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Abstract

Background

Conducting a study in rural pre-dominant areas will help to understand the penetration of the
vaccination campaign during the COVID-19 health crisis. This study aimed to investigate
vaccination coverage against COVID-19 among the rural adult population in India and to
identify factors associated with vaccination coverage.

Methods

A population-based cross-sectional study was conducted among the rural population in one
district of north India from January to February 2023. A semi-structured questionnaire was
designed on the SurveyMonkey digital platform for interviewing the participants, which con-
sisted of questions related to socio-demographic profile, health problems, vaccination sta-
tus, types of vaccine, re-infection after vaccination, and functional difficulties. The data
regarding infection with COVID-19 was collected based on self-reported positive testing for
SARS-CoV 2 on RT-PCR.

Findings

A total of 3700 eligible individuals were enumerated for the survey, out of which 2954
(79.8%) were interviewed. The infection rate of past COVID-19 infection, based on self-
report of testing positive, was 6.2% (95%Cl: 5.3—7.1). Covishield vaccine was received by
most participants (81.3%, 2380) followed by Covaxin (12.3%, 361) and Pfizer manufactured
vaccine (0.03,1). The coverage for first, second, and booster doses of the vaccine was
98.2% (2902), 94.8% (2802), and 10.7% (315) respectively. The risk of reinfection at 12
months or more among participants with two doses of vaccine was 1.6% (46/2802, 95%Cl:
1.2-2.1). The coverage among those with severe functional difficulties was lesser as com-
pared to those with some or no difficulties.
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Interpretation

Vaccination coverage against COVID-19 in rural Haryana, India is not dependent on factors
like gender or occupation but is dependent on age and education. Although the full and par-
tial vaccination coverage is high, the booster dose coverage is poor. In addition, the pres-
ence of severe disability was significantly associated with reduced vaccination coverage.

Introduction

The World Health Organization announced on May 5, 2023, that coronavirus disease 2019
(COVID-19) is no longer an international public health emergency [1]. While this signifies a
significant public health gain, the challenge of COVID-19 is far from over as it is expected that
it is on its way to turning into an endemic, which means the constant, habitual, or expected
presence of the disease in a particular geographic area [2]. However, a more pragmatic and
optimistic view of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the virus
that causes COVID-19 becoming endemic is that a significant proportion of the population
will have achieved immunity through vaccination and/or natural infection resulting in
reduced transmission and hopefully, lesser morbidity and mortality [3].

The response to the SARS-CoV-2 outbreak and the subsequent COVID-19 pandemic
included developing and marketing various COVID-19 vaccines. However, inequitable access
to vaccines, particularly in lower- and middle-income countries (LMICs), still poses risks of
unprecedented disruptions and the emergence of viral mutations [4]. Against the backdrop of
the non-availability of effective pharmaceutical management, vaccination remains the most
important and cost-effective public health intervention to reduce not only the transmission
and mortality due to COVID-19 but also the prevalence of post-COVID-19 symptoms and
long-term complications [5]. One of the key indicators to gauge the effectiveness of the vacci-
nation program against COVID-19 is the vaccine coverage. Indeed, the virus is not eradicated
as yet, which means it can continue to spread and evolve over time. Even if COVID-19
becomes endemic, there is still potential for a resurgence with new related strains or re-infec-
tion still possible. Further vaccination has the potential to reduce the likelihood of new variants
from emerging. As pandemic fatigue and reduced caution emerge among the population,
maintaining good vaccine coverage would be an intuitive solution for preventing further
spread or future pandemic.

Evidence demonstrates that the approved or authorized COVID-19 vaccines are both effi-
cacious and effective against symptomatic, laboratory-confirmed COVID-19, including severe
forms of the disease and death [6]. In addition, a growing body of evidence suggests that-
COVID-19 vaccines also reduce asymptomatic infection and transmission [7,8]. High vaccine
coverage is essential in improving herd immunity, i.e. to keep vulnerable groups who cannot
get vaccinated safe and protected from COVID-19 by surrounding them with a multitude of
immune persons who do not transmit the disease [9]. Therefore, COVID-19 vaccination is
considered one of the most important public health strategies to address COVID-19.

In January 2021, the vaccination campaign was launched by the Indian government initially
for healthcare and frontline workers (HCWs), followed by the general population in a graded
manner. The two vaccines available were COVAXIN, manufactured by Bharat Biotech, Hyder-
abad India, and COVISHIELD, developed by Serum Institute of India, Pune, Maharashtra.
This was one of the largest vaccination drives in the world intending to provide two doses of
vaccine, followed by a booster (precautionary) dose to all 18 years and above population
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groups at public as well as private vaccination centers. The drive prioritized healthcare work-
ers, frontline workers, and the elderly population (60 years and above) who were vulnerable to
infection, intending to immunize the entire adult population. The administration of precau-
tionary doses to the adult population (18 years and above) through private vaccination centers
was started on 10 April 2022 [10]. All those who were more than 18 years of age and had com-
pleted 9 months after the administration of a second dose, were eligible for the precautionary
dose.

At the time of the rollout, the supposed digital divide was a key criticism of India’s vaccina-
tion policy, with the argument that rural areas would be left out, as the information technology
platform could only serve those who resided in urban areas and were educated [11]. This con-
cern gained more traction because the COVID-19 mortality rates were higher in rural areas
compared to urban areas. This was attributed to factors such as skewed distribution of health-
care infrastructure, and lack of manpower and equipment, compounded with socioeconomic
disadvantage of the population [12,13]. Further, there are disparities in vaccination coverage
between urban and rural areas that may lead to differential mortality. Lower vaccination rates
in rural areas are concerning given higher rural COVID-19 mortality rates and recent surges
in cases [13]. Limited population-based studies are available on COVID-19 vaccination cover-
age, especially in rural areas of the Indian subcontinent. More evidence is needed to determine
what level of vaccination coverage is needed to prevent the COVID-19 crisis, especially in
rural India. Therefore, the current study aimed to investigate the vaccination coverage of
COVID-19 among the rural adult population in India and to identify factors associated with
vaccination coverage. Additionally, vaccination among the vulnerable population (persons
with various functional difficulties) who are at greater risk for developing complications and
comorbidities were also studied.

Materials and methods

A population-based cross-sectional study was conducted among the rural population in north-
ern India from January to February 2023. One predominantly rural district was selected pur-
posively for the survey (Jhajjar, Haryana) based on logistic and administrative feasibility.
Jhajjar is a predominantly rural district in the state of Haryana having a population of nearly 1
million with a sex ratio of 862 and a literacy rate of 80.7% [14]. There are four sub-districts in
Jhajjar district: Badli, Bahadurgarh, Beri, and Jhajjar, out of which Jhajjar subdistrict was also
selected purposively for the study due to feasibility issues. Choosing a rural area will help us to
know the penetration of the vaccination drive and acceptance.

Study questionnaire

A semi-structured questionnaire (study tool) was developed using the SurveyMonkey® digital
platform for interviewing the participants. The SurveyMonkey is a cloud-based online survey
software that can be employed for developing survey questionnaires and further emailed, or
sent through WhatsApp or posted on a website, and shared on social media for self-adminis-
tration. It can be used for face-to-face data collection using a trained interviewer like a com-
puter-assisted personal interview (CAPI). CAPI needs face-to-face interviews for data
collection by a trained interviewer. The SurveyMonkey has also a built-in basic data analysis
package. The SurveyMonkey® website is protected by Trusted Site software which actively
monitors for security issues like malware, malicious links, and phishing. In both platforms, the
interviewer uses a digital device such as a tablet or smartphone to administer a survey ques-
tionnaire to respondents.
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The data captured was directly integrated into a digital format, minimizing transcription
errors that can occur with paper-based surveys. Training of team members on the digital tool
and vernacular translation while interviewing the participants was standardized to reduce bias.
A technical team was set up at the base hospital to troubleshoot any technical glitches such as
device malfunctions or software crashes that could disrupt the survey process and lead to data
loss. To ensure data security and confidentiality, data collectors were trained to clear their
cache after batch upload to the central server.

The Nominal Group Technique was used to develop the questionnaire which consisted of
four different stages: silent idea generation, round robin, clarification of the ideas, and voting
(ranking) [15]. The final study tool consisted of a socio-demographic profile, health problems
(self-reported) before the pandemic, and vaccination status, including the type of vaccine, re-
infection after vaccination, and post-COVID-19 symptoms. The data regarding infection with
COVID-19 was collected based on self-reported positive testing for SARS-CoV 2 on reverse
transcriptase polymerase chain reaction (RT-PCR). Diagnostic test reports of RTPCR were
checked, if available; but the self-report was considered sufficient for the study.

Since the infection was so unprecedented, we collected the infection history regardless of
vaccination status after the demographic information. However, during the interview of the
vaccination status, we categorically asked questions regarding re-infection of COVID-19 after
vaccination. The information on re-infection was only after vaccination, reinfection in the
absence of vaccination was excluded.

The survey tool was developed in English language and was not translated into the local lan-
guage. However, the patient information sheet (PIS), provided to each participant, was in the
local language (HINDI). The study team explained and read aloud each question to eligible
participants in their vernacular language (Hindi) during the interview. The survey team was
well-versed in English and was trained to ask questions in the local language.

The tool was pretested on a group of non-study participants, and necessary modifications
were made in the semantics and language of the tool before the inception of the study. The
non-study participants were selected from a rural area of Ballabgarh, Haryana, not included in
the sampling frame of the main study.

We also used The Washington Group Short Set of Functioning (WG-SS) question to assess
the level of difficulties in study participants. The WG-SS consists of difficulties in seeing, hear-
ing, walking, remembering, self-care, and communication, measured with four response cate-
gories (Washington Group on Disability Statistics).

Sample size and sampling technique. The estimated sample size of 3700 was arrived at
based on the seroprevalence of COVID-19 in the adult population (8.5%), relative precision of
15%, 80% power at 95% confidence limits, design effect of 1.65 and non-response rate of 20%
[16].

A multistage cluster random sampling was used for selecting the clusters. In this method, a
list of polling booths in the selected sub-district was prepared from the Election Commission
of India website, which constituted the sampling frame of primary sampling units. From this
sampling frame, a list of forty clusters was further selected randomly using computer software.
Each polling booth (cluster) has an adult population of 1000 (500-2000) aged 18 years and
above. Within each cluster, the compact segment sampling technique was used to select the
households. To execute this, each cluster was divided into equal segments of approximately 20
to 25 households, each segment having a population of 70-100 individuals aged 18 years and
above. A sketch map drawn with the help of local volunteers (e.g., accredited social health
activist-ASHA or key local workers) was used to divide the clusters into segments. Each seg-
ment was given a serial number and one segment was selected randomly using the number of
currency notes for inclusion in the survey. In the currency note method, the last digit of the
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serial number on any one selected currency note is used and the segment with this same serial
number becomes the selected segment. Next, the team covered all the households in the
selected segment starting from one end to the other. In case the adequate number of adults
(70-100) was not present in the selected segment, the adjoining segment (closest) was also cov-
ered till the required number of adults was reached.

Data collection. A team comprising of a supervisor, two field investigators, and four field
assistants was involved in the survey along with ASHA workers. The team moved door-to-
door with the interviewer asking questions in the local language. It is well known that rural
populations have poor digital literacy and many of the vaccine beneficiaries might not have
access to mobile phones, especially elderly and vulnerable populations. In addition, the vacci-
nation certificates issued by the health authorities are electronic and can be accessed from the
CoWIN app. During the piloting that covered 10 households (31 eligible individuals), many
participants did not have certificates despite received the COVID-19 vaccine. Depending on
the e-certificates for confirming vaccination status will lead to underestimation of the true cov-
erage, hence self-reported COVID-19 vaccine status was recorded by the interviewer. The
assessment of disability was also not based on clinical examination but employed self-reported
functional limitation (WGSS) as a proxy indicator for disability. All those respondents who
reported some or severe difficulty in any of the six functional domains were further segregated
based on their vaccination status, to generate disability, disaggregated data. However, anthro-
pometric measurements were performed by the field assistants who were trained for the mea-
surement of weight and height. A portable stadiometer (SECA Model 214, Seca Gmbh Co,
Hamburg, Germany) and digital weighing scale (SECA Model 807, Seca Gmbh Co, Hamburg,
Germany) were used for anthropometric measurements, with an accuracy of up to one deci-
mal point.

Study definitions

Vaccine coverage. It is the proportion of the eligible population who have received a spe-
cific vaccine according to the recommended protocol. It can be calculated for the first, second,
and booster doses separately. For the present study, we relied on the responses from the inter-
viewed person.

Partially vaccinated. Individual who has received a single dose of COVID-19 vaccine of
any type.

Fully vaccinated. Individual who has received two doses of COVID-19 vaccine of any type.

Booster vaccinated. Individual who has received three doses (booster/precautionary
dose) of COVID-19 vaccine of any type.

Re-infection rate. Proportion of participants self-reporting RTPCR positivity at least
once within 12 months after receiving two doses of any COVID-19 vaccine (i.e., fully
vaccinated).

Ethics clearance. The study was approved by the institute ethics committee of a tertiary
care hospital, (Ref. no. IEC-260/04.03.2022, RP36/2022) and it adhered to the tenets of the
Declaration of Helsinki, 2000. The study supervisors explained to each eligible participant in
their vernacular language (Hindi) in the same language about the study and provided them
with a hard copy of the patient information sheet (PIS) with the contact details of the investiga-
tors. Informed consent was obtained by asking the subjects about their willingness to partici-
pate, and the same was recorded on electronic forms. The survey tool itself was not translated,
and surveyors were trained to ask questions in the local language.

Informed e-consent was obtained by asking the subjects about their willingness to partici-
pate, and the same was recorded on electronic forms. The electronic consent was used to avoid
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close contact between the participants and the survey team who visited door-to-door. The
supervisors were also responsible for re-verification visits in a few households, to ensure
quality.

Data management and analysis. All data were exported from the SurveyMonkey server
to STATA version 15 (StataCorp 2015, Stata Statistical Software: Release 15, College Station,
TX: StataCorp LP). The server was protected with a unique user ID and password for confi-
dentiality. Data were checked and cleaned before export and descriptive analysis was done to
summarize the findings. To investigate the association between independent variables and
dependent variables (vaccination status), chi-square statistics were used, and the Fisher exact
test was used when values in the contingency table were less than 5. Multivariate regression
analysis was used to find predictors of vaccine coverage, by using the socio-demographic fac-
tors, disability, and health status as independent variables. All statistical significance was set at
a p-value <0.05.

Results
Characteristics of the sample population

A total of 3700 eligible individuals were enumerated for the survey, out of which 2954 partici-
pants (79.8%) were interviewed. The main reasons for non-response among the 746 (20.2%)
respondents were refusal (224, 30.0%), preoccupation with work (202, 27.0%), lack of interest
(104, 13.9%), limited time (85, 11.4%), fear of COVID-19 (76, 10.2%) and locked homes (55,
7.4%) at the time of the survey. Of the total respondents, males comprised 45.2% (1335,

Table 1). Around three-fourths of the participants were aged less than 55 years. While nearly
half of the respondents had studied up to senior secondary or above, approximately 14.5%
(427) of them were illiterate. The majority of the respondents (59.2%, 1750) were currently not
in the workforce, either unemployed, retired, or homemaker and 10.5% were cultivators by
occupation, whereas few respondents worked in the public (3.4%, 100) or private (11.3%, 333)
sectors. The categories of retired, unemployed, and homemaker participants were clubbed
together and categorized as not working groups, as also reported in previous studies on the
COVID-19 vaccine [17]. Approximately, one-third of participants were overweight or obese
(Table 1).

Considering the pre-existing co-morbidities of the participants, hypertension (6.1%), joint
problems (4.9%), and diabetes mellitus (3.2%) were the most common underlying self-
reported health problems before suffering from COVID-19. The results also showed that a
total of 6.2% (183) respondents had COVID-19 disease in the past (self-reported tested positive
for SARS-CoV 2). Out of six different functional difficulties included in the survey, difficulty
in walking, (at least some or more) was reported to be the most common (13.1%, 418), fol-
lowed by difficulty in seeing (9.9%, 291), and hearing problems (5.2%, 154) respectively
(Table 2).

COVID-19 vaccination status. Out of the total participants (2954) enrolled, 2902 (98.2%)
were vaccinated with at least one dose of any COVID-19 vaccine. In other words, 100 partici-
pants received only one dose, 2487 received two doses, 315 received three doses and 52 partici-
pants received no vaccine. Covishield was the type of COVID-19 vaccine that had been
received by most participants (81.3%, 2380) followed by Covaxin (12.3%, 361) and Pfizer
(0.03,1), however, 186 (6.3%) participants were not aware of the name of the vaccine received
(Fig 1). Considering the COVID-19 virus disease reported by fully vaccinated participants, the
reinfection rate at 12 months or more was found to be 1.6% (46/2802, 95% CI: 1.2-2.1) for sin-
gle and 0.2% (5/2802) for multiple reinfections.
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Table 1. Characteristics of the study participants along with COVID-19 vaccination coverage.

Characteristics N (%) Fully vaccinated. Vaccine coverage
% (95% CI)
Total 2954 2802 94.8 (94.1-96.6)
Sex
Male 1335 (45.2) 1276 (45.5) 95.6 (94.5-96.7)
Female 1619 (54.8) 1526 (54.5) 94.3 (93.1-95.4)
Age (in years)
18-25 589 (19.9) 551 (19.7%) 93.5 (91.6-95.6)
26-35 636 (21.5) 605 (21.6) 95.1 (93.4-96.8)
36-45 573 (19.4) 544 (19.4) 94.9 (93.1-96.7)
46-55 450 (15.2) 431 (15.4) 95.8 (93.9-97.6)
56-65 360 (12.2) 345 (12.3) 95.8 (93.8-97.9)
66-75 226 (7.6) 215 (7.7) 95.1 (92.3-98.0)
Age >76 120 (4.1) 111 (4.0) 92.5(87.7-97.3)
Education level
Illiterate 427 (14.5) 402 (14.3) 94.1 (91.9-96.4)
Primary School Certificate 284 (9.6) 268 (9.6) 94.4 (91.7-97.1)
Middle School Certificate 359 (12.2) 336 (12.0) 93.6 (91.0-96.1)
High School Certificate 491 (16.6) 459 (16.4) 93.5 (91.3-95.7)
Senior Secondary School 787 (26.6) 751 (26.8) 95.4 (94.0-96.9)
Graduate and above 606 (20.5) 586 (21.0) 96.7 (95.3-98.1)
Occupation
Not working/Out of Workforce* 1750 (59.2) 1646 (58.7) 94.1 (92.9-95.2)
Government job 100 (3.4) 98 (3.5) 98 (95.2-100.8)
Private job 333 (11.3) 322 (11.5) 96.7 (94.8-98.6)
Business/Shop 170 (5.7) 164 (5.9) 96.5 (93.7-99.3)
Agriculture 310 (10.5) 299 (10.7) 96.5 (94.4-98.5)
Student 270 (9.1) 253 (9.0) 93.7 (90.8-96.7)
Others 21(0.7) 20(0.7) 95.2 (85.3-105.2)
Body Mass Index
Underweight 254 (8.6) 232 (8.3) 91.3 (87.9-94.8)
Normal weight 1762 (60.0) 1680 (60.0) 95.3 (94.4-96.3)
Overweight 742 (25.3) 705(25.2) 95.0 (93.4-96.6)
Obesity 177(6.0) 168 (6.0) 94.9 (91.6-98.2)

*This category includes the unemployed, retired, homemakers, and others not in the workforce.

https://doi.org/10.1371/journal.pone.0299564.t001

Given dose-wise, the coverage for the first dose of the vaccine was 98.2% (2902, 95%CI:

97.7-98.7), for the second dose was 94.8% (2802, 95% CI: 94.0-95.6), and for the booster dose
was 10.7% (315, 95%CI: 9.6-11.8, Fig 2). Based on these figures, the proportion of the vacci-
nated population that was partially vaccinated was 3.4% (100), that fully vaccinated was 96.6%
(2802/2902) and 10.8% (315) had received booster or precautionary doses for COVID-19 also
(Table 1). Among the vaccinated population, 45.5% (1276) were male respondents and 54.5%
(1526, Table 1) were females. Although the coverage was higher in males (95.6%) as compared

to females (94.3%), the difference was not statistically significant (p value = .104, Table 3).

The vaccination coverage increased with the age of the participants, ranging from 93.5% in
the 18-25 years age group to 95.1% in those aged 66-75 years. The maximum coverage was
observed among the age group 46 to 65 years (95.8%, Table 1), whereas the minimum coverage

PLOS ONE | https://doi.org/10.1371/journal.pone.0299564 March 8, 2024

7/17


https://doi.org/10.1371/journal.pone.0299564.t001
https://doi.org/10.1371/journal.pone.0299564

PLOS ONE

COVID-19 vaccine coverage among rural adults

Table 2. Health characteristics of the participants with COVID-19 vaccination coverage.

Characteristics Total sampled (2954) Fully vaccinated (2802) Vaccine coverage
n (%) n (%) % (95% CI)

Presence of co-morbidities (self-reported) *

Hypertension 181 (6.1) 173 (6.2) 95.6 (92.6-98.6)

Joint or rheumatological diseases 144 (4.9) 138 (4.9) 95.8 (92.5-99.1)

Diabetes Mellitus 96 (3.2) 91 (3.2) 94.8 (90.3-99.3)

Heart diseases 33(1.1) 27 (1.0) 81.8 (67.9-95.7)

Asthma/Lung diseases 33(1.1) 30 (1.1) 90.9 (80.6-101.3)

Liver diseases 11 (0.4) 11 (0.4) 100

History of thyroid problems 12 (0.4) 12 (0.4) 100

Neurological diseases 8(0.3) 8(0.3) 100

Kidney diseases 7(0.2) 6(0.2) 85.7 (50.8-120.7)

Cancer 4(0.1) 3(0.1) 75.0 (45.6-154.6)

Others 49 (1.7) 42 (1.5) 85.7

No health concerns 2546 (86.2) 2422 (86.4) 95.1 (94.3-96.0)

COVID-19 disease (self-reported tested positive)

Yes 183 (6.2) 171 (6.1) 93.4 (89.8-97.1)

No 2771 (93.8) 2631 (93.9) 94.9 (94.1-95.8)

Seeing difficulty

No difficulty 2663 (90.1) 2529 (90.2) 95.0 (94.1-95.8)

Some difficulty 268 (9.1) 251 (9.0) 93.7 (90.7-96.6)

Severe or more 23(0.8) 22(0.8) 95.7(86.6-104.7)

Hearing difficulty

No difficulty 2800 (94.8) 2659 (94.9) 95.0(94.2-95.8)

Some difficulty 140 (4.7) 130 (4.6) 92.9(88.5-97.2)

Severe or more 14(0.5) 13(0.5) 92.9(77.4-108.2)

Walking/Climbing Steps difficulty

No difficulty 2536 (85.9) 2413 (86.1) 95.1 (94.3-96.0)

Some difficulty 341(11.5) 323 (11.5) 94.7 (92.3-97.1)

Severe or more 77(2.6) 66(2.4) 85.7 (77.7-93.7)

Cognition (Remembering difficulty)

No difficulty 2814(95.3) 2679(95.6) 95.2 (94.4-96.0)

Some difficulty 113(3.8) 99(3.5) 87.6 (81.4-93.8)

Severe or more 27(0.9) 24(0.9) 88.9 (76.2-101.6)

Hygiene and Self-care difficulty

No difficulty 2832(95.9) 2696 (96.2) 95.2 (94.4-96.0)

Some difficulty 94(3.2) 84(3.0) 89.4 (83.0-95.7)

Severe or more 28(0.9) 22(0.8) 78.6 (62.4-94.8)

Communication difficulty

No difficulty 2873(97.3) 2733(97.5) 95.1 (94.3-95.9)

Some difficulty 66(2.2) 57(2.0) 86.4 (77.9-94.9)

Severe or more 15(0.5) 12(0.4) 80.0 (57.1-102.9)

*Multiple responses are taken into consideration, so the % in the round bracket indicates a relative frequency

https://doi.org/10.1371/journal.pone.0299564.t002

was found to be 92.5% among those aged 76 years and above (Table 1). Full vaccination cover-

age was also higher among participants who were graduates and above (96.7%, Table 1), com-

pared to those educated up to middle school (93.6%, Table 1).
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361, 12.3%

@ Covaxin
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Odon't know

2380, 81.3%

Fig 1. COVID-19 vaccine coverage by types.
https://doi.org/10.1371/journal.pone.0299564.9001

Persons with functional difficulties in vision and hearing had better vaccination coverage,
as compared to those with mobility, cognition, self-care, and communication difficulties
(Table 2). The coverage in participants with severe vision problems was 95.7% (95%CI 86.6-

Booster dose - 315 (10.7%)
No vaccination I 41 (1.4%)

Need not felt | 11 (0.4%)

N

0 500 1000 1500 2000 2500 3000 3500

Fig 2. COVID-19 vaccine coverage by dose wise.
https://doi.org/10.1371/journal.pone.0299564.9002
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Table 3. Factors associated with COVID-19 vaccination (N = 2954).

Characteristics COVID-19 vaccination p-value
Sex Fully vaccinated (n = 2802) (%) Not fully vaccinated (n = 152) (%)

Male 1276 (95.6) 59 (4.4) 0.10
Female 1526 (94.3) 93 (5.7)

Self-reported COVID-19 disease

Yes 171 (93.4) 12 (6.6) 0.37
No 2631 (95.0) 140 (5.1)

The severity of COVID-19 illness

Asymptomatic 138 (94.5) 8 (5.5) 0.26
Symptomatic 33 (89.2) 4(10.8)

Post COVID symptoms

No 133 (94.3) 8(5.7) 0.33
Yes 33 (91.7) 3(8.3)

Don’t know 5(83.3) 1(16.7)

Seeing difficulty

No difficulty 2529 (95.0) 134 (5.0) 0.64
Some difficulty 251 (93.7) 17 (6.3)

Severe/More 22(95.7) 1(4.3)

Hearing difficulty

No difficulty 2659 (95.0) 141 (5.0) 0.51
Some difficulty 130 (92.9) 10 (7.1)

Severe/More 13 (92.9) 1(7.1)

Walking/Climbing steps difficulty

No difficulty 2413 (95.1) 123 (4.9) 0.0011
Some difficulty 323 (94.7) 18 (5.3)

Severe/More 66 (85.7) 11 (14.3)

Cognition (Remembering difficulty)

No difficulty 2679 (95.2) 135 (4.8) 0.0006
Some difficulty 99 (87.6) 14 (12.4)

Severe/More 24 (88.9) 3(11.1)

Hygiene

No difficulty 2696 (95.2) 136 (4.8) 0.0003
Some difficulty 84 (89.4) 10 (10.6)

Severe/More 22 (78.6) 6(21.4)

Communication

No difficulty 2733 (95.1) 140 (4.9) 0.0010
Some difficulty 57 (86.4) 9 (13.6)

Severe/More 12 (80.0) 3(20.0)

*Row percentages

https://doi.org/10.1371/journal.pone.0299564.t003

104.7) while it was only 78.6% (95% CI 62.4-94.8) among those with difficulties in self-care.
The vaccination coverage decreased as the level of functional difficulty increased, irrespective

of the functional domain (Table 2). Using univariate analysis, the difference in the proportion
of individuals who got vaccinated was statistically significant in the four functional domains of
mobility, cognition, self-care, and communication (p value <0.001, Table 3). However, multi-
variate analysis did not demonstrate these significant differences in vaccination rates based on

functional limitations (Table 4).
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Table 4. Predictors of COVID-19 full vaccination among study participants (N = 2954).

Characteristics Fully vaccinated Not fully vaccinated Adjusted p-value

n (%) n (%) OR (95% CI)
Sex
Male 1276 (95.6) 59 (4.4) - -
Female 1526 (94.3) 93 (5.7) 1.00 (0.64-1.55) 0.996
Age(in years)
18-25 551 (93.5) 38 (6.5) B, -
26-35 605 (95.1) 31 (4.9) 1.35 (0.76-2.39) 0.310
36-45 544 (94.9) 29 (5.0) 1.53 (0.83-2.80) 0.171
46-55 431 (95.8) 19 (4.2) 2.35 (1.18-4.70) 0.016
56-65 345 (95.8) 15 (4.2) 2.95(1.34-6.47) 0.007
66-75 215 (95.1) 11 (4.9) 2.81 (1.14-6.94) 0.025
>76 111 (92.5) 9(7.5) 2.66 (0.93-7.61) 0.068
Education
Illiterate 402 (94.1) 25(5.9) - -
Primary School Certificate 268 (94.4) 16 (5.6) 1.04 (0.51-2.10) 0.913
Middle School Certificate 336 (93.6) 23 (6.4) 0.89 (0.45-1.73) 0.727
High School Certificate 459 (93.5) 32 (6.5) 0.93 (0.48-1.80) 0.821
Senior Secondary School 751 (95.4) 36 (4.6) 1.58 (0.78-3.22) 0.204
Graduate and above 586 (96.7) 20 (3.3) 2.31 (1.05-5.08) 0.037
Occupation
Not working/Out of the workforce 1646 (94.1) 104 (6.0) - -
Government Job 98 (98.0) 2(2.0) 2.06 (0.47-8.99) 0.338
Private Job 322 (96.7) 11 (3.3) 1.47 (0.71-3.04) 0.298
Business/Shop 164 (96.5) 6(3.5) 1.60 (0.63-4.04) 0.322
Agriculture 299 (96.5) 11 (3.5) 1.53 (0.75-3.11) 0.246
Student 253 (93.7) 17 (6.3) 0.96 (0.48-1.90) 0.902
Others 20 (95.2) 1(4.8) 1.3 (0.17-10.18) 0.803
Self-reported COVID-19 disease
Yes 171 (93.4) 12 (6.6) 0.60 (0.32-1.14) 0.120
No 2631 (94.9) 140 (5.1) - -
Health problems
Yes 380 (93.1) 28 (6.9) 0.71 (0.42-1.19) 0.190
No 2422 (95.1) 124 (4.9) - -
Seeing difficulty
No difficulty 2529 (95.0) 134 (5.0) - -
Some difficulty 251 (93.7) 17 (6.3) 0.94(0.50-1.73) 0.831
Severe/More 22 (95.7) 1(4.3) 1.89 (0.23-15.64) 0.556
Hearing difficulty
No difficulty 2659 (95.0) 141 (5.0) - -
Some difficulty 130 (92.9) 10 (7.1) 1.33 (0.54-3.30) 0.536
Severe/More 3(92.9) 1(7.1) 1.74 (0.17-17.48) 0.639
Walking/Climbing steps difficulty
No difficulty 2413 (95.1) 123 (4.9) - -
Some difficulty 323 (94.7) 18 (5.3) 1.17 (0.58-2.37) 0.666
Severe/More 66 (85.7) 11 (14.3) 0.73 (0.23-2.35) 0.603
Cognition (Remembering difficulty)
No difficulty \ 2679 (95.2) \ 135 (4.8) - \ -

(Continued)
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Table 4. (Continued)

Characteristics

Some difficulty
Severe/More
Hygiene

No difficulty
Some difficulty
Severe/More
Communication
No difficulty
Some difficulty

Severe/More

https://doi.org/10.1371/journal.pone.0299564.t1004

Fully vaccinated Not fully vaccinated Adjusted p-value
n (%) n (%) OR (95% CI)
99 (87.6) 14 (12.4) 0.48 (0.19-1.26) 0.137
24 (88.9) 3(11.1) 1.64 (0.22-12.03) 0.625
2696 (95.2) 136 (4.8) . B
84 (89.4) 10 (10.6) 0.77 (0.27-2.19) 0.629
22 (78.6) 6(21.4) 0.47 (0.09-2.26) 0.347
2733 (95.1) 140 (4.90) -
57 (86.4) 9 (13.6) 0.48 (0.16-1.47) 0.198
12 (80.0) 3 (20.0) 0.33 (0.04-2.47) 0.281

Predictors of COVID-19 vaccination coverage. An adjusted analysis using multivariate
regression reported that gender is not a significant predictor of COVID-19 vaccine coverage,
with the aOR:1.00 (95%CI:0.64-1.55, p = 0.996). Multiple logistic regression also showed that
the odds of having vaccination were significantly higher among older age groups (p < 0.005;
odds ratio [OR] = 2.4; 3.0; 2.8 for age groups 46-55; 56-65; 66-75 respectively). The analysis
found that participants who graduated and above showed a higher vaccination coverage rate
than illiterates. Graduates and above were 2.31 times more likely to get vaccinated as compared
to illiterates (aOR: 2.31; 95%CI: 1.05-5.08, p = 0.037). (Table 4).

Discussion

The current study was done to determine vaccination coverage among rural population of
north India using a population-based design. The full and partial vaccination coverage found in
the current study was 94.8% and 98.2% respectively. India’s indigenously developed digital plat-
form, CoWIN, provides a live dashboard of vaccine coverage, allows every citizen the facility of
conveniently and safely booking vaccine appointments, and also generates digital vaccine certif-
icates in real-time. As per the CoWin dashboard on 12 September 2023, the full and partial
coverage for India stood at 87.81% and 94.77% respectively [18]. The corresponding figures for
the state of Haryana are 83.8% and 99.9% respectively [19]. Hence, the present study shows that
the coverage for both single and second doses in the rural population is better than the national
average, at the same time, the coverage for the second dose is better than the state average. Fur-
ther study is required to investigate why this study area has a better level of coverage than the
state concerned and national level. Findings from such studies may help to address other vacci-
nation programs. However, the large vaccination coverage could be due to several factors, such
as the adequate healthcare infrastructure in Jhajjar, Haryana that includes a national dedicated
COVID-19 care facility assisting in vaccination in the region, active promotion of COVID-19
care services along with free vaccination programs across the state, easy access to user-friendly
CoWIN vaccination app, active mass awareness campaign employing various platforms, good
coordination among of all health care facilities, good connectivity leading to better transporta-
tion. Moreover, Haryana has one of the highest per capita incomes in the country.

National Institution to Transform India (NITI Ayog) has also reported that more doses
have been administered in rural areas than in urban India [11]. However, it needs to be
emphasized that the eligible population for vaccination in the national and state data is 12
+ years, whereas the eligible population is 18+ years in the current study. There are certain
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challenges in vaccinating adolescents aged 12-18 years and in determining the vaccine cover-
age. The most important one is that not all vaccines are authorized for administration to chil-
dren and adolescents of given vaccine security. The Drug Controller General of India (DCGI)
has recommended only Covaxin for children 15 to 18 years, Corbevax for children 12-14
years, and has granted emergency use authorization of Corbevax for children aged 5 to 12
years. Hence, vaccination coverage among children and adolescents is heavily dependent on
the type of vaccines available and the logistics to reach every beneficiary. Another challenge in
determining coverage is that the methodology for adult beneficiaries cannot be customized for
younger ages as the co-morbidity, disability, and anthropometric assessments were targeted
toward the adult population. As far as coverage for the booster dose (precautionary dose) is
concerned, it was 20.9% for India and only 9.9% for Haryana [19]. The coverage for booster
dose found in the current study was 10.7%, which is slightly better than the state average while
being much lower than the national average.

Types of vaccines

The proportion of vaccines being received found in the current study was Covaxin (12.3%),
Covishield (81.3%) and Pfizer (0.03%). The proportion of vaccines administered free of cost by
the government are Covishield (79.3%), Covaxin (16.5%), Sputnik V (0.06%), Corbevax
(3.3%), and Covovax (0.002%) [19]. Pfizer was available only in the private sector in India and
in selected states only due to their higher cost and regulatory restrictions.

Re-infection rates after vaccination. One of the important findings in the present study
is that the reinfection rate (self-reported but tested positive) among fully vaccinated partici-
pants (who received two doses) is 1.6% at 12 months or more. The duration of 12 months
between the second vaccine dose and re-infection was stipulated to avoid any overlap between
post-COVID-19 syndrome (especially long COVID) and re-infection. Previous studies have
demonstrated that long COVID usually starts after 3 months of infection, and the sequelae can
persist even after 6 months [20]. A study from Italy reported a cumulative overall incidence of
reinfection as 3.08% of those at risk for reinfection and two doses of COVID-19 vaccine
reduced the risk of infection by 98% in the pre-Omicron era [21]. Another study among
healthcare workers (HCWs) in India reported a reinfection rate of 7.26% (95% CI: 6.09-8.66),
ranging from 18.05% (95% CI: 14.02-23.25) among unvaccinated, 15.62% (95% CI: 11.42—
21.38) among partially vaccinated and 2.18% (95% CI: 1.35-3.51) among fully vaccinated
HCWs [22]. The reinfection rate reported in the current study is lower than that among
HCWs because it is a general population study.

Gender was not a significant predictor of vaccine coverage in the current study; previous
studies had reported differences in coverage based on gender, but conclusive evidence to deter-
mine gender effect is lacking [23,24]. Older age and higher education were found to be signifi-
cant predictors in this rural study area, which is also corroborated by previous studies [23].
Previous studies have reported that an increase in the proportion of people living in multi-
dimensional poverty reduces COVID-19 vaccination coverage [25]. Also, vaccine hesitancy
tends to be influenced by numerous factors like gender, education, occupation, and socio-eco-
nomic status, which usually leads to a rural disadvantage [26-28].

Prevalence of self-reported COVID-19 positivity and pre-existing co-morbidities. The prev-
alence of COVID-19 has been reported by previous studies among healthcare workers as
11.0%, with diabetes and hypertension being the most common comorbidities [29]. Seropreva-
lence is measured by the presence of antibodies that signal that a person was either infected or
vaccinated at some past date and shows that the body has subsequently produced detectable
antibodies [30]. The national COVID-19 serosurvey was a large community-based study
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conducted by the Indian Council of Medical Research (ICMR) among the general population,
which reported population-weighted seroprevalence of 0.73% [95% CI: 0.34-1.13] in May
2020, and further increased to 67.6% (95% CI: 66.4-68.7) by July 2021 [31,32]. This indicates
seroconversion owing to the effect of natural infection as well as vaccination [30]. The current
study found a self-reported tested-positive, COVID-19 infection rate of 6.2% among the rural
population, with hypertension (6.1%), joint problems (4.9), and diabetes mellitus (3.2) being
the most common self-reported comorbidities.

In a previous study from two South Indian states, the infection probabilities ranged from 4.7%
to 10.7% for low-risk and high-risk contact (close social contact) respectively [33]. Another study
from America among 1,00,000 college students had reported a self-reported COVID-19 rate of
6.8% [34]. The self-reported SARS-CoV-2 positive rate in the current study was 6.2% (183/2954),
which falls within the infection range reported from South India, as well as America.

Persons with disabilities (PwDs) are a diverse group, and the risks, barriers, and impacts
faced by them will vary in different contexts according to, among other factors, their age, gen-
der identity, types of disability, ethnicity, sexual orientation, and migration status [35].
Numerous studies have highlighted the adverse impact of the COVID-19 pandemic on the
PwDs, as far as healthcare access and utilization of services are concerned [36]. A review of
vaccination coverage suggested a likelihood of missed immunizations in PwDs, leading to
lower rates of immunization uptake across a range of different vaccines than their non-dis-
abled peers [37]. The current study also found a statistically significant difference in vaccina-
tion coverage among persons with mobility, cognition, self-care, and communication
difficulties, as compared to their peers with no difficulty. To mitigate this inequity in coverage,
further studies are needed such as qualitative study or semi-structured interview to identify
the barriers that PwDs face in accessing vaccination and determine the appropriate strategies
to address poor coverage.”

If required, individuals in their support network such as family members, caregivers, assis-
tants, or non-government organizations should be identified who facilitate the process to
ensure that they reach and navigate the vaccination sites [35]. Environmental accessibility is
one of the strategies to improve healthcare access to persons with mobility difficulties [38]. A
case study from Chile shows how the primary care system can be used to provide in-home-
based vaccinations for those with mobility impairments, and clinics can offer specific days for
PwDs to ensure that the clinic environments can accommodate any impairments [39]. India
also successfully used this strategy of home-delivery of vaccines to elderly, bed-ridden persons
as well as PwDs to increase coverage in these vulnerable groups. However, equitable access
remains a challenge in many underserved areas and underprivileged populations in developing
nations, including India.

There are a few limitations in this study. First, it is a cross-sectional study, restricted to a
single geographic location, which limits the generalizability of the study. In addition, temporal
associations between vaccination and infections cannot be deduced owing to the cross-sec-
tional nature of the study, which might require a case-control study design in the future. Sec-
ond, we excluded participants aged below 18 years. Hence, the true vaccination rate among the
eligible population is not reflected. Third, social desirability and recall biases are inherent due
to the self-reported nature of the study. The strength of the study lies in its novelty, adequate
sample size, community-based design, along disability-disaggregation of the coverage data.

Conclusions

The COVID-19 vaccine is viewed as the most important public health measure against the
SARS-CoV 2. The study concludes that coverage in rural areas of India is good, and factors
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like age, gender, education, and occupation do not have a significant impact. The self-reported
prevalence of COVID-19 disease is 6.2%. The full and partial vaccine coverage among the
study population is 94.8% and 98.2% respectively. In addition, disability in the domains of
mobility, cognition, self-care, and communication reduces vaccination coverage. The study
adds evidence to the literature on vaccine coverage among rural areas of India, along with the
determinants and predictors leading to good coverage.

Supporting information

S1 Data.
(XLSX)

Acknowledgments

We would like to thank all district health authorities and Accredited Social Health Activities
community workers for their unconditional support in collecting the data. We appreciate all
staff of Dr. Rajendra Prasad Centre for Ophthalmic Sciences, All India Institute of Medical Sci-
ences, New Delhi who helped us in financial management and obtaining relevant official
permissions.

Author Contributions

Conceptualization: Suraj Singh Senjam, Yatan Pal Singh Balhara, Animesh Ray, Yashdeep
Gupta, Praveen Vashist, Jeewan Singh Titiyal.

Data curation: Suraj Singh Senjam, Souvik Manna, Garima Goel, Vivek Gupta, Nitin
Kashyap, Rajesh Kumar.

Formal analysis: Souvik Manna, Garima Goel.
Funding acquisition: Suraj Singh Senjam.

Investigation: Suraj Singh Senjam, Souvik Manna, Garima Goel, Yashdeep Gupta, Neiwete
Lomi, Praveen Vashist, Nitin Kashyap.

Methodology: Suraj Singh Senjam, Souvik Manna, Yatan Pal Singh Balhara, Animesh Ray,
Yashdeep Gupta, Vivek Gupta.

Project administration: Suraj Singh Senjam, Jeewan Singh Titiyal.
Resources: Neiwete Lomi.

Software: Nitin Kashyap, Rajesh Kumar.

Supervision: Animesh Ray, Praveen Vashist.

Visualization: Jeewan Singh Titiyal.

Writing - original draft: Suraj Singh Senjam, Garima Goel.

Writing - review & editing: Souvik Manna, Yatan Pal Singh Balhara, Animesh Ray, Yashdeep
Gupta, Neiwete Lomi, Vivek Gupta.

References

1. Statement on the fifteenth meeting of the IHR (2005) Emergency Committee on the COVID-19 pan-
demic n.d. https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-
international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-
(covid-19)-pandemic?adgroupsurvey={adgroupsurvey}&gclid=Cj0KCQjwy9-kBhCHARIsAHpB

PLOS ONE | https://doi.org/10.1371/journal.pone.0299564 March 8, 2024 15/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0299564.s001
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic?adgroupsurvey=gclid=Cj0KCQjwy9-kBhCHARIsAHpBjHiXMe6h-26B7bPvcLfghpTzWLJV0W430wLJTPz1jUGnW8LLn1g3TRgaAmOjEALw_wcB
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic?adgroupsurvey=gclid=Cj0KCQjwy9-kBhCHARIsAHpBjHiXMe6h-26B7bPvcLfghpTzWLJV0W430wLJTPz1jUGnW8LLn1g3TRgaAmOjEALw_wcB
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic?adgroupsurvey=gclid=Cj0KCQjwy9-kBhCHARIsAHpBjHiXMe6h-26B7bPvcLfghpTzWLJV0W430wLJTPz1jUGnW8LLn1g3TRgaAmOjEALw_wcB
https://doi.org/10.1371/journal.pone.0299564

PLOS ONE

COVID-19 vaccine coverage among rural adults

10.

11.

12

13.

14.
15.

16.

17.

18.
19.

20.

21.

22,

23.

jHiXMe6h-26B7bPvcLfghpTzZWLJVOW430wLJTPz1jUGnW8LLNn1g3TRgaAMOEALW_wcB (accessed
June 26, 2023).

Wilson C. What covid-19 becoming ‘endemic’ really means. New Sci 2022; 253:14. https://doi.org/10.
1016/S0262-4079(22)00082-3 PMID: 35095161

Fontanet A, Cauchemez S. COVID-19 herd immunity: where are we? Nat Rev Immunol 2020; 20:583—
4. https://doi.org/10.1038/s41577-020-00451-5 PMID: 32908300

Md Khairi LNH, Fahrni ML, Lazzarino Al. The Race for Global Equitable Access to COVID-19 Vaccines.
Vaccines (Basel) 2022;10. https://doi.org/10.3390/VACCINES10081306.

Senjam SS, Balhara YPS, Kumar P, Nischal N, Madan SMK, Ahmed NH, et al. A Comprehensive
Assessment of Self-Reported Post COVID-19 Symptoms Among Beneficiaries of Hospital Employee
Scheme at a Tertiary Healthcare Institution in Northern India. Int J Gen Med 2022; 15:7355-72. https://
doi.org/10.2147/IJGM.S381070 PMID: 36164285

National Center for Immunization and Respiratory Diseases (NCIRD) D of VD. Science Brief: COVID-
19 Vaccines and Vaccination. CDC COVID-19 Science Briefs 2021.

Wilder-Smith A. What is the vaccine effect on reducing transmission in the context of the SARS-CoV-2
delta variant? Lancet Infect Dis 2022; 22:152. https://doi.org/10.1016/S1473-3099(21)00690-3 PMID:
34756187

Vitiello A, Ferrara F, Troiano V, La Porta R. COVID-19 vaccines and decreased transmission of SARS-
CoV-2. Inflammopharmacology 2021; 29:1357. https://doi.org/10.1007/s10787-021-00847-2 PMID:
34279767

Coronavirus disease (COVID-19): Herd immunity, lockdowns and COVID-19 n.d. https://www.who.int/
news-room/questions-and-answers/item/herd-immunity-lockdowns-and-covid-19 (accessed June 26,
2023).

Press Information Bureau n.d. https://pib.gov.in/PressReleasePage.aspx?PRID=1814804 (accessed
June 27, 2023).

One billion doses: India’s leadership in the world | NITI Aayog n.d. https:/niti.gov.in/index.php/one-
billion-doses-indias-leadership-world (accessed June 28, 2023).

Callaghan T, Lueck JA, Truijillo KL, Ferdinand AO. Rural and Urban Differences in COVID-19 Preven-
tion Behaviors. J Rural Health 2021; 37:287-95. https://doi.org/10.1111/jrh.12556 PMID: 33619836

Sun 'Y, Monnat SM. Rural-Urban and Within-Rural Differences in COVID-19 Vaccination Rates. J Rural
Health 2022; 38:916—22. https://doi.org/10.1111/jrh.12625 PMID: 34555222

Jhajjar Population 2023 n.d. https://www.indiacensus.net/district/jhajjar (accessed June 27, 2023).

McMillan SS, King M, Tully MP. How to use the nominal group and Delphi techniques. Int J Clin Pharm
2016; 38:655—62. https://doi.org/10.1007/s11096-016-0257-x PMID: 26846316

Inbaraj LR, George CE, Chandrasingh S. Seroprevalence of COVID-19 infection in a rural district of
South India: A population-based seroepidemiological study. PLoS One 2021; 16:e0249247. https://doi.
org/10.1371/journal.pone.0249247 PMID: 33788873

Abedin M, Islam MA, Rahman FN, Reza HM, Hossain MZ, Hossain MA, et al. Willingness to vaccinate
against COVID-19 among Bangladeshi adults: Understanding the strategies to optimize vaccination
coverage. PLoS One 2021; 16. https://doi.org/10.1371/journal.pone.0250495 PMID: 33905442

CoWIN Dashboard n.d. https://dashboard.cowin.gov.in/ (accessed June 27, 2023).

Covid-19 Vaccination in India—Vaccinate India n.d. https://vaccinate-india.in/dashboard (accessed
June 27, 2023).

Thaweethai T, Jolley SE, Karlson EW, Levitan EB, Levy B, McComsey GA, et al. Development of a Def-
inition of Postacute Sequelae of SARS-CoV-2 Infection. JAMA 2023; 329:1934—46. https://doi.org/10.
1001/jama.2023.8823 PMID: 37278994

Vicentini M, Venturelli F, Mancuso P, Bisaccia E, Zerbini A, Massari M, et al. Risk of SARS-CoV-2 rein-
fection by vaccination status, predominant variant and time from prior infection: a cohort study, Reggio
Emilia province, Italy, February 2020 to February 2022. Euro Surveill 2023; 28:2200494. https://doi.org/
10.2807/1560-7917.ES.2023.28.13.2200494 PMID: 36995374

Malhotra S, Mani K, Lodha R, Bakhshi S, Mathur VP, Gupta P, et al. SARS-CoV-2 Reinfection Rate and
Estimated Effectiveness of the Inactivated Whole Virion Vaccine BBV 152 Against Reinfection Among
Health Care Workers in New Delhi, India. JAMA Netw Open 2022;5. https://doi.org/10.1001/
jamanetworkopen.2021.42210 PMID: 34994793

Dash P, Mansingh A, Nayak SR, Sahoo D, Bhattacharya D, Kanungo S, et al. Infection, cases due to
SARS-CoV-2in rural areas during early COVID-19 vaccination: findings from serosurvey study in a
rural cohort of eastern India. Epidemiol Infect 2022; 150. https://doi.org/10.1017/S0950268822000346.

PLOS ONE | https://doi.org/10.1371/journal.pone.0299564 March 8, 2024 16/17


https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic?adgroupsurvey=gclid=Cj0KCQjwy9-kBhCHARIsAHpBjHiXMe6h-26B7bPvcLfghpTzWLJV0W430wLJTPz1jUGnW8LLn1g3TRgaAmOjEALw_wcB
https://doi.org/10.1016/S0262-4079%2822%2900082-3
https://doi.org/10.1016/S0262-4079%2822%2900082-3
http://www.ncbi.nlm.nih.gov/pubmed/35095161
https://doi.org/10.1038/s41577-020-00451-5
http://www.ncbi.nlm.nih.gov/pubmed/32908300
https://doi.org/10.3390/VACCINES10081306
https://doi.org/10.2147/IJGM.S381070
https://doi.org/10.2147/IJGM.S381070
http://www.ncbi.nlm.nih.gov/pubmed/36164285
https://doi.org/10.1016/S1473-3099%2821%2900690-3
http://www.ncbi.nlm.nih.gov/pubmed/34756187
https://doi.org/10.1007/s10787-021-00847-2
http://www.ncbi.nlm.nih.gov/pubmed/34279767
https://www.who.int/news-room/questions-and-answers/item/herd-immunity-lockdowns-and-covid-19
https://www.who.int/news-room/questions-and-answers/item/herd-immunity-lockdowns-and-covid-19
https://pib.gov.in/PressReleasePage.aspx?PRID=1814804
https://niti.gov.in/index.php/one-billion-doses-indias-leadership-world
https://niti.gov.in/index.php/one-billion-doses-indias-leadership-world
https://doi.org/10.1111/jrh.12556
http://www.ncbi.nlm.nih.gov/pubmed/33619836
https://doi.org/10.1111/jrh.12625
http://www.ncbi.nlm.nih.gov/pubmed/34555222
https://www.indiacensus.net/district/jhajjar
https://doi.org/10.1007/s11096-016-0257-x
http://www.ncbi.nlm.nih.gov/pubmed/26846316
https://doi.org/10.1371/journal.pone.0249247
https://doi.org/10.1371/journal.pone.0249247
http://www.ncbi.nlm.nih.gov/pubmed/33788873
https://doi.org/10.1371/journal.pone.0250495
http://www.ncbi.nlm.nih.gov/pubmed/33905442
https://dashboard.cowin.gov.in/
https://vaccinate-india.in/dashboard
https://doi.org/10.1001/jama.2023.8823
https://doi.org/10.1001/jama.2023.8823
http://www.ncbi.nlm.nih.gov/pubmed/37278994
https://doi.org/10.2807/1560-7917.ES.2023.28.13.2200494
https://doi.org/10.2807/1560-7917.ES.2023.28.13.2200494
http://www.ncbi.nlm.nih.gov/pubmed/36995374
https://doi.org/10.1001/jamanetworkopen.2021.42210
https://doi.org/10.1001/jamanetworkopen.2021.42210
http://www.ncbi.nlm.nih.gov/pubmed/34994793
https://doi.org/10.1017/S0950268822000346
https://doi.org/10.1371/journal.pone.0299564

PLOS ONE

COVID-19 vaccine coverage among rural adults

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Mundackal R, Agarwal T, Murali K, Isaac N V., Hu P, Dhayal V, et al. Prevalence & correlates of
COVID-19 vaccine hesitancy in a rural community of Bengaluru district, southern India: A preliminary
cross-sectional study. Indian J Med Res 2022; 155:485. https://doi.org/10.4103/[JMR.IJMR_3593_21.

Dhalaria P, Arora H, Singh AK, Mathur M, Ajai KS. COVID-19 Vaccine Hesitancy and Vaccination Cov-
erage in India: An Exploratory Analysis. Vaccines (Basel) 2022; 10. https://doi.org/10.3390/
vaccines10050739 PMID: 35632495

Joshi A, Surapaneni KM, Kaur M, Bhatt A, Nash D, EI-Mohandes A. A cross sectional study to examine
factors influencing COVID-19 vaccine acceptance, hesitancy and refusal in urban and rural settings in
Tamil Nadu, India. PLoS One 2022; 17. https://doi.org/10.1371/journal.pone.0269299 PMID: 35679313

Chandani S, Jani D, Sahu PK, Kataria U, Suryawanshi S, Khubchandani J, et al. COVID-19 vaccination
hesitancy in India: State of the nation and priorities for research. Brain Behav Immun Health 2021;18.
https://doi.org/10.1016/j.bbih.2021.100375 PMID: 34693366

Agarwal SK, Naha M. COVID-19 Vaccine Coverage in India: A District-Level Analysis. Vaccines (Basel)
2023; 11:11. https://doi.org/10.3390/vaccines11050948 PMID: 37243052

Mahajan NN, Gajbhiye RK, Bahirat S, Lokhande PD, Mathe A, Rathi S, et al. Co-infection of malaria
and early clearance of SARS-CoV-2 in healthcare workers. J Med Virol 2021; 93:2431-8. https://doi.
org/10.1002/jmv.26760 PMID: 33368412

Manski CF, Molinari F. Estimating the COVID-19 infection rate: Anatomy of an inference problem. J
Econom 2021; 220:181. https://doi.org/10.1016/j.jeconom.2020.04.041 PMID: 32377030

Murhekar M V., Bhatnagar T, Selvaraju S, Rade K, Saravanakumar V, Thangaraj JWV, et al. Preva-
lence of SARS-CoV-2 infection in India: Findings from the national serosurvey, May-June 2020. Indian
Journal of Medical Research 2020; 152:48-60. https://doi.org/10.4103/ijmr.IJMR_3290_20 PMID:
32952144

Murhekar M V., Bhatnagar T, Thangaraj JWV, Saravanakumar V, Kumar MS, Selvaraju S, et al. Sero-
prevalence of IgG antibodies against SARS-CoV-2 among the general population and healthcare work-
ers in India, June—July 2021: A population-based cross-sectional study. PLoS Med 2021; 18. https://
doi.org/10.1371/journal.pmed.1003877 PMID: 34890407

Laxminarayan R, Wahl B, Dudala SR, Gopal K, Mohan CB, Neelima S, et al. Epidemiology and trans-
mission dynamics of COVID-19 in two Indian states. Science 2020; 370:691. https://doi.org/10.1126/
science.abd7672 PMID: 33154136

Goldrick-Rab S, Coca V, Gill J, Peele M, Clark K, Looker E. Self-reported COVID-19 infection and impli-
cations for mental health and food insecurity among American college students. Proc Natl Acad Sci U S
A 2022;119. https://doi.org/10.1073/pnas.2111787119 PMID: 35135878

Disability considerations for COVID-19 vaccination: WHO and UNICEF policy brief, 19 April 2021 n.d.
https://www.who.int/publications/i/item/who-2019-ncov-vaccination-and-disability-policy-brief-2021.1
(accessed June 28, 2023).

Senjam S. Impact of COVID-19 pandemic on people living with visual disability. Indian J Ophthalmol
2020; 68:1367. https://doi.org/10.4103/ijo.1JO_1513_20 PMID: 32587166

O’Neill J, Newall F, Antolovich G, Lima S, Danchin M. Vaccination in people with disability: a review.
Hum Vaccin Immunother 2020; 16:7. https://doi.org/10.1080/21645515.2019.1640556 PMID:
31287773

Rotenberg S, Downer MB, Cooper J. Making COVID-19 vaccinations accessible for people with disabili-
ties. Vaccine 2021; 39:5727. https://doi.org/10.1016/j.vaccine.2021.08.062 PMID: 34462163

How Chile built one of the world’s most successful vaccination campaigns—Vox n.d. https://www.vox.
com/22309620/chile-covid-19-vaccination-campaign (accessed June 28, 2023).

PLOS ONE | https://doi.org/10.1371/journal.pone.0299564 March 8, 2024 17/17


https://doi.org/10.4103/IJMR.IJMR_3593_21
https://doi.org/10.3390/vaccines10050739
https://doi.org/10.3390/vaccines10050739
http://www.ncbi.nlm.nih.gov/pubmed/35632495
https://doi.org/10.1371/journal.pone.0269299
http://www.ncbi.nlm.nih.gov/pubmed/35679313
https://doi.org/10.1016/j.bbih.2021.100375
http://www.ncbi.nlm.nih.gov/pubmed/34693366
https://doi.org/10.3390/vaccines11050948
http://www.ncbi.nlm.nih.gov/pubmed/37243052
https://doi.org/10.1002/jmv.26760
https://doi.org/10.1002/jmv.26760
http://www.ncbi.nlm.nih.gov/pubmed/33368412
https://doi.org/10.1016/j.jeconom.2020.04.041
http://www.ncbi.nlm.nih.gov/pubmed/32377030
https://doi.org/10.4103/ijmr.IJMR%5F3290%5F20
http://www.ncbi.nlm.nih.gov/pubmed/32952144
https://doi.org/10.1371/journal.pmed.1003877
https://doi.org/10.1371/journal.pmed.1003877
http://www.ncbi.nlm.nih.gov/pubmed/34890407
https://doi.org/10.1126/science.abd7672
https://doi.org/10.1126/science.abd7672
http://www.ncbi.nlm.nih.gov/pubmed/33154136
https://doi.org/10.1073/pnas.2111787119
http://www.ncbi.nlm.nih.gov/pubmed/35135878
https://www.who.int/publications/i/item/who-2019-ncov-vaccination-and-disability-policy-brief-2021.1
https://doi.org/10.4103/ijo.IJO%5F1513%5F20
http://www.ncbi.nlm.nih.gov/pubmed/32587166
https://doi.org/10.1080/21645515.2019.1640556
http://www.ncbi.nlm.nih.gov/pubmed/31287773
https://doi.org/10.1016/j.vaccine.2021.08.062
http://www.ncbi.nlm.nih.gov/pubmed/34462163
https://www.vox.com/22309620/chile-covid-19-vaccination-campaign
https://www.vox.com/22309620/chile-covid-19-vaccination-campaign
https://doi.org/10.1371/journal.pone.0299564

