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Abstract

Objective: We aimed to assess risk of COVID-19 infection & seroprotection status in healthcare workers (HCWs) in both hospital and
community settings following an intensive vaccination drive in India.

Setting: Tertiary Care Hospital

Methods: We surveyed COVID-19 exposure risk, personal protective equipment (PPE) compliance, vaccination status, mental health &
COVID-19 infection rate across different HCW cadres. Elecsys® test for COVID-19 spike (Anti-SARS-CoV-2S; ACOVs) and nucleocapsid
(Anti-SARS-CoV-2; ACOV) responses following vaccination and/or COVID-19 infection were measured in a stratified sample of 386 HCW.

Results: We enrolled 945 HCWs (60.6% male, age 35.9 + 9.8 years, 352 nurses, 211 doctors, 248 paramedics & 134 support staff). Hospital PPE
compliance was 90.8%. Vaccination coverage was 891/945 (94.3%). ACOVs neutralizing antibody was reactive in 381/386 (98.7%). ACOVs titer (U/
ml) was higher in the post-COVID-19 infection group (N =269; 242.1 + 35.7 U/ml) than in the post-vaccine or never infected subgroup (N = 115,
204.1 £ 81.3 U/ml). RT PCR + COVID-19 infections were documented in 224/945 (23.7%) and 6 HCWs had disease of moderate severity, with no
deaths. However, 232/386 (60.1%) of HCW tested positive for nucleocapsid ACOV antibody, suggesting undocumented or subclinical COVID-19
infection. On multivariate logistic regression, only female gender [aOR 1.79, 95% CI 1.07-3.0, P = .025] and COVID-19 family contact [aOR 5.1, 95%
CI 3.84-9.5, P < .001] were predictors of risk of developing COVID-19 infection, independent of association with patient-related exposure.

Conclusion: Our HCWs were PPE compliant and vaccine motivated, with immunization coverage of 94.3% and seroprotection rate of 98.7%.
There was no relationship between HCW COVID-19 infection to exposure characteristics in the hospital. Vaccination reduced disease severity
and prevented death in HCW.
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Introduction

Health care personnel (HCWs) remain at high risk of being
infected by SARS-CoV-2 despite the availability of efficacious
vaccines.! In India, from 3 January 2020 to 23 June 2022, there have
been 43,362,294 confirmed cases of COVID-19 with 524,954
deaths, reported to the World Health Organization (WHO). India
rolled out the COVID-19 vaccine program to all HCWs as a
priority from 16th January 2021 onward. As of 15 June 2022, a total
of 1,956,513,732 vaccine doses have been administered.” We have
previously described our holistic HCW-centric COVID-19 policy
to ensure logistic support, and appropriate personal protective
equipment (PPE) with training to ensure a rolling cohort of
motivated HCWs at our nodal COVID-19 facility. To establish a
long-term HCW-centric policy, we need to factor in the likelihood
of a long-duration COVID-19 pandemic with multiple waves and
waning HCW immunity.® Fear of COVID-19 and death had
demotivated many HCW which was ameliorated by our multi-
pronged approach to protect HCW.* There is new data regarding
sensitivity and specificity of antibody assays used for the purpose of
seroprevalence, and most reports have used the anti-spike or
nucleocapsid antibody assays.””” Therefore, we designed an HCW-
centric COVID-19 care model adopted by our center to protect
HCW from the rigors of extended COVID-19 duties. We engaged
actively with HCW, mitigated their fears, and prepared them for
these duties. In this prospective cohort study from a single large
center in a developing country, we aimed to assess the vaccine
coverage, seroprotection status, PPE compliance, and risk of
developing COVID-19 in our cohort of HCW across healthcare
cadres, area of deployment, and levels of exposure in a resource-
limited setting. We assessed the real-life protection measures
adopted by our center to protect HCW in a resource-limited
setting.

Methods
Study design

The Postgraduate Institute of Medical Education and Research
(PGIMER), Chandigarh, India, was designated as a COVID-19
treatment center on 21 March 2020. This is a tertiary care
university hospital with 2800 beds catering to multidisciplinary
referred cases from Northern India, specifically serving the states of
Punjab, Haryana, Himachal Pradesh, and western Uttar Pradesh.
The COVID-19 HCW welfare team was created to formulate
HCW-centric policies and ensure logistic support for our frontline
team.>® The COVID-19 screening was performed in the orange
zone including the emergency room, outpatient unit, and severe
acute respiratory infection (SARI) ward, which had allocated PPE
including N95 masks, face shields, and surgical gowns. Patients
who tested positive were managed in the exclusive COVID-19
facility (red zone) with 323 beds, including 74 intensive care and 99
high-dependency beds. The red and orange zones had strict full
PPE gear allocation. The rest of the hospital was designated as a
green zone wherein universal masking and standard protective
measures were adopted.® (Figure 1).

All 12,600 HCWs in the PGIMER were trained based on
deployment zone and followed PPE instructions specific to their
area of work. (Supplementary information). The study was
approved by the Institutional Ethics Committee (NK/7472/
Study/302 dated 10/6/21). The inclusion criteria were all HCWs
who worked in the COVID-19 facility and at other sites in the
hospital. Exclusion criteria were HCW's who were in quarantine or

https://doi.org/10.1017/ash.2023.459 Published online by Cambridge University Press

Madhumita Premkumar et al.

had RT-PCR-confirmed SARS-CoV2 infection at the time of
serosurvey. All HCWs provided written informed consent before
inclusion and serum samples were collected and stored at minus 80
degrees Celsius. Between August to September 2021, a stratified
sample based on age, gender, and HCW cadre to provide a cross-
sectional assessment of seroprotection. The number of study
participants was determined based on voluntary participation,
higher presumed hospital-related COVID-19 exposure in red and
orange zones, and feasibility of immunological analyses A cloud-
based case record form was used to collect relevant clinical,
demographic data, exposure with suspected or confirmed
COVID-19 patients or in the community, PPE compliance in
the hospital and in the community, comorbid ailments, and use of
HCW support facilities extended to them by the hospital like
transport, accommodation, rest periods, etc. Details of vaccination,
dose interval, and number of doses were noted.

Definitions

The WHO defines healthcare workers (HCW) as “all people
engaged in actions whose primary intent is to enhance health.”
HCW were defined as “paid and unpaid persons serving in health
care settings who have the potential for direct or indirect exposure
to patients or infectious materials.”'

COVID-19 Infection: All HCWs who ever tested positive on
COVID-19 RT-PCR testing were reported as RT-PCR + confirmed
COVID-19 infections."" Persons who tested anti-SARS-CoV-2
nucleocapsid antibody reactive, without a documented positive
RT-PCR test, were taken as presumed COVID-19 infections who
remained untested, because of mild or minimal symptoms.
Severity of COVID-19 disease was reported as per ICMR
guidelines.!

Neutralization assays

We selected a subset of study volunteers for seroprotection analysis
based on matching for sex and age to represent those who were more
likely to have higher in-hospital exposure to COVID-19 and also
determine gender-based differences in seroprotection status, and
also determine variations based on cadre i.e. surgeons vs physicians,
nursing vs doctor vs paramedical staff, etc. We assessed the presence
of SARS-CoV-2-specific antibodies using a microarray-based
immunoassay including spike protein (full spike and nucleocapsid
protein as antigens to discriminate between vaccine-induced
antibody response and convalescent SARS-CoV-2 infection.'?
SARS-CoV-2 specific neutralizing antibody responses were char-
acterized by antibodies including IgG against spike protein using
Elecsys®Anti-SARS-CoV-2s (ACoVs) manufactured by Roche
Diagnostics International Ltd CH, Rotkreuz, Switzerland. Result
of SARs-CoV-2 spike assay titer > 250 IU/mL is interpreted as
reactive. The nucleocapsid assay was measured by Elecsys®Anti-
SARS-CoV-2 N (ACoV) test, with titer > 50 IU/mL reported as
reactive. This test was positive in those with clinical or subclinical
COVID-19 infection. The tests were done on the Cobas e 411
analyzer.!#15

Statistical analysis

Descriptive statistics were expressed as mean with standard
deviation for parametric data and median with interquartile range
for non-parametric continuous data. Categorical data were
reported as numbers (n, %). We used Student’s t-test to compare
continuous data between the two groups. We used Pearson’s
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Figure 1. Creation of Infectious Disease Control Zones in the hospital and designation of levels of Personal Protective Equipment (PPE) based on HCW deployment. (Adapted

From Dutta U, et al BMJ Open 2021;11:e043837. doi: 10.1136/bmjopen-2020-043837).

Chi-square test or Fisher’s exact test (as appropriate) to compare
categorical data among the two groups or ANOVA test for
comparison between multiple groups. Binary logistic regression
was performed for predictors of developing COVID-19 infection,
with multivariate analysis for adjusted risk. The main outcomes are
reported as estimated effect sizes along with precision (95%
confidence intervals [CIs]). Statistical significance was set at
P < .05. We conducted the analysis using SPSS ver. 23.0 (IBM
Corp., Armonk, NY, USA).

Results

We enrolled 945 HCW (569/945, 60.2% male, mean age 34.0 + 8.5
yr) who had served in the COVID-19 facility, intermediate risk
COVID-19 areas (Orange Zone), and low-risk areas (Green Zone)
including 352 nurses, 211 doctors, 248 paramedics, 103 support &
administration and 31 research staff. The HCWs were posted in the
red zone(572/945, 60.5%), intermediate risk or orange zone (112/
945, 11.9%), and green zone (261/945, 27.6%). Ninety-five (95,
10.1%) reported a comorbid illness including hypertension (23,
24.2%), hypothyroidism (23, 24.2%) diabetes (14, 14.7%), asthma
(7, 7.3%), allergies (4, 4.2%), nonalcoholic fatty liver disease (4,
4.2%), and rheumatological disorders. (9, 9.4%) Figure 2 shows the
deployment of the HCW and exposure levels as per hospital zones.
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The total number of COVID-19 patients managed at the
COVID-19 facility from March 30, 2020, till September 30, 2021,
included 5488 patients (61.8% male) of whom 1159 (21.1%) were
managed in the COVID-19 ICU and 4329 (78.8%) were admitted
to the COVID facility wards. There were 1002 deaths (18.2%) as
mainly sick patients with comorbidities &organ failures were
referred to our hospital.

Table 1 shows the classification of HCWSs as per their infection
and vaccination status to assess the degree of protection afforded by
our HCW-centric care policy and the vaccination facility provided
to our HCW. We serosampled 386/945 (40.8%) of our HCW.

The 386 HCWs could be classified into 4 categories, 115
(29.8%) had received the COVID-19 vaccine and never developed
overt RT PCR + or asymptomatic (anti-ACoV nucleocapsid
positive) COVID-19 infection. Again 266 (68.9%) had received the
vaccine and had also tested positive for COVID-19 infection, of
whom 224 were RT PCR positive infections and 42 were anti-
ACoV nucleocapsid positive subclinical infections. The last two
categories were those who were infected and waiting to be
vaccinated [3 (0.8%)] and those who never were vaccinated or
infected with COVID-19 [2 (0.5%)]. Supplementary Table 1 shows
the exposure risk and tours of duty in the COVID-19 facility.

Of all the 945 HCWs, 572 (60.5%) reported an exposure to a
COVID-19-positive individual either in the hospital or in the
community during the last 1 year with equal self-perceived risk
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Figure 2. Recommendations from an HCW-centric approach to future public health challenges to protect and motivate HCW, and ensure cost effective, sustainable frontline

workforce, while maintaining routine health care services without disruption.

exposure in male and female HCWs. Importantly 300 (31.7%)
could not recall if there was any breach in PPE and could not
identify an exposure. The long exposure or repeated tours of duty
were noted in specialized HCWs like anesthesia, dialysis, and
endoscopy technicians or ICU nursing personnel. In total 208
(22.0%) of our cohort had completed >2 months of cumulative
duty in COVID-19 areas. The majority (52.5%) reported a daily
exposure of 6-8 hours only, as we restricted workers to 6-hour
shifts in PPE, to allow time for physical and mental recovery. Many
HCWs indicated a preference for dual masks with N95 + surgical
(449/945, 47.5%) or N95 alone (340/945, 36.0%) in the COVID red
and orange zones. Compliance with full PPE was 90.8% in the
COVID-19 utility.

Vaccination status and seroprotection

Vaccination coverage was 891/945 (94.3%), of whom 723/945
(76.5%) received 2 doses, 168/945 (17.8%) had received 1 dose, and
54/945 (5.7%) deferred vaccination due to recent COVID-19 in
compliance with guidelines. HCW mainly received ChAdOx1 875/
891, 98.2%) vaccine, as it was provided at our site. Post-COVID
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vaccine mild adverse effects were reported in 281 (31.5%)
including fever (74, 26.3%), myalgia (66, 23.4%), sore throat (25,
8.89%), injection site complaints (50, 17.7%), headache (25, 8.8%),
diarrhea (3, 1.06%) and 38 (13.5%) had malaise. No major adverse
events requiring hospitalization were noted. The vaccine dose
interval was mostly 4-8 weeks 131 (33.9%), and 274 (28.9%) had a
gap of >8 weeks.

The Anti-SARS-CoV-2 (ACoV) nucleocapsid test was reactive
in 232/386 (60.1%) persons of the 386 HCW who underwent the
serological testing, including 366/381 (95.1%) of the persons who
were vaccinated and 3/5 (60%) of the persons who were not
vaccinated yet suggesting significant subclinical or undiagnosed
COVID-19 infection in our HCW.

The Anti-SARS-CoV-2s (ACoVs) test was reactive in 366/386
(95.1%) subjects who underwent the serosurvey, including 381/386
(98.7%) vaccinated individuals and 5/386 (1.2%) unvaccinated
individuals. Age group and gender did not predict attainment of
protective titer. (Table 2). Overall maximum immunity was
attained by those who developed both COVID-19 infection and
were vaccinated. The protective antibody was 243.1 + 33.7 U/ml in
those with both vaccination and prior COVID-19 infection, and
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Table 1. Baseline characteristics of the subcategories of serosurveyed HCW (N = 386) based on infection/vaccination status to assess deployment, PPE usage, and
community risk

Male 234 (60.6) 1 (50.0) 1(33.3) 69 (60.0) 163 (61.3) 778
Age (yr) 35.9+9.8 36.5+35 46.0 + 14.1 36.6 9.8 35.7+9.7 .348
Age Category
<35 yr 225 (58.3) 1 (50.0) 1(33.3) 63 (54.8) 160 (60.2) 286
35-55yr 143 (37.0) 1 (50.0) 1 (33.3) 45 (39.1) 96 (36.1)
>55 yr 18 (4.7) 0 1(33.3) 7 (6.1) 10 (3.8)
Comorbidities 43 (11.1) 0 0 14 (12.1) 29 (10.9) 078
Diabetes,® Diabetes,® Diabetes,®
HT HT® HT?
Obesity,® Obesity,* Obesity,®
Hypothyroidism,> Rheumatoid Hypothyroid,’
Rheumatoid arthritis? Rheumatoid
arthritis? arthritis,*
Asthma,? Asthma,?
Allergies,? Allergies,?
Peripheral Peripheral
neuropathy! neuropathy!
Hospital zone of posting 742
Red (COVID-19 facility) 137 (35.5) 1 (50.0) 0 41 (35.7) 95 (35.7)
Orange (emergency or SARI Ward) 34 (10.3) 0 0 10 (8.7) 30 (11.3)
Green (remainder of the hospital) 209 (54.1) 1 (50.0) 3 (100) 64 (55.7) 141 (53.0)
PPE in hospital .680
Surgical mask 100 (25.9) 0 1(33.3) 38 (33.0) 61 (22.9)
N95 only 161 (41.7) 1 (50.0) 2 (66.7) 44 (38.3) 114 (42.8)
Double mask (N95 plus surgical) 125(32.3) 1 (50.0) 0 33 (28.7) 91 (34.2)
PPE in community wear .301
Cloth mask 87 (5.74) 1 (50.0) 1(33.3) 21 (18.2) 64 (24.06)
Surgical mask 143 (37.04) 1 (50.0) 1(33.3) 41 (35.6) 100 (37.5)
N95 only 156 (40.4) 0 1(33.3) 53 (46.1) 102 (38.3)
Family member tested positive 81 (22.6) 0 2 (66.7) 17 (14.8) 62 (26.1) .023

(Community exposure)

Abbreviations: HCW, healthcare worker; PPE, personal protective equipment; wk, week.

2Presumed COVID-19 infection includes RT-PCR positive COVID-19 infected HCW (N =224) and anti-ACoV nucleocapsid positive persons (N =42) in those who are vaccinated.

204.1 + 81.3 U/ml in those who were vaccinated and never had
clinical or subclinical infection.

COVID-19 infections and predictors of infection

Overall, COVID-19 infections were noted in 224/945(23.7%) of
this cohort of 945 HCWs during the first and second wave. The
RT-PCR-positive COVID-19 infection rate was 0.23% in the 1%
wave, which increased to 23.7% during the second wave, possibly
due to increased case burden and infectivity of the delta variant.
PPE compliance was 90.8% in the COVID-19 facility but only
60.5% in the community. Most HCWSs reported an exposure in the
family or the community or with co-workers in lounge areas or
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cafeteria. Of 945 HCWs, 193/945 (20.4%) reported a first-degree
relative testing positive during the last 1 year. There was no
difference in the infection rates in surgical and medical units or in
clinical or paraclinical units. On logistic regression, we tested
predictors of COVID-19 infection in our cohort based on age,
gender, cadre, site of deployment, duration of exposure,
cumulative duty, vaccination status, dose interval, neutralizing
antibody level, etc. Presence of a COVID-19-positive family
contact was the strongest predictor of infection (adjusted Odds
Ratio (aOR) 5.15, 95% CI 3.84-9.5, P = .000). This suggested
community origin of transmission, rather than a hospital source.
Women had a higher risk of developing infection (aOR 1.79, 95%
CI 1.07-3.0, P = .025). (Table 3)
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Table 2. Vaccination details of the 386 HCW in the serosurvey and results of Anti ACoV antibody and Anti ACoVs antibody tests based on vaccination status

Type of vaccine

Covaxin™ e 6 (1.6) 0 0 3(2.6) 3(1.1)
Covishield™ e 374 (96.9) 0 0 112 (97.4) 262 (98.5)
Sputnik V ™ e 1(0.3) 0 0 0 1 (0.4)
Number of Doses
Single 43 (11.1) 0 0 11 (9.6) 32 (12) .000
Both doses 338 (87.6) 0 0 104 (90.4) 234 (88.0)
None 5 (1.5) 2 (100) 3 (100) 0 0
Dose interval
Not vaccinated 5 (1.5) 2 (100) 3 (100) 0 0
<4 wk 3(0.8) 0 0 2 (17) 1(0.4)
4 wk 96 (24.8) 0 0 34 (29.5) 62 (16.06)
4-6 wk 86 (22.3) 0 0 23 (20) 63 (23.7)
6-8 wk 45 (11.7) 0 0 15 (13) 30 (11.3)
>8 wk 151 (39.1) 0 0 41 (35.7) 110 (41.4)
ACoV anti-nucleocapsid
ACoV titer U/mL 193.1 (140.0-318) 0 81.8(95.0-318.0) 44.1(23.7-85.9) 269.1 (145-345) .000
ACov anti-spike
Reactive N (%) 366(94.8) 0 3 (100) 105 (91.3) 258 (97) .002
ACoV-2 Spike antibody titer U/mL 230.9 + 56.5 - 250.0+0 204.1 +81.3 243.1 +£33.7 .000

Abbreviations: ACoV, Anti-SARS-CoV-2 nucleocapsid test; ACoVs, Anti-SARS-CoV-2s spike test.

2Presumed COVID-19 infection includes RT-PCR positive COVID-19 infected HCW (N = 224) and anti-ACoV nucleocapsid positive persons (N =42) in those who are vaccinated.

Table 3. Results of binary logistic regression for predictors of COVID-19 infection
in HCW

177 1.31-2.39 .000 L7
4.62 3.29-6.47 .000 5.15

1.07-3.0 .025
3.84-11.5 .000

Female gender

Family members
testing positive

Abbreviations: aOR. Adjusted Odds Ratio; HCW, health care workers.

Mental health and HCW support measures

HCWs were evaluated by the mental health care team (n = 165)
during the post-duty isolation period by a semi-structured
interview. Of these only, 10.9% (n = 18) were considered to have
a clinically diagnosable anxiety disorder and/or mild depressive
episode. Our HCW also reported insomnia (n=23), isolation-
related stress (n = 18), and fear of contracting COVID-19 infection
(n=32). On a Likert scale of 1-10, HCW scored stress as 5.7 + 2.5
and fear of taking COVID-19 home as 6.5 + 2.4. They also rated
the accommodation provided as 7.8 + 2.5 and PPE provided as
8.1 + 2.8, with 88.9% reporting satisfaction with the COVID-19
care measures. About 869 (92.8%) of HCWs stated they were
mentally prepared for the duty before entering the COVID-19
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wing and 766 (81%) found the psycho-social support adequate
during their isolation period.

Discussion

Our large prospective study demonstrates that our HCW policy
was effective in motivating frontline workers, PPE compliance,
vaccine acceptance, and low infection rates during the first
COVID-19 wave (0.23%) and during the second wave (23.7%).
Our HCW protection model can be implemented in resource-poor
settings and was successful even prior to vaccine availability,
wherein PPE remains the mainstay of HCW protection, and
therefore is replicable in future pandemics. An HCW-centric
policy to support frontline workers complements the patient-care-
centric model. In addition, the results of the vaccine serosurvey
suggest a robust neutralizing antibody response in HCW
suggesting sufficient humoral immunity. Overall immunization
coverage was 94.3%, the level of seroprotection was 98.7 %.
Although 224 of our HCW were PCR-positive confirmed
infections, many had unreported subclinical infections suggesting,
the majority had mild disease, with only 6 reporting moderate
infection, and no deaths. Women HCW, and those with a family
contact were at higher risk of COVID-19, there was no association
with occupation, duration of duty, or site of deployment in the
hospital risk zones.
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Figure 3. HCW-centric COVID-19 approach and Seroprotection status.

Nguyen et al reported the prevalence of COVID-19 was 2747
cases per 100 000 frontline workers compared with 242 cases per
100 000 people in the general community. Compared with the
general community, HCWs were at increased risk for COVID-19
test positivity (aHR 11-61, 95% CI 10-93-12-33).1¢ The strength of
our unique HCW-centric care model is to ensure continuous
rotation of trained HCW with holistic support to deal with future
pandemics or new COVID-19 variants.!” (Figure 2)

Our conclusions and recommendations because of this study
are as follows (i) PPE compliance and vaccine acceptance among
our HCW is high (ii) Adequate PPE is central to preventing
infection (iii) Post-vaccination serosurvey showed high levels of
the neutralizing antibody. Protective antibody was higher in post-
vaccine plus infection group vs only vaccination group. There were
no cases of severe COVID-19 infection. SARS-ACoV antibody was
reactive in 60.1% of persons of the 386 HCWs who underwent the
serological testing suggesting significant subclinical or undiag-
nosed COVID-19 infection in our HCW. (iv) The need for
virological surveillance to detect new variants of COVID-19 due to
antigenic shifts or drifts is important, as this can prompt decisions
for repeated boosters in HCW (v) Booster doses with heterologous
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vaccination or with new antigens incorporated in the existing
vaccines need further assessment.'®!

In all cases of HCW infection, it is difficult to determine
whether these were acquired in the hospital, but it is possible that
many infections were community-acquired, as women, who are
often caregivers at home were at increased risk of infection (and
presence of a family member testing positive increased likelihood
of HCW infection. Hence, HCWs should maintain precautionary
measures in the community while adhering to the hospital PPE
protocol.

A meta-analysis of 49 studies including 127,480 HCW showed
overall seroprevalence of SARS-CoV-2 antibodies was 8.7% (95%
CI 6.7%-10.9%) prior to vaccine availability. Male gender, Black
Asian or Hispanic race, shortage of PPE, and household contact
with suspected or confirmed cases of COVID-19 were associated
with increased seropositivity.”’ Among 2056 enrolled Canadian
HCWs, 241 (11.7%) had positive SARS-CoV-2 serology, while 171
(71.0%) had prior COVID-19 infection.?! Another cohort showed
seropositivity was associated with lack of physical distancing
among HCWs in work areas and breakrooms.* Periodic retraining
can prevent aerosol-borne infections effectively, as indicated by
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our pre-vaccine era infection rate of 0.23%. New variants of SARS-
CoV-2, influenza among others may be encountered and
appropriate PPE usage and infection control measures remain
the backbone of HCW protective measures.>**

The strength of this study is the HCW-centric model of care,
stratified serosurvey demonstrating adequate humoral immunity,
and evidence-based advocacy for low-cost infection control
measures like PPE provision and compliance, which are applicable
to future pandemics.”® Although disease-centric management
policies will change with new infections, an HCW-centric policy
remains effective and reproducible. The creation of infectious
disease wards, barrier patient-care areas, logistic measures like
adequate PPE supply chains, safe accommodation, infection
control training, and hospital planning will help prepare for the
next pandemic. (Figure 3)

Our model effectively addresses the issue of COVID-19
burnout, while building a culture of systemic empowerment of
HCW to deal with the sequelae of long COVID-19, while
managing the deferred care for general health conditions.?®
Motivation strategies like HCW training, assured provision of
adequate PPE and rest, amelioration of social stigma, logistic
support, mental healthcare access for depression, insomnia, post-
traumatic stress disorder, and other complaints were central to
our model.

Limitations of our cross-sectional serosurvey include the lack of
data on cellular immunity and absence of fixed time points for
testing for neutralizing antibodies after vaccination or infection.
Whether the observed difference in antibody level translates to a
difference in the duration of protection is not unclear, nor were we
able to differentiate the antibody responses to different variants of
concern.

Conclusion

Our COVID care model was instrumental in protecting our HCW
during the first and second waves, with low HCW infection rates.
The provision of a precautionary dose of homologous vaccine may
boost adaptive immune response in our HCW & reduce severity of
infection but will not prevent HCW infections. Therefore, our
study highlights that appropriate hospital planning, HCW train-
ing, and provision of appropriate PPE will be key to a robust
sustainable health system response while protecting the healthcare
workforce to address pandemic preparedness in the future

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/ash.2023.459

Data availability statement. No additional data is available.

Acknowledgments. We acknowledge Ms Harmanpreet Kaur, Ms Harpreet
Kaur, Dr Jasvinder Nain and Mr. Sonu Verma for helping with laboratory and
data entry work for the team, Mr Narinder Kumar Prarthi for helping in
transport, and all PGIMER staff for assisting in the management of COVID
pandemic.

Author contribution. UD is the principal author, developed the study concept,
drafted the policy and manuscript, and is the convener of the HCW Welfare
Committee. MP drafted the manuscript, collected serosamples, and performed
the data analysis. MPS, KG, and SSR were co-authors from the virology testing
team. AS, HK, and SG, collected serosamples and performed the serological
testing. PVML was involved in HCW contact tracing. RRG, NP, VK, MD, ST,
PA, and AK were part of the administrative unit. TG was responsible for
transport and accommodation, SSahoo was involved in training, SG was the
primary mental health expert, and all the principal co-authors helped
administer the HCW policy. All authors, RM, VS, SJ, RS, NY, GDP, AC,

https://doi.org/10.1017/ash.2023.459 Published online by Cambridge University Press

Madhumita Premkumar et al.

PM, JR, SS, and SSP contributed to the HCW welfare team, and aided data
collection.

Financial support. The sero-surveillance kits were donated by Leona M. and
Harry B. Helmsley Charitable Trust.

Competing interests. None of the authors has any conflict of interest to
declare.

Ethical standard. Ethical clearance for reporting the results of our HCW
protocol and feedback was taken from the Institutional Ethics Committee (Letter
No INT/IEC/2020/SPL997; Dated 25.07.2020). This prospective cohort study was
conducted in accordance with the Declaration of Helsinki and ICMR guidelines.
All authors had access to the manuscript data and approved the final draft.

Patient and public involvement in research. This protocol deals with the
creation of a novel hospital MDT and an HCW-centric policy whilst tackling the
COVID-19 pandemic in our institution. Since this largely concerns HCW, and
the process of creating a sustainable and willing healthcare team in a public
health setting, the patient and public involvement is indirect as they were
beneficiaries of this COVID-19 care model. The serosurvey was conducted in
HCW who volunteered for testing.

Cohort description. This manuscript deals with health policy and describes
the management of human resources in the setting of COVID-19. Patients were
not directly involved in the study and were managed as per standard of care at
the institute.

References

1. World Health Organization. The Impact of COVID-19 on Health and Care
Workers: a Closer Look at Deaths. Health Workforce Department - Working
Paper 1. Geneva: World Health Organization; 2021.

2. WHO. WHO COVID-19 dashboard. Available from https://covid19.who.

int/region/searo/country/in. Published 2020. Accessed January 10, 2022.
. Dutta U, Sachan A, Premkumar M, et al. Multidimensional dynamic
healthcare personnel (HCW)-centric model from a low-income and
middle-income country to support and protect COVID-19 warriors: a large
prospective cohort study. BMJ Open 2021;11:e043837.
4. News Article. Read more at: http://timesofindia.indiatimes.com/articleshow/
83974877.cms?utm_source=contentofinterest&utm_medium=text&utm_
campaign=cppst. Published 2021. Accessed August 24, 2022
. Marklund E, Leach S, Nystrom K, et al. Longitudinal follow up of immune
responses to SARS-CoV-2 in health care workers in sweden with several
different commercial IgG-Assays, measurement of neutralizing antibodies
and CD4" T-Cell Responses. Front Immunol 2021;12:750448.
6. Deeks JJ, Dinnes ], Takwoingi Y, et al. Antibody tests for identification of
current and past infection with SARS-CoV-2. Cochrane Database Syst Rev
2020;6:CD013652.
. Boger B, Fachi MM, Vilhena RO, Cobre AF, Tonin FS, Pontarolo R.
Systematic review with meta-analysis of the accuracy of diagnostic tests for
COVID-19. Am ] Infect Control. 2021;49:21-29.
. PGIMER. PGIMER COVID-19 SOP available from http://pgimer.edu.in/
PGIMER_PORTAL/PGIMERPORTAL/covid19/healthcare. html. Published
2019. Accessed August 7, 2022.
. Caring for those who care: guide for the development and implementation
of occupational health and safety programmes for health workers. Geneva:
World Health Organization and the International Labour Organization,
2022. Licence: CC BY-NC-SA 3.0 IGO. Available from https://iris.who.int/
bitstream/handle/10665/351436/9789240040779-eng.pdf?sequence=1. Accessed
April 20, 2024.
10. US Department of Homeland Security. Advisory Memorandum on
Identification of Essential Critical Infrastructure Workers During COVID-
19 Response. Washington, DC: US Department of Homeland Security; 2020.

11. Centers for Disease Control and Prevention. Coronavirus Disease 2019
(COVID-19)-Associated Hospitalization Surveillance Network
(COVID-NET). Available from https://www.cdc.gov/coronavirus/2019-
ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-
cases.html. Published 2022. Accessed July 7, 2022.

W

v

~

o

o


https://doi.org/10.1017/ash.2023.459
https://covid19.who.int/region/searo/country/in
https://covid19.who.int/region/searo/country/in
http://timesofindia.indiatimes.com/articleshow/83974877.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
http://timesofindia.indiatimes.com/articleshow/83974877.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
http://timesofindia.indiatimes.com/articleshow/83974877.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
http://timesofindia.indiatimes.com/articleshow/83974877.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
http://timesofindia.indiatimes.com/articleshow/83974877.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
http://timesofindia.indiatimes.com/articleshow/83974877.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
http://pgimer.edu.in/PGIMER_PORTAL/PGIMERPORTAL/covid19/healthcare.html
http://pgimer.edu.in/PGIMER_PORTAL/PGIMERPORTAL/covid19/healthcare.html
https://iris.who.int/bitstream/handle/10665/351436/9789240040779-eng.pdf?sequence&equals;1
https://iris.who.int/bitstream/handle/10665/351436/9789240040779-eng.pdf?sequence&equals;1
https://iris.who.int/bitstream/handle/10665/351436/9789240040779-eng.pdf?sequence&equals;1
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/effectiveness/why-measure-effectiveness/breakthrough-cases.html
https://doi.org/10.1017/ash.2023.459

Antimicrobial Stewardship & Healthcare Epidemiology

12.

13.

14.

15.

16.

17.

18.

Indian Council of Medical Research. Clinical Guidance for Management of
Adult COVID-19 patients. Available from https://www.icmr.gov.in/pdf/
covid/techdoc/COVID_Clinical_Management_14012022.pdf. Published 2022.
Accessed July 7, 2022.

Wu L-P, Wang N-C, Chang Y-H, et al. Duration of antibody responses
after severe acute respiratory syndrome. Emerg Infect Dis 2007;13:
1562-1564.

Steensels D, Pierlet N, Penders ], Mesotten D, Heylen L. Comparison of
SARS-CoV-2 antibody response following vaccination with BNT162b2 and
mRNA-1273. JAMA 2021;326:1533-1535.

Centers for Disease Control and Prevention. Interim Guidelines for
COVID-19 Antibody Testing. Available from https://www.cdc.gov/
coronavirus/2019-ncov/hcp/testing/antibody-tests-guidelines.html.  Accessed
April 20, 2024.

Nguyen LH, Drew DA, Graham MS, et al. Risk of COVID-19 among front-
line health-care workers and the general community: a prospective cohort
study. Lancet Public Health 2020;5:e475-e483.

Mohapatra RK, Tiwari R, Sarangi AK, et al. Twin combination of omicron
and delta variant triggering a tsunami wave of ever high surges in COVID-
19 cases: a challenging global threat with a special focus on Indian sub-
continent. ] Med Virol 2022;94:1761-1765.

Singh AK, Phatak SR, Singh R, et al. Antibody response after first and
second-dose of ChAdOx1-nCOV (Covishield™®) and BBV-152
(Covaxin™?®) among health care workers in India: the final results of
cross-sectional coronavirus vaccine-induced antibody titre (COVAT)
study. Vaccine. 2021;39:6492-6509.

https://doi.org/10.1017/ash.2023.459 Published online by Cambridge University Press

19.

20.

21.

22.

23.

24.

25.

26.

Ministry of Health and Family Welfare. National Expert Group on Vaccine
Administration for COVID-19 (NEGVAC)Press Release (Release ID:
1719925). Available from https://www.pib.gov.in/PressReleasePage.aspx?
PRID=1719925. Accessed April 20, 2024.

Galanis P, Vraka I, Fragkou D, Bilali A, Kaitelidou D. Seroprevalence of
SARS-CoV-2 antibodies and associated factors in healthcare workers: a
systematic review and meta-analysis. ] Hosp Infect 2021;108:120-134.
Brousseau N, Morin L, Ouakki M, et al. SARS-CoV-2 seroprevalence in
health care workers from 10 hospitals in Quebec, Canada: a cross-sectional
study. CMAJ 2021;193:E1868-E1877.

Grant JJ, Wilmore SMS, McCann NS, et al. Seroprevalence of SARS-CoV-2
antibodies in healthcare workers at a London NHS trust. Infect Control Hosp
Epidemiol 2021;42:212-214.

Thiruvengadam R, Awasthi A, Medigeshi G, et al. Effectiveness of
ChAdOx1 nCoV-19 vaccine against SARS-CoV-2 infection during the
delta (B.1.617.2) variant surge in India: a test-negative, case-control study
and a mechanistic study of post-vaccination immune responses. Lancet
Infect Dis 2022;22:473-482.

Novello S, Terzolo M, Paola B, et al. Humoral immune response to SARS-
CoV-2 in five different groups of individuals at different environmental and
professional risk of infection. Sci Rep 2021;11:24503.

Brolan CE, Korver S, Philips G, et al. Lessons from the frontline:the COVID-
19 pandemic emergency care experience from a human resource perspective
in the Pacific region. Lancet Reg Health West Pac 2022;25:100514.
Murthy VH. Confronting health worker burnout and well-being. N Engl ]
Med 2022;387:577-579.


https://www.icmr.gov.in/pdf/covid/techdoc/COVID_Clinical_Management_14012022.pdf
https://www.icmr.gov.in/pdf/covid/techdoc/COVID_Clinical_Management_14012022.pdf
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing/antibody-tests-guidelines.html
https://www.pib.gov.in/PressReleasePage.aspx?PRID=1719925
https://www.pib.gov.in/PressReleasePage.aspx?PRID=1719925
https://www.pib.gov.in/PressReleasePage.aspx?PRID=1719925
https://doi.org/10.1017/ash.2023.459

	Multipronged strategy for protection and motivation of healthcare workers during the COVID-19 pandemic: a real-life study
	Introduction
	Methods
	Study design
	Definitions
	Neutralization assays

	Statistical analysis
	Results
	Vaccination status and seroprotection
	COVID-19 infections and predictors of infection
	Mental health and HCW support measures

	Discussion
	Conclusion
	References


