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Accepted 24 March 2021 respiratory syndrome coronavirus 2 (SARS-CoV-2) among healthcare workers (HCWs) and

to analyse various characteristics (risk factors) associated with SARS CoV-2 infection.

Methods: Eight government designated Corona virus disease -19 (COVID-19) hospitals were
selected based on the hospital admission of patients with COVID-19 and the local epide-
miological situation in the region. Multistage population proportion to size sampling was
performed for the selection of HCWs. Serosurvey was conducted using the enzyme-linked
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immunosorbent assay—based IgG antibody test (COVID KAVACH,). Bivariate and multiple
logistic regression was performed to find out the factor/factors associated with the positive
antibody test.

Results: Out of 3255 HCWs that participated in the study, data of 3253 were analysed. The
seroprevalence was 19.7% (95% confidence interval: 18.5-21.3%). Factors associated were
location, category of HCWs, male sex, previously tested positive by the molecular test,
training on infection prevention and control, personal protective measures, handwashing
technique, close contact with a patient confirmed with COVID-19, use of personal pro-
tective equipment and symptoms in the last 30 days. However, in multiple logistic
regression, only location, category, previously tested positive by the molecular test and
symptoms in the last 30 days were statistically significant.

Conclusion: HCWs are vulnerable to SARS-CoV-2 infection. One in five HCWs had detectable
antibodies. The presence of antibodies among HCWs may help in their placement and
triage. HCWs may be advised to report early in case of any symptoms of COVID-19. Pre-
ventive measures may be targeted based on the location, with particular emphasis on
ancillary workers and nurses.

© 2021 Director General, Armed Forces Medical Services. Published by Elsevier, a division of

RELX India Pvt. Ltd. All rights reserved.

Introduction

Exactly a year after the first case of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection was reported
in India, there have been more than 100 million confirmed
cases and 2 million deaths from COVID-19." No continent has
been spared from the effects of the ongoing pandemic.” Most
of the cases of COVID-19 are mild and aymptomatic.? These
asymptomatic and presymptomatic cases play a significant
role in disease transmission in the community.* The propor-
tion of asymptomatic to symptomatic patients in various
studies varies from 20% to 75%.° Hence, the true prevalence of
the disease is difficult to estimate from the caseload.

Serosurveillance serves as an excellent tool to estimate the
true prevalence and trends of infection. Healthcare workers
(HCWs) involved in managing COVID-19 cases are at higher
risk of SARS-CoV-2 infection. The Indian Council of Medical
Research (ICMR), vide its guidelines in the context, recom-
mended serosurveillance studies in this high-risk group.°

The ICMR study conducted in the early period of the
pandemic, March—April 2020, showed a total of 2.3% of
asymptomatic HCWs as positive in laboratory-based antigen
testing surveillance using Reverse Transcriptase - Polymerase
Chain Reaction (RT-PCR).” However, all HCWs were tested as
per the prevailing testing policy at that time; hence, bias in the
findings cannot be entirely ruled out. Serosurvey studies have
been conducted among HCWs across the globe and have
shown seropositivity from 1% to 40%.5*°

Alarge number of HCWs of the hospitals under the central
government have been involved in various aspects of COVID-
19 management since March 2020, including management of
quarantine facilities, clinical management of admitted pa-
tients in healthcare establishments and contact tracing ac-
tivities. The prevalence of seropositivity among HCWs would
provide valuable insight into the risks associated with

contracting the infection and provide a better understanding
of the lacunae existing in the current practices about use of
PPE, disinfection procedures and patient management pro-
tocols, which would in turn help in efficiently managing the
valuable health workforce. Serosurvey studies from individual
investigators have been published since then; however, they
are limited to a single centre and in small sample sizes.’® >
Moreover, the associated factors of seropositivity need to be
studied in detail.

Hence, this study was conducted to estimate the seropre-
valence of SARS-CoV-2 among the HCWs in Armed Forces
healthcare establishments and to identify factors associated
with seropositivity.

Material and methods
Study design

The study was conducted as a multicentric crossectional
study. Eight government-designated COVID-19 hospitals had
been chosen, based on hospital admission rates of patients
with COVID-19 and the local epidemiological situation prev-
alent in the region. The study was carried out from August 21,
2020, to November 20, 2020. All HCWs in the selected hospital
were included in the study.

A questionnaire duly pilot tested and checked for content
validity by experts was adapted from the World Health Or-
ganization (WHO) questionnaire on serosurvey.”* The ques-
tionnaire consisted of information on the interviewer,
demographic details, information on the healthcare facility
and the HCWs' basic knowledge of infection prevention and
control (IPC) and personal protective equipment (PPE) use,
activities carried out during interaction with patients with
COVID-19, adherence to IPC measures and use of PPE. All


https://doi.org/10.1016/j.mjafi.2021.03.020
https://doi.org/10.1016/j.mjafi.2021.03.020

MEDICAL JOURNAL ARMED FORCES INDIA 77 (2021) S359—-S365

S361

questions as marked essential by the WHO formed part of the
questionnaire. Data were collected using an Open source tool
without any personal identifiers using the freely available
Kobo Toolbox application in the mobile with built-in logic
checks and branching,?

A nodal officer was designated from each centre, and two
training sessions of 2-h duration each were conducted. An
operational manual was prepared and circulated to all. The
form was transferred into the mobile of each data collector at
centres. A central team addressed any difficulty in data
collection via mobile and video conferencing. Data manage-
ment was carried out centrally.

COVID KAVACH anti—SARS-CoV-2 human IgG enzyme-
linked immunosorbent assay (ELISA) manufactured by Trivi-
tron Healthcare for which technology is developed by Indian
Council of Medical Research- National Institute of Virology
(ICMR-NIV) was used in the study. It is a qualitative test and
detects IgG antibody in serum/plasma samples. The reported
sensitivity and specificity of the ELISA kit published by ICMR
are 92.4% and 97.9%, respectively.”®

Trained phlebotomists collected venous blood samples
(approximately 3 ml) under aseptic conditions. The blood was
transported to the hospital laboratory for serum separation
and testing for SARS-CoV-2—specific IgG antibodies as per the
specified optical density cut-off value of 0.29.

Sampling technique

A multistage population proportion to size method was
adopted. Population proportion to size was used for enrol-
ment from a given site, wherein the number of personnel
selected from the site depended on the posted strength of
HCWs in the hospital. Within the hospital chosen, a list of all
eligible participants was prepared as per various categories
(doctors, nurses, nursing assistants, ambulance assistants,
and so on). These categories were further compressed into
three groups, namely, doctors, nurses, and ancillary workers,
during the analysis. Study participants were selected by
random sampling from each category, proportional to the
population size in each category.

Sample size

Sample size was estimated for the entire population of HCWs
with the assumptions regarding the desired level of confi-
dence (1-a) as 95%, expected prevalence of seropositivity
among HCWs (m) as 20%, absolute precision (d) as 2% and
design effect (3) as 2 (standard).

The formula (sample size = Z2_ ,,*3* =(1- w))/d?) yielded a
sample of 3073 subjects. However, considering the possibility
of dropouts, a sample size of 3255 was taken. The sample size
calculation differ from what is given in protocol of the study
published as we revised the expected prevalence of seropos-
itivity and absolute precision for the article.”’

Requisite ethical clearance was obtained from the institu-
tional ethical committee at the institute level/centrally and
from each participating centre. Patient confidentiality was
maintained by censoring personal identifiers, and a final

report was presented in aggregate numbers without any per-
sonal identifier.

Statistical analysis

All categorical variables were presented as numbers and
percentages, and quantitative variables were presented as
mean and standard deviation. Contingency tables were pre-
pared for the association between seropositivity and other
studied variables. Multiple logistic regression was carried out
with seropositivity as a dependent variable and other variable
as independent variables. Collinearity among the categorical
variables was checked using contingency table. If the associ-
ation between variable was significant (p value < 0.001) in the
contingency table, then only one variable was selected. All
variables having p values less than 0.05 were included in the
model. A parsimonious model (a model with minimum vari-
ables) was made using forward techniques. The techniques
were used until the time there was no difference between the
parsimonious model and complete model. The
Hosmer—Lemeshow goodness-of-fit test was used for model
fit. Models were compared using log-likelihood ratios. Data
analysis was carried out using StataCorp. 2019 (Stata Statis-
tical Software: Release 16; StataCorp LLC, College Station, TX).
A P value of 0.05 was taken as statistically significant.

Results

A total of 3255 HCWs participated in the study. Two of the
tests were indeterminate. Hence, data of total of 3253 HCWs
were analysed. Sociodemographic details, IPC, PPE
practices and other variables regarding antibody results have
been depicted in Table 1. The seroprevalence in the study was
19.7% (95% confidence interval [CI]: 18.5—21.3%). However,
there was wide variation, with the lowest estimate among
HCWs located at Jaipur hospitals (7.8%) and highest estimate
among HCWs located Jammu hospital (42.8%). There was no
difference in the age of seropositive and seronegative mem-
bers (p value = 0.9). The prevalence among male and female
HCWs was 20.8% and 17.1%, respectively (p = 0.02). The
prevalence was lowest among medical officers (10.6%), fol-
lowed by nursing officers (18.2%), and highest in ancillary
workers (22.3%). The ELISA test was positive in 44.2% of in-
dividuals tested positive by the molecular test earlier. The
seropositivity was 18.1% among those who attended any
training in IPC as compared with 26.1% among those who did
not attend (p < 0.001). Similarly, seropositivity was more
among those without any training in PPE than among without
training (p < 0.0001). Seropositivity was more among selective
handwashers than those washing hands as prescribed by the
WHO (p = 0.002). There was no difference in seropositivity
among those who did or did not provide direct care and the
availability of alcohol-based hand rub at the point of care to
the COVID-19 case (p value = 0.7 for each). Seropositivity was
more among HCWs with a history of close contact with the
COVID-19 case and those who did not wear prescribed PPE
during interaction within the past one month (p = 0.009 and
0.03, respectively). There was no difference in seropositivity
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Table 1 — Characteristic of healthcare workers with reference to antibody testing.

S.No. Characteristics Number (%) Antibody test result P-value
Negative Positive

1 Centre
Pune 321 (9.9) 243 (9.4) 78 (12.1) <0.001
Ahmedabad 131 (4.8) 124 (1.1) 7 (4.1)
Kolkata 623 (17.6) 458 (25.6) 165 (19.2)
Delhi 655 (20.2) 603 (23.2) 52 (8.1)
Jammu 229 (5.1) 131 (15.2) 98 (7.1)
Jaipur 243 (7.5) 224 (8.6) 19 (3)
Mumbai 625 (19.8) 516 (16.9) 109 (19.3)
Bangalore 426 (11.9) 308 (18.3) 118 (13.1)

2 Sex
Female 829 (25.5) 687 (26.4) 142 (22) 0.022
Male 2424 (74.6) 1920 (73.7) 504 (78.1)

3 HCW category
Doctors 461 (14.2) 412 (15.8) 49 (7.6) <0.001
Nurses 610 (18.8) 499 (19.1) 111 (17.2)
Ancillary workers 2182 (67) 1696 (65.1) 486 (75.2)

4 Previous tested positive
by the molecular test
No 2873 (88.4) 2395 (91.9) 478 (74) <0.001
Yes 380 (11.7) 212 (8.2) 168 (26.1)

5 Training on IPC
No 701 (21.6) 518 (19.9) 183 (28.4) <0.001
Yes 2552 (78.5) 2089 (80.2) 463 (71.7)

6 Training on PPE
No 383 (11.8) 273 (10.5) 110 (17.1) <0.001
Yes 2870 (88.3) 2334 (89.6) 536 (83)

7 Handwashing technique
Don't know 58 (1.8) 49 (1.9) 9 (1.4) 0.002
Each time 2120 (65.2) 1737 (66.7) 383 (59.3)
Selective 1038 (32) 791 (30.4) 247 (38.3)
Don't have time 37 (1.2) 30 (1.2) 7 (1.1)

8 Direct care to a COVID-19 case
No 1258 (38.7) 1004 (38.6) 254 (39.4) 0.706
Yes 1995 (61.4) 1603 (61.5) 392 (60.7)

9 Availability of alcohol-based
hand rub
No 211 (6.5) 171 (6.6) 40 (6.2) 0.7
Yes 3042 (93.6) 2436 (93.5) 606 (93.9)

10 Close contact (within 1 m)

with a patient confirmed
with COVID-19

No 1331 (40.1) 1096 (42.1) 235 (36.4) 0.009
Yes 1922 (59.1) 1511 (58) 411 (63.7)

11 PPE used
No 288 (8.9) 217 (8.4) 71 (11) 0.033
Yes 2965 (91.2) 2390 (91.7) 575 (89.1)

12 Smoking
No 3114 (95.8) 2496 (95.8) 618 (95.7) 0.931
Yes 139 (4.3) 111 (4.3) 28 (4.4)

13 Symptoms in the last 30 days
No 3002 (92.3) 2439 (93.6) 563 (87.2) <0.001
Yes 251 (7.8) 168 (6.5) 83 (12.9)

14 Risk factors
No 3076 (94.6) 2460 (94.4) 616 (95.4) 0.3
Yes 177 (5.5) 147 (5.7) 30 (4.7)

15 Duration of contact
(if there are multiple contacts)
<15 min 626 (32.6) 478 (31.7) 148 (36.1) 0.093
>15 min 1296 (67.5) 1033 (68.4) 263 (64)

HCW = healthcare worker; IPC = infection prevention and control; PPE = personal protective equipment.
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Table 2 — Multiple logistic regression for antibody response as positive.

S.No. Variable Unadjusted odds ratio Adjusted odds ratio
(95% confidence interval) (95% confidence interval)

1 Location
Jaipur Reference Reference
Pune 3.7 (2.2-6.5) 3.6 (2.1-6.1)
Ahmedabad 0.7 (0.3—1.6) 0.7 (0.3—1.6)
Kolkata 4.2 (2.6-7) 3.9 (2.3-6.5)
Delhi 1(0.6—1.8) 0.7 (0.4—1.3)
Jammu 8.8 (5.2—15) 7 (4-12.1)
Mumbai 2.5 (1.5-4.2) 2.7 (1.6—4.5)
Bangalore 4.5 (2.7-7.5) 4.1 (2.4-7)

2 Category
Doctors Reference Reference
Nurses 1.9 (1.3-2.7) 1.7 (1.1-2.5)
Ancillary workers 2.4 (1.8-3.3) 2.9 (2.1-4.02)

3 Any symptoms of COVID-19 within 30 days
No Reference Reference
Yes 2.1 (1.6—2.8) 2 (1.4-2.7)

4 Previously tested positive by the test
No Reference Reference
Yes 4 (3.2-5) 4.1 (3.1-5.2)

among smokers and non-smokers (p = 0.9) and with or
without comorbidities (p = 0.3); however, any of the symp-
toms of COVID-19 in the past one month was associated with
higher seropositivity (p value <0.0001).

The results of multiple logistic regression analysis are
shown in Table 2. In multiple logistic regression, location of
the HCWs, category, any symptoms in the last 30 days and
previously tested positive by the test were statistically sig-
nificant. The Hosmer—Lemeshow goodness-of-fit test in-
dicates that our model fits well the data (p value = 0.5).

Discussion

Table 3 shows that antibody positivity among various seros-
urveys conducted among HCWs in India varied from 0% to
70%. Various government agencies have also conducted
serosurveys. However, they had been conducted in the gen-
eral population. Among nationwide household surveys, the
second survey conducted in August—September 2020 shows a

seroprevalence of 6.6% (95% CI: 5.8—7.4) as compared with
0.73% (95% CI: 0.34—1.13) during the first nationwide seros-
urvey conducted in May—June 2020.%°

In our study, we have also tried to look for the association
of various factors with positive antibody results. Interestingly,
training of healthcare personnel in IPC and PPE was associated
with decreased prevalence in bivariate analysis. However, in
multivariate analysis, it was statistically not significant. The
reason for the same may be due to exposure to the COVID-19
case without knowing the status of the patient, which makes
professionals vulnerable. This is further substantiated by the
factors significant in multivariable analysis such as the place
of the hospital, symptoms in the past 30 days and already
tested positive by RT-PCR in the past.

Another interesting finding in the study was lowest risk
among doctors and highest risk among ancillary workers. The
reason for the same may be higher compliance of preventive
measures by doctors and more contact of ancillary workers
with patients and exposure during procedures. Similar find-
ings have been found by Goenka et al.”*

Table 3 — Antibody positivity among serosurveys conducted among HCWs in India.

S.No. Author Place of the study Period of the study = Sample size Seroprevalence

1 Singhal et al.** Mumbai June 2020 Asymptomatic HCWs: 4.3%
Previously symptomatic untested HCWs: 70%

2 Hawaldar et al.?? Indore March to June 307 7.82%

3 Goenka et al."’ Kolkata July to August 1122 11.94%

4 Kumar et al.*® Kerala July 11 to 24 635 0%

5 Khan et al.*® Srinagar June 15 to 30 2905 2.5%

6 Dave et al. *° Udaipur April to May 100 16%

7 Kumar et al.’® Mumbai Not mentioned 801 11.1%

8 Baveja et al.”’ Mumbai May 2020 1552 6.9%

9 Goenka et al.”* Kolkata August 117 32.5%

10 Singhal et al.** Mumbai June 244 4.3%
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All these government hospitals were designated COVID-19
hospital. The study conducted elsewhere shows that HCWs
working in the COVID-19 hospital have higher seroprevalence
than those not working in the designated COVID-19 hospital.?®
The infection in HCWs can make the entire health system
vulnerable; hence, there is a need to improve early detection
and not to miss any COVID-19 cases among them. One of the
important findings of our study is that those with any symp-
toms of COVID-19 must get themselves tested at the earliest.
Second, only 44% of those previously tested positive by the
molecular test have antibodies, and similar responses have
been found in other studies.'®'® It signifies the limitation of
IgG antibodies by ELISA in determining the immune responses
after COVID-19 infection.*

A recent news report of the third ICMR serosurvey con-
ducted between December 17, 2020, and January 8, 2021, has
estimated the seroprevalence among 7171 HCWs as 25.7%.
However, the details of the same were not available.’* We
estimated lower prevalence than the national survey despite
all hospitals being dedicated COVID-19 hospital, probably
owing to better implementation and adherence to all pre-
ventive measures. The universal precautions, handwashing,
correct and adequate use of PPE and refresher training on PPE
and IPC may make significant difference in contracting
infection. These were important variables in bivariate anal-
ysis; however, in multivariable analysis, they were not asso-
ciated. Their implementation needs to be studied in detail and
corrected. They continue to be an important public health
measure for prevention of infection.

The data regarding duties of HCWs in different wards such
as acute wards or chronic wards were not collected. The
seropositivity of HCWs may be affected with the course of the
pandemic as well as behaviour outside the hospital.

The study's strength is that it was conducted pan-India
with a large sample size. All ELISA kits were of the similar
make, and all the hospitals had quality control mechanisms in
place for conducting the test. The training, standardization of
the data collection form and procedure and collection of data
on mobiles in real time made it possible for the central team to
monitor and provide real-time inputs. The study can further
help as a platform for studying the seroconversion and effect
of vaccination among seropositive and seronegative HCWs.

Conclusion

HCWs are vulnerable to SARS-CoV-2 infection, with one in five
having detectable antibodies, which is higher than the na-
tional survey conducted around the same time. The presence
of antibodies among HCWs may help in prioritizing and
placement of HCWs. HCWs may be advised to report any
symptoms of COVID-19. Preventive measures may be targeted
based on the location, with particular emphasis on ancillary
workers and nurses.

Disclosure of competing interest

The authors have none to declare.

Acknowledgements

(a) The ELISA kit was purchased centrally by the government
and given for conduct of the serosurvey. (b) The authors
acknowledge the Office of DG for providing the COVID
KAVACH kit, all the administrative staff members of the
hospitals and participants.

REFERENCES

1. [Internet]. WHO Coronavirus Disease (COVID-19) Dashboard,;
2021 [cited 2021 Jan 30]. Available from: https://covid19.who.
int.

2. [Internet]. Coronavirus Update (Live): 14,646,894 Cases and
608,987 Deaths from COVID-19 Virus Pandemic. Worldometer;
2020 [cited 2020 Jul 20]. Available from: https://www.
worldometers.info/coronavirus/.

3. [Internet]. update-21-epi-win-covid-19-transmission-q-a.pdf; 2020
[cited 2020 Jul 15]. Available from: https://www.who.int/docs/
default-source/coronaviruse/risk-comms-updates/update-21-
epi-win-covid-19-transmission-q-a.pdf?sfvrsn=796a4b2b_2.

4. [Internet]. Transmission of SARS-CoV-2: Implications for Infection
Prevention Precautions; 2020 [cited 2020 Jul 15]. Available from:
https://www.who.int/news-room/commentaries/detail/
transmission-of-sars-cov-2-implications-for-infection-
prevention-precautions.

S. Yanes-Lane M, Winters N, Fregonese F, et al. Proportion of
asymptomatic infection among COVID-19 positive persons
and their transmission potential: a systematic review and
meta-analysis [Internet] PLoS One. 2020 Nov 3;15(11) [cited
2021 Feb 8] https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7608887/.

6. [Internet]. New_additional_Advisory_23062020_3.pdf; 2020
[cited 2020 Jul 15]. Available from: https://www.icmr.gov.
in/pdf/covid/strategy/New_additional_Advisory_23062020_3.
pdf.

7. Abraham P, Aggarwal N, Babu G, et al. Laboratory surveillance
for SARS-CoV-2 in India: performance of testing & descriptive
epidemiology of detected COVID-19, January 22 - April 30,
2020. Indian ] Med Res. 2020 May 1;151(5):424—437.

8. Kluytmans-van Den Bergh MF, Buiting AGM, Pas SD, et al.
Prevalence and clinical presentation of health care workers
with symptoms of coronavirus disease 2019 in 2 Dutch
hospitals during an early phase of the pandemic. JAMA Netw
Open. 2020 May 1;3(5). e209673—e209673.

9. Garcia-Basteiro AL, Moncunill G, Tortajada M, et al.
Seroprevalence of antibodies against SARS-CoV-2 among
health care workers in a large Spanish reference hospital.
medRxiv. 2020 May 2, 2020.04.27.20082289.

10. Vahidy F, Sostman HD, Bernard D, et al. Prevalence of SARS-
CoV-2 infection among asymptomatic healthcare workers in
greater Houston: a cross-sectional analysis of surveillance
data from a large healthcare system. medRxiv. 2020 May 25,
2020.05.21.20107581.

11. Korth J, Wilde B, Dolff S, et al. SARS-CoV-2-specific antibody
detection in healthcare workers in Germany with direct
contact to COVID-19 patients. ] Clin Virol. 2020;128:104437.

12. Stubblefield WB, Talbot HK, Feldstein L, et al. Seroprevalence
of SARS-CoV-2 among frontline healthcare personnel during
the first month of caring for COVID-19 patients - Nashville,
Tennessee. Clin Infect Dis. 2020 Jul 6, ciaa936. https://doi.org/
10.1093/cid/ciaa936.


https://covid19.who.int
https://covid19.who.int
https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update-21-epi-win-covid-19-transmission-q-a.pdf?sfvrsn=796a4b2b_2
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update-21-epi-win-covid-19-transmission-q-a.pdf?sfvrsn=796a4b2b_2
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update-21-epi-win-covid-19-transmission-q-a.pdf?sfvrsn=796a4b2b_2
https://www.who.int/docs/default-source/coronaviruse/risk-comms-updates/update-21-epi-win-covid-19-transmission-q-a.pdf?sfvrsn=796a4b2b_2
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7608887/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7608887/
https://www.icmr.gov.in/pdf/covid/strategy/New_additional_Advisory_23062020_3.pdf
https://www.icmr.gov.in/pdf/covid/strategy/New_additional_Advisory_23062020_3.pdf
https://www.icmr.gov.in/pdf/covid/strategy/New_additional_Advisory_23062020_3.pdf
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref7
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref8
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref9
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref10
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref11
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref11
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref11
https://doi.org/10.1093/cid/ciaa936
https://doi.org/10.1093/cid/ciaa936
https://doi.org/10.1016/j.mjafi.2021.03.020
https://doi.org/10.1016/j.mjafi.2021.03.020

MEDICAL JOURNAL ARMED FORCES INDIA 77 (2021) S359—S365

S365

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Lahner E, Dilaghi E, Prestigiacomo C, et al. Prevalence of Sars-
cov-2 infection in health workers (HWs) and diagnostic test
performance: the experience of a teaching hospital in Central
Italy. Int ] Environ Res Publ Health. 2020 19;(12):17.

Shields A, Faustini SE, Perez-Toledo M, et al. SARS-CoV-2
seroprevalence and asymptomatic viral carriage in
healthcare workers: a cross-sectional study. Thorax. 2020
Dec;75(12):1089—1094.

Brant-Zawadzki M, Fridman D, Robinson PA, et al. SARS-CoV-
2 antibody prevalence in health care workers: preliminary
report of a single center study. PloS One. 2020 Nov 12;15(11),
€0240006.

Kumar N, Bhartiya S, Desai S, Mutha A, Beldar A, Singh T.
Seroprevalence of antibodies against SARS-CoV-2 among
health care workers in Mumbai, India. Asia Pac J Publ Health.
2020 Nov 26, 1010539520977307.

Goenka M, Afzalpurkar S, Goenka U, et al. Seroprevalence of
COVID-19 amongst health care workers in a tertiary care
hospital of a metropolitan city from India. J Assoc Phys India.
2020 Nov;68(11):14—19.

Khan MS, Haq I, Qurieshi MA, et al. SARS-CoV-2
seroprevalence in healthcare workers of dedicated-COVID
hospitals and non—COVID hospitals of District Srinagar,
Kashmir. medRxiv.. 2020 Oct 27:2020, 10.23.20218164.

Kumar A, Sathyapalan D, Ramachandran A, Subhash K,
Biswas L, Beena KV. SARS-CoV-2 antibodies in healthcare
workers in a large university hospital, Kerala, India [Internet]
Clinical Microbiol Infection; 2020 Sep 16 [cited 2021 Jan 30];0(0).
Available from: https://www.
clinicalmicrobiologyandinfection.com/article/S1198-743X(20)
30562-0/abstract.

Baveja S, Karnik N, Natraj G, Natkar M, Bakshi A, Krishnan A.
Rapid volunteer-based SARS-Cov-2 antibody screening
among health care workers of a hospital in Mumbai, India.
JMS. 2020 Dec 31;72(3):148—154.

Goenka MK, Shah BB, Goenka U, et al. COVID-19 prevalence
among health-care workers of Gastroenterology department:
an audit from a tertiary-care hospital in India. JGH Open.
2021;5(1):56—63.

Hawaldar R, Sodani S, Sodani V, Sodani RK. Seroprevalence of
COVID-19 infection among healthcare professionals in

23.

24.

25.

26.

27.

28.

29.

30.

31.

Central India using SARS-CoV-2 antibody test. ] Community
Health Manag. 2020 Dec 15;7(4):146—151.

Singhal T, Shah S, Naik R, Kazi A, Thakkar P. Prevalence of
COVID-19 antibodies in healthcare workers at the peak of the
pandemic in Mumbai, India: a preliminary study. Indian ] Med
Microbiol. 2020 Dec;38(3 & 4):461—463.

[Internet]. WHO-2019-nCoV-Seroepidemiology-2020.1-eng.pdf;
2020 [cited 2020 Jul 15]. Available from: https://apps.who.int/
iris/bitstream/handle/10665/331656/WHO-2019-nCoV-
Seroepidemiology-2020.1-eng.pdf?sequence=1&isAllowed=y.
[Internet]. KoBoToolbox | Data Collection Tools for Challenging
Environments; 2021 [cited 2021 Jan 30]. Available from: https://
www.kobotoolbox.org/.

Murhekar MV, Bhatnagar T, Selvaraju S, et al. SARS-CoV-2
antibody seroprevalence in India, August—September, 2020:
findings from the second nationwide household serosurvey
[Internet] Lancet Global Health; 2021 Jan 27 [cited 2021 Jan
30];0(0). Available from: https://www.thelancet.com/journals/
langlo/article/P11S2214-109X(20)30544-1/abstract.

Ghosh S, Kotwal A, Pandya K, Yadav AK. Sero-surveillance of
SARS-CoV2 infection among health-care workers: A protocol.
Med ] Dr Patil Vidyapeeth. 2021;14(2):123.

[Internet]. Study of COVID-19 Seroprevalence Among Healthcare
Workers at Dedicated COVID Hospital in Southern Rajasthan. 2020
[cited 2021 Jan 30]. Available from: https://ijcp.in/Pages/Post_
Detail.aspx?wid/.20685.

Piccoli L, Ferrari P, Piumatti G, et al. Risk assessment and
seroprevalence of SARS-CoV-2 infection in healthcare
workers of COVID-19 and non-COVID-19 hospitals in
Southern Switzerland. Lancet Regional Health. 2020:100013.
Europe.

Cox RJ, Brokstad KA. Not just antibodies: B cells and T cells
mediate immunity to COVID-19. Nat Rev Immunol.
2020;20(10):581—-582.

[Internet]. One in 5 Indians Exposed to Coronavirus, Says Sero
Survey. Hindustan Times; 2021 [cited 2021 Feb 8]. Available
from: https://www.hindustantimes.com/india-news/one-in-
5-indians-exposed-to-virus-says-sero-survey-
101612490263785.html.


http://refhub.elsevier.com/S0377-1237(21)00093-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref13
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref14
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref15
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref16
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref16
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref16
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref16
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref17
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref18
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref18
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30562-0/abstract
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30562-0/abstract
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30562-0/abstract
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref20
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref21
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref22
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref23
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref23
https://apps.who.int/iris/bitstream/handle/10665/331656/WHO-2019-nCoV-Seroepidemiology-2020.1-eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331656/WHO-2019-nCoV-Seroepidemiology-2020.1-eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331656/WHO-2019-nCoV-Seroepidemiology-2020.1-eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331656/WHO-2019-nCoV-Seroepidemiology-2020.1-eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331656/WHO-2019-nCoV-Seroepidemiology-2020.1-eng.pdf?sequence=1&amp;isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/331656/WHO-2019-nCoV-Seroepidemiology-2020.1-eng.pdf?sequence=1&amp;isAllowed=y
https://www.kobotoolbox.org/
https://www.kobotoolbox.org/
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(20)30544-1/abstract
https://www.thelancet.com/journals/langlo/article/PIIS2214-109X(20)30544-1/abstract
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref27
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref27
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref27
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref29
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref29
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref29
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref29
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref29
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref30
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref30
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref30
http://refhub.elsevier.com/S0377-1237(21)00093-9/sref30
https://doi.org/10.1016/j.mjafi.2021.03.020
https://doi.org/10.1016/j.mjafi.2021.03.020

	Seropositivity of severe acute respiratory syndrome coronavirus 2 infection among healthcare workers of the Armed Forces me ...
	Introduction
	Material and methods
	Study design
	Sampling technique
	Sample size
	Statistical analysis


	Results
	Discussion
	Conclusion

	Disclosure of competing interest
	Acknowledgements
	References


