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Abstract

Background: There have been over 30 million cases of COVID-19 in India and over 430,000 deaths. Transmission rates
vary from region to region, and are influenced by many factors including population susceptibility, travel and uptake
of preventive measures. To date there have been relatively few studies examining the impact of the pandemic in
lower income, rural regions of India. We report on a study examining COVID-19 burden in a rural community in Tamil
Nadu.

Methods: The study was undertaken in a population of approximately 130,000 people, served by the Rural Unit of
Health and Social Affairs (RUHSA), a community health center of CMC, Vellore. We established and evaluated a COVID-
19 PCR-testing programme for symptomatic patients—testing was offered to 350 individuals, and household mem-
bers of test-positive cases were offered antibody testing. We also undertook two COVID-19 seroprevalence surveys in
the same community, amongst 701 randomly-selected individuals.

Results: There were 182 positive tests in the symptomatic population (52.0%). Factors associated with test-positivity
were older age, male gender, higher socioeconomic status (SES, as determined by occupation, education and hous-
ing), a history of diabetes, contact with a confirmed/suspected case and attending a gathering (such as a religious
ceremony, festival or extended family gathering). Amongst test-positive cases, 3 (1.6%) died and 16 (8.8%) suffered a
severe illness. Amongst 129 household contacts 40 (31.0%) tested positive. The two seroprevalence surveys showed
positivity rates of 2.2% (July/Aug 2020) and 22.0% (Nov 2020). 40 tested positive (31.0%, 95% Cl: 23.02 — 38.98). Our
estimated infection-to-case ratio was 31.7.

Conclusions: A simple approach using community health workers and a community-based testing clinic can readily
identify significant numbers of COVID-19 infections in Indian rural population. There appear, however, to be low rates
of death and severe illness, although vulnerable groups may be under-represented in our sample. It's vital these lower
income, rural populations aren't overlooked in ongoing pandemic monitoring and vaccine roll-out in India.
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Background 200 million cases worldwide and over 4.3 million deaths
The coronavirus disease (COVID-19) pandemic caused [1]. In India, the world’s second most populous nation,
by the severe acute respiratory syndrome coronavirus-2  there was a rapid rise in cases from the onset of the pan-
(SARS-CoV-2) began in early 2020; there are now over  demic in March 2020, mostly from the urban areas, yet
there was relatively little information on the infection
. rate in the rural areas [2, 3]. Concerns were expressed at
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population reside, because of disparities in access to and
compliance with preventive measures and inadequate
health information systems [4]. While spread of the
virus in India was initially traceable to known sources
of infection (such as international travellers), commu-
nity transmission soon became established, with no clear
identifiable source of the infection [5]. The second wave
of the pandemic in India, around March to June 2021,
had a deadly impact, with more virulent strains of the
virus and more young people affected [6]. Available evi-
dence shows that there is much variation in transmission
rates from region to region in India, depending upon fac-
tors including the susceptibility of the population, popu-
lation density, and feasibility and uptake of COVID-19
preventive measures [7, 8]. As of August 13th 2021, there
have been over 32.1 m cases of COVID-19 reported in
India with over 430,000 deaths [9].

In the early stages of the pandemic (May—June 2020),
the Indian Council of Medical Research (ICMR) under-
took a cross sectional seroprevalence survey in selected
districts, stratified by incidence rate; it reported a pooled
adjusted seroprevalence of 0.73% (0.34—1.13%) amongst
adults residing in both rural and urban areas [10]. The
second seroprevalence survey undertaken by ICMR
between August 17 and September 22, 2020 examined
the prevalence in rural and urban areas separately; it
reported a pooled prevalence of 7.1% (95% CIL: 6.2-8.2)
with 4.4% in rural populations [11].

With increasing rates of COVID-19 infection in the
country, the Government of India (Gol) initiated multi-
ple preventive measures, in coordination with the state
governments. These included lockdown, active airport
screening, quarantining, recommendations for ‘work from
home; closure of educational institutions, limiting public
transport, public awareness campaigns, and active case
detection with contact tracing in most regions [12]. At
the time of our study (commencing June 2020) there were
lockdown conditions; after July 2020 these were eased, but
some restrictions for large gatherings, recreation and reli-
gious gatherings remained. Schools in rural Tamil Nadu
had little online provision, and remained closed longer
than many city schools. Compliance with the use of masks
was not high in these rural areas and, at village level, social
distancing wasn't well-observed. COVID-19 vaccines
hadn’t been introduced in India during our study period.

The Gol also launched a nation-wide testing pro-
gramme for symptomatic individuals using RT-PCR tests,
which was done through district hospitals and primary
health care centers. The measures were largely in line
with the WHO’s Strategic Preparedness and Response
Plan for COVID-19 [13]. While this initiative increased
the access to detection of cases in the rural areas, there
were problems with implementation, and there was
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limited information available about the burden of the dis-
ease among rural communities.

To address this information gap, we undertook a study
that examined the burden of infection in a rural popula-
tion of the Vellore district, Tamil Nadu. We:

1. established and evaluated a COVID-19 PCR-test-
ing programme in a rural population in the Vellore,
Tamil Nadu district;

2. initiated a COVID-19 seroprevalence survey in the
same community.

We combined our results with secondary data to pro-
duce estimates of total numbers of infections in our pop-
ulation, and infection-to-case ratios (ICRs), a measure of
how well cases might predict actual infections [14]. We
also examined the effect of socio-demographic character-
istics and other risk factors on COVID-19 test-positivity
in both study components.

Methods
Study setting and study population
The study was undertaken by an international team led
by the Rural Unit of Health and Social Affairs (RUHSA), a
community health center of CMC, Vellore, with long-estab-
lished programmes of preventive activities [15]. RUHSA
provides health care services primarily to residents of the
‘KV Kuppam community development block’ (an adminis-
trative unit) and, to a limited extent, to those in the neigh-
bouring blocks of Vellore district, Tamil Nadu (Gudiyatham,
Madhanur and Peranampattu rural revenue blocks) [16].
The KV Kuppam is a rural block with a population of almost
130,000 people, and is divided into 18 peripheral service
units (PSUs) under the RUHSA health programme, com-
prising 3—4 villages with a sub-centre in each PSU.
Residents of the rural villages in the study catchment
area are primarily engaged in agriculture; other occupa-
tions include small businesses, weaving, poultry farming
and salaried service jobs. Literacy levels among men are
about 77% and among women 64%—consistent with find-
ings from other similar regions in India [17]. Typical rural
housing layouts are rows of terraced, single storied houses;
apart from houses at the end of the terrace, the only open
spaces are in the front and the back of each row forming
the village streets. Residents typically socialise by sitting in
front of their houses facing the streets, potentially exposing
passers-by to COVID-19 virus infected individuals. Addi-
tionally, prior to our study, there was an influx of migrant
workers who were employed in neighbouring cities, and
who were returning home due to the pandemic crisis and
lockdown (this, too, is a source of concern for disease
transmission [18]). We undertook two studies in separate
populations within our catchment area:
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1. COVID-19 testing programme

Recruitment We used the PSUs as the basis of our
recruitment strategy. Trained community health
workers (CHWSs) from RUHSA, with the assistance
of village leaders, provided the villagers with infor-
mation on COVID-19, including common symp-
toms. Individuals who received this information
and thought that they may have COVID-19-related
symptoms were invited to attend a ‘fever clinic’ at
RUHSA where they completed a screening question-
naire [19, 20] (see “Appendix 1”). Those who met the
criteria were offered PCR-testing, and if they tested
positive were classified as (1) Minor—home quaran-
tined and didn’t receive oxygen or whose admission
period was uneventful, (2) Moderate—patients who
required admission with oxygen support but not ICU
care or (3) Severe—those who required oxygen and
ICU CARE.

Study details The fever clinic was established at
RUHSA beginning June 8 2020. After informed con-
sent was obtained, attendees were interviewed to
collect sociodemographic characteristics, 14-day
travel and contact history, and history of relevant
symptoms. A clinical examination was performed
and vital signs including pulse rate, respiratory rate,
oxygen saturation, temperature and body mass index
(BMI) were recorded. Nasopharyngeal samples were
collected by trained lab technicians using Dacron-
flocked swabs, following recommended preventive
measures [21]. Swabs were placed in a viral transport
medium, safely packed, with adequate cold chain
maintenance, and transported on the same day to
the virology laboratory at CMC, Vellore. We under-
took telephone follow-up of the participants—we
obtained their mobile phone numbers at the time
of presentation. They were called a minimum of 3
times, 3 months after their diagnosis. Data analysis:
Sociodemographic characteristics of the study partic-
ipants, contact history, comorbidities, travel history
and history of participation in gatherings, common
symptoms and severity of disease at first presentation
to the clinic were recorded.
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(Qiagen Inc) an automated nucleic acid extraction plat-

form as per manufacturer’s instructions. Extracts were
used for RT-PCR to detect SARS-CoV-2 RNA using the
Altona Realstar assay (Altona Diagnostics GmbH).

o The Altona Realstar assay, a multiplex real-time RT-
PCR assay, uses primers and probes specific to the enve-
lope (E) and spike (S) genes of SARS-CoV-2 along with
an internal control.

o Assays were validated as per manufacturer’s instruc-
tions and cycle threshold (Ct) values noted for E and
S-gene targets.

o When a single gene positivity (E or S) was observed, a
repeat sample was requested for result confirmation of
the result.

2. Seroprevalence study

The details of our seroprevalence surveys are shown
in Table 1. Seroprevalence surveys 1 and 2 sought to
obtain estimates of community prevalence of COVID-
19 antibodies, and used random sampling from the
RUHSA database of enrolled patients. They were con-
ducted 4 months apart; the first survey included chil-
dren, while the second only recruited adults aged 18
or over. The family contact seroprevalence survey was
conducted in households of individuals who tested
positive at our fever clinic, to obtain an estimate of
within-household transmission.

Box 1 Test characteristics and procedures: RT-PCR testing
programme

o In the laboratory, the samples were processed as batches
in class IIB biosafety cabinets (BSC). Staff were wearing
appropriate personal protective equipment

o Briefly, swabs were vortexed and an aliquot stored at

Box 2 Test characteristics and procedures: Seroprevalence
study

3

The seroprevalence of COVID-19 infection was meas-
ured by testing for IgG antibodies.

We assumed that most cases develop detectable IgG
antibodies against COVID-19 from 15 days post-infec-
tion

There appears to be a differential response to the pro-
teins of COVID-19 and also an association with the dis-
ease severity has been reported [22). Therefore any posi-
tivity is indicative of exposure to the virus

Blood samples were collected in Vacutainer tubes with
clot activator (BD Cat# 367837, Becton Dickinson, Inc.).
Samples were transported to the laboratory at ambient
temperature.

In the laboratory, an aliquot of serum was stored at
— 80 °C until batch testing

COVID-19 antibody detection was performed on two
commercially available platforms—Elecsys Anti-SARS-
CoV-2 on the Cobas e411 analyser (Roche Diagnostics

3

3

3

3

03

Pvt. Ltd) and the SARS-CoV-2 IgG assay (COV2G) on

— 80 °C. Nucleic acid was extracted in a QIAcube HT,
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Table 1 Seroprevalence surveys—details
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Timing

Sampling strategy

Target group

Seroprevalence survey 1 July 6th to August 20th, 2020

November 16th to 20th 2020

Seroprevalence survey 2

Family contact seroprevalence survey July 6th to September 15th 2020

150 randomly selected households
(15 households from each of 10
randomly selected clusters)

20 randomly selected households
(20 households from each of 10
randomly selected clusters)

Approached all households 14 days
after the diagnosis in the fever clinic
index case; sampled consenting fam-  clinic, including children above
ily contacts but excluded those who
were known to be RTPCR positive

All individuals above 5 years of age

All adults 18 years of age or over

Individuals living in households of
PCR-positive participants from fever

5 years—788 contacts identified

the ADVIA Centaur system (Siemens Healthcare Pri-
vate Limited)

o The Elecsys assay detected antibodies to SARS-CoV-2
Nucleoprotein antigen (anti-N) using an electrochemilu-
minescence (ECLIA) assay principle. The COV2G assay
detects IgG antibodies against the spike 1-receptor bind-
ing domain (S1-RBD) of SARS-CoV-2 uses a sandwich
chemiluminescent immunoassay principle. Both assays
report a reactivity index where a value > 1 is considered
positive and<1 considered negative for antibodies to
COVID-19

Sample size We sought prevalence estimates and
estimates of precision; based on WHO guidance,
our expected ‘margin of error’ corresponds to the
expected width of the 95% confidence interval associ-
ated with our point estimate of ‘p’—calculated using
the binomial likelihood method [23]. For our PCR-
testing programme in the fever clinic, we estimated
a prevalence of 25%—our sample size (350) provided
20% precision. We did not have any reliable estimate
of the prevalence of COVID seropositivity in our pop-
ulation. We used a sample of 500 participants from
150 households—using estimates of 1% and 5% to pro-
vide a 0.76% and 3.65% margin of error respectively.
For the 2nd survey, a sample of 200 participants would
provide an 8.6% margin of error for an estimated prev-
alence of 10%. A sample size of 200 was calculated for
the family contact survey, based on a predicted preva-
lence of seropositivity of 30% with 20% precision.

Data analysis Basic sociodemographic character-
istics of the participants were described. COVID-
19 infection rates, with associated 95% confidence
intervals (CIs) were calculated for both the random
community and family contact surveys. The propor-
tion of confirmed cases among the attendees of the
fever clinic with 95% confidence interval was com-
puted. Factors associated with confirmed cases were

compared with those who were negative among the
study participants.

Total cases and infection-to-case ratio

We made estimates of the total number of cases by
extrapolating from our results using secondary data.
These data were publicly available through the Tamil
Nadu Government covid data portal [24]; we were able
to obtain specific data for the KV Kuppam block (our
study site) through the government’s Vellore district level
centre. The infection to case ratio (ICR) was defined as
the number of individuals with COVID-19 infection (in
our seroprevalence survey) divided by the number of RT-
PCR positive cases reported from the block documented
by the government health system, 2 weeks before the date
of seroprevalence sample collection (this was based on
our 2nd survey data).

Results

COVID-19 testing programme

In our study population 602 individuals completed the
screening questionnaire at the fever clinic of whom 350
met the criteria for RT-PCR testing. Of these 182 (52%,
95% CI: 46.8—57.2) tested positive for COVID-19. Table 2
shows patient characteristics and potential risk factors
of those undergoing testing. Significant risk factors for
a positive test were older age group, male gender, higher
socioeconomic status (SES, as determined by occupation,
education and housing), a history of diabetes, contact
with a confirmed/suspected case and attending a gath-
ering (such as a religious ceremony, festival or extended
family gathering).

Symptoms amongst participants are presented in
Table 3; those most strongly associated with a posi-
tive test were fever with fatigue (p=0.004), cough
(p<0.001), loss of smell (p=0.001) and loss of taste
(p<0.001). Of the 182 participants who tested posi-
tive, at presentation 3 (0.9%) had ‘severe disease’ 13
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Table 2 Sociodemographic characteristics and potential risk factors for COVID-19 infection amongst fever clinic attendees—by test

result
Positive n=182 Negative n=168 p value
Age in Years—median (IQR) 44 (32, 56) 315(19.3,58.8) <0.001*
Gender (n male, %) 129 (70.9) 84 (50) <0.001*
Education (n, %)
Less than high school 61 (33.5) 88 (52.4) <0.001*
High School and above 121 (66.5) 80 (47.6)
Occupation (n, %)
Homemakers, unemployed 58 (32) 95 (56.5) <0.001
Unskilled labourer, semiskilled 34 (186 35(20.8)
Cultivation/farmer 6(3.3) 6 (3.6)
Business 28 (154 9(5.4)
Professional 19104 5(@3)
Service jobs 37 (203 18 (10.7)
Housing facility (n, %)
Poor housing (Thatched roof) 38(19.9 51(30.4) 0.042
Good housing (Concrete house) 144 (79.1 117 (69.6)
Smoker (n, %) 6(3.3) 8 (4.8) 0.485
Travel history (n, %) 131 (72) 134(79.8) 0.090
Contact with confirmed/suspected case (n, %) 41(22.5) 24(14.3) 0.048
Attended gathering in last 14 days (n, %)
Death ceremony 67 (36.8 32(19) <0.001
Small community gathering 12 (6.6) 2(1.2)
Wedding 10 (5.5) 5(@3)
Market 5Q27) 7(4.2)
Other 36(19.8 18(10.7)
Co-morbidities
Chronic lung disease 9 (4.9) 13(7.7) 0.282
Chronic Kidney, Liver, Heart disease 9 (4.9) 3(1.8)
Diabetes 42 (23.1 20(11.9) 0.006%
Hypertension 29 (159 19(11.3) 0.209
Immunosuppressive drugs 0(0) 1(0.6)

(3.7%) had ‘moderate disease’ and rest of the 331
(95.4%) had minor illness.

The research officer undertook telephone follow-up,
calling 179 out of 182 patients—3 had died. Of these, 51
didn’t respond to the calls, 41 had treatment at CMC, 16
had severe illness and 13 had moderate illness.

Seroprevalence surveys

The sociodemographic characteristics of the partici-
pants in both serosurveys were similar, but not identical
(Table 4); there was a slightly higher proportion of men
and younger people in the first survey, but overall char-
acteristics were consistent with existing descriptive data
in our population [25]. About half of the participants
were male, two-thirds had education up to high school
and above, and one-third lived in a lower-income style of

housing facility. As seen in Table 4, more than 80% of the
participants gave a history of travel to neighbouring vil-
lages and towns related to work and only a small propor-
tion gave a history of participating in social/community
gatherings.

Of the 501 random community participants tested in
serosurvey 1, 11 (2.2%, 95% CI: 0.8, 3.4) tested positive (of
these 4 were positive for both tests, 6 were only Roche
positive and 1 was only Siemens positive). Of the 200
participants in the second serosurvey, 44 (22%, 95% CI:
16.3-27.7) tested positive (of these, 30 were positive by
both Roche and Siemens test, 8 by Roche alone and 6 by
Siemens alone).

In our household contact seroprevalence survey, 129
(16.6%) of the 788 known exposed family contacts con-
sented to provide blood samples. Of these 40 tested posi-
tive (31.0%, 95% CI: 23.02 — 38.98); 30 were positive for
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Table 3 Symptoms amongst fever clinic attendees

Positiven=182 Negativen=168 p value
Fever 154 (84.6) 138 (82.1) 0.534
Chills 49 (26.9) 50 (29.8) 0.556
Fatigue 128 (70.3) 93 (554) 0.004
Cough 108 (59.3) 63 (37.5) <0.001
Runny Nose 42(23.1) 29(17.3) 0177
Loss of smell 55 (30.2) 17 (10.1) <0.001
Loss of taste 61 (33.5) 24 (14.3) <0.001
Shortness of breath 50 (27.5) 30(17.9) 0.032
Sore throat 62 (34.1) 52 (31) 0.535
Diarrhoea 26 (14.3) 20(11.9) 0510
Nausea/Vomiting 33(18.1) 42 (25) 0.118
Haemoptysis 2(1. ) 1(0.6) 0.610
Body Ache 107 (58.8 78 (46.4) 0.021
Abdominal pain 23 (12. ) 21 (12.5) 0.969
Chest pain 11(6) 7 (4.2) 0427

both Roche and Siemens tests, 2 were positive for Roche
test alone and 8 were for Siemens test alone.
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The burden of COVID-19 infection in our study population
Applying the prevalence of antibodies among the random
community sample surveyed in the month of November
2020 (22%) to the total population of 128,679, we esti-
mated a cumulative 28,300 infections in KV Kuppam
rural block by November 2020. Based on a total of 858
cases reported in KV Kuppam block by 31st October
2020 (Fig. 1) [26], we estimated the infection to case ratio
(ICR) to be 31.7 (95% CI: 31.1-32.3) up to that date.

Discussion

To date there have been few studies reporting on the
burden of the COVID-19 pandemic in rural Indian com-
munities. Our study found that in a sample of our target
population who met at-risk criteria for COVID-19, over
half tested positive for the disease, confirming that the
pandemic has become established in rural populations,
despite their relative isolation. Further, our study is one
of the first to examine COVID-19 seroprevalence in a
rural area of India—this is crucial to understanding the
likely extent of herd immunity developing and strategies
for the containment of the pandemic [27].

Table 4 Socio-demographic characteristics and other risk factors of the participants in seroprevalence surveys by test result

Serosurvey1 (July 6th to August 20th)

Serosurvey 2 (November 6th to 20th)

Negative n=490 Positiven=11 p value negative n=156 positive n=44 p value

Age in Years—median (IQR) 38(19,55) 48 (26, 54) 0.08 49 (40,61) 46 (36.25, 60) 0.324
Gender (n males, %) 241 (49.2) 5(45.5) 0.807 59(37.8) 14 (31.8) 0465
Education (n, %)

Less than high school 73 (14.9) 1(9.1) 0.591 28(17.9) 13 (30.2) 0.078

High School and above (85.1) 10 (90.9) 128(82.1) 30 (69.8)
Occupation (n, %)

Homemakers, unemployed 277 (56.5) 4(364) 0.144 88 (56.4) 23(52.3) 0.638

Unskilled, semi-skilled labourer 117 (23.9) 3(27.3) 43 (27.6) 13 (29.5)

Business 23 (4.7) 0 6(3.8) 2(4.5)

Professional 21(4.23) 2(18.2) 5(3.2) 4(9.1)

Cultivation/Farmer 35(7.1) 1091 7 (4.5) 1(2.3)

Service jobs 17 (3.5) 1091 7 (4.5) 1(23)
Housing (n, %)

Poor housing 162 (33.1) 5(45.5) 0.389 58(37.2) 15 (34.1) 0.707

Good housing 328 (66.9) 6 (54.5) 98 (62.8) 29 (65.9)
Smoker (n, %) 32(6.5) 1(9.1) 0.735 7(4.5) 1(23) 0.508
Travel history 420 (85.7) 9(81.8) 0.716 130(83.3) 38(864) 0.628
Contact with confirmed case 6(1.2) 0 0.712 7 (4.5) 0 0.153
Participated in gathering last 14 days 14 (2.9) 0 6 (3.8) 5(11.4) 0.053
Co-morbidities

Chronic lung disease/TB 10 (2.1) 0 6(3.8) 3(6.8) 0.401

Chronic Renal, liver, heart disease 4(0.8) 0 2(1.3) 1(23)

Diabetes 25(5.1) ) 0.057 23(14.7) 6(13.6) 0.854

Hypertension 23(4.7) 0.042 26 (16.7) 5(114) 0.391
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Monthly cases of COVID-19 positive cases in

KVKuppam Block (TM Government data)
300

259 255
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200 179
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Fig. 1 Monthly cases of COVID-19 positive cases in KV Kuppam Block
(TM Government data)

Factors associated with test-positivity in our fever
clinic survey were male gender, older age, higher SES,
social interaction and presence of diabetes. This reflects
the rather complex epidemiological profile of risk factors
for COVID-19 and has been seen in other studies in the
Indian population [28]. While lower income/deprived life
circumstances may be more conducive to disease trans-
mission, higher SES individuals may be more mobile, and
more likely to come in contact with people from areas of
India with high levels of COVID-19 (such as large cities).
Nevertheless, in terms of impact, it is lower SES commu-
nities which are the most vulnerable, with most studies
suggesting that COVID-19 is likely to worsen poverty
and health disparities [29]. In our seroprevalence studies,
we were not able to replicate the observed associations
with test-positivity, but were limited by small numbers.

Only 3 (1.6%) out of the 182 fever clinic participants
had died when we undertook telephone follow-up, and
16 (8.8%) had suffered a severe illness. This case fatality
rate (CFR) is low in comparison with other international
studies [30]; national data in India show CFRs among
men of 2.9% and 3.3% among women [31]. It may indi-
cate that, while the epidemic has taken hold in our rural
population, its impact in terms of prolonged, severe ill-
ness and death, may be lower than in other, seemingly
less vulnerable populations. However, while we are con-
fident we captured all events in our fever clinic follow-up
processes, our numbers are small. Also, CFRs are prone
to bias; our fever clinic patients were symptomatic, and
capable of travelling to the testing facilities at RUHSA.
They were also a young population—even compared to
population level data on Indian average age of COVID-
19 infection, which show lower ages than in most west-
ern countries [41]. Hence, national, and international
comparisons of CFRs should be treated with caution.
Nevertheless, at a national level, India’s low case-fatality
rates (particularly before the second wave) have attracted
significant praise for the country’s public health efforts
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[32]. Numerous contributing factors have been pro-
posed, including India’s younger population, cross-
reactive immunity from other coronavirus infections
in the past and environmental factors such as sunlight
and vitamin D [33]. Cautious interpretation of available
data on deaths and case fatality rates has, nevertheless,
been urged—along with the avoidance of any degree of
complacency [34]. Importantly, the Indian Government,
despite the severe challenges of the pandemic’s second
wave, has maintained its commitment to widespread
testing and vaccine rollout.

Our seroprevalence findings showed a cumulative inci-
dence of 2.2 percent by the end of August, increasing to
22 percent by November 2020, with an infection- to case-
ratio of 33. This finding contrasts with the ICMR surveys
which, by the end of September, showed lower sero-
prevalence (4.4% in rural populations) but, in the early
stage of the pandemic, showed an ICR of 81.6 (95% CI:
48.3-141.4) [10, 11]. A seroprevalence study in Mumbai
showed a rate of 54.1 percent in slums and 16.1 percent
in non-slum areas of the city [35]. The estimates of sero-
prevalence were lower in this rural population compared
to cities and urban slums in India. The factors underly-
ing these differences are likely to be multifactorial, and
include lower population density in our population and
natural social distancing compared to cities and urban
slums [36]. Our estimate of 33 infections for every con-
firmed case is commensurate with other studies which
have examined ICR [14]—confirming that much infec-
tion remains clinically undetected in our study commu-
nity, as in other parts of India.

Our estimates of seroprevalence of COVID 19 infec-
tion rates in rural India add to a growing body of interna-
tional data. A pooled, worldwide estimate of 3.38% (95%
CI 3.05-3.72%) was published in August 2020, but there
was significant variation from country to country — for
example, 5.27% (3.97-6.57%) in Northern Europe; 2.02%
(1.56-2.49%) in Eastern Asia; and 1.45% (0.95-1.94%) in
South America [37]. Regional and international compari-
sons do, however, need to be interpreted with caution—
they are dependent on many factors, including timing of
the surveys, population sampling and coverage. About
one-third of household contacts of known cases were
sero-positive—high in comparison to many other inter-
national studies [38]; in the presence of community con-
trol measures, transmission within households is thought
to account for about 70% of COVID-19 infections [39].

There are a number of limitations to our study; cru-
cially, it was undertaken before the pandemic’s severe
second wave in India (March—June 2021)—and this has
changed some of the patterns of disease transmission
[40]. Our ‘fever clinic’ survey was prone to sampling bias;
villagers self-selected in response to community health
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workers making them aware of the study and the pos-
sibility of being tested. Travel to the clinic at RUHSA
meant time away from work or the household; although
travel costs were reimbursed, it is possible that those
with more severe symptoms, or who were more finan-
cially challenged, were less likely to attend. Nevertheless,
basic demographics of clinic attendees were similar to
the wider RUHSA catchment population, and all villagers
who met the criteria were strongly encouraged to attend
for testing. The information we collected on attendees
was based on self-report, with no external validation,
and many study participants had low levels of education.
Nevertheless, the interviewers were trained health work-
ers with extensive experience in interacting with lower
income, rural, low-health-literacy patients, using a range
of strategies tailored to this population—so we have rea-
sonable confidence in the accuracy of the data.

The surveys were conducted over discrete time periods,
and there were complex background factors which are
likely to have affected our results, including the timing of
lockdowns and other social-distancing measures and the
transmission rate of the virus (Rt) both within and out-
side the study region. This was shown in Tamil Nadu to
vary over time and by district—likely reflecting changes
in both the access to testing and compliance to preven-
tive measures as well as the effectiveness of contact-trac-
ing efforts [41]. Our household seroprevalence study was
limited by poor response—we found a general reluctance
for asymptomatic household member to provide sam-
ples, possibly relating to stigma from the illness. It did,
however, suggest significant spread of the virus within
the households, in keeping with international literature
[39]. While we didn’t have sufficient numbers to examine
within-household spread by family member characteris-
tics, other studies have found children and adolescents
to be less susceptible to COVID-19 infection but more
infectious than older individuals [42]. There was dispar-
ity between some of the different tests for sero-positivity;
we classified any positive test as COVID-19 sero-posi-
tive, noting that, worldwide, it’s thought we are likely to
be under-, rather than over-estimating prevalence with
available tests [43].

Despite its limitations, our study has provided some
important insights on how the COVID-19 pandemic
is playing out in a remote, rural lower-middle-income
country (LMIC) population. LMIC countries are highly
vulnerable to the COVID-19 pandemic, and it’s likely
that additional support will be needed for communi-
ties similar to our study population which will require
innovative policies to achieve sustainability and devel-
opment [44]. The pandemic poses particular challenges
for these communities due to the paucity of testing
services, weak surveillance systems and limited access
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to medical care [4]. Our study population at least had
the benefits of outreach health services from Christian
Medical College and RUHSA—giving it advantages
over other similar populations in India. The impacts
of this pandemic, and especially the lockdown strat-
egy, are multi-dimensional. Ideally, the most vulnerable
populations should be systematically identified and tar-
geted for support [45]. There are many calls for the gov-
ernment to assist these vulnerable communities as they
meet the challenges of the pandemic [46]. COVID-19
vaccination started in India on 16th Jan 2021 but is lim-
ited to health care professionals and frontline workers
at this stage—it will take some time before it reaches
the rural general population. Once it does, a thorough
understanding of how the pandemic is playing out in
India’s lower income, rural populations will be vital in
achieving efficacious and equitable national coverage
[47]—for example, the vaccination threshold to achieve
herd immunity may differ from populations in other
regions of India.

Conclusions

The COVID-19 pandemic is having a significant impact
on lower income, rural communities in India. We've
shown that a simple approach using community health
workers, a screening instrument, and a community-
based testing clinic can readily identify COVID-19
infections in a rural population. While our data sug-
gest low rates of death and severe illness, it is vital that
ongoing efforts to control the pandemic do not over-
look these vulnerable populations. It is also important
to examine whether available data are capturing the full
impact of the disease in groups which may not be ade-
quately represented in existing studies in India—such
as the elderly, and those with multiple co-morbidities.
Ongoing monitoring through seroprevalence surveys
will help in predicting future patterns of the pandemic
in rural communities.

Appendix 1 Screening Checklist

ILL: Fever (> 100.4F) and cough/other respiratory symptoms for < 10 days
[...]

OR

SARI: Acute respiratory illness (fever and at least one sign/symptom of
Respiratory disease, e.g., cough, shortness of breath) AND history of travel
to or residing in a location reporting community transmission of COVID-
19 disease during the 14 days prior to symptom onset [...]

OR
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Patient with any acute respiratory illness having been in contact with a
confirmed or probable COVID-19 case in the last 14 days prior to symp-
tomonset [...]

OR

A patient with severe acute respiratory iliness (fever and at least one
sign/symptom of respiratory disease, e.g., cough, shortness of breath)
requiring hospitalization in the absence of an alternative diagnosis that
fully explains the clinical presentation [...]
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