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ABSTRACT

Objective: Demonstrate the feasibility of using the existing sentinel surveillance infrastructure to conduct the sec-
ond round of the serial cross-sectional sentinel-based population survey. Assess active infection, seroprevalence,
and their evolution in the general population across Karnataka. Identify local variations for locally appropriate
actions. Additionally, assess the clinical sensitivity of the testing kit used on account of variability of antibody
levels in the population.

Methods: The cross-sectional study of 41,228 participants across 290 healthcare facilities in all 30 districts of Kar-
nataka was done among three groups of participants (low, moderate, and high-risk). The geographical spread was
sufficient to capture local variations. Consenting participants were subjected to real-time reverse transcription-
polymerase chain reaction (RT-PCR) testing, and antibody (IgG) testing. Clinical sensitivity was assessed by
conducting a longitudinal study among participants identified as COVID-19 positive in the first survey round.
Results: Overall weighted adjusted seroprevalence of IgG was 15.6% (95% CI: 14.9-16.3), crude IgG prevalence
was 15.0% and crude active infection was 0.5%. Statewide infection fatality rate (IFR) was estimated as 0.11%,
and COVID-19 burden estimated between 26.1 to 37.7% (at 90% confidence). Further, Cases-to-infections ratio
(CIR) varied 3-35 across units and IFR varied 0.04-0.50% across units. Clinical sensitivity of the IgG ELISA test
kit was estimated as >38.9%.

Conclusion: We demonstrated the feasibility and simplicity of sentinel-based population survey in measuring vari-
ations in subnational and local data, useful for locally appropriate actions in different locations. The sentinel-based
population survey thus helped identify districts that needed better testing, reporting, and clinical management.
The state was far from attaining natural immunity during the survey and hence must step up vaccination coverage

and enforce public health measures to prevent the spread of COVD-19.

INTRODUCTION

The COVID-19 pandemic has spread globally and affected 2.58%
of the population, with a case fatality rate of 2.12% as of 4 August
2021. In India alone, 31.8 million people were diagnosed with COVID-
19 with a case fatality rate of 1.44% (Worldometer; covid1l9india.org).
As the pandemic continues to progress, most countries from South
Asia to Europe have seen a more severe second wave (Jha 2021;
Demonbreun et al. 2021; Ward et al. 2020; Salyer et al. 2021). While
data on reported cases, deaths, and testing drive the short-term manage-
ment of the pandemic, given the high rate of asymptomatic infection in
the population that may go undetected (Kumar et al. 2021), it is im-
portant to estimate active infection and seroprevalence in the general
population for better matching of public health responses to the actual
state of the pandemic (Jewell, Lewnard, and Jewell 2020).

Evidence from nationwide surveys in India, conducted by the Indian
Council of Medical Research (ICMR), reported that the antibodies to
SARS-CoV-2 were detected in 0.73% population during May - June 2020
(first round) (Murhekar et al. 2020), in 6.6% during August-September
2020 (second round)(Murhekar, Bhatnagar, Selvaraju, et al. 2021) as
daily cases and deaths peaked in the country, and in 24.1% of adults
surveyed and 27.2% of 10 to 17-year-olds surveyed during December
2020 - January 2021 (third round)Murhekar et al., 2021. Maharashtra,
Kerala, Karnataka, and Tamil Nadu reported the highest number of con-
firmed cases at the state level (Statista 2021). Seroprevalence varied
from 0.13% in Kerala in an early study ending 31 May 2020 to 31.6%
in Tamil Nadu in a study ending 30 November 2020 (Department of
Health & Family Welfare 2021; Khan et al. 2020; Prakash et al. 2021;
Sharma et al. 2020; Malani et al. 2021). In the first round of the survey
in Karnataka, the estimated total burden was 27.7% as of 16 Septem-
ber 2020 (Babu et al. 2021), while a higher prevalence of 39.6% was
reported in select households (Mohanan et al. 2021). All states in In-
dia, including Karnataka, showed a decreasing trend from mid-October
2020 to January 2021(Government of India 2021b). Further, studies
have found declining IgG levels in the general population (De Carlo
et al. 2020; Lau et al. 2021; Robbiani et al. 2020; Ward et al. 2020).
Therefore, it is important to assess the active infection and seropreva-
lence in the population periodically.

While the World Health Organization (WHO) (World Health Or-
ganization 2020) suggests population-based community survey as
the method choice for prevalence and trend estimation, serial
cross-sectional sentinel-based population surveys (Babu et al. 2021;
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Buekens et al. 2020; Zwald et al. 2020) conducted at different time
points, provide a more efficient way to gather insights on the epidemi-
ological trend of infection spread. The cross-sectional nature provides
a snapshot of the state of the pandemic across the survey region. The
sentinel nature enables rapid and easier implementation. The serial na-
ture ensures high-quality data from the same locations and population
segments for capturing trends.

We conducted such a survey across Karnataka for the second time.
Given the significant variation in IgG titres in the infected population
(Cervia et al. 2021; Dogan et al. 2021; Klein et al. 2020; Lau et al. 2021;
Robbiani et al. 2020) and the evidence of declining levels of IgG in
the general population (De Carlo et al. 2020; Ibarrondo et al. 2020;
Seow et al. 2020; Muecksch et al. 2021; Long et al. 2020), we also con-
ducted a longitudinal study among participants who were identified as
COVID-19 positive in the September 2020 first round of our survey (ei-
ther IgG or RT-PCR or Antigen) to assess the clinical sensitivity of the
testing kit, which is the percentage of population identified as positive
by the testing kit (Saah and Hoover 1997). This is likely to be differ-
ent from the analytical sensitivity which is measured in more controlled
laboratory settings.

METHODS
The survey

We followed a protocol similar to the first round (Round 1) in
September 2020 to estimate the fraction of the population with active
infection and IgG antibodies at the time of the survey (Babu et al. 2021).

Setting: The study was conducted in all 30 districts of Karnataka and
eight administrative zones of the Bengaluru metropolitan area. This sub-
division led to a total of 38 units across the state. Health facilities were
selected based on geographical representation, feasibility, ease of re-
cruitment and were the same as in Round 1 (Babu et al. 2021).

Sampling frame: The study sampled three population groups as in
Round 1 based on the community exposure and vulnerability to COVID-
19: low-, moderate-, and high-risk groups. The low-risk group comprised
pregnant women presenting for a regular check-up at the ante-natal
care (ANC) clinic and attenders of patients coming to the outpatient
department in the healthcare facilities. The moderate-risk group com-
prised people with high contact in the community, e.g., bus-conductors,
vendors at the vegetable markets, healthcare workers, pourakarmikas
(waste-collectors), and individuals in congregate settings (such as mar-
kets, malls, retail stores, bus stops, railway stations, and hotel staff). The
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high-risk group, or more appropriately the vulnerable group, comprised
the elderly and persons with comorbid conditions. It must be noted that
the high-risk group is at high risk for the disease and not necessarily for
transmission whereas the low- and moderate-risk groups are at low and
moderate risks for the disease as well as transmission.

Sample size: For a margin of error of 0.05 and a 95% confidence level,
taking design effect to be 3, assuming 32.3% prevalence, which is 5%
more than the total burden estimated in Round 1 (Babu et al. 2021), the
minimum required sample size was 1050 per unit (Athreya et al. 2020)
or 39,900 across the 38 units. The 1050 samples per unit were divided
equally (350 each) among the three risk groups and were further divided
equally among the risk sub-groups.

Inclusion and exclusion criteria: We included all adults >18 years. We
excluded those already diagnosed with SARS-CoV-2 infection, those un-
willing to provide a sample for the test or consent, those who had re-
ceived vaccination for COVID-19, and those who already participated
in Round 1. We excluded those diagnosed with SARS-CoV-2 infection to
estimate the unsuspecting fraction of the general population that were
infected with COVID-19. We excluded the vaccinated to make better use
of the available number of kits.

Data collection: We obtained written informed consent from all par-
ticipants prior to recruitment. We then collected the meta-data of all
consenting participants (demographic details, comorbidities, and symp-
toms suggestive of COVID-19 in the preceding one month).

Sample collection and lab tests: For the reverse transcription-
polymerase chain reaction (RT-PCR) test, we collected nasopharyn-
geal/oropharyngeal swabs. We used the current ICMR protocol for sam-
ple collection, cold-chain transport, and laboratory analysis and tested
them through the ICMR-approved testing network. For IgG antibody
testing, we collected 4 ml of venous blood, centrifuged it, transported
the serum to the laboratory while maintaining a cold chain, and de-
tected SARS-CoV-2-specific IgG antibodies using a commercial, ICMR-
approved, ELISA-based test kit (Covid Kavach Anti SARS-Cov-2 IgG an-
tibody detection ELISA, Zydus-Cadila, India) (Sapkal et al. 2020) fol-
lowing the manufacturer’s instructions. Results were declared positive
or negative based on the cut-off value of optical densities obtained with
the positive and negative controls provided with the kit. Supplementary
Figure 1 contains the schema for the laboratory tests conducted, while
Supplementary Figure 2 shows the survey algorithm.

Longitudinal study for antibody waning

A longitudinal study to assess the clinical sensitivity of the test kit,
in view of antibody waning, was also conducted.

Setting, sampling frame, and sample size: In Round 1, around 4582 out
of 15939 participants from all units tested positive on at least one of
the tests (the rapid antigen test, which was conducted in Round 1 but
not in Round 2, the RT-PCR test, and the antibody test). Of these, 4420
participants from all risk groups with unambiguous meta-data were se-
lected for the longitudinal study expecting that 10-20% would agree to
participate.

Exclusion criteria: We excluded those with a breakthrough infection
(after Round 1), those that were vaccinated, and those that did not pro-
vide informed consent.

Data collection, sample collection, and lab tests: We obtained written
informed consent from all participants prior to the study. As indicated
above, we collected 4 ml of venous blood from each consenting partici-
pant, centrifuged it, transported the serum to the laboratory while main-
taining a cold chain, and detected SARS-CoV-2-specific IgG antibodies
using the same ELISA-based test kit (Zydus-Cadila) (Sapkal et al. 2020).

Statistical Analysis
IgG prevalence was defined as the fraction of the sampled population

with detectable 1gG antibodies; active infection fraction was defined as
the fraction of the sampled population who test positive on the RT-PCR
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test, and total prevalence of COVID-19 was defined as the fraction of the
sampled population with either detectable IgG or active infection.

For the estimation of IgG prevalence, active infection fraction, to-
tal prevalence, confidence intervals, and the odds ratios, we followed
the method as outlined in (Babu et al. 2021). This provided the preva-
lence estimate in the population fraction outside those excluded from
the survey (children, previously diagnosed with COVID-19, participated
in Round 1, or vaccinated). The IgG prevalence for the entire population
was then estimated as follows:

IgG Prevalence = (Estimated 1gG Prevalence in Sampled Population)
x(A=H+f

where f is the fraction of the population that was either vaccinated or
COVID-19 positive. Active infection fraction and total prevalence were
similarly corrected to account for the exclusion criteria. For predicting
IgG prevalence based on co-morbidities and other factors, we used lo-
gistic regression.

The longitudinal study was used to estimate the clinical sensitivity
of the ELISA kit. The clinical sensitivity was estimated as the fraction of
the recalled participants who tested positive on recall. Considering the
significant lapse of time between Round 2 (end-date 18 February 2021)
and the longitudinal study (end-date 11 May 2021), the value is only a
lower bound on the clinical sensitivity. This yields an upper bound on
the total prevalence.

RESULTS
The second-round serial cross-sectional sentinel-based population survey

The statewide survey was carried out in 290 healthcare facilities
spread across Karnataka from 25 January to 18 February 2021. Of the
44539 people approached, 115 refused, and 3353 were excluded (based
on exclusion criteria), resulting in 41228 enrolments. Among these, 130
had no test results, and 27 had inconclusive results, resulting in 41071
participants with either RT-PCR or IgG antibody or both test results
available. Further, 40030 had valid IgG test outcomes, while 1041 had
invalid, or inconclusive, or unavailable IgG test outcomes. Similarly,
39779 had valid RT-PCR test outcomes, and 1292 had invalid, incon-
clusive, or unavailable RT-PCR test outcomes (Supplementary Figure
3).

IgG prevalence: Assuming the laboratory-calibrated 92.2% analytical
sensitivity and 97.7% specificity for the ELISA-kit, the overall weighted
adjusted seroprevalence of IgG in Round 2 was 15.6% (95% CI: 14.9-
16.3), as of 18 February 2021, which is the end date for Round 2
(Table 1). Based on the 6002 positive and 34028 negative outcomes,
among the 40030 valid IgG outcomes, the crude IgG prevalence was
6002/40030 = 15.0%. The prevalence estimation takes into account the
exclusion criteria and adjusts for the excluded population, as done in
Equation (1), while arriving at the total IgG prevalence.

Active infection: The weighted adjusted active infection was estimated
to be 0.0% (95% CI: 0.0-0.3) during the Round 2 period. Based on
the 187 positive and 39592 negative outcomes, among the 40030 valid
RT-PCR outcomes, the crude active infection was 187/39779 = 0.5%
(Table 1).

Total prevalence: We estimated the overall weighted adjusted sero-
prevalence as 15.6% (95% CI: 14.8-16.4) (Table 1).

Demography: The total prevalence among males and females was
15.4% (14.3-16.5) and 13.0% (12.0-13.9), respectively. The total
prevalence among 18-29, 30-39, 40-49, 50-59, and 60+ age-groups were
10.8% (9.7-11.9), 14.1% (12.5-15.7), 17.4% (15.3-19.5), 16.8% (14.3—
19.3), and 17.3% (15.5-19.1), respectively. Thus, the total prevalence
was higher among males than females and was higher among the elderly
population when compared with those aged <30 years (Table 1).

Stratifications: The high-risk (vulnerable) segment of the population
continued to be at higher risk (16.8% (15.5-18.1)), followed by the
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Table 1
Seroprevalence of IgG antibodies against SARS-CoV2 and Active Infection in Karnataka at the end of Round 2
Category Type Samples’ %-1gG against SARS-CoV2©® %-Active Infection of COVID-19¢ %-Prevalence of COVID-19¢ Odds Ratio
State Karnataka Crude 41071 6002/40030 187/39779 6161/41071 -
Adjusted 41228 15.5 0 15.5
Weighted Adjusted 41228 15.6 (14.9-16.3) 0 (0-0.3) 15.6 (14.8-16.4)
Demography Sex Male 19165 15.4 (14.4-16.4) 0 (0-0.5) 15.4 (14.3-16.5) 1.22 (1.03-1.45)
Female 22046 13 (12.1-13.9) 0 (0-0.4) 13 (12-13.9) 1
Other 17 36.7 (0-80.6) 0 (0-15.7) 36.7 (0-82.5) 3.88 (0-34.57)
Age 18-29 15841 10.8 (9.8-11.7) 0 (0-0.5) 10.8 (9.7-11.9) 1
30-39 7856 14.1 (12.5-15.6) 0 (0-0.7) 14.1 (12.4-15.7) 1.36 (1.05-1.73)
40 - 49 5745 17.4 (15.5-19.4) 0 (0-0.8) 17.4 (15.3-19.5) 1.74 (1.34-2.26)
50 - 59 3967 16.8 (14.5-19.2) 0(0-1) 16.8 (14.3-19.3) 1.67 (1.24-2.23)
60 and above 7818 17.3 (15.6-18.9) 0 (0-0.7) 17.3 (15.5-19.1) 1.73 (1.36-2.2)
Region Rural 4074 15.4 (13.2-17.6) 0(0-1) 15.4 (13-17.8) 1
Urban 37154 14 (13.3-14.7) 0 (0-0.3) 14 (13.2-14.8) 0.89 (0.7-1.16)
Risk Category High-risk” 13865 16.8 (15.6-18) 0 (0-0.5) 16.8 (15.5-18.1) 1.6 (1.3-1.99)
Moderate-risk 13714 14.3 (13.2-15.5) 0 (0-0.5) 14.3 (13.1-15.6) 1.32 (1.06-1.66)
Low-risk 13649 11.2 (10.1-12.3) 0 (0-0.5) 11.2 (10-12.4) 1
Risk Sub-category High-risk Elderly 6740 17.3 (15.5-19.1) 0 (0-0.8) 17.3 (15.4-19.2) 2.14 (1.55-3.02)
Persons with comorbidities 7125 16.3 (14.6-18) 0 (0-0.8) 16.3 (14.5-18.2) 1.99 (1.45-2.83)
Moderate-risk Bus conductors/Auto drivers 2694 16.5 (13.7-19.3) 0(0-1.2) 16.5 (13.5-19.5) 2.02 (1.33-3.08)
Pourakarmikas / waste collectors 2665 14.8 (12.1-17.5) 0 (0-1.2) 14.8 (11.8-17.7) 1.78 (1.14-2.73)
Healthcare workers 2701 15 (12.3-17.7) 0 (0-1.2) 15 (12.1-17.9) 1.81 (1.17-2.77)
Vendors at vegetable markets 2715 13.3(10.8-15.9) 0(0-1.2) 13.3(10.5-16.2) 1.57 (1-2.45)
Congregate settings® 2939 12.3 (9.9-14.7) 0(0-1.2) 12.3 (9.6-14.9) 1.44 (0.91-2.22)
Low-risk Outpatient department 6876 13.5 (11.9-15.1) 0 (0-0.8) 13.5(11.7-15.3) 1.6 (1.13-2.29)
Pregnant women 6773 8.9 (7.5-10.3) 0 (0-0.8) 8.9 (7.3-10.5) 1
Pre-existing medical conditions More than one 1067 19.1 (14.5-23.8) 0(0-2) 19.1 (14.2-24.1) 1.46 (0.97-2.11)
One 4808 15.1 (13.1-17.1) 0 (0-0.9) 15.1 (12.9-17.3) 1.1 (0.87-1.39)
None 35353 13.9 (13.1-14.6) 0 (0-0.3) 13.9 (13.1-14.6) 1
Symptoms More than one 1037 15.3 (10.9-19.6) 0 (0-2) 15.3 (10.5-20) 1.07 (0.65-1.59)
One 6026 12.6 (10.9-14.3) 0 (0-0.8) 12.6 (10.7-14.5) 0.86 (0.67-1.08)
None 34165 14.4 (13.6-15.1) 0 (0-0.3) 14.4 (13.6-15.2) 1

¥ Includes only samples that have been mapped to participants.

@ All estimates are adjusted for sensitivities and specificities of the RT-PCR and antibody testing kits and procedures; the assumed values are RT-PCR sensitivity 0.95, specificity 0.97, IgG ELISA kit
sensitivity 0.921, specificity 0.977; Weighted estimates for Karnataka estimate the prevalence in each unit and then weights according to population

$ Markets, Malls, Retail stores, Bus stops, Railway stations, waste collectors

# Some individuals recruited in the moderate and low-risk categories, but with high risk-features, were moved to high-risk.
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Table 2

Seroprevalence of IgG antibodies against SARS-CoV2 and Active Infection in districts of Karnataka state at the end of Round 2

(n=41228)

%-1gG against %-Active Infection %-Prevalence of

Unit Samples’ SARS-CoV2@ of COVID-19¢ COVID-19¢
Karnataka 41228 15.6 (14.9-16.3) 0 (0-0.3) 15.6 (14.8-16.4)
Mysuru 1104 33.6 (28.2-39) 0(0-1.9) 33.6 (28-39.3)
Mandya 1159 31.9 (26.9-37) 0 (0-1.8) 31.9 (26.6-37.3)
Kodagu 1063 27.1 (22.1-32.1) 0(0-1.9) 27.1 (21.8-32.4)
Chamarajanagar 1161 22.6 (17.6-27.6) 0 (0-1.9) 22.6 (17.3-27.9)
Kolar 1050 20.8 (16.1-25.4) 0 (0-1.9) 20.8 (15.8-25.8)
Bengaluru Rural 1084 20.3 (15.7-24.8) 0 (0-2) 20.3 (15.4-25.1)
Dakshina Kannada 1074 19.8 (15.4-24.3) 0(0-1.9) 19.8 (15.1-24.6)
Belgaum 1110 19.4 (14.9-23.9) 0 (0-1.9) 19.4 (14.5-24.2)
Bengaluru Urban Conglomerate 9730 18.7 (17.1-20.2) 0 (0-0.7) 18.7 (17-20.4)
Udupi 1076 17.9 (13.7-22.1) 0(0-1.9) 17.9 (13.4-22.5)
Chitradurga 1060 16.6 (12.3-21) 0(0-1.9) 16.6 (11.9-21.3)
Davanagere 1054 16.2 (11.9-20.4) 0 (0-2) 16.2 (11.6-20.8)
Bagalkot 1051 15.7 (11.5-19.9) 0(0-1.9) 15.7 (11.1-20.3)
Ramanagar 1057 14.5 (10.5-18.6) 0 (0-1.9) 14.5 (10.1-19)
Chikkaballapur 1062 13.7 (9.7-17.7) 0 (0-1.9) 13.7 (9.3-18.1)
Gadag 1137 13.1 (9.4-16.9) 0 (0-1.9) 13.1 (9-17.3)
Vijayapura 1058 12.9 (9-16.8) 0(0-1.9) 12.9 (8.6-17.3)
Shivamogga 1062 12.8 (8.9-16.6) 0 (0-1.9) 12.8 (8.5-17)
Chikmagalur 1050 12.6 (8.8-16.4) 0 (0-1.9) 12.6 (8.4-16.8)
Ballari 1056 12.3 (8.5-16) 0(0-1.9) 12.3 (8.1-16.5)
Tumakuru 1051 10.7 (7.1-14.4) 0(0-2) 10.7 (6.6-14.9)
Raichur 1247 10.5 (7.1-13.9) 0 (0-1.8) 10.5 (6.7-14.3)
Uttara Kannada 1080 10.3 (6.7-13.8) 0(0-1.9) 10.3 (6.3-14.3)
Koppal 1063 9 (5.6-12.4) 0 (0-1.9) 9 (5.2-12.8)
Hassan 1051 7.6 (4.6-10.6) 0(0-2) 7.6 (4-11.2)
Kalaburagi 1087 6.3 (3.3-9.2) 0 (0-1.9) 6.3 (2.8-9.8)
Dharwad 1101 5.8 (3-8.5) 0(0-1.9) 5.8 (2.4-9.1)
Yadgir 1061 5.5 (2.7-8.4) 0(0-1.9) 5.5(2.1-9)
Bidar 1168 4.5(1.9-7.1) 0 (0-1.9) 4.5 (1.3-7.7)
Haveri 1061 3.7 (1.2-6.1) 0(0-1.9) 3.7 (0.5-6.8)

¥ Includes only samples that have been mapped to individuals.
@ Adjusted for sensitivities and specificities of RT-PCR, and antibody testing kits and procedures.

moderate risk (14.3% (13.1-15.6)), and then the low-risk population
(11.2% (10.0-12.4)). In a reversal from Round 1, the rural population
had a higher total prevalence (15.4% (13.0-17.8)) compared to the ur-
ban population (14% (13.2-14.8)); this is unadjusted for the excluded
population due to lack of availability of fine-grained rural/urban case
data (Table 1).

Across risk-subcategories, pregnant women had the least total preva-
lence (8.9% (7.3-10.5)), while bus-conductors/auto-drivers (16.5%
(13.5-19.5)), people with co-morbidities (16.3% (14.5-18.2)), and
the elderly (17.3% (15.4-19.2)) had higher prevalence. Interestingly,
pourakarmikas, who carry out work in less hygienic conditions, had a
total prevalence of 14.8% (11.8-17.7) that did not stand out from the
general population.

Odds risk for detectable IgG antibodies: The odds for males were 1.22 as
compared to females. Across age groups, the odds for the 30-39, 40-49,
50-59, and 60+ age groups, over the reference 18-29 age group, were
1.36, 1.74, 1.67, and 1.73, respectively. The vulnerable population in
the high-risk category continued to have higher odds of 1.6 over the low-
risk category. In contrast, the moderate-risk category had odds of 1.32
over the low-risk category. The elderly had higher odds of 2.14 over the
reference pregnant women sub-category. The odds for the urban popu-
lation were 0.89 as compared to the rural population. See Table 1 for
confidence intervals.

Pre-existing medical conditions: The seroprevalence of IgG antibod-
ies was higher among those with more than one co-morbidity (19.1%),
followed by those with one co-morbidity (15.1%). Those who reported
having more than one symptom had a higher IgG prevalence (15.3%)
than those with no symptoms (14.4%).

Cases-to-infections ratio (CIR): At the state level, for every RT-PCR
confirmed case, there were 12 infected individuals with detectable IgG
levels (Table 2). This was estimated using the 946860 reported cases in
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Karnataka as of 18 February 2021. The CIR across units ranged from 3
(Rest of Bengaluru Urban) to 39 (Belgaum), with the CIR of Bengaluru
Urban Conglomerate as 6.

Infection fatality rate (IFR): The IFR was estimated to be 0.11%
statewide and ranged from 0.02% (Chitradurga) to 0.50% (Dharwad),
with 19 out of 38 units below the state IFR. As in Round 1, the Dhar-
wad district had the highest IFR (Table 2). The IFR of Bengaluru Urban
Conglomerate was 0.17%.

Districts/unit variations across the state: The active infection fractions
across all districts were estimated as 0.0% (with varying confidence in-
tervals given in Table 3). Hence, the total prevalence is the same as the
IgG prevalence, with minor expansions of the confidence intervals. The
total prevalence was highest in Mysuru district (33.6% (28.0-39.3)), fol-
lowed by Mandya (31.9% (26.6-37.3)), Kodagu (27.1% (21.8-32.4)),
Chamarajanagar (22.6% (17.3-27.9)), and Kolar (20.8% (15.8-25.8)).
Other units reported >15% seroprevalence were Bengaluru Rural, Dak-
shina Kannada, Belgaum, Bengaluru Urban Conglomerate (18.7% (17—
20.4)), Udupi, Chitradurga, Davanagere and Bagalkot. Haveri district
had the lowest seroprevalence (3.7% (0.5-6.8)).

Bengaluru metropolitan area: Within the Bengaluru metropolitan area
(Bruhat Bengaluru Mahanagara Palike (BBMP)), the total prevalence
varied from 13.8% (BBMP RR Nagara) to 24.3% (BBMP Dasarahalli)
(Supplementary Table 1). The CIR ranged from 4-8 and the IFR from
0.11%-0.28% (Supplementary Table 1).

Explanatory variables: Logistic regression indicated that the following
factors led to a higher probability of a positive IgG test outcome: “Other”
sex category, chronic renal disease, moderate- or high-risk category,
attenders of outpatients, transport professionals (bus-conductors/auto-
drivers), healthcare workers, and age 30 years and above (Supplemen-
tary Figure 4, Table 4). No significant association was observed between
symptoms and the presence of IgG antibodies.
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Table 3

LJID Regions 1 (2021) 107-116

CIR and IFR across all 30 districts in Karnataka. Note that the CIR estimate is likely to be conservative
and the IFR pessimistic on account of the low sensitivity of the kit for a population with infection in

the past.

Unit Cases up to 18 February 2021 Estimated Infection  CIR IFR

Dharwad 22288 121769 1:5 0.50%
Bengaluru Urban 74786 198124 1:3 0.34%
Haveri 11011 65086 1:6 0.29%
BBMP RR Nagar 31793 123557 1: 4 0.28%
Hassan 28654 139857 1:5 0.28%
BBMP West 58837 362899 1:6 0.22%
BBMP East 56355 357444 1:6 0.21%
Bidar 7488 85660 1:11 0.20%
Koppal 13938 143473 1:10 0.19%
BBMP Mahadevpura 39373 178205 1:5 0.18%
BBMP Yelahanka 25366 149237 1: 6 0.18%
BBMP South 59923 436263 1:7 0.17%
Bengaluru Urban Conglomerate 403027 2548077 1: 6 0.17%
Kalaburagi 21853 187515 1: 9 0.17%
Ballari 39200 380871 1:10  0.16%
Dakshina Kannada 34266 462366 1:13 0.16%
Shivamogga 22436 238639 1:11 0.15%
BBMP Bommanahalli 39675 218623 1:6 0.14%
Tumakuru 25531 297899 1:12 0.13%
BBMP Dasarahalli 16919 130336 1:8 0.11%
Karnataka 946860 11040762 1: 12 0.11%
Uttara Kannada 14678 156174 1: 11 0.11%
Chikmagalur 14001 143206 1:10  0.10%
Gadag 11007 151582 1: 14 0.09%
Mysuru 53834 1133987 1:21 0.09%
Davanagere 22411 340591 1: 15 0.08%
Udupi 23494 233996 1: 10 0.08%
Yadgir 10681 77684 1:7 0.08%
Bengaluru Rural 18781 231358 1:12  0.07%
Raichur 14293 229686 1:16  0.07%
Chikkaballapur 13693 186910 1:14  0.06%
Vijayapura 14478 331768 1:23  0.06%
Chamarajanagar 6956 243195 1:35  0.05%
Kodagu 6118 151976 1: 25 0.05%
Kolar 10069 352759 1:35  0.05%
Ramanagar 7427 165383 1: 22 0.05%
Bagalkot 13767 336260 1: 24 0.04%
Belgaum 26823 1038815 1:39  0.03%
Mandya 19760 590636 1:30  0.03%
Chitradurga 14861 299333 1: 20 0.02%

Table 4
Logistic regression for predicting IgG prevalence

Features i oy, Logistic p-val
Intercept -2.2 0.06
Chronic Renal Disease 0.63 0.3
Moderate Risk 0.21 0.074

High Risk 0.3 0.071

OPD attendee 0.27 0.057

Bus conductors, Auto drivers 0.2 0.077

Age 30-39 years 0.17 0.043
Age 40-49 years 0.36 0.048

Age 50-59 years 0.32 0.057

Age 60+ years 0.34 0.079

Sex: Other 1.2 0.51
Region: Urban -0.14  0.046
Urbanisation 0.28 0.056

Hook

indicates a p-value of less than 0.001
indicates less than 0.01
* indicates less than 0.05.

ok

Longitudinal study for estimating the clinical sensitivity of the IgG ELISA kit

The longitudinal study was done from 02 April to 11 May 2021.
We collected 648 samples (after removing one duplicate) from 26 units,
yielding a participation rate of 648/4420 = 14.7%. The number of sam-
ples ranged from 11-36 suggesting sufficient spatial representation. The
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units that did not have participants were Gadag, Raichur, Kalaburagi,
Dharwad, BBMP South, BBMP East, BBMP West, BBMP RR Nagar, BBMP
Mahadevpura and BBMP Yelahanka.

Out of the 648 samples, only 370 IgG ELISA test outcomes were valid
based on controls. Of these, 144 tested positive and 226 tested negative.
Thus, only 38.9% of the first-round positive participants were above the
detection threshold of the IgG ELISA test kit during the time frame of
the longitudinal study. Given the significant lapse of time between the
end of Round 2 and the median time of the longitudinal study (22 April
2021), we deduce that the clinical sensitivity of the IgG ELISA test kit is
>38.9% at the time of Round 2.

Upper bound on the total disease burden based on the longitudinal study:
Assuming a clinical sensitivity >38.9%, following the same statistical
analysis, the total number infected in Karnataka as of 18 February 2021
was <35.8% (95% CI: 34.0—37.7), CIR <27, and IFR >0.05%.

Given the total burden of 27.7% (95% CI: 26.1-29.3), measured at
the end of Round 1,[17] we conclude that the COVID-19 burden of Kar-
nataka was between 26.1-37.7% (at 90% confidence) with CIR range
12—27 and IFR range 0.24%-0.50%, as of 18 February 2021. Dhar-
wad’s IFR, the highest, ranged from 0.24%-0.50%.

DISCUSSION

Similar to the first round, our present study involves several district
and state agencies: 290 healthcare facilities across all districts of Kar-
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Figure 1. Comparing Immunoglobulin G (IgG) prevalence across Round 1 and Round 2, IgG increased in about 21/38 units (above the line) while it decreased in

17/38 units (below the line).

nataka and the associated healthcare workers participated in the effort.
Our study is further unique in jointly estimating active infection and
IgG antibody prevalence. Despite the sentinel-based nature of the sur-
vey, our sampling frame attempted to overcome bias in the facility-based
sampling frame by, for example, sampling from pregnant women com-
ing for a regular check-up and sampling attendees of patients instead of
the patients themselves (Babu et al. 2021). Additionally, to account for
IgG antibody waning, we conducted a longitudinal study for estimating
the clinical sensitivity of the IgG ELISA kit, and this enabled an inter-
val estimate of the total prevalence in the state. We also took exclusion
criteria into consideration while arriving at population level IgG preva-
lence. Less than 0.7% of the population had received one dose and an
insignificant fraction had received two doses of vaccination. This frac-
tion is included in the IgG prevalence estimate.

In the first round, overall adjusted prevalence of COVID-19 was
27.3% and active infection was 12.7%. The case-to-infection ratio was
1:40, and the infection fatality rate was 0.05%. (Babu et al. 2021).
The estimated IgG prevalence at the end of Round 2 (15.6%) is re-
markably lower than the estimated total infection of 27.7% (95% CI:
26.1-29.3) at the end of Round 1 (IgG prevalence 16.8% (15.5-18.1))
(Babu et al. 2021). Tamil Nadu, a neighbouring state, also reported a
reduction in March-April 2021 (23%) compared to October-November
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2020 (31.6%)(Hindu 2021). In SARS-CoV-2 the initial rapid waning
of antibodies is due to the loss of short-lived plasma cells, while the
plateau in antibody levels occurs due to establishment of long-lived
plasma cells(Zhao et al. 2020). These levels also decline but slowly,
and the efficacy of these antibodies is an important aspect of immu-
nity. Assuming the lab-calibrated analytical sensitivity (92.2%) yields
an under-estimate of the IgG prevalence in view of IgG level decline
(Round 2 began 131 days after Round 1 and 98 days after the active
cases peaked in the state). The ICMR third round study (Murhekar, Bhat-
nagar, Thangaraj, et al. 2021) took two approaches to handle antibody
waning — reduction in the optical density thresholds and an indepen-
dent validation of the testing kit — and reported the adjustments.. We
conducted an independent validation via a longitudinal study.

The longitudinal study (conducted on a subset of the recalled Round
1 positive population) yielded a clinical sensitivity of >38.9% during the
Round 2 period. The IgG ELISA test used the whole-cell antigen instead
of the more specific recombinant nucleocapsid or spike protein antigens
(Sapkal et al. 2020). This, along with antibody waning, may have played
a role in its reduced clinical sensitivity.

Given the lapse of time between Round 2 and the longitudinal study,
the measured clinical sensitivity of 38.9% may be viewed as a lower
bound on this sensitivity since fewer days would have elapsed between
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the date of infection of positive participants and the end of Round 2. By
assuming this pessimistic 38.9% value of clinical sensitivity, following
the same statistical analysis, we estimated that at most, 35.8% (95% CI:
34.0-37.7) were infected in Karnataka, as of 18 February 2021. Together
with the total burden of 27.7% (95% CI: 26.1-29.3), estimated at the end
of Round 1,(Babu et al. 2021), we concluded that Karnataka’s COVID-19
burden was between 26.1-37.7% (at 90% confidence), suggesting a sig-
nificant level of susceptibility (and hence insufficient natural immunity)
in the population as of 18 February 2021.

The estimated active infection was 0.0% across all districts. The sub-
sequent rise in infection from March to June 2021 may be due to a com-
bination of effects ranging from immunity waning (Adiga et al. 2021) to
the emergence of the B.1.617 variant and its sub-variants (Indian SARS-
CoV-2 Genomics Consortium 2021).

Comparison of the CIR range 12-27 and IFR range 0.05-0.11%
(Round 2) with CIR 40 and IFR 0.05% (Round 1) for Karnataka sug-
gests improved case identification between Round 1 and Round 2.

As in Round 1, Dharwad had the highest IFR (0.24%-0.50%). This
could be due to reporting differences or issues related to clinical practice
or travel from neighbouring units to avail critical or tertiary health care
facilities at Dharwad (Babu et al. 2021). Further research should explore
these hypotheses.

Males continued to be at higher risk than females (odds ratio 1.22),
the vulnerable population in the high-risk category continued to be at
higher risk than the low-risk category (odds ratio 1.6), those in the
higher age groups continued to be at higher risk than the 18-29 age
group (Table 1). However, rural areas were more at risk than urban ar-
eas (odds ratio urban 0.89 < 1 rural), a reversal from Round 1. Together
with the observations on antibody waning, the higher risk for rural ar-
eas suggests that the infection continued to be active in the rural areas
after it had subsided in the urban areas during October 2020 — February
2021.

Pregnant women are known to be more susceptible to respiratory
pathogens, and hence to SARS-CoV-2, than the general population
(Liu et al. 2020). It is, therefore, reassuring to note that the total preva-
lence among pregnant women was the lowest, suggesting the hypothesis
that their behavioural patterns result in significantly lower contact rates.

Serial serosurveys repeated at the same sites can enable the com-
parison of epidemiological metrics across time. A comparison of IgG
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prevalence alone between Round 1 and Round 2 suggests that about
17 units have lower IgG prevalence in Round 2, while the remaining
21 have higher IgG prevalence (Figure 1). However, when we compare
the total prevalence of Round 1 and Round 2, the latter is mostly lower
except for a marginal increase in 11 units (Supplementary Figure 5),
possibly due to the reduced clinical sensitivity of the IgG ELISA test kit.
Another interesting observation is that while high urbanisation leads to
lower CIR (Figure 2), some districts with low urbanisation have low CIR.
However, some others have higher CIR, suggesting the need to step up
surveillance in those latter rural units (Belgaum, Kolar, Chamarajanagar,
and Mandya). Finally, as in (Babu et al. 2021), Figure 3 suggests a possi-
ble classification of districts into those with high/low CIR and high/low
IFR. Districts with high CIR and low IFR in the top-left quadrant should
consider re-evaluating their testing strategies and death reporting.

As highlighted above, the sentinel-based population survey strategy
has enabled the identification of trends over time. Such a survey is also
easier to implement in terms of planning logistics for quick deployment.
The study findings enable identifying districts that need better testing,
reporting, or clinical management, all of which ultimately reduce the
number of deaths due to COVID-19. Since the state was far from attain-
ing natural immunity, vaccination coverage should be stepped up.

As of 18 October 2021, approximately 62% and 30.5% of the Kar-
nataka population received one dose and two doses of vaccinations, re-
spectively (Covidl9india.org). Further, the fourth round of the ICMR
serosurvey (Government of India 2021a) indicates that 67.6% of the
general population were detected for the presence of antibodies. How-
ever, population immunity waning, as reported in many papers and seen
in our longitudinal study, suggests that districts which may have peaked
during the second wave in April - May 2021 or may have had good vac-
cination coverage in the early stages of the vaccination drive may re-
quire close monitoring. A new statewide serosurvey will help assess the
current state of antibody levels and immunity waning.
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