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Abstract: Background: India began COVID-19 vaccination in January 2021 initially targeting the
healthcare and frontline workers. The vaccination strategy was expanded in a phased
manner and currently covers all individuals aged 18 years and above. India witnessed
a severe second wave of COVID-19 during March and June 2021. We did the fourth
nationwide serosurvey to estimate prevalence of SARS-CoV-2 antibodies in the
general population aged >=6 years and health care workers (HCWs).
Methods and findings: We did a cross-sectional study between 14 June and 6 July
2021 in 700 clusters in the same 70 districts across 21 states/Union Territory. From
each district, a minimum of 400 individuals aged >=6 years from general population
and 100 HCWs from the district public health facilities were included. The serum
samples were tested for the presence of IgG antibodies against S1-RBD and
nucleocapsid protein of SARS-CoV-2 using chemiluminescence immunoassay. We
estimated the weighted and test adjusted seroprevalence of IgG antibodies against S1-
RBD and/or nucleocapsid protein along with 95% CI.
Of the 28,975 sera tested, the weighted and test adjusted prevalence of IgG antibodies
against S1-RBD and/or nucleocapsid protein among the general population aged >=6
years was 67.6% (95% CI: 66.4 – 68.7). The seroprevalence increased with age and
was not different in rural and urban areas. Compared to unvaccinated adults (62.3%,
95% CI: 60.9 – 63.7), seroprevalence was significantly higher among individuals who
received one (81.0%, 95% CI: 79.6 - 82.3) and two doses (89.8%, 95% CI: 88.4 -
91.1). The seroprevalence of IgG antibodies among 7,252 health care workers was
85.2% (95% CI: 83.5 - 86.7).
Our study has certain limitations. First, our serosurvey was designed to estimate the
seroprevalence at the national level and it might not have captured variation in the
seroprevalence within the states and districts. Second, approximately 19% of eligible
individuals were not included in the survey, as they were not available in the household
at the time of survey or they refused to participate. This could introduce a selection
bias, if this non-response was not at random.
Conclusions: Nearly two of the three individuals aged ≥6 years from the general
population and 85% HCWs had antibodies against SARS- CoV-2 by June 2020 in
India. As one third of the population is still seronegative, it is necessary to accelerate
the coverage of COVID-19 vaccination among adults. COVID-19 cases in India have
been declining since May 2021. However, continued surveillance for COVID-19 cases
is necessary to detect upsurge of COVID-19 cases early. The ongoing genomic
surveillance for SARS-CoV- 2 also needs to be strengthened to inform about the
emergence of newer variants including their ability to circumvent immunity conferred by
the natural infection as well as vaccination. Finally, high seroprevalence observed in
the general population should not be a reason for complacency. It is essential to
continue adherence to non- pharmaceutical interventions, such as avoiding gatherings,
ensuring social distancing, and using face masks in public places.
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Abstract  

Background: India began COVID-19 vaccination in January 2021 initially targeting the 

healthcare and frontline workers. The vaccination strategy was expanded in a phased 

manner and currently covers all individuals aged 18 years and above. India witnessed a 

severe second wave of COVID-19 during March and June 2021. We did the fourth 

nationwide serosurvey to estimate prevalence of SARS-CoV-2 antibodies in the general 

population aged >=6 years and health care workers (HCWs). 

Methods and findings: We did a cross-sectional study between 14 June and 6 July 2021 

in 700 clusters in the same 70 districts across 21 states/Union Territory. From each 

district, a minimum of 400 individuals aged >=6 years from general population and 100 

HCWs from the district public health facilities were included. The serum samples were 

tested for the presence of IgG antibodies against S1-RBD and nucleocapsid protein of 

SARS-CoV-2 using chemiluminescence immunoassay. We estimated the weighted and 

test adjusted seroprevalence of IgG antibodies against S1-RBD and/or nucleocapsid 

protein along with 95% CI. 

Of the 28,975 sera tested, the weighted and test adjusted prevalence of IgG antibodies 

against S1-RBD and/or nucleocapsid protein among the general population aged >=6 

years was 67.6% (95% CI: 66.4 – 68.7). The seroprevalence increased with age and was 

not different in rural and urban areas. Compared to unvaccinated adults (62.3%, 95% CI: 

60.9 – 63.7), seroprevalence was significantly higher among individuals who received 

one (81.0%, 95% CI: 79.6 - 82.3) and two doses (89.8%, 95% CI: 88.4 - 91.1). The 

seroprevalence of IgG antibodies among 7,252 health care workers was 85.2% (95% CI: 

83.5 - 86.7). 

Our study has certain limitations. First, our serosurvey was designed to estimate the 

seroprevalence at the national level and it might not have captured variation in the 

seroprevalence within the states and districts. Second, approximately 19% of eligible 

individuals were not included in the survey, as they were not available in the household 

at the time of survey or they refused to participate. This could introduce a selection bias, 

if this non-response was not at random.  

Conclusions: Nearly two of the three individuals aged ≥6 years from the general 

population and 85% HCWs had antibodies against SARS- CoV-2 by June 2020 in India. As 

one third of the population is still seronegative, it is necessary to accelerate the coverage 

of COVID-19 vaccination among adults. COVID-19 cases in India have been declining 

since May 2021. However, continued surveillance for COVID-19 cases is necessary to 

detect upsurge of COVID-19 cases early. The ongoing genomic surveillance for SARS-CoV-

2 also needs to be strengthened to inform about the emergence of newer variants 

including their ability to circumvent immunity conferred by the natural infection as well as 

vaccination. Finally, high seroprevalence observed in the general population should not 

be a reason for complacency. It is essential to continue adherence to non-

pharmaceutical interventions, such as avoiding gatherings, ensuring social distancing, 

and using face masks in public places. 
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Introduction 

 

With more than 30 million cases and 0.48 million deaths as on 5 July 2021, India has 

the second largest number of COVID-19 cases reported globally.1 India witnessed a 

severe second wave of COVID-19 since March 2021, affecting all states of India.2 

Repeated cross sectional serosurveys in the same geographical location are useful to 

monitor the trends of seroprevalence over time and provide evidence for the public 

health decision making to plan the response.3 Serial serosurveys conducted in 70 

districts spread across 21 Indian states/Union Territory prior to introduction of COVID-19 

vaccination indicated that the seroprevalence increased from 0.73% (95% CI: 0.34-1.13) 

during May-June 2020, to 6·6% (95% CI 5·8–7·4) during Sept-October 2020 and 24.1 

(95%CI: 23.0% to 25.3%) during December 2020–January 2021.4–6 About 25% 

healthcare workers working in peripheral health facilities in these 70 districts had 

evidence of IgG antibodies against SARS-CoV-2 during December 2020 – January 2021.6 

The earlier nationwide serosurveys in the general population were conducted among 

individuals aged 10 years and above while the information about the seroprevalence 

among children below 10 years is not known. 

 

Since January 16, 2021 India initiated COVID-19 vaccination with BBV152 (Covaxin; 

Bharat Biotech International Ltd, Hyderabad) and ChAdOx1 nCoV-19 vaccine (Covishield, 

Serum Institute of India, Pune) for the healthcare and frontline workers. The vaccination 

strategy was expanded in a phased manner to cover individuals above 60 years old and 

above 45 years old with specified comorbidities (phase-2, March 1, 2021), all individuals 

aged 45 years and above (phase 3, April 1, 2021) and all individuals aged 18 years and 

above (phase 4, May 1, 2021).7  

 

In this context, we conducted fourth round of nationwide serosurvey to estimate the age-

specific prevalence of SARS-CoV-2 antibodies in the general population and health care 

workers. 

 

Methods 

 

Study design and participants: 

 

We conducted a cross-sectional survey between 14 June and 6 July 2021 in the same 70 

districts spread across 21 Indian states/Union Territory where three rounds of 

serosurveys were conducted4–6. We selected 10 clusters (Wards in urban areas and 

villages in rural areas) from each district using population proportion to size method. The 

survey teams selected four random starting points within each of the selected cluster. 

Starting from a random starting point, the teams visited consecutive households and 

listed all household members aged 6 years and above and who were permanently 

residing in the area. Eligible individuals present in the household were invited to 

participate in the survey. From each random location, at least 10 consenting individuals 

(1 aged 6-9 years, 2 aged 10-17 years and 7 aged 18 years and above) were enrolled in 

the survey. Enrolment of a minimum number of individuals in each age group ensured 

that the overall distribution of the sampled population was comparable to the age 

structure of the population in India.8  Thus, a minimum of 40 individuals from each 

cluster and 400 individuals from each district were enrolled. We enrolled at least 100 

healthcare workers from each of the 70 districts selected for the general population 
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survey. We consecutively enrolled the willing HCWs (Doctors, nurses, para medical staff 

and lab staff) working in the district headquarters hospital of the selected study district 

 

Procedures 

 

We interviewed eligible consenting participants to collect information about demographic 

details, history of symptoms suggestive of COVID-19  (eg, fever, cough, shortness of 

breath, sore throat, new loss of taste or smell, fatigue) since 1 January 2021, COVID-19 

testing and COVID-19 vaccination. Three mL of venous blood was collected from each 

participant, and serum samples were transported to ICMR National Institute of 

Epidemiology, Chennai under cold chain.  

 

We tested the serum samples for the presence of IgG antibodies against S1-RBD (ADVIA 

Centaur XP/XPT, Siemens Healthineers, Munich, Germany) and nucleocapsid (Abbott 

Architect, Abbott Park, IL, USA) protein of SARS-CoV-2 using chemiluminescence 

immunoassay, as per the manufacturer's instructions. The Siemens assay is a 

quantitative antibody assay with analytical measuring interval of 0.50 –150.0; samples 

with an index value of >1 are considered as reactive. The assay has sensitivity of 96.4% 

(95% CI: 92.7–98.5%) after 21 days of PCR confirmation of SARS-CoV-2 infection and 

specificity of 99.0% (95% CI: 99.6-99.9).9 The Abbott assay for IgG antibodies against 

nucleocapsid protein is a qualitative assay and has a sensitivity of 100·0% and specificity 

of 99·6% after 14 days of PCR confirmation.10 As a part of quality control, 10% of positive 

serum samples and an equal number of negative serum samples were re-tested using 

the same assay.  

 

We also separately estimated the performance of the two assays by testing 100 pre-

pandemic sera samples collected as a part of acute fever surveillance during 2016 and 

140 samples from laboratory confirmed COVID-19 patients collected over 30-240 days 

after confirmation of RT-PCR.11 We estimated the specificity of 99.0% (95% CI: 94.6–

100.0%) and sensitivity of 80.0% (95% CI: 72.4–86.3%) for S1-RBD and specificity of 

100% (95% CI: 96.4 – 100) and sensitivity of 61.4% (95% CI: 52.8 - 69.5) for 

nucleocapsid assay in detecting historical infection (supplementary material). 

 

Data analysis 

The characteristics of study participants was described as proportions. Individuals whose 

sera were positive for IgG antibodies against S1-RBD and/or nucleocapsid proteins were 

considered as seropositive. We calculated design weights as the product of inverse of 

sampling fraction for the selection of districts and selection of clusters within each 

district. We estimated the weighted seroprevalence of IgG antibodies along with 95% CI, 

using a random-effects model to account for cluster sampling. The weighted 

seroprevalence was further adjusted for the joint sensitivity and specificity of the two 

assays using the sensitivities and specificities estimated by the manufacturer.12 We also 

conducted a sensitivity analysis to estimate the seroprevalence by using the lowest 

sensitivity and specificity of the two assays estimated through the external validation 

studies as well as by considering the sensitivity and specificity estimated during in-house 

validation (supplementary material). We also estimated the seroprevalence by selected 

demographic and COVID-19-related characteristics of the study participants. 

 

To estimate the total number of individuals infected with SARS-CoV-2 at the national 

level, we applied the weighted seroprevalence of IgG antibodies against SARS-CoV-2 

among children aged 6-17 years to the total population of children aged 6-17 years. To 
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estimate the total number of infections among individuals aged >18 years, we 

considered two scenarios: First, we applied the weighted seroprevalence among 

unvaccinated individuals aged 18 years and above to the total population of 

unvaccinated individuals aged >=18 years. Second, we applied the weighted 

seroprevalence among unvaccinated to the total population above 18 years. The 

infection to case ratio (ICR) was calculated by dividing the estimated number of SARS-

CoV-2 infection with the cumulative number of COVID-19 cases reported in India 1 and 2 

weeks before the median survey date (23 June 2020) assuming IgG antibodies start 

appearing between 5 and 15 days post infection.13  

 

Protection of human participants: A written informed consent was taken from individuals 

aged >18 years. For children aged between 7 and 17 years, we obtained assent and 

written consent from their parents or guardians, while parental consent was obtained for 

children aged 6 years. The Institutional Human Ethics Committee of the ICMR National 

Institute of Epidemiology, Chennai approved the study protocol. 

 

Results 

 

Seroprevalence among general population  

 

The survey teams visited 16, 074 households from 700 clusters in 70 Indian districts. Of 

the 35, 561 individuals aged >6 years residing in these households, 28, 975 (81.5%) 

consented to participated in the survey (Fig 1).   

 

Of the 28,975 individuals who participated in the survey, 2892 (10%) were aged 6-9 

years, 5798 (20%) were aged 10-17 years and 20,285 (70%) were aged > 18 years. 

15,160 (52.3%) participants were females and 21,794 (75.2%) resided in rural areas 

(Table 1). 4372 (15.1%) of the 28, 956 individuals reported history of COVID-19 testing 

in the past, of whom 782 (17.9%) reported a positive test result. Of the 20,268 adult 

participants, 5038 (24.8%) and 2631 (13.0%) reported receipt of one and two doses of 

COVID-19 vaccines respectively, while the remaining 12,599 (62.2%) were unvaccinated. 

Most (n=6945, 90.6%) had received Covishield vaccine (Table 1). The median interval 

between the receipt of the first dose and date of sample collection was 36 days (IQR: 14 

- 68 ) and 60 days (IQR: 34 – 98) between the receipt of second dose and sample 

collection. 

 

Of the 28,975 sera tested, 11, 289 (38.9%) had IgG antibodies against nucleocapsid 

protein, 18388 (63.5%) had antibodies against S1-RBD and 19336 (66.7%) had 

antibodies against nucleocapsid and/or S1-RBD. The weighted prevalence of IgG 

antibodies either against S1-RBD and/or nucleocapsid protein was 67.6% (95% CI: 66.4 

– 68.7) after adjusting for assay characteristics (Table 2). The overall seropositivity in 

states ranged between 44.3% (Kerala) and 80.0% (Madhya Pradesh) (Supplementary 

material). The seroprevalence was heterogenous among the 70 districts, ranging 

between 40.5% (Ernakulam, Kerala) and 86.8% (Buxar, Bihar) (Supplementary material). 

Compared to December 2020, the seropositivity among unvaccinated individuals aged 

10 years and above during June 2021 had increased by 1.2 - 1.9 folds in 21 (30.0%) 

districts, 2 – 3 folds in 31 (44.3%) districts and >3 folds in 18 (25.7%) districts 

(Supplementary material).  

 

The seroprevalence showed a rising trend with age. Among children aged 6-9 years and 

10-17 years, respectively 57.2% (95% CI: 55.0 - 59.4) and 61.6% (95% CI: 59.8 – 63.3) 
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had antibodies against SARS-CoV-2. The seroprevalence among adults ranged between 

66.7% (95% CI: 65.3 - 68.0) in 18-44 years and 77.6% (95% CI: 76.1 - 79.0) in 45-60 

years. The seroprevalence was not different in rural, urban non-slum and urban slum 

areas. Among the 487 unvaccinated individuals with history of laboratory confirmed 

COVID-19 infection, 88.0% (95% CI: 83.0–91.8) had detectable antibodies against SARS-

CoV-2 (Table 3).  

 

Compared to unvaccinated adults, the seroprevalence was significantly higher among 

individuals who received one (81.0%, 95% CI: 79.6 - 82.3, p=0.001) and two doses 

(89.8, 95% CI: 88.4 - 91.1, p=0.001) of COVID-19 vaccines. This increase was observed 

in all age-groups, both sexes and all localities among the individuals in general 

population as well as healthcare workers (Table 4 and supplementary material). The 

seroprevalence was higher among individuals who received Covishield (85.2%, 83.8 – 

86.5) as compared to those who received Covaxin (80.2%, 76.1 – 83.8)  (p=0.004). 

(Table 3).  After one dose, the seroprevalence was 80.8% (95% CI: 75.7-85.0) for Covaxin 

and 82.0% (95% CI: 80.3-86.6) among Covishield recipients. Individuals who received 

two doses had higher seroprevalence, ranging between 86.3% to 90.3% for Covaxin and 

Covishield respectively (Table 4).  A similar pattern was observed among healthcare 

workers (Supplementary material). 

 

The weighted prevalence of IgG antibodies against nucleocapsid protein was 38.3 (95% 

CI: 37.0 - 39.5) (Table 2). The anti-N seropositivity was not different by age, gender and 

area of residence (Supplementary material). Also, around one third of the individuals 

vaccinated with Covishield had anti-N IgG antibodies.   

 

Using the sensitivities and specificities estimated from the inhouse validation and 

external studies, the overall seroprevalence of IgG antibodies against SARS-CoV-2 was 

73.2% (95% CI: 71.9 - 74.4) and 68.0% (95% CI: 66.8 - 69.1) respectively.  

 

We estimated 642,751,546 to 807, 395,611 SARS-CoV-2 infections in India by mid-June 

2021.  With 2,90,88,245 and 2,96,32,302 cases reported by 9 June and 16 June 2021 

respectively, the infections per reported COVID-19 case ranged between 21.7 and 27.2 

(supplementary material). 

 

Seroprevalence among healthcare workers 

 

We enrolled 7,252 healthcare workers from the district public hospitals of the 70 

districts selected for general population survey.  Most (n=5133, 70.8%) HCWs were aged 

between 18-44 years and 51.3% (n=3722) were females. Of the 4892 (67.4%) HCWs 

who reported history of COVID-19 testing, 1354 (27.7%) had a positive test result. 89.5% 

(n=6493) had reported history of COVID-19 vaccination, while the remaining were 

unvaccinated (Table 1).  

 

Of the 7252 healthcare workers, 6186 (85.3%) had antibodies against nucleocapsid 

and/or S1-RBD with the seroprevalence of 85.2 (83.5 - 86.7) after adjusting for assay 

characteristics (Table 2). The seroprevalence was not different by age groups and sex 

(Table 3). The seroprevalence was higher among HCWs who received one (87.7%, 95% 

CI: 85.0 – 89.9) and two doses (88.6%, 95% CI: 87.1 – 90.1) of COVID-19 vaccines as 

compared to unvaccinated individuals (64.8%, 95% CI: 60.1 – 69.2). 
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Discussion 

 

The results from the fourth nationwide serosurvey indicate that about two-third of India’s 

population aged 6 years and above had antibodies against SARS-CoV-2 by June 2021. 

The seroprevalence increased with age. The seroprevalence was comparable in rural, 

urban non-slum and urban slum areas. Majority of HCWs working in the district level 

health facilities were positive for IgG antibodies. These findings have important 

implications on the future trajectory of COVID-19 in India.  

 

The overall prevalence of IgG antibodies against SARS-CoV-2 increased from 24.1% by 

December 2020 to 67.6% by June 2021. This increase in the seroprevalence could be 

on account of natural infection as well as COVID-19 vaccination. The seroprevalence 

among unvaccinated adults in June 2021 was 62.3% as against 24.3% in December 

2020. This finding indicates that a large proportion of the increase in the seroprevalence 

was on account of the natural infection during the second wave of COVID-19 in India 

during March and June 2021. Around 38% of the individuals had anti-N antibodies 

indicating recent transmission of SARS-CoV-2.14 During this period more than 20 million 

COVID-19 cases were reported from India,2 with delta variant being a predominant 

circulating variant of concern (VOC).15  

 

The increase in seroprevalence was observed in all age groups, including children aged 

10-17 years (2.2 fold) (supplementary material). Children aged 6-9 years were not 

covered during the previous serosurveys. During June 2021, about 60% of children had 

evidence of antibodies against SARS-CoV-2. The findings of high seropositivity among 

children observed in our study are consistent with a recent study conducted during 

March and June 2021 among children from five sites in India .16 Among the 700 

individuals aged <18 years surveyed in this study, 55.7% were seropositive.  

 

Earlier serosurveys have indicated higher seroprevalence among urban slums and urban 

non-slum areas than rural areas. This gradient in the seroprevalence seems to have 

faded by June 2021, with a comparable seroprevalence in the rural and urban areas. 

Higher seroprevalence in rural areas observed in our survey indicate that the infection in 

the second wave was widespread in rural areas.   

 

The results of the Phase 2 trials reported that 98.4% (95% CI: 95.3 – 99.7) individuals 

vaccinated with BBV152 (Covaxin)17 and 100 % (95% CI: 97.4 – 100.0) individuals 

vaccinated with Covishield18 seroconverted 56 days after the second dose. An 

observational multi-centric study among health care workers in India reported a 

seropositivity of 98.1% among Covishield and 80% among Covaxin recipients.19 In 

another study of antibody responses in a cohort of 45,965 adults from the general 

population of the United Kingdom who received either ChAdOx1 or the BNT162b2 SARS-

CoV-2 vaccines, authors estimated that about 6% of the participants were ‘low 

responders’.20 In our serosurvey, about 10-14 % of the vaccinees were found to be 

seronegative even after the receipt of two doses of COVID-19 vaccine. The proportion of 

seronegative individuals did not change when we considered the optimal interval 

between the second dose and sample collection of more than 7 days. Because of cross-

sectional nature of the study, we are not able to comment if the seronegativity among 

the fully vaccinated individuals was on account of lower antibody response or decline in 

antibodies. Moreover, the possibility of misclassification of vaccination status cannot be 

ruled out as the information about vaccination was based on recall.  

 

Comment on Text
In order to improve coherence, I would report the results from this study first, followed by this information to explain/justify the results. 



 9 

 

 

The number of infections per reported case between December 2020 (27.1- 26.7) and 

June 2021 (21.7 – 27.8) has not changed. This reflects on sustained testing (around 

210 million tests conducted during this period) of both symptomatic and asymptomatic 

eligible individuals.6 

  

Seroprevalence studies can help predict the future course of the pandemic.3 Prior to the 

second wave in India, about 75% of the population was seronegative.6 The serosurvey 

findings indicate that about one third of the general population in India did not have 

detectable antibodies against SARS-CoV-2 by June 2021. It is therefore possible that 

more COVID-19 cases are likely to occur in coming months, especially in areas where the 

proportion of people without detectable antibodies is higher. The available evidence 

indicates that immunity acquired through natural infection can last up to one year.21 IgG 

antibodies against the RBD of the spike protein shows a high correlation to virus 

neutralization titres indicating the neutralising nature of the antibodies.22,23 Studies also 

indicate that re-infections among previously infected individuals are less frequent.24 It is 

thus reasonable to expect that the future surge of cases in India would be lower than the 

second wave. However, the immunity acquired through natural infection as well as 

vaccination is expected to wane over time. Although S1-RBD are considered to have the 

neutralising effect, protective titre among the seropositive individuals is not known. 

Further, COVID-19 cases could rapidly increase after emergence of immune escape 

variants.25 It is therefore necessary to continue monitoring the emergence of VOCs.  

 

Our study has certain limitations. First, our serosurvey was designed to estimate the 

seroprevalence at the national level and it might not have captured variation in the 

seroprevalence within the states and districts. Second, approximately 19% of eligible 

individuals were not included in the survey, as they were not available in the household 

at the time of survey or they refused to participate. This could introduce a selection bias, 

if this non-response was not at random. Third, IgG antibodies against SARS-CoV-2 wane 

over time.14,26 In our study, the seropositivity to S1-RBD and nucleocapsid protein among 

unvaccinated individuals with laboratory confirmed COVID-19 RT-PCR was 82.4% and 

63.4% respectively. Hence, the observed seroprevalence might be under-estimate of the 

actual seroprevalence in the population.  

  

In conclusion, our serosurvey findings indicate that nearly two of the three individuals 

aged ≥6 years from the general population and 85% HCWs had antibodies against SARS-

CoV-2 by June 2020 in India. As one third of the population is still seronegative, it is 

necessary to accelerate the coverage of COVID-19 vaccination among adults. COVID-19 

cases in India have been declining since May 2021. However, continued surveillance for 

COVID-19 cases is necessary to detect upsurge of COVID-19 cases early. The ongoing 

genomic surveillance for SARS-CoV-2 also needs to be strengthened to inform about the 

emergence of newer variants including their ability to circumvent immunity conferred by 

the natural infection as well as vaccination. Finally, high seroprevalence observed in the 

general population should not be a reason for complacency.  It is essential to continue 

adherence to non-pharmaceutical interventions, such as avoiding gatherings, ensuring 

social distancing, and using face masks in public places.   

 

  

Comment on Text
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Figure: Participant enrolment  

 

 

 



  

Table 1: Participant characteristics 

 

Characteristics General population  

n (%) 

Healthcare 

workers  

n (%) 

Age (in years) n= 28975 n=7252 

6-9 2892 (10.0) - 

10-17 5798 (20.0) - 

18-44 12522 (43.2) 5133 (70.8) 

45-60 5545 (19.1) 1997 (27.5) 

>60 2218 (7.7) 122 (1.7) 

Sex n= 28975 n=7252 

Male 13783 (47.6) 3523 (48.6) 

Female 15160 (52.3) 3722 (51.3) 

Other  32 (0.1) 7 (0.1) 

Area of residence n=28975  

Rural 21794 (75.2) - 

Urban non-slum 5266 (18.2) - 

Urban slum 1915 (6.6)  

COVID-19 related symptoms  n= 28975 n=7252 

History of COVID-19 symptoms since January 

2021 

1748 (6.0) 925 (12.8) 

 n=1729 n=925 

Medical care sought for symptomatic cases   574 (33.2) 558 (60.3) 

History of hospitalization  140 (24.4) 171 (30.6) 

 n=28956 n=7252 

History of contact with a known COVID-19 

case  

2129 (7.3) 4562 (62.9) 

 n=28956 n=7252 

Previously tested for COVID-19  4372 (15.1) 4892 (67.4) 

Previous positive COVID-19 test  782 (17.9) 1354 (27.7) 

COVID-19 vaccination status among adults n=20268 n=7252 

0 dose 12599 (62.2) 759 (10.5) 

1 dose 5038 (24.8) 972 (13.4) 

2 doses 2631 (13.0) 5521 (76.1) 

Type of Vaccine n=7669 n=6493 

Covaxin  587 (7.7) 498 (7.7) 

Covishield  6945 (90.6) 5973 (92.0) 

Sputnik 18 (0.2) 6 (0.1) 

Don’t know 119 (1.6) 16 (0.2) 

 



  

Table 2:  Seroprevalence (%) of immunoglobulin G antibodies against severe acute respiratory syndrome coronavirus-2 infection, India, 

June-July 2021 

 

 General population aged ≥ 6 years Healthcare workers 

Anti-N antibodies Anti-S1-RBD 

antibodies 

Anti-N and/or 

anti-S antibodies 

Anti-N antibodies Anti-S1-RBD 

antibodies 

Anti-N and/or 

anti-S antibodies 

Number of 

individuals tested 
28975 28975 28975 7252 7252 7252 

Number of positives 11289 

 

18388 

 
19336 

2305 

 

6112 

 

6186 

 

Unweighted 

prevalence * (%) 

95% CI 

38.9 (37.9 - 40.1)  

 

63.5 (62.3 - 64.6)  

 

66.7 (65.6 - 67.8)  

 

31.8 (29.7 - 34.0) 

 

84.3 (82.5 - 85.9) 

 

85.3 (83.6 - 86.8) 

 

Weighted 

prevalence** (%) 

95% CI 

38.5 (37.3 - 39.7) 

 

64.4 (63.2 -65.6) 

 

66.6 (65.3 - 67.9) 

 
- - - 

Adjusted 

prevalence*** (%) 

95% CI 

38.3 (37.0 - 39.5) 

 

66.8 (65.5 - 68.0) 

 

67.6 (66.4 - 68.7) 

 

31.5 (29.4 - 33.7) 

 

87.4 (85.6 - 89.1) 

 

85.2 (83.5 - 86.7) 

 

 
*Adjusted for clustering 

**Weighted for design weights  

***Adjusted for test performance 



  

Table 3: Seroprevalence of IgG antibodies by selected characteristics, June-July 2021 

 

Characteristics General population Healthcare workers 

No. 

tested 

No. positive 

(anti-N and/or 

anti-S1-RBD 

antibodies) 

Weighted and test-

performance-adjusted 

seroprevalence  

% (95% CI) 

No. 

tested 

No. positive 

(anti-N and/or 

anti-S1-RBD 

antibodies) 

Test-performance-

adjusted 

seroprevalence  

% (95% CI) 

Age, years 

6-9 2892 1635  57.2 (55.0 - 59.4)  - - - 

10-17 5798 3584  61.6 (59.8 - 63.3)  - - - 

18-44 12522 8245  66.7 (65.3 - 68.0)  5133 4401  86.5 (84.9 - 88.0)  

45-60 5545 4217  77.6 (76.1 - 79.0)  1997 1686  85.1 (83.0 - 87.1)  

>60 2218 1655  76.7 (74.6 - 78.7)  122 99  80.4 (71.9 - 86.8)  

Sex 

Male 13783 9018  65.8 (64.4 - 67.1)  3523 3024  86.2 (84.4 - 87.8)  

Female 15160 10295  69.2 (67.9 - 70.5)  3722 3157  85.9 (84.1 - 87.6)  

Other 32 23  83.4 (59.1 - 94.6)  7 5  66.4 (26.9 - 91.3)  

Area of residence 

Rural  21794 14398  66.7 (65.4 - 68.1)  - - - 

Urban non-slum 5266 3587 69.1 (66.6 - 71.6) - - - 

Urban slum 1915 1351  71.0 (66.8 - 74.7)  - - - 

History of COVID-19 related symptoms since 1 Jan 2021 

Yes  1748 1262  76.8 (74.4 - 79.0)  925 838  85.2 (83.6 - 86.8)  

No 27227 18074  66.9 (65.7 - 68.1)  6327 5348  91.5 (89.2 - 93.2)  

Previously tested for COVID-19 

Yes 4372 3196  78.7 (77.1 - 80.2)  4892 4194  86.9 (85.2 - 88.4)  

No 24584 16127  65.6 (64.4 - 66.9)  2360 1992  84.2 (81.9 - 86.3)  

Previous COVID-19 test result 

Reported positive for COVID-

19 
782 674  88.9 (86.8 - 90.8)  1354 1275  94.8 (93.4 - 96.0)  

Reported Negative for COVID-

19 
3419 2425  75.2 (73.2 - 77.0)  3395 2789  83.3 (81.1 - 85.3)  



  

Don’t know 171 97  71.1 (59.2 - 80.5)  143 130  90.1 (80.6 - 95.2)  

COVID-19 vaccination status among adults 

0 dose 12599 7758  62.3 (60.9 - 63.7)  759 507  64.8 (60.1 - 69.2)  

1 dose 5038 4016  81.0 (79.6 - 82.3)  972 834  87.7 (85.0 - 89.9)  

2 doses 2631 2331  89.8 (88.4 - 91.1)  5521 4845  88.6 (87.1 - 90.1)  

Optimal interval between vaccination and blood sample collection 

Less than 21 days of 1st dose 1711 1242  73.5 (70.6 - 76.2)  191 151  78.0 (70.7 - 83.9)  

21 days after 1st dose 3327 2774  85.9 (84.3 - 87.4)  781 683  89.8 (87.2 - 92.1)  

7 days after 2nd dose 2630 2330  90.4 (88.9 - 91.7)  5513 4837  88.6 (87.1 - 90.1)  

Vaccine type 

Covaxin  587 473 80.2 (76.1 – 83.8) 498 428 86.5 (82.7 – 89.5) 

Covishield  6945 5751 85.2 (83.8 – 86.5) 5973 5229 88.6 (87.0 – 90.1) 

Previously positive for COVID-19 

0 dose 487 402  88.0 (83.0 - 91.8)  140 116  83.6 (76.0 - 89.2)  

1 dose 145 134  95.0 (90.6 - 97.4)  154 146  95.2 (90.4 - 97.7)  

2 doses 150 138  94.0 (88.2 - 97.1)  1060 1013  96.1 (94.4 - 97.4)  

       

 

CI, confidence interval; COVID-19, coronavirus disease 2019; N, nucleocapsid protein; S1-RBD, spike protein of the receptor binding 

domain 

 

 

 

 

 

 

 

 

 

 

 

 



  

Table 4: Seroprevalence of select characteristics by vaccination status, General population, June – July 2021 

 

Characteristics 

Unvaccinated Vaccinated with one dose Vaccinated with two doses 

Tested 
Positives 

N/S 

Cluster and test 

adjusted 

Seroprevalence % 

(95% CI) 

Tested 
Positives 

N/S 

Cluster and test 

adjusted 

Seroprevalence % 

(95% CI) 

Tested 
Positives 

N/S 

Cluster and test 

adjusted 

Seroprevalence % 

(95% CI) 

Age, years 

18-44  8986 5381  60.8 (59.2 - 62.3)  2426 1896  80.4 (78.2 - 82.4)  1096 958  89.1 (86.7 - 91.3)  

45-60 2701 1778  67.0 (64.8 - 69.1)  1830 1521  85.5 (83.4 - 87.3)  1013 917  91.9 (89.7 - 93.6)  

>60 912 599  67.0 (63.6 - 70.4)  782 599  78.9 (75.4 - 82.0)  522 456  88.7 (85.4 - 91.5)  

Sex 

Male 10040 5962  59.6 (57.8 - 61.4)  2598 2050  81.0 (79.0 - 82.9)  1136 999  89.4 (87.1 - 91.5)  

Female 11223 6998  64.9 (63.2 - 66.4)  2436 1962  83.1 (81.1 - 84.9)  1493 1330  90.7 (88.6 - 92.3)  

Other 26 17  74.0 (44.9 - 90.8)  4 4 - 2 2 - 

Area of residence 

Rural  3702 2280  62.1 (60.5 - 63.7) 1046 846 81.1 (79.2 - 82.9) 515 459 90.1 (88.0 - 91.7)  

Urban non-slum 16236 9832 63.6 (60.2 - 66.8) 3603 2840 83.2 (79.8 - 86.1) 1941 1716 90.4 (86.9 - 93.0) 

Urban slum 1351 865 64.6 (59.0 - 69.8) 389 330 87.1 (82.1 - 90.9)  175 156 90.9 (84.7 - 94.7) 

Previous COVID-19 test result 

Reported positive for 

COVID-19 487 402  86.0 (82.2 - 89.1)  145 134  94.7 (90.1 - 97.2)  150 138  93.8 (88.6 - 96.7)  

Reported Negative for 

COVID-19 1732 1051  62.9 (59.7 - 66.1)  962 739  80.1 (76.9 - 83.0)  724 634  89.4 (86.5 - 91.8)  

Don’t know 119 58  60.2 (46.5 - 72.5)  36 28  84.1 (67.5 - 93.1)  16 11  66.7 (37.4 - 87.0)  

Vaccine type 

Covaxin  - - - 385 302  80.8 (75.7 - 85.0)  202 171  86.3 (80.4 - 90.8)  

Covishield  - - - 4565 3636  82.0 (80.3 - 83.6)  2380 2115  90.3 (88.5 - 91.8)  

Optimal interval between vaccination and blood sample collection* (21 days after 1st dose, 7 days after 2nd dose) 

Covaxin  - - - 223 186  84.3 (78.4 - 88.9)  201 170  86.3 (80.3 - 90.7)  

Covishield  - - - 3045 2535  84.8 (83.1 - 86.5)  2380 2115  90.3 (88.5 - 91.8)  
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1. Statistical Analysis  

 

The survey was conducted in 70 randomly selected districts. From each selected district, 

10 villages/wards were selected by probability proportional to size method. Design 

weights were computed by the inverse of product of probabilities at all stages of 

selection (i.e. selection of villages/wards within districts and households). The design 

weights were normalized and attached to the master dataset. 

 

Random effects logistic regression model was used to address the clustering effect of 

estimates by considering district as the level. A random intercept model with design 

weights was used to estimate the overall seroprevalence. Further, seroprevalence 

estimates for other factors like age, gender was estimated using the same model. 

Seroprevalence estimates were obtained by exponentiating the log odds values obtained 

from the model and converting into probability and its corresponding 95% Wald 

confidence interval were obtained.  

 

Reproduced from:  

 

Murhekar MV, Bhatnagar T, Selvaraju S et al. SARS-CoV-2 antibody seroprevalence in 

India, August-September, 2020: findings from the second nationwide household 

serosurvey. Lancet Glob Health. 2021 Mar;9(3):e257-e266. 
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2. Sensitivity and Specificity estimated by external studies and in-house validation of Abbott and Siemens assay 

 

Source  Abbott assay Siemens assay 

Sensitivity  Specificity Sensitivity  Specificity 

Irsara C et al1 90.8% (86.3–93.9) 99.3% (97.6–99.8)   

Irsara C et al2   90.5% (85.2–94.3) 99.4% (96.6–100.0) 

Tang MS3 93.8% (82.8-98.7) 99.4% (96.4-99.9%) 
  

Suhandynata RT4 92.60% 100% 
  

Theel ES5 95.70% 99.60% 
  

Padoan A6 95.2% (89.1-98.4)  100.0% (93.4-100.0) 
  

Manalac J7 97.90% 99.60% 
  

Hubbard JA8 91.3% (72.0-98.9) 100% (99.05-100.00) 
  

National SARS-CoV-2 Serology 

Assay Evaluation Group.9  

92.7% (90.2 - 94.8) 99.9% (99.4 - 100) 
  

In house validation of Kits 61.4% (52.8 - 69.5) 100% (96.4 – 100) 80.0% (72.4 – 86.3) 99.0% (94.6 – 100.0) 
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3. Cluster adjusted proportion of individuals with SARS-CoV-2 IgG antibodies by states, fourth national SARS-CoV-2 serosurvey, India, 

June-July 2021 

 

State/Union Territory 
Total 

Tested 

Positive for either anti-N 

or anti-S 

Cluster Adjusted Seroprevalence % (95% 

CI) 

Madhya Pradesh 1229 683 80.0 (76.3 - 83.2) 

Rajasthan 1226 628 77.1 (73.2 - 80.7) 

Bihar 2461 1174 76.7 (73.9 - 79.3) 

Gujarat 1219 540 76.4 (72.4 - 80.1) 

Chhattisgarh 1198 509 75.7 (71.6 - 79.4) 

Uttarakhand 401 202 74.2 (66.7 - 80.6) 

Uttar Pradesh 3733 1848 71.7 (69.3 - 74.1) 

Andhra Pradesh 1260 462 71.2 (66.8 - 75.2) 

Karnataka 1326 535 70.3 (65.9 - 74.4) 

Tamil Nadu 1258 524 70.1 (65.6 - 74.2) 

Odisha 1230 437 68.9 (64.3 - 73.1) 

Punjab 1581 597 67.2 (63.2 - 71.0) 

Telangana 1373 512 63.5 (58.8 - 67.9) 

Jammu & Kashmir 430 124 63.4 (55.0 - 71.0) 

Himachal Pradesh 400 82 62.5 (54.0 - 70.3) 

Jharkhand 1231 415 61.9 (57.1 - 66.6) 

West Bengal 2042 529 61.3 (57.6 - 65.0) 

Haryana 398 137 60.4 (51.8 - 68.4) 

Maharashtra 2468 785 58.4 (54.9 - 61.8) 

Assam 1203 285 50.3 (45.3 - 55.3) 

Kerala 1308 281 44.3 (39.5 - 49.2) 
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4. Unweighted proportion of individuals with SARS-CoV-2 IgG antibodies by districts, fourth national SARS-CoV-2 serosurvey, India, June-

July 2021 

 

District State 

Total 

Tested N Positive (%) S Positive (%) N/S Positive (%) 

Buxar Bihar 400 216 (54.0) 335 (83.8) 347 (86.8) 

Gwalior Madhya Pradesh 416 219 (52.6) 330 (79.3) 340 (81.7) 

Dewas Madhya Pradesh 407 230 (56.5) 319 (78.4) 330 (81.1) 

Vizianagaram Andhra Pradesh 434 196 (45.2) 340 (78.3) 346 (79.7) 

Surguja Chhattisgarh 397 176 (44.3) 301 (75.8) 316 (79.6) 

Chennai Tamil Nadu 415 184 (44.3) 320 (77.1) 330 (79.5) 

Madhubani Bihar 424 213 (50.2) 327 (77.1) 337 (79.5) 

Jalor Rajasthan 409 207 (50.6) 310 (75.8) 323 (79.0) 

Sabar Kantha Gujarat 402 183 (45.5) 303 (75.4) 313 (77.9) 

Arwal Bihar 410 202 (49.3) 302 (73.7) 317 (77.3) 

Balrampur Uttar Pradesh 431 192 (44.5) 317 (73.5) 331 (76.8) 

Rajsamand Rajasthan 410 215 (52.4) 294 (71.7) 308 (75.1) 

Narmada Gujarat 398 160 (40.2) 289 (72.6) 297 (74.6) 

Dausa Rajasthan 407 206 (50.6) 280 (68.8) 303 (74.4) 

Begusarai Bihar 417 186 (44.6) 303 (72.7) 310 (74.3) 

Ujjain Madhya Pradesh 406 234 (57.6) 286 (70.4) 301 (74.1) 

Mau Uttar Pradesh 455 245 (53.8) 328 (72.1) 337 (74.1) 

Saharanpur Uttar Pradesh 399 220 (55.1) 275 (68.9) 295 (73.9) 

Mahisagar Gujarat 419 197 (47.0) 294 (70.2) 308 (73.5) 

Ludhiana Punjab 394 158 (40.1) 279 (70.8) 288 (73.1) 

Garhwal Uttarakhand 401 202 (50.4) 273 (68.1) 293 (73.1) 

Unnao Uttar Pradesh 395 202 (51.1) 270 (68.4) 288 (72.9) 
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District State 

Total 

Tested N Positive (%) S Positive (%) N/S Positive (%) 

Auraiya Uttar Pradesh 398 234 (58.8) 259 (65.1) 290 (72.9) 

Kabeerdham Chhattisgarh 403 192 (47.6) 267 (66.3) 293 (72.7) 

Ganjam Odisha 419 154 (36.8) 297 (70.9) 304 (72.6) 

Bangalore Karnataka 447 165 (36.9) 313 (70.0) 323 (72.3) 

Bijapur Chhattisgarh 398 141 (35.4) 272 (68.3) 285 (71.6) 

Bareilly Uttar Pradesh 400 185 (46.3) 261 (65.3) 284 (71.0) 

Gautam Buddha Nagar Uttar Pradesh 398 186 (46.7) 265 (66.6) 281 (70.6) 

Muzaffarpur Bihar 404 194 (48.0) 264 (65.3) 281 (69.6) 

Tiruvannamalai Tamil Nadu 415 168 (40.5) 282 (68.0) 288 (69.4) 

Gulbarga Karnataka 428 177 (41.4) 288 (67.3) 296 (69.2) 

Simdega Jharkhand 400 151 (37.8) 261 (65.3) 275 (68.8) 

Gonda Uttar Pradesh 457 232 (50.8) 293 (64.1) 314 (68.7) 

Bankura  West Bengal 411 144 (35.0) 274 (66.7) 281 (68.4) 

Kamareddy Telangana 471 186 (39.5) 309 (65.6) 322 (68.4) 

Chitradurga Karnataka 451 193 (42.8) 293 (65.0) 307 (68.1) 

Krishna Andhra Pradesh 409 144 (35.2) 266 (65.0) 278 (68.0) 

Jalandhar Punjab 398 148 (37.2) 261 (65.6) 270 (67.8) 

Purnia Bihar 406 163 (40.1) 263 (64.8) 275 (67.7) 

Gurdaspur Punjab 390 144 (36.9) 247 (63.3) 261 (66.9) 

Latehar Jharkhand 422 180 (42.7) 239 (56.6) 279 (66.1) 

Rayagada   Odisha 411 134 (32.6) 259 (63.0) 271 (65.9) 

Koraput Odisha 400 149 (37.3) 245 (61.3) 263 (65.8) 

South Twenty Four Parganas West Bengal 412 106 (25.7) 257 (62.4) 260 (63.1) 

Pulwama Jammu & Kashmir 430 124 (28.8) 263 (61.2) 271 (63.0) 
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District State 

Total 

Tested N Positive (%) S Positive (%) N/S Positive (%) 

Sri Potti Sriramulu Nellore Andhra Pradesh 417 122 (29.3) 253 (60.7) 261 (62.6) 

Parbhani Maharashtra 420 130 (31.0) 252 (60.0) 262 (62.4) 

Nanded Maharashtra 403 141 (35.0) 242 (60.0) 251 (62.3) 

Kullu Himachal Pradesh 400 82 (20.5) 243 (60.8) 248 (62.0) 

Alipurduar West Bengal 408 83 (20.3) 241 (59.1) 247 (60.5) 

Nalgonda Telangana 451 171 (37.9) 252 (55.9) 273 (60.5) 

Jangoan Telangana 451 155 (34.4) 265 (58.8) 271 (60.1) 

Kurukshetra Haryana 398 137 (34.4) 218 (54.8) 239 (60.1) 

Ahmadnagar Maharashtra 419 131 (31.3) 243 (58.0) 251 (59.9) 

Coimbatore Tamil Nadu 428 172 (40.2) 244 (57.0) 252 (58.9) 

Patiala Punjab 399 147 (36.8) 210 (52.6) 233 (58.4) 

Jalgaon Maharashtra 414 155 (37.4) 211 (51.0) 241 (58.2) 

Jyotiba Phule Nagar Uttar Pradesh 400 152 (38.0) 205 (51.3) 230 (57.5) 

Purba Medinipur West Bengal 401 83 (20.7) 216 (53.9) 225 (56.1) 

Jhargram West Bengal 410 113 (27.6) 222 (54.1) 230 (56.1) 

Kamrup Metropolitan Assam 399 110 (27.6) 211 (52.9) 219 (54.9) 

Sangli Maharashtra 410 102 (24.9) 218 (53.2) 225 (54.9) 

Udalguri Assam 401 82 (20.4) 199 (49.6) 207 (51.6) 

Bid Maharashtra 402 126 (31.3) 169 (42.0) 202 (50.2) 

Thrissur Kerala 437 107 (24.5) 206 (47.1) 216 (49.4) 

Pakur Jharkhand 409 84 (20.5) 180 (44.0) 199 (48.7) 

Karbi Anglong Assam 403 93 (23.1) 162 (40.2) 179 (44.4) 

Palakkad Kerala 439 94 (21.4) 184 (41.9) 190 (43.3) 

Ernakulam Kerala 432 80 (18.5) 169 (39.1) 175 (40.5) 
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5. Unweighted proportion of individuals with SARS-CoV-2 IgG antibodies among unvaccinated and aged above 10 years by districts, third 

and fourth national SARS-CoV-2 serosurvey, India  

 

State District 

General Population (Unvaccinated and >=10 Years)                              

ROUND 3 

General Population (Unvaccinated and >=10 Years)                                      

ROUND 4 Ratio of 

N/S 

Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S Positive 

(%) 

Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S 

Positive (%) 

Gujarat Mahisagar 407 11 (2.7) 15 (3.7) 20 (4.9) 171 84 (49.1) 108 (63.2) 113 (66.1) 13.5 

Chhattisgarh Surguja 396 33 (8.3) 31 (7.8) 43 (10.9) 250 126 (50.4) 186 (74.4) 199 (79.6) 7.3 

Gujarat Narmada 401 41 (10.2) 42 (10.5) 47 (11.7) 216 91 (42.1) 141 (65.3) 148 (68.5) 5.9 

Uttar Pradesh Saharanpur 396 41 (10.4) 51 (12.9) 60 (15.2) 294 167 (56.8) 192 (65.3) 211 (71.8) 4.7 

Uttar Pradesh Gonda 417 31 (7.4) 54 (12.9) 60 (14.4) 285 139 (48.8) 178 (62.5) 191 (67.0) 4.7 

Madhya 

Pradesh 
Dewas 390 51 (13.1) 58 (14.9) 73 (18.7) 274 160 (58.4) 209 (76.3) 219 (79.9) 4.3 

Rajasthan Rajsamand 404 58 (14.4) 57 (14.1) 69 (17.1) 265 148 (55.8) 179 (67.5) 192 (72.5) 4.2 

Jharkhand Latehar 398 37 (9.3) 48 (12.1) 60 (15.1) 256 117 (45.7) 133 (52.0) 163 (63.7) 4.2 

Bihar Begusarai 413 48 (11.6) 62 (15.0) 77 (18.6) 255 125 (49.0) 172 (67.5) 179 (70.2) 3.8 

Uttar Pradesh Balrampur 390 58 (14.9) 62 (15.9) 80 (20.5) 302 139 (46.0) 216 (71.5) 229 (75.8) 3.7 

Uttarakhand Garhwal 399 61 (15.3) 66 (16.5) 77 (19.3) 185 117 (63.2) 114 (61.6) 131 (70.8) 3.7 

Uttar Pradesh Unnao 401 44 (11.0) 66 (16.5) 76 (19.0) 250 125 (50.0) 156 (62.4) 171 (68.4) 3.6 

Rajasthan Dausa 390 49 (12.6) 62 (15.9) 75 (19.2) 249 132 (53.0) 146 (58.6) 166 (66.7) 3.5 

Chhattisgarh Kabeerdham 399 54 (13.5) 73 (18.3) 81 (20.3) 290 138 (47.6) 184 (63.4) 204 (70.3) 3.5 

Gujarat Sabar Kantha 399 62 (15.5) 75 (18.8) 83 (20.8) 220 96 (43.6) 145 (65.9) 155 (70.5) 3.4 

Madhya 

Pradesh 
Ujjain 405 53 (13.1) 78 (19.3) 84 (20.7) 271 155 (57.2) 173 (63.8) 188 (69.4) 3.4 

Punjab Jalandhar 398 55 (13.8) 66 (16.6) 77 (19.3) 245 85 (34.7) 152 (62.0) 158 (64.5) 3.3 
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State District 

General Population (Unvaccinated and >=10 Years)                              

ROUND 3 

General Population (Unvaccinated and >=10 Years)                                      

ROUND 4 Ratio of 

N/S Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S Positive 

(%) 

Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S 

Positive (%) 

Haryana Kurukshetra 397 45 (11.3) 60 (15.1) 66 (16.6) 243 78 (32.1) 110 (45.3) 127 (52.3) 3.2 

Rajasthan Jalor 409 75 (18.3) 74 (18.1) 93 (22.7) 195 104 (53.3) 123 (63.1) 134 (68.7) 3.0 

Kerala Thrissur 418 50 (12.0) 36 (8.6) 59 (14.1) 278 71 (25.5) 109 (39.2) 117 (42.1) 3.0 

Bihar Buxar 422 71 (16.8) 110 (26.1) 121 (28.7) 233 129 (55.4) 189 (81.1) 198 (85.0) 3.0 

Kerala Palakkad 408 46 (11.3) 55 (13.5) 58 (14.2) 325 72 (22.2) 130 (40.0) 136 (41.8) 2.9 

Jharkhand Simdega 400 59 (14.8) 68 (17.0) 78 (19.5) 193 70 (36.3) 101 (52.3) 110 (57.0) 2.9 

Uttar Pradesh Auraiya 398 61 (15.3) 86 (21.6) 99 (24.9) 304 186 (61.2) 188 (61.8) 219 (72.0) 2.9 

Bihar Muzaffarpur 401 41 (10.2) 87 (21.7) 93 (23.2) 275 141 (51.3) 169 (61.5) 184 (66.9) 2.9 

Maharashtra Parbhani 426 46 (10.8) 81 (19.0) 88 (20.7) 278 89 (32.0) 154 (55.4) 163 (58.6) 2.8 

Karnataka Chitradurga 442 67 (15.2) 96 (21.7) 103 (23.3) 276 133 (48.2) 171 (62.0) 182 (65.9) 2.8 

Bihar Arwal 416 63 (15.1) 109 (26.2) 118 (28.4) 299 147 (49.2) 223 (74.6) 233 (77.9) 2.7 

Punjab Ludhiana 399 56 (14.0) 89 (22.3) 101 (25.3) 271 113 (41.7) 182 (67.2) 187 (69.0) 2.7 

Uttar Pradesh Mau 417 72 (17.3) 89 (21.3) 108 (25.9) 319 172 (53.9) 214 (67.1) 223 (69.9) 2.7 

Punjab Patiala 400 59 (14.8) 75 (18.8) 84 (21.0) 272 107 (39.3) 132 (48.5) 153 (56.3) 2.7 

Bihar Madhubani 404 63 (15.6) 99 (24.5) 113 (28.0) 223 116 (52.0) 157 (70.4) 165 (74.0) 2.6 

Madhya 

Pradesh 
Gwalior 402 68 (16.9) 107 (26.6) 112 (27.9) 182 98 (53.8) 127 (69.8) 134 (73.6) 2.6 

Uttar Pradesh Bareilly 398 51 (12.8) 92 (23.1) 97 (24.4) 267 125 (46.8) 153 (57.3) 171 (64.0) 2.6 

Bihar Purnia 414 56 (13.5) 87 (21.0) 98 (23.7) 229 102 (44.5) 133 (58.1) 141 (61.6) 2.6 

Punjab Gurdaspur 399 75 (18.8) 81 (20.3) 101 (25.3) 241 89 (36.9) 148 (61.4) 158 (65.6) 2.6 

Telangana Kamareddy 413 51 (12.3) 102 (24.7) 106 (25.7) 314 126 (40.1) 187 (59.6) 199 (63.4) 2.5 
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State District 

General Population (Unvaccinated and >=10 Years)                              

ROUND 3 

General Population (Unvaccinated and >=10 Years)                                      

ROUND 4 Ratio of 

N/S Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S Positive 

(%) 

Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S 

Positive (%) 

Uttar Pradesh 
Jyotiba Phule 

Nagar 
395 62 (15.7) 80 (20.3) 92 (23.3) 322 123 (38.2) 160 (49.7) 182 (56.5) 2.4 

Jharkhand Pakur 397 44 (11.1) 63 (15.9) 75 (18.9) 285 63 (22.1) 113 (39.6) 128 (44.9) 2.4 

Karnataka Gulbarga 429 47 (11.0) 113 (26.3) 117 (27.3) 268 118 (44.0) 161 (60.1) 168 (62.7) 2.3 

Telangana Nalgonda 420 59 (14.0) 96 (22.9) 108 (25.7) 327 132 (40.4) 170 (52.0) 189 (57.8) 2.2 

Tamil Nadu Coimbatore 411 69 (16.8) 91 (22.1) 100 (24.3) 289 117 (40.5) 149 (51.6) 156 (54.0) 2.2 

Tamil Nadu Tiruvannamalai 409 86 (21.0) 116 (28.4) 127 (31.1) 274 123 (44.9) 182 (66.4) 187 (68.2) 2.2 

Maharashtra Ahmadnagar 433 64 (14.8) 98 (22.6) 106 (24.5) 293 98 (33.4) 150 (51.2) 156 (53.2) 2.2 

Kerala Ernakulam 420 38 (9.0) 54 (12.9) 61 (14.5) 234 48 (20.5) 70 (29.9) 73 (31.2) 2.2 

Uttar Pradesh 
Gautam Buddha 

Nagar 
398 77 (19.3) 109 (27.4) 126 (31.7) 284 130 (45.8) 175 (61.6) 189 (66.5) 2.1 

Karnataka Bangalore 418 81 (19.4) 126 (30.1) 142 (34.0) 284 116 (40.8) 193 (68.0) 201 (70.8) 2.1 

West Bengal Jhargram 419 89 (21.2) 110 (26.3) 119 (28.4) 347 105 (30.3) 194 (55.9) 202 (58.2) 2.0 

Telangana Jangoan 427 59 (13.8) 106 (24.8) 112 (26.2) 323 114 (35.3) 164 (50.8) 170 (52.6) 2.0 

Maharashtra Nanded 420 61 (14.5) 109 (26.0) 121 (28.8) 269 82 (30.5) 138 (51.3) 145 (53.9) 1.9 

Andhra Pradesh 

Sri Potti 

Sriramulu 

Nellore 

405 96 (23.7) 121 (29.9) 127 (31.4) 242 76 (31.4) 134 (55.4) 140 (57.9) 1.8 

West Bengal Bankura  413 94 (22.8) 137 (33.2) 143 (34.6) 249 94 (37.8) 151 (60.6) 156 (62.7) 1.8 

Andhra Pradesh Vizianagaram 410 57 (13.9) 166 (40.5) 172 (42.0) 256 130 (50.8) 188 (73.4) 194 (75.8) 1.8 

Odisha Koraput 401 96 (23.9) 124 (30.9) 140 (34.9) 262 106 (40.5) 142 (54.2) 160 (61.1) 1.8 

Maharashtra Jalgaon 427 67 (15.7) 121 (28.3) 135 (31.6) 297 115 (38.7) 138 (46.5) 162 (54.5) 1.7 

Maharashtra Bid 421 57 (13.5) 98 (23.3) 106 (25.2) 264 85 (32.2) 88 (33.3) 114 (43.2) 1.7 

Tamil Nadu Chennai 408 72 (17.6) 166 (40.7) 175 (42.9) 240 111 (46.3) 167 (69.6) 174 (72.5) 1.7 
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State District 

General Population (Unvaccinated and >=10 Years)                              

ROUND 3 

General Population (Unvaccinated and >=10 Years)                                      

ROUND 4 Ratio of 

N/S Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S Positive 

(%) 

Total 

Tested 

N Positive 

(%) 

S Positive 

(%) 

N/S 

Positive (%) 

Andhra Pradesh Krishna 403 70 (17.4) 148 (36.7) 154 (38.2) 238 90 (37.8) 138 (58.0) 147 (61.8) 1.6 

Jammu & 

Kashmir 
Pulwama 419 99 (23.6) 132 (31.5) 145 (34.6) 198 61 (30.8) 104 (52.5) 110 (55.6) 1.6 

Chhattisgarh Bijapur 396 134 (33.8) 150 (37.9) 176 (44.4) 274 109 (39.8) 186 (67.9) 195 (71.2) 1.6 

Assam Karbi Anglong 413 71 (17.2) 86 (20.8) 102 (24.7) 294 77 (26.2) 98 (33.3) 115 (39.1) 1.6 

Odisha Ganjam 408 95 (23.3) 142 (34.8) 157 (38.5) 205 86 (42.0) 116 (56.6) 122 (59.5) 1.5 

West Bengal Purba Medinipur 415 79 (19.0) 124 (29.9) 133 (32.0) 282 61 (21.6) 130 (46.1) 136 (48.2) 1.5 

Odisha Rayagada   407 87 (21.4) 154 (37.8) 166 (40.8) 277 98 (35.4) 149 (53.8) 161 (58.1) 1.4 

West Bengal 
South 24 

Parganas 
414 103 (24.9) 150 (36.2) 167 (40.3) 256 68 (26.6) 138 (53.9) 140 (54.7) 1.4 

Assam 
Kamrup 

Metropolitan 
408 89 (21.8) 134 (32.8) 150 (36.8) 259 77 (29.7) 118 (45.6) 125 (48.3) 1.3 

West Bengal Alipurduar 415 90 (21.7) 163 (39.3) 175 (42.2) 310 64 (20.6) 164 (52.9) 170 (54.8) 1.3 

Himachal 

Pradesh 
Kullu 400 153 (38.3) 141 (35.3) 166 (41.5) 186 46 (24.7) 94 (50.5) 99 (53.2) 1.3 

Assam Udalguri 407 90 (22.1) 114 (28.0) 142 (34.9) 271 55 (20.3) 112 (41.3) 119 (43.9) 1.3 

Maharashtra Sangli 426 88 (20.7) 156 (36.6) 161 (37.8) 243 61 (25.1) 100 (41.2) 106 (43.6) 1.2 
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6. Seroprevalence of selected characteristics by vaccination status, Healthcare workers, June – July 2021 

 

Characteristics 

Unvaccinated Vaccinated with one dose Vaccinated with two doses 

Tested 
Positives 

(N/S) 

Cluster and test 

adjusted 

Seroprevalence % 

(95% CI) 

Tested 
Positives 

(N/S) 

Cluster and test adjusted 

Seroprevalence % (95% 

CI) 

Tested 
Positives 

(N/S) 

Cluster and test adjusted 

Seroprevalence % (95% 

CI) 

Age (years) 

18-44  651 429  65.6 (60.5 - 70.5)  828 712  88.2 (84.8 - 91.0)  3654 3260  90.1 (88.5 - 91.5)  

45-60 105 77  73.8 (63.3 - 82.0)  142 120  85.1 (77.7 - 90.5)  1750 1489  86.1 (83.7 - 88.2)  

>60 3 1  35.6 (3.8 - 87.4)  2 2 - 117 96  81.9 (73.2 - 88.2)  

Sex 

Male 343 230  66.0 (59.7 - 72.0)  451 392  88.3 (84.4 - 91.5)  2729 2402  88.7 (86.9 - 90.4)  

Female 414 277  67.4 (61.4 - 72.9)  521 442  87.1 (83.0 - 90.4)  2787 2438  88.5 (86.7 - 90.3)  

Other 2 0 - - - - 5 5 - 

Results of COVID-19 testing 

Reported positive for 

COVID-19 140 116  85.0 (77.0 - 90.6)  154 146  95.6 (90.9 - 97.9)  1060 1013  96.3 (94.9 - 97.3)  

Reported Negative for 

COVID-19 267 156  58.7 (50.5 - 66.4)  491 408  85.9 (80.9 - 89.7)  2637 2225  85.4 (83.1 - 87.4)  

Don’t know 16 11  71.9 (37.0 - 91.7)  15 15 - 112 104  92.1 (81.9 - 96.8)  

Vaccine type 

Covaxin  - - - 127 96  79.0 (69.5 - 86.0)  371 332  89.0 (84.8 - 92.2)  

Covishield  - - - 841 734  88.5 (85.5 - 91.1)  5132 4495  88.6 (87.0 - 90.1)  

Optimal interval between vaccination and blood sample collection* (21 days after 1st dose, 7 days after 2nd dose) 

Covaxin  - - - 103 81  83.8 (73.5 - 90.6)  368 329  88.9 (84.7 - 92.1)  

Covishield  - - - 675 599  91.0 (87.4 - 93.6)  5127 4490  88.6 (87.0 - 90.1)  
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7. Seroprevalence of IgG antibodies against Nucleocapsid by selected characteristics, June-July 2021 

 
Characteristics General population Healthcare workers 

No. 

tested 

No. positive 

(anti-N antibodies) 

Weighted and test-

performance-adjusted 

seroprevalence  

% (95% CI) 

No. tested No. positive 

(anti-N antibodies) 

Test-performance-adjusted 

seroprevalence  

% (95% CI) 

Age (years) 

6-9 2892 1076  36.5 (34.4 - 38.8)  - - - 

10-17 5798 2329  39.0 (37.2 - 40.7)  - - - 

18-44 12522 4847  37.7 (36.2 - 39.1)  5133 1635  31.0 (28.7 - 33.4)  

45-60 5545 2149  38.3 (36.4 - 40.0)  1997 624  30.2 (27.5 - 33.1)  

>60 2218 888  41.5 (39.1 - 44.0)  122 46  36.5 (28.1 - 46.0)  

Sex 

Male 13783 5311  37.1 (35.8 - 38.6)  3523 1162  31.5 (29.0 - 34.0)  

Female 15160 5967  39.2 (37.9 - 40.6)  3722 1141  30.3 (27.9 - 32.8)  

Other 32 11  16.4 (6.1 - 36.3)  7 2  26.6 (6.2 - 65.7)  

Area of residence 

Rural  21794 8556 39.0 (37.6 - 40.4)  - - - 

Urban non-slum 5266 1997 37.2 (34.7 - 39.8)  - - - 

Urban slum 1915 736 37.3 (33.1 - 41.6)  - - - 

History of COVID-19 related symptoms since 1 Jan 2021 

Yes  1748 808  51.6 (48.7 - 54.6)  925 422 45.9 (41.8 - 50.1)  

No 27227 10481  37.6 (36.3 - 38.8)  6327 1883 28.7 (26.5 - 31.0)  

Results of COVID-19 testing 

Reported positive for 

COVID-19 
782 

464  63.4 (59.8 - 66.7)  
1354 

630  46.6 (42.9 - 50.3)  

Reported Negative for 

COVID-19 
3419 

1222  38.1 (35.8 - 40.3)  
3395 

922  26.3 (24.0 - 28.9)  

Don’t know 171 55  34.5 (24.4 - 46.3)  143 56  37.4 (26.6 - 49.8)  

COVID-19 vaccination among adults 

0 dose 12599 5122  40.3 (38.9 - 41.7)  759 339  43.2 (39.0 - 47.5)  

1 dose 5038 1898  36.1 (34.3 - 38.0)  972 358  35.9 (32.2 - 39.8)  

2 doses 2631 856  31.3 (29.1 - 33.5)  5521 1608  28.3 (26.2 - 30.5)  

Vaccine type 

Covaxin  587 274  50.6 (45.7 - 55.5)  498 255  51.6 (46.5 - 56.8)  

Covishield  6945 2422  32.7 (30.9 - 34.5)  5973 1702 27.6 (25.5 - 29.8)  
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8. Estimated number of infections among individuals aged 6 years above and infection case ratio 

 

  
Estimate (95% CI) by N/S - Seroprevalence 

considering the unvaccinated population* 

Estimate (95% CI) by N/S - Seroprevalence 

by considering the entire population** 

Estimated number of infections 
64,27,51,546  

(62,59,01,252 – 65,96,01,839)  

80,73,95,611  

(78,64,69,887 – 82,83,21,335)  

Number of reported COVID-19 cases (9 June 2021) 2,90,88,245 2,90,88,245 

Infection Case ratio (9 June 2021) 22.1 (21.5 - 22.7)  27.8 (27.0 - 28.5)  

Number of reported COVID-19 cases (16 June 2021) 2,96,32,302 2,96,32,302 

Infection Case ratio (16 June 2021) 21.7 (21.1 - 22.3) 27.2 (26.5 - 28.0) 

 

* Applying the weighted seroprevalence to the population aged 6 -17 years and the unweighted seroprevalence among unvaccinated 

individuals aged 18 years and above to the total population of unvaccinated individuals aged >=18 years 

** Applying the weighted seroprevalence to the population aged 6 -17 years and the weighted seroprevalence among unvaccinated 

individuals aged 18 years and above to the total population aged >=18 years 
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9. Comparison of seroprevalence against N/S-antibody by demographic characteristics between third and fourth serosurvey  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Third serosurvey  

Prevalence (95%CI) 

Fourth serosurvey  

Prevalence (95%CI) 

Age in years   

10-17  27.2 (24.9 - 29.4)   61.6 (59.8 - 63.3)  

18-44  22.2 (21.1 - 23.4)   66.7 (65.3 - 68.0)  

45-60  26.7 (25.2 - 28.2)   77.6 (76.1 - 79.0)  

>60  26.3 (24.3 - 28.3)   76.7 (74.6 - 78.7)  

Sex   

Male  23.2 (22.1 - 24.5)   65.8 (64.4 - 67.1)  

Female  24.9 (23.7 - 26.3)   69.2 (67.9 - 70.5)  

Others ---  

Residence    

Rural  21.4 (20.3 - 22.6)   66.7 (65.4 - 68.1)  

Urban non-slum  29.5 (27.0 - 32.1)  69.1 (66.6 - 71.6) 

Urban Slum  34.7 (31.2 - 38.5)   71.0 (66.8 - 74.7)  




