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Abstract To understand the spread of SARS-CoV2, in August and September 2020, the Council

of Scientific and Industrial Research (India) conducted a serosurvey across its constituent

laboratories and centers across India. Of 10,427 volunteers, 1058 (10.14%) tested positive for

SARS-CoV2 anti-nucleocapsid (anti-NC) antibodies, 95% of which had surrogate neutralization

activity. Three-fourth of these recalled no symptoms. Repeat serology tests at 3 (n = 607) and 6 (n

= 175) months showed stable anti-NC antibodies but declining neutralization activity. Local

seropositivity was higher in densely populated cities and was inversely correlated with a 30-day

change in regional test positivity rates (TPRs). Regional seropositivity above 10% was associated

with declining TPR. Personal factors associated with higher odds of seropositivity were high-

exposure work (odds ratio, 95% confidence interval, p value: 2.23, 1.92–2.59, <0.0001), use of

public transport (1.79, 1.43–2.24, <0.0001), not smoking (1.52, 1.16–1.99, 0.0257), non-vegetarian

diet (1.67, 1.41–1.99, <0.0001), and B blood group (1.36, 1.15–1.61, 0.001).

Introduction
The World Health Organization declared SARS-CoV-2 infection as a pandemic on March 11, 2020

(WHO, 2020). Within 2 weeks, India announced a lockdown strategy that severely influenced the

growth of the pandemic, which was initially very focal in the large cities, gathering pace and spread-

ing to smaller cities and towns as the nation unlocked for societal and economic considerations.

Early literature pointed towards asymptomatic transmission of SARS-CoV-2 and raised the need

for extended testing (Nishiura et al., 2020; Bai et al., 2020). While RT-PCR was an undisputed

choice for establishing a positive infection, serosurveillance revealed that many more were probably

getting infected without manifesting symptoms (Brown and Walensky, 2020; Oran and Topol,
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2020). Initial estimates of asymptomatic infection rate from the West were around 40–45%

(Oran and Topol, 2020).

In India, the first case of Covid was reported on January 30, 2020 (Andrews et al., 2020). Sero-

logical surveys have confirmed that spread beyond the Indian megacities was minimal in early May–

June, with less than 1% seropositivity outside the designated containment zones, suggesting that

the lockdown had been effective in limiting the spread (Murhekar et al., 2020a). This was not with-

out human and economic costs. By the end of June, migrant workforces caught in the cities during

the lockdown were sent to their rural homes, which may have led to subsequent rapid, multifocal

rise in cases in July 2020. By October 2020, total new cases began to decline with further outbreaks

limited to a few geographies. Thus, the period of August–September 2020 is an important transition

point. The present study is one of two studies at a national scale that was designed to assess

the spread of infection. A national serosurvey in 70 districts of India, conducted by the Indian Coun-

cil of Medical Research (ICMR), had a reported crude positivity rate of about 10% (Murhekar et al.,

2020b). Since only a few districts of India account for the majority of urban areas, the ICMR survey is

not representative of Indian cities (Murhekar et al., 2020a), where a combination of higher popula-

tion density and indoor lives has led to greater spread of disease than rural areas. Existing city-wise

serosurveys are variable in target population as well as methodology and cannot be easily compared

to determine the relative course of the pandemic (Ray et al., 2020; Satpati et al., 2020;

Babu et al., 2020; Sharma et al., 2020). The current study was launched by the Council of Scientific

and Industrial Research (CSIR) in its more than 40 constituent laboratories and centers spread all

over the country, representing a wide range of ethnicities, geosocial habitats, and occupational

exposures in the form of a longitudinal cohort (Phenome-India Cohort). Though limited by not being

a population-denominated study, the cohort includes permanent staff, families of staff members, stu-

dents, and temporary employees proving support services such as security, sanitation,

Figure 1. Demographics of serosurvey (India map may not be to scale and is for representation purposes only and seropositivity is rounded off).

The online version of this article includes the following source data for figure 1:

Source data 1. Data for all labs/centers utilized for Figure 2A,B.
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housekeeping, etc. This is a diverse microcosm of India encompassing multiple socioeconomic

groups and has the advantage of permitting deeper assessments such as questionnaire surveys and

periodic reassessment of humoral antibody response in those found to be seropositive. Our data is

thus the first that permits valid comparisons between many important urban regions of India. Here,

we report results from phase 1 of this study covering the critical period of August–September 2020.

Results

Seropositivity varied widely across India
In 10,427 subjects from over 17 states and 2 union territories, the average seropositivity was 10.14%

(95% confidence interval [CI] 9.6–10.7), but varied widely across locations (Figure 1). We found that

95% of the seropositive subjects also had significant neutralizing activity, suggesting at least partial

immunity (Figure 1—source data 1).

Seropositivity, population density, and trajectory of new infections
As expected from the known outward spread of infection from large Indian cities, seropositivity was

greater in regions with higher population density (Figure 2A). Changes in test positivity rate (TPR)

are a relatively robust marker of the local level of transmission and are preferred when absolute num-

ber of tests or test rates are variable, as was the case here. Lab-wise seropositivity was correlated

with the regional change in TPR. By this measure, regional transmission of SARS-CoV2 was inversely

correlated to local seropositivity (Figure 2B). Seropositivity of 10% or more was associated with

reductions in TPR, which may mean declining transmission (Figure 2—source data 1).

Survey-based correlates of seropositivity
Out of 861 seropositive subjects who also provided data on symptomatology, 647 subjects (75.3%)

did not recall any of the nine symptoms asked for (two of these did not provide gender data)

(Supplementary file 1). Among the minority of subjects with symptoms, the most reported symp-

tom constellation was those of a mild flu-like disease with fever (~50%) as the most frequent

Figure 2. Seropositivity and test positivity rate. (A) Population density-based seropositivity, an overall p value of <0.0001 was obtained on one-way

ANOVA. (B) Change in COVID19 test positivity rate (%) for states (y-axis) against observed seropositivity of labs/centers in the state (x-axis). A negative

slope reflects declining test positivity rate with increase in seropositivity.

The online version of this article includes the following source data for figure 2:

Source data 1. Data for all labs/centers utilized for Figure 2A, B.
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symptom. Loss of smell or taste was uncommonly reported (~25% of symptomatic subjects)

(Supplementary file 2).

We further examined associations of other available variables with seropositivity to explore

potential factors that modulate risk of infection in India. Apart from gender and age, distribution of

the other variables recorded in CSIR-cohort (prevalence of smoking, diet, physiological parameters

like ABO blood group type) was similar to the national averages and the sample can be considered

representative (Patidar and Dhiman, 2021; Mohan et al., 2018; Government of India, 2014). The

univariate associations are shown in Figure 3, separately for each gender. Due to gender imbalance

and possible confounding between various parameters, significance of associations was further

tested in a balanced iterative logistic regression (Figure 3—figure supplement 1). The strongest

gender-independent associations were with occupation and mode of transport. Outsourced staff

performing support services such as security, housekeeping, etc., and subjects using public transport

were more likely to be seropositive. In males, smoking and vegetarian diet was associated with lower

seropositivity.

Blood group type was reported for 7496 subjects. Blood group distribution of subjects in our

study was similar to national reference based on a recent systematic review (Patidar and Dhiman,

2021). Seropositivity was significantly different between different groups, being highest for

blood group type AB (10.19%) followed by B (9.94%), O (7.09%), and A (6.97%). Blood group O was

found to be associated with a lower seropositivity rate, with an odds ratio (OR) of 0.76 (95% CI 0.64–

0.91, p=0.018) vs. non-O blood group types, while B appeared to be at high risk with an OR of 1.36

(95% CI 1.15–1.61, p=0. 001). While blood group A had an OR of 0.78, the association was not found

to be significant (p=0.10) and a similar observation was made with blood group AB (p=0.35), it had

an OR of 1.27 (Supplementary file 3). Rh factor was not found to have a significant association with

seropositivity (p=0.35).

Figure 3. Demographics of data available for different variables.

The online version of this article includes the following source data and figure supplement(s) for figure 3:

Source data 1. Raw data for Figure 3.

Source data 2. Source file for tables show in Figure 3.

Figure supplement 1. Regression model of seropositivity.
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Stability of humoral response to SARS-CoV-2
Of 607 subjects whose samples were collected again at 3 months, anti-nucleocapsid (anti-

NC) antibody levels were similar or higher for most, with 17 (2.8%) becoming seronegative

(Figure 4A). In contrast, 34 subjects (5.6%) did not have neutralizing activity based on a surrogate

measure (>20% inhibition of receptor-spike protein binding; Figure 4B). Of 175 subjects whose

Figure 4. Antibody levels (A) and neutralizing activity (B) level at baseline (x-axis) and after 3 months (y-axis). Antibody levels (C) and neutralizing activity

(D) level at baseline (x-axis) and after 5–6 months (y-axis).

The online version of this article includes the following source data for figure 4:

Source data 1. Raw data for antibody and neutralizing antibody levels at baseline, 3 months and 5-6 months.
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samples were collected again at 5–6 months, 8 (4.6%) became seronegative (Figure 4C). In contrast,

neutralizing activity was not present in 31 (17.7%) subjects (Figure 4D, Figure 4—source data 1).

Discussion
This study, which recruited subjects from 24 cities in India, provides an important and timely snap-

shot of the spread of SARS-CoV2 pandemic across India shortly before the peak of new cases. It con-

firms that by September 2020 a large pool of recovered Indians with at least partial immunity

existed. Between our study and the other national serosurvey at the same time, more than a hun-

dred million Indians were likely to belong to this category. The subsequent nationwide decline of

new cases starting in October 2020 can be well understood through these observations. There is

some evidence of declining transmission in high-seropositivity regions within September, based on

falling TPRs, but due to changes in tests and expansion of testing, this can only be indirectly

inferred. As shown in our study, the fraction of such recovered subjects with resistance to reinfection

was more than double among people performing high-contact jobs and using public transport.

Thus, it is not surprising that in combination with a strong emphasis on masking and distancing, new

cases started declining soon after this serosurvey. As of January 2021, despite the onset of winter

and new year festivities, India has not seen major outbreaks. It is important to note that the crude

seropositivity rate reported by us needs adjustments for demographics, fraction of infected subjects

who may not develop antibodies, test characteristics, among others, to be a true population sero-

positivity rate. Here, we intentionally avoid such adjustments since it provides a false sense of preci-

sion with too many unknowns and unmeasurables. We focus on the more meaningful variation of the

crude rate, its clinical correlates, and public health implications. We are confident from the data that

a very large pool of recovered and immune subjects existed by September 2020, as stated, and

expect that downward adjustments for national demographics will be counterbalanced by upward

adjustments for almost 20% of RT-PCR-proven asymptomatic infections who develop transient anti-

body responses (Koopmans and Haagmans, 2020).

Apart from the seropositivity rate, our data also reveals important associations between demo-

graphic, physiological, lifestyle-related, and occupational attributes with susceptibility to infection.

The workforce in our cohort comprised adult population, and no major difference was observed in

seropositivity among different age groups or those with comorbidities. Males were found to be

more susceptible, in agreement with other published reports (Ortolan et al., 2020). However, there

were fewer females in our study and many of the occupational responsibilities with higher chances of

exposure, like that of security personnel, were skewed towards males. On iteratively ran regression

models, we did not find gender to be a predictor for seropositivity.

ABO blood group type has been shown to be associated with SARS-CoV-2 infection, but the

results are variable in different studies. Most studies found that the O group is associated with

a lower risk of infection or severity and blood group A was reported to be high risk in some studies

(Zhao et al., 2020; Wu et al., 2020; Göker et al., 2020; Ellinghaus et al., 2020). In a meta-analysis

authored by Golinelli et al., 2020, they observed positive association with A blood group, while

blood group O was to be associated with lesser positivity using a random effects model. Another

study from India observed blood group O to be associated with less mortality while blood group B

with higher mortality when they analyzed the national data available (Padhi et al., 2020). A complex

molecular interaction is said to play a significant role, and the molecular pathways for the same need

to be elucidated for the effects observed especially with blood group O, which was also confirmed

by our study.

The associations with diet and smoking are intriguing but preliminary. It has been proposed that

a fiber-rich diet may play an important role in COVID-19 through anti-inflammatory properties by

modification of gut microbiota (Conte and Toraldo, 2020). A recent review has highlighted the role

of trace elements, nutraceuticals, and probiotics in COVID-19 (Jayawardena et al., 2020). The nega-

tive association with smoking has been reported elsewhere, but not shown to be causal

(Fontanet et al., 2020; Makoto Miyara et al., 2020; Rossato et al., 2020; Petrilli et al., 2020;

Farsalinos et al., 2020). Further exploration is necessary before reaching any conclusions, especially

since seropositivity is an imperfect marker of infection risk and may equally well be explained by

altered antibody response and dynamics.
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The stability of antibody response is poorly understood, especially in India (Figueiredo-

Campos et al., 2020; Seow et al., 2020; Deshpande et al., 2020). Our data shows that while anti-

NC antibodies provide long-lasting evidence of viral exposure or infection, about 20% of seroposi-

tive individuals lack meaningful neutralization activity after 5–6 months. Using more stringent meas-

ures (more than 30% inhibition of surrogate receptor-spike protein binding), the loss of

neutralization may be even higher. We speculate that this may be related to recurrence of outbreaks

in March 2021, after the peak in September 2020.

The aggregate seropositivity of 10.14% in our multicentric study suggests that India had a large

pool of recovered immune subjects by September 2020, especially among its high-contact workers

and people using public transport, leading to a decline in new infections. However, the duration of

such immunity may not be sufficient to prevent future outbreaks, even in highly affected regions.

Materials and methods

Study design, sampling, and data collection
The longitudinal cohort study was approved by the Institutional Human Ethics Committee of CSIR-

IGIB vide approval CSIR-IGIB/IHEC/2019–20. The participation was voluntary, and participants had

to fill an online informed consent with a consent to publish and share findings and deidentified data.

Online statistical tool was utilized to calculate the minimum sample size for estimating seropositivity

of about 5% with 10% precision (0.005) with 95% confidence to be 7300 (Dhand and Khatkar,

2014). In this study, we enrolled >10,000 subjects. 10,427 adult subjects working in the CSIR labora-

tories and their family members enrolled for the study based on voluntary participation. Informed

consent was obtained from all the participants, and the samples were collected maintaining all rec-

ommended precautions. Blood samples (6 ml) were collected in EDTA vials from each participant,

and antibodies to SARS-CoV-2 NC antigen were measured using an Electro-chemiluminescence

Immunoassay (ECLIA)-Elecsys Anti-SARS-CoV-2 kit (Roche Diagnostics) as per the manufacturer’s

protocol. This approved assay is considered a method of choice when a single test is to be deployed

(Krüttgen et al., 2021). A Cut-off index COI >1 was considered seropositive. Positive samples were

further tested for neutralizing antibody (NAB) response directed against the spike protein using

GENScript cPass SARS-CoV-2 Neutralization Antibody Detection Kit (GenScript, USA), according to

the manufacturer’s protocol. This is a blocking ELISA used for qualitative detection of total neutraliz-

ing antibodies against SARS-CoV-2 virus in plasma. A value of 20% or above was considered to have

neutralizing ability.

All the participants were requested to fill an online questionnaire, which included information on

date of birth, gender, blood group, type of occupation, history of diabetes, hypertension, cardiovas-

cular disease, liver and kidney disease, diet preferences, mode of travel, contact history, and hospital

visits. These forms were then downloaded in MS Excel data format and merged with registration

forms filled at the time of sample collection based on unique IDs.

Data and statistical analysis
Region-wise and total seropositivity was calculated from the fraction of samples positive for antibod-

ies to SARS-CoV-2 NC antigen. Data regarding RT-PCR/rapid antigen testing and positive cases was

gathered from http://www.covid19India.org. Change in TPR, a robust parameter for estimating the

level of infection transmission when the level of testing is variable, was calculated as per

the following equation:

Change in TPR¼
TPR 15 Days after DOC �TPR 15 Days before DOCð Þ

Mean of TPR 15 Days Prior and 15 Days After
� 100

*DOC = date of collection.

IGIB, New Delhi, and NAL, Bengaluru, were removed from this change in TPR analysis for the

sample collection was spread over 2–3 weeks in these labs. Questionnaire-based variables were

assessed for response types and blank fields, that is, responses that were not provided by the partic-

ipants of the survey. Based on multiple response types for each variable, categories were made to

assign the response to either of the categories. For visualization, ggpubr (v0.4.0), ggrepel (v0.8.2),

and ggplot2 (v3.3.2) packages were used in R. No data imputation was carried out. Chi-square test
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was performed to evaluate variables that had a significant association with outcome of being tested

positive (p<0.05) along with OR with 95% CI. An adjusted p value was obtained through Bonferroni

correction method for multiple comparison testing. Following the chi-square test, an iterative logistic

regression was carried out on a balanced dataset. Variance inflation factor (VIF) was separately evalu-

ated to assess multicollinearity. Statistical analysis and model development were carried out with

visualization in R programming environment version 3.6.1, MS Excel 2016, and OriginPro V2021; far-

away (v1.0.7) package was utilized for estimation of VIF.
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