohammad Abdul Haleem Azhar , Mujeeb Sayyed, 
Amol Gaikwad  

Madhya Pradesh
 M P Sharma, Shivendra Mishra, A S Malviya Mahavir Khandelwal, Devendra Bhothwal, C K 
Gupta, Seema Jaiswal, Jyoti Ahirwar, Ganesh Damor, Hemant Singh Thakur, Pratipal 
Singh, Hemant Pancheshwar, Bhagwansingh Patil, Rameshwar Uikey, Sheetal Sariyam, 
Akaksha Kushram, Shashibhushan Dubey, Sandip Sharma, Saurabh Bhadoriya , Himmat 
Singh, Yogendra Mourya, Shashank Kesharwani, Prahlad Soni, Pushpendra Rajput, Ankita 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



16

Sharma, Ashish Namdeo, Jitendra Kumar, Priyanka Birha, Monu Sen , Rekha Prajapati, 
Priyanka Singore, Lipi Jain, Ashok Solanki, Kalpana Patel 

Odisha
Asit Mansingh,Shakti Ranjan Barik,Siba Prasad Mallik,Prashant Majhi,Deepak 
Sahoo,Partha sarathi Patra,A.K Bishoyee ,Hitesh Kumar Jain,Indurani Sagar, Santosh 
Kumar Sahoo,Rajesh Panda,Santosh Kumar Beuria,Sidhartha Kar,Soumya Panda,K 
Sahu,Matrujyoti Pattnaik,Dasarath Majhi,Biren Kumar Padhi,Padmamohan Pradhan,Arun 
Padhi

Rajasthan 
PK Anand, SS Mohanty, Ramesh Kumar Sangwan, Mohendra Thakor, Anil Purohit, Pankaj 
Kumar, Trilok Kumar, Bhanwar Manohar, Sharwan Kumar, Jogaram Choudhary, Praveen 
Bhaghel, Suresh Kumar, Sandeep Kumar Yadav, Sunil Kumar, Mohan Lal Meena, Sunil 
Kumar, Arjun Singh, Mahaveer Singh 

Tamil Nadu
Y John Arokyadoss, P Kumaravel, Vasudevan A, Magesh Kumar, J Chitra, Jagannathan S, 
Santhana Kumar,Sadham Hussain,Sentrayan,Chandrabalu,Chandra Kumar,Lal 
Kumar,Suresh, Nandha Kumar,Murugesan,Ranjith Kumar, Hari Vignesh, Akshitha, 
Rajmohan, Preethi,Sumitha,Udhayakumar,Tamil Mani, Devi, Selvendran, Santhosh, Arjun, 
Balakrishnan, Thamizharasan, Shravan, Liza, Krishna Yadav, Murugan Kaleeshwaran, 
Suresh, Senbagavalli, M Thirumalai, 

Telangana
R Ananthan, Anwar Basha, Blessy, J P Deva Raj, S Devindra, Mahesh Kumar, I I Meshram, 
Paras Sharma, Raja Sriswan, P Raghavendra, G Sarika, Santosh Kumar Banjara, Srinivas 
Rao J, F Sylvia, Sameera,Rajender Rao, A Rajesham, B Jagdish, Rajyalaxmi, Raji Reddy, 
Jhansi, Tulja, Venkataramana, B V Nancharamma, Hrusikesh Panda, G L Stephen, 
P.Sreenu, Bhavani, Aruna, Sree Ramakrishna, Narasimhulu, Chandrababu, G Neeraja, 
Sheela Srinivas, T.Usha, K Satyanarayana, S P V Prasad, P Sunu, Anitha, Rani, Sai Babu, G 
Vijaya Lakshmi, D Swaroopa, G. Tulasi, Raghunadh Babu, D.Sreenu, Deepak Kumar, 
A.Bhagya Sri, Swetha Sarkar, Aruna Kumari,  Nasar Vali, Anjaiah, Venkatamma, Praveen, 
Madhu, Subhash, G.Subba Rao, P.Sathaiah, P.Nagender

Uttar Pradesh
Akhileshwar Sharda, Sanidhya Bhargava, Dilip Singh, Vijay Kumar, Naresh Dhakar, Vinay 
Kumar, Akash Yadav, Deshdeepak Gautam, Swati Singh, Brijesh Maurya, Shaurabh Kumar, 
Manisha Dhakar, Sheena Singh, Nitesh Kumar, Renu Kanwar, Rahul Yadav, Narendra 
Yadav, Rahul Kumar, Himalaya Kumar, Raju, Balijeet Sodhi, Rajesh Jain, Shivanka Gaur, 
Deepak Ohari, Tikam Singh, Saubhagya Prakash, Haridutt Nemi, Dechen Yangdol, 
Upendra Singh, Harshit Kumar, Amit Yadav, Mohit Tiwari, Gopal Prasad, Sapna Yadav, 
Basudev Singh, Deepak Babu, Rahul Kumar, Chakrapani Katara, Chandra Pratap Singh, 
Simran Kaur Bhojwani, Manish Kumar, P Vedival, Rahul Gond, Prabhat Kumar, Hariom 
Kushwah, Gani Aftridi, Nistha Verma, Veer Vishal, Rakesh Sharma, Uday, Saurabha Yadav, 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



17

Navneet Rajput, Satya Prakash, Mohit Sharma, Sunny Sharma, Santosh Kushwah, 
Akhalesh Yadav, Shimala, Prabha Shakya, Vikas Sabharwal, Ravinder Singh, Sushil 
Chander, Manoj Sharma, Ramesh Kunwar, Sukhwant Singh, Satyvrat Vaidya, Raman 
Sharma, Pankaj Singh, Manu Jain, Archana Srivastava, Vishaal, Manoj Bahukhandi, Ashish 
Gusain, Arjit Kumar, Dhruv Gopal ,  V. Mehta, Vineet Kumar Shukla, R K Gautam, Anil 
Gautam, J S Rawat, Bhupinder Singh, Himanshu Sharma, Madhu Kumari, Rajesh Mourya, R 
S Yadav, Surinder Singh, Agam Jain, Raju Kumavat, Sandeep Patil, Pradhumn Katara, 
Namrata Soni, Prashant Upadhyaya, Praveen Pachauri, Ajay Rawat, , Sanjay Chopra, Jyoti 
Mishra, Mohammed Husain, Debilal, Amit Mohan Prasad, Ghanshyam Singh, Atul Kumar 
Singhal, Ajay Singh Gautam, Vinay Dange, Shri Prakash Agrawal, Satish Chandra Singh, 
Birendra Panchal, Vishal Yadav, Mukesh Kumar Mishra, Ravi Shankar Singh, Kamlesh Sah, 
Sonal Rajput, Sushil Pal, Jaibardhan Siddharth, Ravi Nishad, Rohit Baghel, Punit Kumar, 
Abhishek Kumar Mishra, Avdhesh Kumar, Anugunj, Pawan Kumar, Anurag Srivastava, 
Vipul Kumar, Kiran, Akash Kushwaha, Vinod Kumar, Ram Poojan Yadav, Mayank Badola, 
Santhosh Gupta  

West Bengal  
Falguni Debnath, Suman Kanungo, Gargi Dutta Bhattacharyya, Subrata Biswas, , Ajay 
Chakraborty, Jayesh Mehta, Bandita Sengupta, , Abhijit Dey, Arup Chakrabortty, Subhendu 
Kumar Ray, Subhadip Bhunia, Amlan Datta, Debasish Roy, Shyamal Soren, Jagannath 
Sarkar, Somnath Mukherjee, Prakash Chandra Mridha, Girish Chandra Bera, Nitai Mandal, 
Santanu Sahu, Atrayee Chakraborty, Rabiul Islam Gayen, Dilip Biswas, Samudra Sengupta, 
Barnaman Tudu, Poulami Sen, Anjan Kumar Mallick, Saptarshi Bannerjee, Biswadeep 
Sengupta, Soumen Jana, Joyeeta Bhattacharyya, Medhavi Manish, Biswajit Namasharma, 
Chandan Ghosh, Debarati Chakraborty, Kunal Maiti, Milan Barman, Pintu Manik, Priya 
Rana, Purnima Roy, Rajani Kurmi, Rocky Ansari, SanglapMaity, Somobrota Naskar, Souptik 
Jana, Sourav Pradhan, BishakhaPramanik, Dipannita Sardar, Sujit Kumar Shreshta, Arpita 
Das, Shrikant Shankar Gawali, Sriparna Garai, Swarnendu Sasmal, Ujjal Maitra, Saiful Gazi, 
Joydeep Banerjee, Rupali Ghosh, Nawaid Ali, Pokhraj Dey, Chandan Ghosh, Susanta Bera, 
Sk. MonirulJaman, Shrija Ghosh, Dev Kumar Dolai, Purnima Das, Wasim Reza, Rajesh Das

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



18

References 

1. World Health Organization. Coronavirus Disease (COVID-19) Dashboard. Available 
from: 
https://covid19.who.int/?gclid=Cj0KCQiA962BBhCzARIsAIpWEL14StoMSlEAIPBOni
eYC_Ydh5a-LUAx5F92q95Mpsa9L9lVxbv0C9YaAvxqEALw_wcB, accessed 17 
February 2021.  

2. Government of India. Government of India issues Orders prescribing lockdown for 
containment of COVID19 Epidemic in the country. Available from: 
https://www.mha.gov.in/sites/default/files/PR_NationalLockdown_26032020_0.pdf
, accessed 17 February 2021. 

3. Government of India. Guideline for phased re-opening. Available from: 
https://www.mha.gov.in/sites/default/files/MHAOrderDt_30052020.pdf, accessed 
17 February 2021. 

4. Murhekar MV, Bhatnagar T, Selvaraju S, et al. Prevalence of SARS-CoV-2 infection 
in India: Findings from the national serosurvey, May-June 2020. Indian J Med Res. 
2020 Jul & Aug;152(1 & 2):48-60. doi: 10.4103/ijmr.IJMR_3290_20.

5. Murhekar MV, Bhatnagar T, Selvaraju S, Saravanakumar V, Thangaraj JW, Shah N, 
Kumar MS, Rade K, Sabarinathan R, Asthana S, Balachandar R. SARS-CoV-2 
antibody seroprevalence in India, August–September, 2020: findings from the 
second nationwide household serosurvey. The Lancet Global Health. 2021 Jan 27. 
DOI:https://doi.org/10.1016/S2214-109X(20)30544-1

6. Piccoli L., Ferrari P., Piumatti G. et al. Risk assessment and seroprevalence of SARS-
CoV-2 infection in healthcare workers of COVID-19 and non-COVID-19 hospitals in 
southern switzerland. the lancet regional health europe. DOI: 
10.1016/j.lanepe.2020.100013

7. FETP Network- India. COVID-19 Resource Center, Epicurve by state. Available from: 
http://covidindiaupdates.in/epicurve_state.php (accessed Feb 19, 2021) 

8. US Food & Drug Administration. EUA authorized serology test performance 2020. 
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-
emergency-use-authorizations-medical-devices/eua-authorized-serology-test-
performance (accessed Feb 17, 2020)  

9. Sempos CT, Tian L. Adjusting Coronavirus Prevalence Estimates for Laboratory Test 
Kit Error. Am J Epidemiol. 2021 Jan 4;190(1):109-115. 

10. Long QX, Liu BZ, Deng HJ, et al. Antibody responses to SARS-CoV-2 in patients 
with COVID-19. Nat Med 2020;26: 845–48.  

11. Indian Council of Medical Research. National ethical guidelines for biomedical and 
health research involving human participants, 2017. Available from: 
https://main.icmr.nic.in/sites/default/files/guidelines/ICMR_Ethical_Guidelines_2017
.pdf, accessed on Feb 21, 2021. 

12. Mustafa K. Özçürümez, Andreas Ambrosch, Oliver Frey, Verena Haselmann, Stefan 
Holdenrieder, Michael Kiehntopf, Michael Neumaier, Michael Walter, Folker 
Wenzel, Roman Wölfel, Harald Renz. SARS-CoV-2 antibody testing—questions to 
be asked. Journal of Allergy and Clinical Immunology 2020;146(1): 35-43. 
https://doi.org/10.1016/j.jaci.2020.05.020.

13. van Tol S, Mögling R, Li W, Godeke GJ, Swart A, Bergmans B, Brandenburg A, 
Kremer K, Murk JL, van Beek J, Wintermans B, Reimerink J, Bosch BJ, Reusken C. 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



19

Accurate serology for SARS-CoV-2 and common human coronaviruses using a 
multiplex approach. Emerg Microbes Infect. 2020 Dec;9(1):1965-1973. doi: 
10.1080/22221751.2020.1813636. 

14. Rikhtegaran Tehrani Z, Saadat S, Saleh E, Ouyang X, Constantine N, DeVico AL, 
Harris AD, Lewis GK, Kottilil S, Sajadi MM. Performance of nucleocapsid and spike-
based SARS-CoV-2 serologic assays. PLoS One. 2020 Nov 2;15(11):e0237828. doi: 
10.1371/journal.pone.0237828. 

15. McAndrews KM, Dowlatshahi DP, Dai J, Becker LM, Hensel J, Snowden LM, Leveille 
JM, Brunner MR, Holden KW, Hopkins NS, Harris AM, Kumpati J, Whitt MA, Lee JJ, 
Ostrosky-Zeichner LL, Papanna R, LeBleu VS, Allison JP, Kalluri R. Heterogeneous 
antibodies against SARS-CoV-2 spike receptor binding domain and nucleocapsid 
with implications for COVID-19 immunity. JCI Insight. 2020 Sep 17;5(18):e142386. 
doi: 10.1172/jci.insight.142386. 

16. Irsara C, Egger A, Prokop W et al. Evaluation of four commercial, fully automated 
SARS-CoV-2 antibody tests suggests a revision of the Siemens SARS-CoV-2 IgG 
assay. Clinical Chemistry and Laboratory Medicine (CCLM). 2021;(). 
https://doi.org/10.1515/cclm-2020-1758

17. ICMR COVID Study Group. Laboratory surveillance for SARS-CoV-2 in India: 
Performance of testing & descriptive epidemiology of detected COVID-19, January 
22 - April 30, 2020. Indian J Med Res. 2020 May;151(5):424-437. doi: 
10.4103/ijmr.IJMR_1896_20. 

18. Mohanan M, Malani A, Krishnan K, Acharya A. Prevalence of SARS-CoV-2 in 
Karnataka, India. JAMA. Published online February 04, 2021. 
doi:10.1001/jama.2021.0332

19. Shah K, Saxena D, Mavalankar D. Secondary attack rate of COVID-19 in household 
contacts: a systematic review. QJM. 2020 Dec 1;113(12):841-850. doi: 
10.1093/qjmed/hcaa232.

20. Kumar N, Shahul Hameed SK, Babu GR, Venkataswamy MM, Dinesh P, Kumar Bg P, 
John DA, Desai A, Ravi V. Descriptive epidemiology of SARS-CoV-2 infection in 
Karnataka state, South India: Transmission dynamics of symptomatic vs. 
asymptomatic infections. EClinicalMedicine. 2021 Jan 6:100717. doi: 
10.1016/j.eclinm.2020.100717. Epub ahead of print. 

21. Laxminarayan R, Wahl B, Dudala SR, Gopal K, Mohan B C, Neelima S, Jawahar 
Reddy KS, Radhakrishnan J, Lewnard JA. Epidemiology and transmission dynamics 
of COVID-19 in two Indian states. Science. 2020 Nov 6;370(6517):691-697. doi: 
10.1126/science.abd7672. Epub 2020 Sep 30.

22. Galanis P, Vraka I, Fragkou D, Bilali A, Kaitelidou D. Seroprevalence of SARS-CoV-2 
antibodies and associated factors in healthcare workers: a systematic review and 
meta-analysis. J Hosp Infect. 2021;108:120-134.

23.  Office of the Registrar General & Census Commissioner, Government of India. 2011 
census: Age Structure and Marital Status. Available from: 
https://censusindia.gov.in/Census_And_You/age_structure_and_marital_status.asp
x (accessed Feb 19, 2021)  

24. Ripperger TJ, Uhrlaub JL, Watanabe M, et al. Orthogonal SARS-CoV-2 serological 
assays enable surveillance of low prevalence communities and reveal durable 
humoral immunity. Immunity. 2020. 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



20

25. Bolotin S, Tran V, Osman S, et al. SARS-CoV-2 seroprevalence survey estimates are 
affected by anti-nucleocapsid antibody decline. J Infect Dis. 2021 Jan 5:jiaa796. doi: 
10.1093/infdis/jiaa796.

26. Ministry of Health and Family Welfare, Government of India. COVID-19 
Vaccines:Operational guidelines. Available 
from:https://www.mohfw.gov.in/pdf/COVID19VaccineOG111Chapter16.pdf, 
accessed Feb 23, 2021

27.  Kumar A, Rajasekharan Nayar K, Koya SF. COVID-19: Challenges and its 
consequences for rural health care in India. Public Health in Practice. 2020;1:100009. 
doi:10.1016/j.puhip.2020.100009

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



21

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=3797589

Pr
ep

rin
t n

ot 
pe

er
 re

vie
we

d



22

Table 1: Characteristics of study participants

Characteristics General 

population 

(N = 28598)

 Number (%)

Health care workers 

(N = 7385)

Number (%)

Age (years)

10 – 17 2290 (8.0) -

18 – 44 16333 (57.1) 5351 (72.5)

45 – 60 6938 (24.3) 1956 (26.4)

Above 60 3037 (10.6) 78 (1.1)

Mean age (SD) 38.2 (16.4) 38.0 (10.2)

Sex

Male 13817 (48.3) 3175 (43.0)

Female 14763 (51.6) 4206 (56.9)

Others 18 (0.1) 4 (0.1)

Residence 

Rural 21187 (74.1) -

Urban non-slum 4821 (16.9) -

Urban slum 2590 (9.0) -

Occupation with high risk of exposure to COVID-19 

(n=28575) 4333(15.2)

-

History of respiratory symptoms since Mar 2020 1889 (6.6) 1066 (14.4)

n = 1889 n=1066

Medical care sought by symptomatics 474 (25.1) 557 (52.3)

n = 474 n=557

History of hospitalization 73 (15.4) 173 (31.1)

n=28576 n=7382

History of contact with known COVID-19 case 895 (3.1) 3250 (44.1)

Within Household 598 (2.1) 3120 (42.3)

Outside Household 297 (1.0) 130 (1.8)

Ever tested for COVID-19 3232 (11.4) 4700 (63.6)

RT-PCR 1028 (3.6) 1663 (22.5)
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Rapid Antigen Test 1477 (5.2) 1509 (20.4)

RT-PCR & Rapid Antigen Test 330 (1.2) 1402 (19.0)

Don’t Know the Type of Test 397 (1.4) 126 (1.7)

n=3232 n=4700

Reported positive for COVID-19 287 (8.9) 664 (14.1)
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Table 2: Sero-prevalence (%
) of IgG

 antibodies against SA
R

S-CoV
-2 infection, India, A

ug-Sept 2020

G
eneral population aged10 years and above 

H
ealth Care W

orkers

A
nti-N

ucleocapsid 
antibodies 

A
nti-S1-R

B
D

 
antibodies

A
nti-N

 or ant-S 
antibodies

A
nti-S1-R

B
D

 antibodies

N
um

ber of individuals tested
 28,598

28,598
28,598

7385
N

um
ber positives

 4585
 6647

7436
1899

U
nw

eighted Prevalence* (%
)

16.0 (15.3 - 16.8)
23.2 (22.2 - 24.3) 

26.0 (25.0 - 27.1) 
25.7 (23.7 - 27.9)  

W
eighted Prevalence** (%

)
14.6 (13.9 - 15.3)

21.7 (20.6 - 22.8) 
24.6 (23.5 - 25.7)

-

A
djusted Prevalence*** (%

)
14.3 (13.6 - 15.0)

21.5 (20.4 - 22.6)
24.1 (23.0 - 25.3)

25.6 (23.5 - 27.8)

*A
djusted for clustering

**W
eighted for sam

pling w
eights 

***A
djusted for test perform

ance (sensitivity 100%
 and specificity 99.6%

) 
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Table 3: Seroprevalence (%
) of IgG

 antibodies against SA
R

S-CoV
-2 infection by dem

ographic characteristics, India, D
ecem

ber 2020-January 2021

G
eneral population aged >=10 years (n=28,598)

H
ealth care w

orkers (n=7385)

Characteristics

N
o. 

Tested

N
o. P

ositive 
(anti-N

/ 
anti-S 

antibodies)

Test P
erform

ance 
A

djusted Sero-
prevalence 
%

 (95%
 CI)

N
o. 

Tested
N

o. P
ositive

(O
nly S)

Test 
P

erform
ance 

A
djusted Sero-
prevalence
 %

 (95%
 CI)

Sex
M

ale
13817

3503
 23.2 (22.1 - 24.5) 

3175
810

 25.4 (23.5 - 27.3) 
Fem

ale
14763

3928
 24.9 (23.7 - 26.3) 

4206
1089

 25.8 (23.0 - 28.7) 
O

thers
18

5
4

0
-

A
ge (Years)

10 - 17
2290

634
 27.2 (24.9 - 29.4) 

-
-

-
18 - 44

16333
3936

 22.2 (21.1 - 23.4) 
5351

1295
 24.0 (21.9 - 26.3) 

45 - 60
6938

2011
 26.7 (25.2 - 28.2) 

1956
587

 29.9 (27.1 - 32.9) 
A

bove 60
3037

855
 26.3 (24.3 - 28.3) 

78
17

 21.6 (13.8 - 32.2) 

Residence
Rural

21187
4997

 21.4 (20.3 - 22.6) 
-

-
-

U
rban non-slum

4821
1520

 29.5 (27.0 - 32.1) 
-

-
-

U
rban slum

2590
919

 34.7 (31.2 - 38.5) 
-

-
-

O
ccupation w

ith high risk of exposure to CO
V

ID
-19 

n=28575 
Yes

4333
1036

21.7 (20.1-23.3)
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N
o

24242
6391

24.5 (23.4-25.8)
Sym

ptom
Yes

1889
651

 28.7 (26.1 - 31.4) 
1066

407
 38.1 (32.9 - 43.5) 

N
o

26709
6785

23.8 (22.7 - 24.9)
6319

1492
 23.4 (21.4 - 25.7) 

Contact Covid (n=28576)
W

ithin H
ousehold

598
225

 42.5 (36.7 - 48.3) 
-

-
-

O
utside H

ousehold
297

96
 24.9 (20.0 - 30.6) 

-
-

-
N

o
23221

5850
 23.4 (22.3 - 24.5) 

-
-

-
D

on’t K
now

4460
1256

 25.6 (23.4 - 27.8) 
-

-
-

Contact Covid (n=7382)
H

ealth Facility
-

-
-

3120
864

 27.6 (24.8 - 30.4) 
W

ithin H
ousehold

-
-

-
130

46
 35.3 (26.7 - 44.9) 

O
utside H

ealth Facility/H
ousehold

-
-

-
191

57
 29.7 (21.3 - 39.7) 

N
o

-
-

-
3255

751
 22.9 (20.2 - 25.9) 

D
on’t K

now
-

-
-

686
180

 26.1 (22.9 - 29.5) 

Ever tested for CO
V

ID
-19 (n=28576)

RT-PCR 
1028

357
 29.0 (25.9 - 32.2) 

1663
477

 28.6 (25.2 - 32.2) 
Rapid A

ntigen Test
1477

485
 26.5 (23.6 - 29.6) 

1509
415

 27.4 (23.7 - 31.3) 
RT-PCR &

 Rapid A
ntigen Test

330
123

 29.6 (24.5 - 35.1) 
1402

386
 27.4 (23.8 - 31.3) 

D
on't K

now
 the Type of Test

397
128

 20.3 (15.6 - 26.2) 
126

23
 18.1 (13.2 - 24.1) 

N
ot tested

25344
6334

23.8 (22.7 - 24.9)
2682

597
22.1 (19.7 - 24.7)

Reported positive for CO
V

ID
-19 (n=3232)

Positive
287

178
 63.6 (57.2 - 69.4) 

664
395

 59.4 (54.0 - 64.6) 
N

egative
2526

778
 27.6 (25.2 - 30.2) 

3982
900

 22.4 (20.0 - 25.1) 
D

on’t know
419

137
30.8 (25.3 - 36.8)

54
6

 10.9 (4.2 - 25.4) 
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Table 4: Estim
ated num

ber of infections am
ong individuals aged 10 years above and infection fatality ratio

Estim
ate (95%

 CI)

by N
 - Seroprevalence

Estim
ate (95%

 CI)

by S-Seroprevalence

Estim
ate (95%

 CI)

by N
/S - Seroprevalence

Estim
ated num

ber of infections

16,05,56,739 (15,26,41,970 - 

16,84,71,508)

24,21,24,085 (22,97,36,342 - 

25,45,11,829)

27,14,04,207 (25,90,16,464 - 

28,49,18,110)

N
um

ber of reported CO
V

ID
-19 cases (12 D

ec)
1,00,27,311

1,00,27,311
1,00,27,311

Infection Case ratio (12 D
ec)

16.0 (15.2 - 16.8)
24.1 (22.9 - 25.4)

27.1 (25.8 - 28.4)

N
um

ber of reported CO
V

ID
-19 cases (19 D

ec)
1,01,81,165

1,01,81,165
1,01,81,165

Infection Case ratio (19 D
ec)

15.8 (15.0 - 16.5)
23.8 (22.6 - 25.0)

26.7 (25.4 - 28.0)
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Num
ber of households visited

(n=17,178)

Num
ber of individuals aged>=10 years

eligible for the survey
(n=37,502)

Num
ber of eligible individuals available

at the tim
e of survey

(n=35,099)

Num
ber of individuals enrolled

(n=28,598)

Num
ber of eligible individuals not 

available at the tim
e of survey

(n=2403)

Num
ber of individuals refused to
participate in the survey

(n=6501)
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