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Abstract
Background: Health care workers are considered as high-risk population, who deal with many 
unknown, undiagnosed, and subclinical infectious diseases in their daily life. Currently, the 
COVID-19 pandemic posed as an add-on burden for these frontline workers in all aspects. 
Although, many adverse physical and mental effects of pandemic among health care workers 
(HCWs) were discussed worldwide, a long-term study for delayed complications needed to be 
explored.
Aim: The study evaluates and compares three waves of the pandemic in various aspects such 
as the incidence, prevalence, severity, risk factors, and variations in the pattern of COVID-19 
infection, impact of vaccination, and post-infection complications among the HCWs.
Methodology: A longitudinal observational study was carried out over a period of 2 years and 
another 6 months for follow-up. The study included all HCWs who tested positive in any one 
wave of COVID-19 pandemic with any one of the confirmed COVID-19 test. Each COVID-19-
affected HCW was followed up through telephone calls and direct interviews conducted at 
the study site. Admission details and other background details of the study population were 
collected from the hospital records.
Results: A total of 968 HCWs were COVID-19 positive in any of the three waves, and highest 
incidence (53.00%) was caused by the Omicron variant. High severity and hospitalization was 
observed in the first wave (no vaccination) and fully immunized personnel were found to be out 
of danger of being hospitalized during all succeeding waves (chi-square value: 87.04, p < 0.05). 
Predictors such as female gender, occupational exposure, and comorbid status were identified 
as possible risk factors for infection. A total of 70 HCWs reported with 104 complications, of 
which chronic diseases such as new onset of diabetes (n = 3), cardiovascular events (n = 8), 
worsening of preexisting comorbidities (n = 8), etc. were found out.
Conclusions: This study proves the benefit of being immunized rather than the risk of being 
infected. This study documents that immunization impacted complication and hospitalization 
rates of COVID-19 infection. This evidence may help in tackling vaccine hesitancy across the 
nations.
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Introduction
In early December 2019, the sudden outbreak of 
a cluster of pneumonia cases with unknown etiol-
ogy from the city of Wuhan (Hubei province, 
China) was reported. The identified pathogen 
had similar characteristics to Severe Acute 
Respiratory Syndrome (SARS) that appeared in 
2002 in China.1 The World Health Organization 
(WHO) classified the pathogen as Severe Acute 
Respiratory Syndrome Corona Virus 2 (SARS-
COV-2) and the related disease was named as 
Coronavirus Disease (COVID-19).2 On 30 
January 2020, WHO declared the outbreak as a 
Public Health Emergency of International 
Concern (PHEIC) and later as a pandemic on 11 
March 2020.3 The index case of the pandemic in 
India was reported on 30 January 2020, from 
Kerala, a southern state of the country.4

A developing country such as India suffered dras-
tically from the three consecutive waves of the 
COVID-19 pandemic in various aspects. On 25 
March 2020, the country exceeded 600 diag-
nosed cases of COVID-19 infection and reached 
a peak of 98,000 cases by mid-September (the 
first wave).5 A steady decline of cases was observed 
following the next 4 months but reappeared with 
a more virulent variant of concern (the Delta vari-
ant) during the second wave. Over one-half mil-
lion cases and more than 6000 deaths were 
reported in June 2021 in the country.6 On 16 
January 2021, the world’s largest vaccination 
drive was launched in India to vaccinate its large 
population.7 However, a third wave also struck 
the country in the first month of 2022 (the 
Omicron variant).5

Among the frontline workers, the health care 
workers (HCWs) were considered the high-risk 
population who dealt with this less-understood 
pathogen initially. There were different hurdles 
for HCWs such as low neutralizing antibodies 
generated via previous infection or vaccination, 
diagnostic detection failure, low treatment or 
immunization effectiveness, vaccine hesitancy, 
etc., which remained as add-on burdens to exist-
ing challenges.6 Majority of the countries repre-
sent less than 3% of the population with HCWs, 
while a middle-income country such as India 
accounts for 5.76 million (0.42% of its total pop-
ulation) HCWs.8 Globally, 14–35% of COVID-
19 cases were reported among HCWs according 
to WHO.9

According to the WHO Program for International 
Drug Monitoring (PIDM) database, till date a 
total of 335,052 re-infection cases and 6470 vac-
cine breakthrough cases have been reported10 
while Indian studies alone account for a high rate 
of re-infection (incidence range of 4.5–34.8%) 
and breakthrough infections (incidence range of 
0.4−13%) among HCWs.11–14 On the 6th of 
November 2020, the Centers for Disease Control 
defined ‘prolonged contact’ as the cumulative 
period of exposure of 15 min or more to an 
infected person(s) within a period of 24 h.15 This 
ensures the safety concerns of HCWs, who daily 
work in a highly infectious environment (includ-
ing many subclinical and undiagnosed cases).

Thus the recurrent infections and high-risk envi-
ronment make HCWs a vulnerable population, 
who require immediate attention to their health 
status. Apart from different physical and mental 
traumas faced during the pandemic, numerous 
studies reported a high incidence of post-
COVID-19 complications among HCWs.16 
While long COVID-19 symptoms, the onset of 
acute/chronic diseases after infection, and other 
extra-pulmonary complications were less covered 
areas, here the study attempted to detail the 
impact of the pandemic on HCWs on various 
dimensions such as infection outcomes, severity, 
risk factors, and pattern in three different 
COVID-19 waves. The study aim was to evalu-
ate and compare the incidence, prevalence, 
severity, risk factors, and variations in the pattern 
of COVID-19 infection among HCWs during 
the three different waves that hit the country. 
The study also extends to assess the impact of 
vaccination and provides a detailed follow-up of 
post-COVID complications among the study 
population.

Materials and methodology
This was a longitudinal observational study, car-
ried out retrospectively over a period of 2 years 
(April 2020–April 2022). The follow-up period of 
the study population was completed in October 
2022. The study was conducted among the 
HCWs employed in JSS Hospital, Mysuru. This 
study was reviewed and approved by the 
Institutional Ethics Committee of study site (Ref. 
No: JSSMC/IEC/240921/01NCT/2021-22). The 
study included all HCWs who tested positive in 
any one wave of COVID-19 pandemic; with any 
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of the confirmed COVID-19 test (approved by 
the Indian Council of Medical Research).

The study site consists of 1850 HCWs employed 
in various departments of the hospital, by exclud-
ing all the outsourced workers like securities, 
cleaning staffs, etc. Here the study was limited to 
the in-house staffs only, due to the limitation of 
medical records of outsourced staffs (medical 
check-up and health policies differ according to 
the outsourcing agency). Out of 1850 HCWs, 
968 were tested COVID-19 positive in all three 
waves and were identified as eligible participants 
to be included in this study. All 968 positive 
HCWs were identified from the records main-
tained by the microbiology and human resources 
departments of the study site. The study also 
excluded all HCWs who did not take a laboratory 
test confirming COVID-19 infection during the 
study period.

All eligible study participants were enrolled after 
taking informed consent exclusively designed as 
per the requirements of Indian Council of Medical 
Research guideline for biomedical research on 
human subjects. Demographics, details of 
COVID-19 infection, and contact details of eligi-
ble participants were collected in each wave; later 
they were followed up for any recurrent infection 
and post-COVID-19 complications. In the study, 
the SARS-CoV-2 re-infection is defined by the 
reappearance of COVID-19 clinical symptoms 
with viral nucleotide re-positivity in convalescent 
patients within 90 days exposed to hazardous 
environments or closing contact with infections. 
The post-COVID-19 complications is defined as 
those who suffer from any of the health issues for 
a long period of time even after recovering from 
the COVD-19 infection.

The study population who tested COVID-19 
positive in the first wave of the pandemic (i.e., in 
the year 2020) was actively followed up for the 
next 2 years for any re-infection and delayed post-
COVID complications. Similarly HCWs who 
tested positive during the second (2020–2021) 
and third (2022) waves were also followed up for 
another 1 year and 6 months, respectively. The 
vaccination status of each study participants was 
considered at the point of their infection. Each 
individual in the study population was inter-
viewed either through personal or telephonic con-
tact during the entire follow-up period with a 

predefined questionnaire to collect the informa-
tion. In order to reduce the recall bias of the study 
population, the study team cross-verified with the 
records of leave application associated with 
COVID-19 infection documented by the human 
resources department.

All the HCWs were interviewed, and the relevant 
information details regarding their COVID-19 
infections were documented in the suitably 
designed data collection form. Apart from the 
demographic and COVID-19 infection details, 
additional information details regarding their 
health status, comorbid status, vaccination status, 
medical and medication history, preexisting 
COVID-19 symptoms, and post-COVID compli-
cation were interviewed and documented in the 
data collection form. The study team reviewed 
medical records and other supporting materials 
for those who diagnosed with any of the chronic 
disorders after the infection. The previous medi-
cal records of HCWs with a history of re-infection 
were clubbed together in each wave for the ease of 
evaluation. This helped the study team to reduce 
the possible duplication errors during the entire 
study period.

Statistical analysis
The data obtained were compiled and entered in 
an Excel spread sheet and analyzed using IBM 
Statistical Package for the Social Sciences (SPSS) 
software version 16.0 (licensed to JSS University). 
Proportions and Chi-square test along with 95% 
confidence interval were used to express the 
results. The relative risk of infection of the study 
population was determined by dividing the inci-
dence of infection among health care profession-
als (HCPs) by the incidence of infection among 
non-HCPs.

Result
According to the human resources department 
records, a total of 1070 (57.84%, n = 1070/1850) 
HCWs suffered from COVID-19 infection in all 
three waves. The study excluded 9.53% 
(n = 102/1070) HCWs with the classical symp-
toms of COVID-19 infection due to the lack of a 
confirmed laboratory test (89 HCPs and 13 non-
HCPs were excluded). A total of 771 HCPs (out 
of 1159 HCPs) and 197 non-HCPs (out of 589 
non-HCPs) were identified as eligible study 
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population in the study site. Therefore the study 
was conducted among 968 HCWs who tested 
COVID-19 positive during the three consecutive 
waves of the pandemic. Of which 74.48% 
(n = 721/968) participants confirmed COVID-19 
infection through the Real-Time Reverse 
Transcriptase test and the remaining 25.52% 
(n = 247/968) underwent the rapid antigen test. 
Eligible study population was identified in each 
wave of the pandemic and they were actively fol-
lowed up for any post-COVID-19 complications. 
A detailed description of recruitment and follow-
up of the study population is demonstrated in the 
consort diagram (Figure 1)

Among the three waves (that follow the same 
pandemic timeline that hits the country), the 
highest cases were reported in the third wave with 
an incidence rate of 53.00% (n = 513/968) as 
compared to the other two preceding waves. 
While the first wave reported high admission 
rates (increased severity) than the other two 

waves, the incidence rate and changes in the  
pattern of each wave of the pandemic are com-
prehended in Table 1.

Impact of vaccination in each wave
Vaccines against COVID-19 were introduced in 
the middle of the second wave of the pandemic. 
The maximum utilized COVID-19 vaccine 
among the study population was COVISHIELD™. 
A significant link can be observed among the vac-
cine beneficiaries and low severity of infection in 
all waves reported in the study site. A detailed 
graph of vaccine utilization and variation in the 
severity pattern of the infection in each wave can 
be compared in the following figures and table 
(Figures 2 and 3, and Table 2).

During the entire study period, 30.27% 
(n = 293/968) of the study population remained as 
non-immunized with any of the COVID-19 vac-
cine (at the point of infection). The risk of 

Figure 1.  Consort diagram of the study.
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Table 1.  Incidence and severity of COVID-19 cases in each wave of the pandemic.

Wave Number 
of cases

Incidence 
rate (%)

Asymptomatic Home 
quarantine

Hospitalized ICU 
admission

Death

First wave 
(2020)

225 23.24 12 146 59 17 1

Second wave 
(2021)

230 23.76 – 173 35 3 1

Third wave 
(2022)

513 53.00 25 470 9 7 0

Figure 2.  Risk of infection among non-vaccinated HCWs.

Figure 3.  Right side: Vaccination status of the study population at the point of infection. Left side: COVID-19 
vaccine utilization among the study population.
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infection and associated morbidity can be 
observed more among non-vaccinated HCWs. A 
significant reduction in severity and hospital 
admission can be accounted for among HCWs 
who were vaccinated at least with one dose of any 
of the approved vaccines against COVID-19.

Incidence of re-infection among HCWs
During the entire study period, the incidence rate 
of re-infection among the HCWS was accounted 
for as 7.75% (n = 75/968).The demographic 
details and other possible factors for multiple 
infections among HCWs were described below in 
Figure 4.

High incidence of re-infection among the study 
population was reported in the third wave 

(77.33%, n = 58/75), and there is no particular 
gender preference that was observed for re-infec-
tion in any of the waves. During the second wave, 
a total of 17 HCWs were reported with re-infec-
tion, of which 64.71% (n = 11/17) and 35.29% 
(n = 6/17) were received with one and two doses 
of COVID-19 vaccine, respectively. Similarly the 
third wave accounted for 58 HCWs with re-infec-
tion, of which majority of the re-infection was 
reported with HCWs who had received two doses 
of vaccine (72.41%, n = 42/58) as compared to 
those who had observed all vaccine schedules 
(including precautionary dose) (27.58%, 
n = 16/58). Occupational exposure is another risk 
factor for re-infection, HCPs (91.01%, 
n = 881/968) were accounted with a high chance 
of multiple infections and associated health risk as 
compared to non-HCPs (8.99%, n = 87/968). A 

Table 2.  The vaccination status and infection severity among the study population during the three waves of 
pandemic.

The 
vaccination 
status of 
the study 
population

Number of 
asymptomatic 
study 
population

Number 
of home 
quarantined 
study 
population

Number of 
hospitalized 
study 
population

Number of 
ICU admission 
among 
the study 
population

Number of 
death reported 
in the study 
population

Fully 
vaccinated

55 173 5 0 0

Two doses 77 285 15 4 0

One dose 0 20 31 9 1

Not vaccinated 0 188 81 23 1

Fully vaccinated group includes all who immunized including the precautionary dose (total three doses).

Figure 4.  Re-infection among HCWs accounted in the succeeding waves.
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comparison between the both groups is depicted 
in Figure 5.

Post-COVID complications among HCWs
The study population was followed up for a cer-
tain period of time after the infection in order to 
determine the incidence of any post-COVID 
complications. A very small proportion of male 
HCWs (22.86%, n = 16/70) reported with post-
COVID-19 complications as compared to female 
HCWs (77.14%, n = 54/70) among the study 
population. A majority of long haulers belong to 
the age group of 20–30 years (52.85%, n = 37/70) 
and 20% of them belong to the 31–40 years age 
group.

The study identifies a total of 104 post-COVID 
complications among 70 HCWs. Majority of the 
complications were categorized under general 
disorders (29.81%, n = 31/104) followed by res-
piratory disorders (20.20%, n = 21/104) in the 
study population. A total of 13.46% (n = 14/104) 
events were categorized as chronic post-COVID 
complications. The reported complications 
were classified and described according to the 
system organ classification in Table 3.

Certain factors which can be potentiated for post-
COVID complications were also estimated in this 
study. An increased incidence of complications 

was noticed in the third wave (46.15%, n = 48/104) 
while the second wave accounted for 31.73% 
(n = 33/104) and the first wave for 22.11% 
(n = 23/104), respectively. Occupational exposure 
was considered as one of the major risk factors 
estimated for post-COVID complications in the 
study population. Among 7 out of 65 HCWs 
(10.77%), occupational exposure was considered 
as one of the major risk factors estimated for post-
COVID complications in the study population; 
another 10.77% (7 out of 65 HCWs with comor-
bidity) reported severe post-COVID complica-
tions during the study period. Estimated potential 
factors for post-COVID complications have been 
graphed in Figure 6.

Risk factors and predictors of COVID-19 
infection among HCWs
The severity, morbidity, and mortality rate of the 
study population toward the new virulent infec-
tion differ from one person to another one. Here 
the study tries to understand different risk factors 
and possible predictors for the infection among 
the HCWs. The below graph (Figure 7) illus-
trates the impact of various factors such as age, 
gender, occupational exposure, and primary con-
tacts as possible predictors for COVID-19 infec-
tion. The median age of the study population 
infected in all three waves of the pandemic was 
34.49 ± 10.02.

Figure 5.  Incidence of re-infection and associated severity among health care professionals (HCPs) and  
non-HCPs.
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Table 3.  Various post-COVID complications reported 
among health care workers (HCWs) during three 
waves.

I. Respiratory system 21

  (a) Cough 8

  (b) Breathlessness/dyspnea 10

  (c) Chest tightness 1

  (d) Bronchitis 1

  (e) Tonsillitis 1

II. Cardiovascular disorders 8

  (a) Pericarditis 1

  (b) Hypertension 3

  (c) LVH 3

  (d) Tachycardia 1

III. General disorders 31

 � (a) Pain (body pain, back pain, leg pain, 
joint pain, limb pain, orthopedic pain)

10

  (b) Weakness/tiredness/fatigue 17

  (c) Dizziness 4

IV. Gastrointestinal disorders 7

  (a) Gastritis 2

  (b) Loose stools 1

  (c) Loss of appetite 2

  (d) Loss of smell (anosmia) 2

V. Skin and appendages 5

  (a) Hair fall 5

VI. Reproductive disorders 5

  (a) Irregular periods 2

  (b) Cystitis 1

  (c) PCOD 2

VII. CNS disorders 7

  (a) Headache 4

  (b) Migraine 3

VIII. Endocrine disorders 3

  (a) New onset of diabetes mellitus 3

IX. Metabolic and nutritional disorders 5

  (a) Weight loss 2

  (b) Obesity 2

  (c) Vitamin D deficiency 1

X. Psychiatric disorders 2

  (a) Stress 1

  (b) Sleep disturbance 1

XI. Infections and immune disorders 2

  (a) Chickenpox 1

  (b) Autoimmune arthritis 1

XII. Worsening of pre-existing 
comorbidities

8

  (a) Asthma 2

  (b) Diabetic mellitus 1

  (c) Hypertension 1

  (d) Migraine 2

  (e) Joint pain/orthopedic issues 2

LVH, left ventricular hypertrophy; PCOD, Polycystic  
Ovarian Disease.

Table 3.  (Continued)

(Continued)

The study shows a 59.40% (n = 575/968) of the 
infected cases were among female gender and 
highest infected HCWs were between the ages of 
20 and 40 years. A total of 69.11% (n = 669/968) 
of the HCWs had a known history of hospital 
contact (occupational exposure) and nurses were 
the mostly infected HCWs in all waves. A hike 
was observed among the post-graduates and 
interns only during the third wave (exceeds the 
nursing staffs). A total of 6.71% (n = 65/968) of 
the infected HCWs had a history of comorbid 
condition, of which thyroid-related disorders 
(n = 22) were reported high among these study 
populations.

A significant effectiveness was observed between 
fully vaccinated and not vaccinated HCWs with a 
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Figure 6.  Right sided: Incidence of post-COVID complications in each wave of pandemic. Left sided: 
Occupational exposure and incidence of post-COVID complications.

Chi-square value of 86.193 (p value <0.05) in the 
confidence interval of 95%. Similarly remarkable 
impact was noticed even after partial immuniza-
tion of COVID-19 as compared to the risk of 
non-vaccinated HCWs. Detailed statistical differ-
ence between the vaccine beneficiaries (at least 
with one dose of any approved vaccines) and 
being at the risk of infection is depicted separately 
in Table 4.

A significant difference of being hospitalized among 
the study population was not able to be determined 
between fully vaccinated and those who received 
two doses of vaccine. While all other vaccination 
status of the HCWs shows significant difference in 
the reduction of hospitalization associated with the 
infection severity, low risk of hospitalization was 
observed among fully vaccinated HCWs and 
increased risk estimated between not vaccinated 
and those received one dose of vaccine.

Risk factors for re-infection
During the study period, various risk factors were 
identified to impact the re-infection frequency in 
the study population: gender was not identified as 
a potential factor to develop re-infection among 
the study population. HCPs were more prone to 
have re-infection as compared to the non-HCPs 
(statistically significant), and third wave (omicron 

variant) accounted more chances of re-infection 
among HCPs as compared to the second wave. 
Younger age groups (20–40 years) had less inci-
dence of re-infection as compared to the elder age 
group. Low re-infection rate was identified among 
fully vaccinated HCWs as compared to the par-
tially vaccinated (received one or two doses of 
COVID-19 vaccine) study population. The asso-
ciation between these risk factors and the re-
infection rate among the study population is 
detailed in Table 5.

Discussion
Worldwide, the COVID-19 pandemic distressed 
the mental and physical health of HCWs 
abundantly, because they were the main sup-
porting system against this unprepared medi-
cal emergency. The study site alone accounted 
an incidence rate of 52.32% (968 HCWs 
tested COVID-19 positive out of 1850) in all 
the three consecutive waves of the pandemic. 
The incidence of infected HCPs was calcu-
lated as 66.52% (n = 771/1159) and 33.45% 
(n = 197/589) was the incidence rate of infection 
among non-HCPs during the study period. This 
accounted a relative risk of infection among the 
study population as 1.99, which implies HCPs 
were more prone for COVID-19 infection as 
compared to the non-HCPs in this study. Of 
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Figure 7.  Different risk factors of health care workers (HCWs) for COVID-19 infection in each wave: (a) Gender, (b) age category,  
(c) primary contacts, (d) occupational exposure, and (e) co-morbid status.

which maximum number of HCWs tested posi-
tive in the third wave with an incidence rate of 
53.05% (n = 513/968). While the other two 
waves have similar graph with an incidence rate 
of 23.24% and 23.76% in the first and second 
waves, respectively. A steep hike of positive 
cases in the third wave can be explained by the 
high transmissibility of the Omicron variant.17 

Whereas reduced hospitalization and no death 
associated with the infection in the third wave 
points out the effectiveness of COVID-19 vac-
cines. Numerous studies support that the rapidly 
developed COVID-19 vaccines even though fail 
to prevent the infection have significant impact 
to reduce the disease burden and mortality rate 
among the vaccine beneficiaries.18–21
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Table 4.  Association of vaccination status and risk of hospitalization.

S. No. Variable 1 Variable 2 Chi-square 
value

p-Value RR of 
hospitalization

OD of 
hospitalization

1 No. study population fully 
vaccinated (n = 233)

No. study population not 
vaccinated (n = 293)

87.04 <0.05 0.06 0.04

2 No. study population fully 
vaccinated (n = 233)

No. study population taken 
two doses (n = 381)

2.39 0.779 0.44 0.42

3 No. study population fully 
vaccinated (n = 233)

No. study population taken 
one dose (n = 61)

145.17 <0.001 0.03 0.01

4 No. study population taken 
two doses (n = 381)

No. study population not 
vaccinated (n = 293)

102.94 <0.001 0.14 0.09

5 No. study population taken 
two doses (n = 381)

No. study population taken 
one dose (n = 61)

161.67 <0.05 0.08 0.03

6 No. study population taken 
one dose (n = 61)

No. study population not 
vaccinated (n = 293)

18.46 <0.05 1.83 3.41

Vaccination status of HCWs considered at the point of infection.
HCW, health care worker; OD, odds ratio; RR, relative risk.

Table 5.  Association between various risk factors and re-infection among the study population.

S. no. Risk factors Re-infected 
HCWs

Study population with no 
incidence of re-infection.

Chi square 
value

p Value

1. Gender

  Males 36 357 1.846 0.174

  Females 39 536  

2. Occupational exposure

  HCPs 68 703 6.088 <0.001

  Non-HCPs 7 190  

3. Age category

  20–30 years 14 395 1*  

  31–40 years 45 253 30.735 <0.001

  41–50 years 16 149 9.343 0.0022

4. COVID-19 pandemic wave

  Second wave 17 213 5.0217 0.025

  Third wave 68 455  

5. Vaccination status

  Fully vaccinated 16 217 1*  

  Received two doses 48 333 5.086 0.0241

  Received one dose 11 50 7.2267 0.0072

*It is used as the reference value. p Values less than 0.01 and 0.05 are considered as statistically significant risk factor.
HCP, health care professional; HCW, health care worker.
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The impact of vaccination among the study pop-
ulation can be compared between the patients in 
the first wave (who were not vaccinated) and oth-
ers who tested positive in the succeeding waves 
(vaccinated with at least one dose of COVID-19 
vaccine). During the entire study period, a total 
of 30.27% (n = 293/968) were categorized as non-
vaccinators (majority belongs to the first wave) at 
the point of infection. The immunization status of 
the study population for the entire study period is 
24.07% (n = 233/968) as full vaccinators (includes 
precautionary dose), 39.36% (n = 381/968) with 
two doses, and 6.30% (n = 61/968) received only 
one dose of vaccine at the point of infection. The 
risk of infection in each wave depends on many 
factors such as the variant causing the infection, 
virulence of the mutated virus, frequency of expo-
sure, and high occupational contact, etc.22 
Therefore it was proven by the contemporary 
studies that vaccine alone could not help to pre-
vent the risk of infection among HCWs, but 
resulted a significant reduction in mortality and 
associated morbidity.23

Here the study could track a significant reduction 
in mortality and hospitalization rate in each sub-
sequent wave after the introduction of vaccine. 
High hospital admission was reported in the first 
wave with an incidence of 37.33% (n = 84/225) 
and encountered one death. Soon after the inter-
vention of vaccines, within a gap of few months, 
the delta-driven second wave hits the study site 
and a low admission rate (16.96%, n = 39/230) 
can be traced out. Of which four HCWs were 
critical and admitted in the intensive care unit 
(ICU). A similar reduction of hospitalization 
(3.12%, n = 16/513) during the third wave was 
observed, of which seven required ICU admission 
and no death was observed.

On the other hand, a small percentage of HCWs 
(5.91%, n = 28) remained as non-vaccinators in 
the second and third waves, among them 16 
(57.14%, n = 16/28) reported severe symptoms of 
infection and seven (25%, n = 7/28) of the HCWs 
required the physician’s consultation/hospitaliza-
tion. The case fatality rate of the study population 
was 0.21% (n = 2/968), where one death was 
reported in the first wave (not vaccinated) and 
second death was during the second wave 
(received one dose of COVISHIELD vaccine). 
Both of them had other comorbid complications 
and were aged above 50 years at the time of death. 

A study conducted in different phases of the 
pandemic concluded that high risk of mortality 
and disease burden were associated with patients 
having any of the comorbid complications.24 
Therefore the comorbid status of the deceased 
HCW should be taken into consideration than 
immunization status (one dose). The case fatality 
rate among non-vaccinators calculated as 0.34% 
(n = 1/293) and among partially vaccinated as 
1.63% (n = 1/61).

The study tried to determine different factors 
such as gender, age, occupational exposure, and 
comorbid status as potential predictors for infec-
tion. Here female HCWs were identified with 
high probability for infection as compared to the 
male population in all three waves (Chi square 
value: 13.07, p < 0.05). In contrast, only the first 
wave marks a small hike in male population as 
compared to female HCWs. The study conducted 
by Sobotka et al.25 provides similar observation of 
high burden of infection among female popula-
tion. While here the study could not determine 
age as a potential predictor (p > 0.05), this can be 
due to the fact that most of the HCWs were aged 
between 25 and 40 years and the study site has 
very less HCWs in the geriatrics age group.

Occupational exposure was another weighty fac-
tor identified in the study, where more incidence 
of infection and associated burden was found 
among the HCPs (Chi-square value: 3.824, p 
value <0.05) as compared to non-HCPs. Also 
the study could overlook the exposure history of 
the study population, where high infection rate 
was found among those who had a history of con-
tact inside the hospital settings (chi-square value: 
6.355, p < 0.05). A similar study conducted 
among the HCWs of United Kingdom and 
United States supports that more risk of occupa-
tional exposure among HCWs as compared to the 
general population.26 At the same time, a Japanese 
study states that no difference was found between 
the general population and HCWs.27 A multi-
centered comparative study among HCWs con-
ducted by Wei et al.28 identified general medicine, 
respiratory, and ophthalmology as the three top-
most departments with high chances of COVID-
19 infections inside hospital settings. While in 
this study, the study team could understand more 
number of nursing staffs (irrespective of depart-
ments) are equally affected in all three waves, this 
study could not understand the impact of 
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comorbid status over the infection, because a very 
small number of HCWs (6.71%, n = 65/968) had 
comorbid condition.

An average of 80% reduction in re-infection was 
estimated according to Sarscov2 Immunity & 
RE-infection Evaluation (SIREN) studies among 
those with a pre-history of infection.29–31 However 
the study site could determine an incidence of 
7.75% (n = 75/968) re-infections during all the 
three consecutive waves. Of which five of them 
were hospitalized and the high severity was 
reported. This contraindicates the prediction of 
immunity acquired through previous infection in 
SIREN studies while other factors such as multi-
ple exposures to the prone areas of infection,12 
prevalence of mutant variants of coronavirus,18 
and range of antibody titers in each individual30 
should be taken into consideration. Among the 
study population, majority (n = 58) of them were 
re-infected in the third wave and five of the nurs-
ing staffs reported re-infection in all three waves 
irrespective of their immunization status. This 
study could find numerous risk factors such as 
age (old age more prone for infection than young 
age), occupational exposure (HCPs more prone 
than non-HCPs), variant of infection (Omicron 
variant in the third wave was more infectious than 
the Delta variant in the second wave), and vacci-
nation status (partially vaccinated is more prone 
to have infection than fully vaccinated) as poten-
tial agents for re-infection in the study popula-
tion. In the study, HCPs were found out to be the 
most vulnerable population with a high chance of 
frequent infections, which supports the ineffi-
ciency of neutralizing antibodies to prevent or 
reduce the severity of re-infection.32Additionally, 
several factors such as lower antibody production 
in prior infections, blood type, virulence of 
mutated virus, and being a HCW were identified 
as potential agents for re-infection among 
Brazilian and European HCWs.33,34

The long-term impact of COVID-19 pandemic 
can be directly measured through the prevalence 
of post-COVID-19 health complications. 
Numerous studies reported during the pandemic 
stated persistence of long-term post-COVID-19 
complications among HCWs with an average 
incidence rate of 10%.35–37 This study could 
observe various health complications such as long 
COVID syndrome (persistence of COVID symp-
toms beyond weeks and months after recovery), 

worsening of preexisting comorbidities, and onset 
of new comorbid conditions, etc. Female pre-
dominance (77.14%, n = 54/70) and young infec-
tion survivors (74.28%, n = 52/70) irrespective of 
the severity of their symptoms were identified as 
victims of post-COVID complications in this 
study population. The prolongation of respiratory 
symptoms as well as initiation of other extra-pul-
monary complications and the age group (30–
40 years) of long haulers identified in this study 
match with other similar study observations.38

The study population reported more number of 
general disorders such as fatigue, weakness, and 
joint and body pain continued beyond an average 
of 3 weeks to 4 months. Followed by respiratory 
system disorders (20.20%, n = 21/104), of which 
a high rate of breathlessness or dyspnea was pre-
existed at least for a period of 6 months after the 
infection. Chronic complications such as cardio-
vascular manifestations39 (7.70%, n = 8/104) were 
diagnosed in this study population makers as a 
critical observation in the study. One among the 
HCW who diagnosed with pericarditis after 
2 months of COVID-19 infection matches with 
similar case reports.40,41 Other major chronic 
manifestations diagnosed after COVID-19 infec-
tions such as new onset of diabetic mellitus,42 
hypertension,43 left ventricular hypertrophy 
(LVH),44 autoimmune arthritis,45 chicken-pox46 
in the study population have shown similarities 
with identical case reports from the literature 
search. Significantly, all of these chronic compli-
cations were detected among the HCWs who had 
frequent exposure in high-risk environments in 
the hospital (such as staffs in ICU, COVID ward, 
and other intensive medical unit).

This study could also showcase some of the post-
COVID complications which affect the reproduc-
tive health of women (cystitis,47 irregular 
periods,48 polycystic ovarian disease49). The result 
of metabolic disturbance due to the cytokine 
storm induced by COVID-19 infection can be the 
most possible explanation for these chronic 
delayed complications. A study conducted by 
Raveendran50 addresses different challenges for 
confirming these delayed complications after the 
infection and he listed out certain criteria’s for its 
diagnosis and classification. Accordingly, 78.85% 
(n = 82/104) of the reported events in this study 
population can be categorized as confirmed post-
COVID complications, while 11.54% (n = 12/104) 
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were possible and 9.62% (n = 10/104) as doubt-
fully confirmed events.

Another trend that was observed in the study was 
the worsening of preexisting comorbid conditions 
among HCWs. An incidence rate of 7.69% 
(n = 8/104) of the study population reported with 
worsening of their previous health condition. This 
indicates the excessive burden tolerated by the 
frontline workers. A number of long-COVID 
haulers among the study population were identi-
fied in the third wave (68.57%, n = 48/70), and 
nurses followed by PG and interns were tracked as 
the most vulnerable population for post-COVID 
complications in the study. Among the long-
COVID haulers, a total of 27.14% (n = 19/70) had 
a history of re-infections in any of the three waves 
of the pandemic. Multiple infection resulted in the 
study population getting exposed to more than 
one variant of SARS-CoV-2 virus, which indicates 
a need to enquire the influence of re-infection over 
post-COVID complications. Here almost all of 
the victims of post-COVID syndromes were vac-
cinated at least by two doses of COVID-19 vac-
cines (only one HCW remained as non-vaccinator) 
and therefore the effectiveness of immunization to 
protect them against these delayed complications 
also should be analyzed further in detail.

Conclusion
The impact of the pandemic, effectiveness of 
immunization, and the outcomes among the 
HCWs are specially handled topic. Multiple expo-
sure, continuous working hours in a highly contam-
inated environment, frequent infections, and 
repeated immunity interactions with mutated vari-
ants, etc. make them a special population to be 
monitored continuously. This study could bring 
out many of the long-term struggles faced by 
HCWs through a small cohort with close monitor-
ing. At the same time, many of the acute and 
chronic complications after the infection reported 
from HCWs of a single site highlight the urgent 
need to address this situation globally. An alarming 
need is generated through this study to give more 
attention toward certain areas such as COVID-19-
related post-discharge surveillance, asymptomatic 
infection, re-infections, and dynamic monitoring of 
genomic mutation of the virus.

Here most of the study population was vaccinated 
with any of the approved COVID-19 vaccines, 

and to an extent, the study could portrait the 
impact of immunization, especially in the preven-
tion of infection-associated morbidity and mor-
tality rate. The continuous re-infections among 
the study population points out the necessity of 
variant-specific vaccines for better immunity cov-
erage. Today, vaccine safety is a major concern 
that leads to unnecessary safety hesitancy among 
the public. In such a scenario, this study could 
expose a low risk of vaccine-related health prob-
lems as compared to the disease burden of the 
infection (including the post-COVID complica-
tions). Thus this study could once again prove the 
benefit of being immunized rather than the risk of 
being infected.

Limitations of the study
The study and its observations were limited to sin-
gle centered HCW cohorts and the study popula-
tion was limited to only those with a confirmed 
COVID-19 laboratory test. The study team had 
excluded the HCWs with classical symptoms of 
COVID-19 infections with a negative test or those 
who did not undergo a laboratory confirmation test. 
This was an observational study, and no interven-
tions were made in any of the phases of identifica-
tion and diagnosis of post-COVID complications.

The study population had maximum utilizers 
with COVISHEILD™ vaccine (adeno-vector 
vaccine) and utilizers of other vaccines were very 
less, which made the study team impossible to 
compare and determine the effectiveness of dif-
ferent types of vaccines. Lastly, the study team 
was not able to afford a genomic analysis to iden-
tify the culprit(s) (mutated variant) that leads to 
three different waves in the study site. Here the 
study also follows the same timeline of variant 
sequences that affected the country. Different 
parts of the country isolated with new mutated 
variants that caused an increased disease burden 
and long-term complications. Therefore, inability 
to isolate the particular variant in the study site is 
considered as the major drawback of the study.
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