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FATHOMING SEROSURVEY DATA, WITH CAUTION 
The data from the ICMR’s Fourth National Seroprevalence Survey have clear implications  

for the situation in India today 
The past two weeks have seen the release of the Fourth National Seroprevalence Survey for COVID-19 , as 

well as the reporting of data of serosurveys independently conducted by State governments such as in Tamil Nadu. 

The data from the Indian Council of Medical Research (ICMR) conducted national serosurvey are truly remarkable, 

indicating that between December-January, when the third serosurvey was conducted, and June-July 2021, at least 

40% of the population of India, over 500 million people, were exposed to the novel coronavirus of which a small 

proportion have antibodies because they were vaccinated. The data also show for the first time that over half of all 

children tested have already been infected, which is expected and reassuring. 

 

Not from infection alone 

Such a high rate of infection seems incredible, and if true, needs to serve as a warning to India and the 

world because it shows the consequences of a combination of variants, inappropriate population behaviour and 

delayed implementation of public health measures. It is, of course, evident, that all of the seropositivity did not 

come from infection alone, but given that the seropositivity rate was 67% and the serosurvey reports that a 

quarter of eligible adults were vaccinated, a large proportion of the antibodies resulted from detected and 

undetected infections in the first or second waves, with the sharp seropositivity rise indicating that the bulk must 

have occurred during the second wave. With less than 32 million positive cases, of which many may be positive 

more than once, and the likelihood of waning antibodies leading to some of those previously infected testing 

negative subsequently, the seropositivity of 67% is an under-estimate. There are other caveats as well. 

Although the serosurvey methodology is similar to previous rounds and sampled individuals in 70 districts 

in 21 States, it is not clear how representative the survey really is — given the reported two-dose vaccine coverage 

of 13% in adults which is much higher than the national coverage at the time, and the known high heterogeneity 

between and within States. This is where State-level data can be useful, and the third Tamil Nadu serosurvey, 

conducted in over 26,000 participants and compared to previous rounds allows comparison of at least district-level 

information. 

 

Data from the States 

The National Serosurvey data indicated that Madhya Pradesh, Bihar, Rajasthan and Gujarat have over 75% 

seropositivity, while only Maharashtra, Assam and Kerala were below 60%, with Kerala the lowest, at 44.4%. 

Although heterogeneity across districts is likely, the fact that the national serosurveys were repeated in the same 

districts allows for some comparison of seropositivity rates over time. For example, in Kerala, when the national 

rates were approximately 0.7%, 7% and 24%, the corresponding rates were 0.3%, 0.9% and 11.6% during the first 

three rounds of serosurveys, showing a consistently lower exposure than the national average, but a large increase 

between the third and fourth serosurveys. 

If we examine the data from Tamil Nadu, where the State-led serosurveys were done in October 2020, 

April and July 2021, some figures jump out. There appeared to be no change from October to April at the State 

level, with 31% and 29% positivity, but then there was a massive increase to 66%. Comparing the ICMR survey in 

three districts with the 38 district surveys of the Tamil Nadu Directorate of Public Health, shows that the ICMR 

serosurveys found a seropositivity of 43%, 24% and 31% in the districts of Chennai, Coimbatore and 

Thiruvannamalai in the serosurvey in December 2020-January 2021. The corresponding figures from the State 

serosurvey were 41%, 22% and 36% in October 2020, 49%, 20% and 34% in April 2021, which rose to 82%, 43% and 

68% in July 2021. Some districts showed marked variability, with the central and southern districts showing 

significant declines in antibodies between October 2020 and April 2021 followed by a large increase in July 2021. 

For example, Madurai went from 40% to 19% to 79% and Thoothukudi from 39% to 21% to 72%. 

 

Explaining variation 

What explains these variations and how can these data be used at the national-State levels? First, there 

was inconsistency in the assays used for antibody estimation, with the ICMR using an ELISA test that measured 

antibodies to inactivated virus in its first round and then switching to a method that measured antibodies to 
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nucleocapsid and spike proteins. Tamil Nadu used a chemiluminescence method for all its assays, while 

serosurveys in Delhi, Mumbai, Pune and other local serosurveys have used different methods — which means that 

some of the variations may be due to the testing methods which have varying sensitivity and specificity for 

antibodies directed against different viral antigens. Second, the sampling methods across serosurveys have 

differed with the ICMR using a cross-sectional survey in 70 districts that were decided/based on reported cases 

with some lack of clarity on how villages/wards were chosen, while others have used population proportional to 

size, directed and convenience sampling. Third, the age groups have varied across surveys and with time and not 

all serosurveys have reported age-stratified results. Fourth, antibodies decay with time, as illustrated in the data 

from Tamil Nadu’s first and second serosurveys. 

So, analyses need to account for the underestimation of exposure. There are many other considerations 

for analysis, such as the proportion of people included who have reported previous SARS-CoV-2 infection or 

exposure or the proportion vaccinated. But in general, serosurveys more accurately reflect the experience of the 

population with an infectious agent than reported cases. This is especially true in India, where without targeted 

effort and sometimes despite detailed search, it is not possible to discern the reasons for testing, the numbers of 

individuals that have contributed to cumulative testing, the locations where tests were done or the types of tests 

used — all of which are essential to understanding the strengths and limitations of the data on reported cases, and 

the test positivity rate. 

Reported cases represent the tip of the iceberg for a virus that can cause asymptomatic infection or result 

in mild symptoms that are not distinguishable from other respiratory viral infections. Serological data has value for 

public health because knowing where and how many have already been exposed to the virus gives a clearer 

picture of how and when infection has penetrated the population. The data from the ICMR’s Fourth National 

Seroprevalence Survey therefore, have clear implications for the situation in India today. 

 

The Kerala example 

When Kerala is reporting the bulk of the country’s positive cases and has a reproductive rate of infection 

of greater than 1, how concerned should we be? Seroepidemiology shows that the State has over 18 months been 

able to limit the exposure of its population, and vaccination data indicates that the State is outperforming most 

others. In general, the health-care infrastructure has not been overwhelmed, deaths are low, and shortages of 

oxygen and hospital beds have not been reported. Relaxation of restrictions over Eid on July 21 are likely to have 

resulted in cases which should peak in the first week of August, but there is a need to ensure continued population 

compliance with restrictions, particularly with Onam approaching and a need to ramp up vaccination. In fact, given 

Kerala’s success in controlling the virus so far, a key consideration should be whether States and districts with the 

lowest seroprevalence should receive a greater proportion of the vaccines while supplies are limited. 

The immunity gap identified in Kerala demonstrates the value of serosurveillance and the need to ensure 

that we continue to use this very valuable tool not just to record the history of viral circulation in India but also to 

inform decisions going forward. At the State and district levels, what can be changed based on serosurvey data? 

Increasing vaccination in areas with the lowest exposure in parallel with ensuring high testing levels and health-

care system preparedness in areas with high vulnerability are immediate responses. 

However, serosurveys need to be continued and the data integrated with testing, vaccination and clinical data. 

These are needed to understand ongoing infection rates, age distribution of infections and cases, where variations 

could be driven by seasonal coronavirus exposure, vaccination and the effect of waning antibodies, all of which will 

be essential to inform policies on the need and use of booster doses and long-term system preparedness. 

 

 fathom (verb) – understand, comprehend, discern, 

assimilate, absorb. 

 serosurvey (noun) – collection and testing of serum 

(or proxy such as oral fluid) specimens from a 

sample of a defined population over a specified 

period of time to estimate the prevalence of 

antibodies against a given specific infectious 

pathogen as an indicator of immunity. 

 serology (noun) – a method of diagnostic 

examination of blood serum concerning the 

immune system’s response to pathogens (the 

pathogen is something, like bacteria/virus, that 

causes disease). (serum is an amber (yellowish-

orange), watery fluid, rich in proteins, obtained 

from blood…). 
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 serology survey (noun) – A serological survey is 

conducted to assess the prevalence of a disease in a 

population. It is done by detecting the presence of 

specific antibodies that are produced against the 

virus. 

 Indian Council of Medical Research (ICMR) (noun) 

– the apex body in India for the formulation, 

coordination and promotion of biomedical 

research, is one of the oldest medical research 

bodies in the world. As early as in 1911, the 

Government of India set up the Indian Research 

Fund Association (IRFA) with the specific objective 

of sponsoring and coordinating medical research in 

the country. It was redesignated in 1949 as the 

Indian Council of Medical Research (ICMR). The 

ICMR is funded by the Government of India through 

the Ministry of Health & Family Welfare. 

 seroprevalence (noun) – the number of persons in 

a population who test positive for a specific disease 

based on serology (blood serum) specimens. 

 implications (noun) – consequence/outcome, 

ramification, repercussion. 

 expose (verb) – put at risk of, put in jeopardy of, 

make vulnerable. 

 proportion (noun) – part, portion, section, ratio. 

 antibody (noun) – it is also called ‘immunoglobulin’; 
a protective protein produced mainly by plasma 

(blood) cells in the immune system in response to 

the presence of antigens (disease causing 

organisms (bacteria & viruses) and other 

harmful/toxic foreign substances like insect 

venom). 

 vaccinate (verb) – inoculate, administer, introduce 

(with a vaccine to provide immunity against a 

disease). 

 reassuring (adjective) – encouraging, comforting, 

soothing, heartening. 

 consequence (noun) – outcome, ramification, 

repercussion. 

 variant (noun) – different or form or version or 

mutant of something (virus). 

 (public) behaviour (noun) – (in public health) it 

refers to efforts put in place to change people’s 
personal habits and attitudes, to prevent disease. 

 public health (noun) – public health is the science 

of protecting and improving the health of people 

and their communities through education, policy-

making, and research for disease and injury 

prevention. 

 measure (noun) – action, step, procedure. 

 of course (phrase) – certainly, definitely, absolutely; 

obviously, clearly. 

 seropositivity (noun) – the quality or state of being 

seropositive, of having blood serum that tests 

positive for a given pathogen (a bacteria/virus that 

causes disease). 

 given (preposition) – considering, taking into 

account, bearing in mind. 

 likelihood (noun) – probability, chance, prospect, 

possibility. 

 wane (verb) – decrease, decline, diminish/dwindle 

gradually. 

 lead to (verb) – result in, cause, bring on. 

 subsequently (adverb) – eventually, afterwards, 

later on. 

 caveat (noun) – warning, caution, condition. 

 vaccine (noun) – a biological preparation that 

improves immunity to a particular disease. 

 heterogeneity (noun) – the state/quality of 

consisting of diverse elements. 

 consistently (adverb) – always, each time, 

invariably. 

 exposure (noun) – In medicine, the condition of 

being subjected to something (infectious agents & 

others). 

 jump out (phrasal verb) – be very 

notable/evident/marked/striking. 

 variability (noun) – lack of fixed pattern; variance, 

variableness, changeability. 

 inconsistency (noun) – incompatibility, difference, 

dissimilarity. 

 assay (noun) – a method for measuring the 

immunological activity of a sample. 

 ELISA Test (noun) – an immunological assay 

(enzyme-linked immunosorbent assay-ELISA) to 

detect antibodies that the body develops in 

response to infection by the SARS-CoV-2 novel 

coronavirus. Since it detects antibodies, even 

people who have remained symptom-free 

(asymptomatic) during the entire course of the 

infection will test positive. The test will detect IgG 

antibodies present in blood samples. ELISA is 

routinely used for detecting HIV infection. 

 nucleocapsid (noun) – a viral protein coat that 

surrounds the genome (either DNA or RNA). 

 nucleocapsid protein (N-protein) (noun) – It is the 

most abundant protein in coronavirus. The 

coronavirus nucleocapsid (N) is a structural protein 

that forms complexes with genomic RNA, interacts 

with the viral membrane protein during virion 

assembly and plays a critical role in enhancing the 

efficiency of virus transcription and assembly.  
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 spike (S) protein (noun) – spike (S) protein is the 

sole viral membrane protein responsible for 

coronavirus entry into host cells. 

 chemiluminescence (noun) -It is defined as light 

emitted as the result of a chemical reaction. 

 sensitivity (noun) – the ability of a test to correctly 

identify patients with a disease. 

 specificity (noun) – the ability of a test to correctly 

identify people without the disease. 

 cross-sectional survey (noun) –  A cross-sectional 

survey collects data to make inferences about a 

population of interest (universe) at one point in 

time. 

 probability proportional to size (PPS) sampling 

(noun) – a method of sampling from a finite 

population in which a size measure is available for 

each population unit before sampling and where 

the probability of selecting a unit is proportional to 

its size. 

 stratified (adjective) – arranged into 

strata/layers/levels. 

 account for (phrasal verb) – constitute, make up, 

comprise, form, represent. 

 underestimation (noun) – a rough calculation (that 

is too low). 

 reflect (verb) – indicate, show, display, 

demonstrate. 

 cumulative (adjective) – total, collective, aggregate. 

 test positivity rate/ratio (TPR) (noun) – the 

proportion of positives to total tests done for 

disease; the percentage of tests that are turning 

out to be positive for disease; the rate at which 

people getting tested for disease receive positive 

results; the ratio of cases confirmed to tests 

performed for disease. 

 the tip of the iceberg (phrase) – if something is the 

tip of the iceberg, it is a small part of a much larger 

issue. This phrase is being used while talking about 

a problem. 

 asymptomatic (adjective) – relating to a 

condition/person with no symptoms. 

 symptomatic (adjective) – relating to a 

condition/person with symptoms. 

 pre-symptomatic (adjective) – relating to a 

condition/person with mild illness/symptoms. 

 result in (phrasal verb) – cause, bring on, bring 

about. 

 respiratory (adjective) – relating to breathing. 

 serological (adjective) – relating to a method of 

diagnostic examination of blood serum concerning 

immune system’s response to pathogens (pathogen 

is something, like bacteria/virus, that causes 

disease). 

 reproductive rate (noun) – Basic Reproductive Rate 

(R0) is the average number of people infected by 

one person in a susceptible population. 

 (effective) reproductive number (R) (noun) – the 

average number of secondary cases per infectious 

case in a population made up of both susceptible 

and non-susceptible hosts. 

 seroepidemiology (noun) – the systematic 

collection and testing of blood samples from a 

target population to identify current and past 

experiences with infectious diseases by means of 

biological markers. 

 vaccination (noun) – treatment with a vaccine to 

protect against a particular disease; immunization. 

 outperform (verb) – surpass, outdo, outstrip, 

outmatch. 

 infrastructure (noun) – the basic physical or 

organisational structure for something (to function 

properly).   

 overwhelm (verb) – inundate, swamp, overrun, 

engulf, flood; overload, overburden, beset, 

afflict/strain. 

 shortage (noun) – shortfall, deficiency, inadequacy, 

insufficiency. 

 relaxation (noun) – the process of making a 

restriction/rule less strict. 

 compliance (noun) – conformity, observance, 

observation, accordance, adherence. 

 ramp up (phrasal verb) – increase (in amount or 

number). 

 given (preposition) – considering, taking into 

account, bearing in mind. 

 immunity (noun) – the body’s defense against 

infections; protection, resistance. 

 going forward (phrase) – in the future. 

 in parallel (phrase) – happening at the same time 

and having some relation. 

 preparedness (noun) – readiness. 

 vulnerability (noun) – weakness, defencelessness, 

unprotectedness, susceptibility. 

 booster dose (noun) – In medical terms, a booster 

dose is an extra administration of a vaccine after an 

earlier dose. 
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