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ARTICLE INFO ABSTRACT

Original Article Introduction: A global increase in infections was noted with the emergence

of the Omicron variant, which exhibited immune evasion capabilities against
previous infections or vaccinations. Healthcare workers (HCWs) faced
increased risk from occupational exposure. This study aimed to investigate
the clinical characteristics, reinfection rates, and breakthrough infections
among HCWs during the Omicron wave. Methods: A total of 312 HCWs
who tested positive for SARS-CoV-2 during the Omicron wave (January 1—
February 22, 2022) were enrolled in the study after providing consent.
Participating HCWs completed a questionnaire to provide details on
demographics, symptoms at testing, comorbidities, vaccination status, and
prior COVID-19 infection history. Clinical outcomes were also recorded.
Cases of reinfection and breakthrough infection were identified. Results:
The median age of HCWs in the study was 32.9 years. The frequency of
infection was higher in females (56.7%) and among the professional
categories, doctors (58.3%) accounted for the majority of cases.
Symptomatic infection was prevalent in 89.7% of cases, with most being
mild. Out of 312 healthcare workers, 265 (84.9%) received at least one dose
of the Covishield vaccine. Of these, 206 (77.7%) received two doses, and 41
(15.5% of vaccinated HCWs) also received a booster dose. 153 (49.1%) had
a history of prior SARS-CoV-2 infection. Hospitalization was required for
three unvaccinated HCWs with comorbidities, while no vaccinated HCWs
required hospitalization; no deaths occurred. Conclusions: The study found
that 312 healthcare workers were infected during the Omicron wave.
Vaccination and prior infection did not provide complete protection against
the Omicron variant. Consequently, breakthrough infections and reinfections
were observed with notable frequency during this period.
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has continuously evolved throughout the
pandemic, giving rise to variants such as Alpha, Beta,
Delta, and Omicron, which have been implicated in
subsequent infection waves [1, 2]. These variants often
exhibit altered characteristics, including increased
transmissibility, immune evasion capabilities, and
potentially varying clinical manifestations. The Omicron
variant, first identified in November 2021, rapidly spread
globally, with its sublineages becoming dominant. The
Omicron surge was initially driven by sublineages
including BA.1 (including BA.1.1), and BA.2. The
Omicron variant exhibits mutations, such as R203K and
G204R in the nucleocapsid protein and H655Y, N679K,
and P681H in the spike protein, contributing to increased

http://jommid.pasteur.ac.ir

transmissibility and immune evasion. The Omicron
variant drove a third pandemic wave in India, beginning
around January/February 2022, resulting in a surge of
reported cases. This highly transmissible variant is known
to cause breakthrough infections and reinfections due to
its ability to evade the neutralizing antibodies generated
by vaccination or previous infection [3-7].

In India, the SARS-CoV-2 vaccination campaign began on
January 16, 2021, prioritizing healthcare workers. The
campaign utilized two indigenous vaccines: Covishield (the
Oxford/AstraZeneca viral vector vaccine manufactured in
India) and Covaxin (an inactivated whole-virion vaccine).
Initially, these vaccines were administered to high-priority
groups, including healthcare workers [8]. Studies have
shown that vaccine effectiveness against SARS-CoV-2
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infection, severity, and transmission varies by vaccine type,
circulating variant, and time since vaccination. Studies
indicate that while vaccines like Covishield and Covaxin
reduced severe disease, their short-term effectiveness against
Omicron infection waned over time. This varied by vaccine
type and interval since vaccination [9-10]. Vaccine
effectiveness against Omicron subvariants varied by time
since vaccination [11].

Understanding the clinical characteristics, risk factors,
and outcomes associated with SARS-CoV-2 among
healthcare workers is of utmost importance to mitigate
viral spread within the hospital environment and to guide
effective screening and infection control measures,
particularly in high-prevalence, resource-limited settings.
Understanding these clinical characteristics and outcomes
is crucial for guiding effective screening and infection
control measures, particularly in high-prevalence,
resource-limited settings.

The primary objective of this study was to assess the
clinical characteristics of healthcare workers at
Government Medical College, Srinagar, and its associated
hospitals, infected with SARS-CoV-2 during the
Omicron-driven pandemic wave. Additionally, the study
aimed to investigate the rates of reinfection and
breakthrough infections in healthcare workers during the
Omicron wave.

MATERIAL AND METHODS

Study design. This cross-sectional study was
conducted in the Department of Microbiology,
Government Medical College (GMC), Srinagar, Jammu
and Kashmir, India.

Participant selection. Healthcare workers (HCWs)
from GMC and its associated hospitals who tested
positive for SARS-CoV-2 between January 1, 2022, and
February 22, 2022, were eligible for the study. HCWs
were considered infected if they tested positive by real-
time RT-PCR or rapid antigen test (RAT). These HCWs
were approached for their consent to participate in the
study. HCWs who declined to participate were excluded
from the study. No other exclusion criteria were applied.
Healthcare workers were categorized into three groups: (i)
Fully vaccinated (completed two doses of a vaccine), (ii)
Partially vaccinated (received one dose), and (iii)
Unvaccinated (received no doses). These groups were
evaluated for disease severity, breakthrough infections,
and outcomes such as hospitalization, Intensive care unit
(ICU) admission, or death. Breakthrough infections were
defined as SARS-CoV-2 infections in fully vaccinated
HCWs (two doses), and reinfections as infections >90
days after a prior confirmed infection, adapted from CDC
guidelines and consistent with recent HCW studies [12-
14].

Testing procedure. During this period, healthcare
workers who were symptomatic or identified as close
contacts of a confirmed SARS-CoV-2 case were tested for
SARS-CoV-2. Testing was performed using real-time RT-
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PCR or a rapid antigen test. For real-time RT-PCR,
nasopharyngeal samples collected in viral transport
medium were tested using a commercially available
multiplex PCR kit (Meril one-step RT-PCR kit). The rapid
antigen testing was carried out using the SD Biosensor kit.

Data collection. A structured questionnaire, adapted
from the WHO/2019-nCoV/HCW  Surveillance
Protocol/2020, was distributed electronically via Google
Forms to HCWs who consented to participate in the study.
This questionnaire was adapted from the WHO/2019-
nCoV/HCW Surveillance Protocol/2020 and modified to
reflect the current epidemiological context [15]. The
questionnaire collected data on demographics, symptoms
at the time of testing, presence of comorbidities,
vaccination status, history of COVID-19 infection, and
clinical outcomes. Clinical outcomes were assessed based
on whether the participant recovered fully, required
hospitalization, or necessitated intensive care unit (ICU)
admission. As part of routine SARS-CoV-2 genomic
surveillance, samples from a subset of HCWs were
submitted for whole genome sequencing. Sample
submission adhered to the guidelines established by the
Indian SARS-CoV-2 Genomics Consortium (INSACOG).
A subset of 20 positive samples from HCWs with a cycle
threshold (Ct) value below 30 was randomly selected for
whole genome sequencing.

Statistical analysis. Data collected from healthcare
workers were exported to a spreadsheet. Statistical
analyses were performed using OpenEpi, version 3.01.
Continuous variables were summarized as mean, while
categorical variables were presented as counts and
percentages. Comparisons between subgroups of
healthcare workers were conducted using Pearson’s chi-
squared test or Fisher’s exact test, depending on expected
cell counts. A P-value of < 0.05 was considered
statistically significant.

Ethical clearance: The study protocol was approved by
the Institutional Review Board (IRB), Government
Medical  College, Srinagar (approval number
IRBGMC/C5-26).

RESULTS

Demographics. A total of 312 healthcare workers
(HCWs) who tested positive for SARS-CoV-2 during the
third pandemic wave in Kashmir participated in this study.
Of the participants, 50.0% (156/312) were aged 18-35
years, 37.5% (117/312) were aged 3649 years, and
12.5% (39/312) were aged >50 years. The median age was
32.9 years (range, 18-60 years). The majority of
participants (177/312; 56.7%) were female. The largest
represented professional group was doctors (182/312;
58.3%), followed by nurses (47/312; 15.1%), and
technicians (53/312; 17.0%).

Clinical presentation. Of the 312 participating HCWs,
247 (79.2%) were tested by RT-PCR, and 65 (20.8%) were
tested using a rapid antigen test (RAT). Among the HCWs
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who tested positive, 280 (89.7%) were symptomatic, with
symptoms not requiring hospitalization. The most
common symptom was fever (259/280; 92.5%), followed
by cough (215/280; 76.8%), myalgia (197/280; 70.4%),

Table 1. Characteristics of healthcare workers

sore throat (195/280; 69.6%), and fatigue (192/280;
68.6%) (See Table 1). Most symptomatic HCWs
experienced multiple symptoms.

Characteristics
Age (years)
18-35

36-49
>50
Sex
male
female
Professional category
Doctor
Nurse
Technician
Orderly
Administrative
Comorbidities
Cardiovascular disease
Blood disorder
Metabolic disorder
Obesity (BMI > 30 kg/m?)
Testing method
RT-PCR
RAT
Clinical presentation
symptomatic
asymptomatic
Symptoms (n=280)
Fever
Cough
Nasal congestion
Chills
Headache
Myalgia
Sore throat
Arthralgia
Fatigue
Abdominal pain
Cutaneous rash
Diarrhea
Ocular pain
Anosmia
Shortness of breath
Other*
Vaccination status
Fully vaccinated
Partially vaccinated
not vaccinated
Past SARS-CoV-2 infection
Yes
No

Number (No) Percentage (%)
156 50.0
117 375
39 12.5
135 43.3
177 56.7
182 58.3
47 151
53 17.0
21 6.7

9 2.9
18 5.8
3 1.0
38 12.2
3 1.0
247 79.2
65 20.8
280 89.7
32 10.3
259 925
215 76.8
180 64.29
162 57.86
183 65.36
197 70.36
195 69.64
83 29.29
192 68.57
29 10.36
3 1.07
35 125
16 5.7
62 22.14
35 125
4 1.43
206 66.0
59 19.0
47 15.0
153 49.0
159 51.0

*QOther symptoms included dizziness, chest pain, nausea, vomiting, mood changes, and hair loss

Reinfections and breakthrough infections. Of the
312 HCWs who tested positive for SARS-CoV-2 during
the Omicron period, reinfection (153/312) and
breakthrough infections (265/312) were observed.
Regarding vaccination status, 206 (66.0%) were fully
vaccinated, 59 (19.0%) were partially vaccinated, and 47
(15.0%) were unvaccinated. Of those vaccinated, 41
(15.5%) had also received a booster dose. All HCWs had
received the Covishield vaccine. A past history of SARS-
CoV-2 infection was reported by 153 (49.0%) HCWs,
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indicating reinfection. Among these reinfected HCWs,
126 (82.0%) had been fully or partially vaccinated. As
shown in Figure 1, which illustrates the relationship
between symptom status, vaccination status, and prior
SARS-CoV-2 infection (reinfection), no statistically
significant association was observed between prior
infection and symptom presentation (P > 0.05).
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Fig. 1. Correlation between symptom status, vaccination status (breakthrough infections), and prior SARS-CoV-2 infection
(reinfection)

The associations between breakthrough infections,
reinfections, and demographic/clinical characteristics
(age, gender, profession, and underlying disorders) were

examined (Table 2). A statistically significant correlation
was observed between comorbidities and breakthrough
infections.

Table 2. Associations of demographic and clinical characteristics with breakthrough infections and prior SARS-CoV-2 infection among

healthcare workers

Characteristic Past D[S P-value
Breakthrough - SARS- SARS- ]
infection Unvaccinated P-value CoV-2 CoV-2 ) (prlpr
. . . . infection)
infection infection
Age
18-35 127 29 79 7
35-50 105 12 0.16 59 58 0.36
>50 33 6 15 24
Gender
Male 113 22 76 59
Female 152 25 0.59 77 100 0.02
Profession
Doctor 165 17 94 88
Nurse 35 12 18 29
Technician 41 12 0.003 29 24 0.33
Orderly 15 6 9 12
Administrative 9 0 3 6
Comorbidities
Cardiovascular disease 18 0 6 12
Blood disorder 3 0 3 0
Metabolic disorder 38 0 <0.001 21 17 0.07
Obesity (BMI > 30 kg/m?) 3 0 0 3
The association between the timing of vaccination and included three HCWs with comorbidities: One HCW had
breakthrough infections is illustrated in Figure 2. As the diabetes and hypertension and was treated with steroids,
time since vaccination increases, the probability of a another HCW had obesity and required high-flow oxygen
breakthrough infection increases. support, and the third HCW with chronic lung disease
Co-morbidities and outcomes. In this study, 241 necessitated ICU admission. These three unvaccinated
(77.4%) cases did not have any underlying co-morbidity. 1nd1V1duals experienced severe outcomes, but no
The most reported comorbidities were diabetes mellitus (a mortality was reported.
metabolic disorder) and hypertension (a cardiovascular Of 20 randomly selected samples with Ct <30 that were
disease), observed in 38 and 18 HCWs respectively. Of sequenced, 18 (90%) were identified as Omicron BA.2
the 241 HCWs without comorbidities, 238 (98.8%) and 2 (10%) as BA.1.
recovered without requiring hospitalization. Exceptions
J Med Microbiol Infect Dis 114 2025 Vol. 13 No. 2
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Fig. 2. Correlation between the elapsed time since vaccination and the incidence of breakthrough infections among healthcare
workers.

DISCUSSION

The present study describes the clinical course of
SARS-CoV-2 infection during the Omicron-dominant
transmission period. It also documents the reinfection and
breakthrough infection cases during this time. The
Omicron surge led to a marked increase in SARS-CoV-2
infections among HCWs. The increased infection rates
were attributed to the Omicron sublineages' (such as BA.1
and BA.2) higher transmissibility and ability to evade
vaccine-induced and natural immunity [3, 6].

The 18-35-year age group accounted for 50% of
infections. This finding aligns with prior studies
demonstrating that infection and reinfection occur
primarily in younger populations, although a study by
Malhotra et al. (2022) suggested that the age group above
35 years experienced fewer infections during the Omicron
period due to their likely prior exposure to earlier,
potentially more severe variants of SARS-CoV-2, leading
to a degree of immune protection [8].

Our study observed a higher incidence of infection in
females compared to males, consistent with sex
differences highlighted in several studies. Doctors,
laboratory technicians, and nurses had higher infection
rates during the Omicron wave, as suggested by
significant associations (P=0.003) likely due to greater
occupational exposure to infected individuals or
contaminated samples [16, 17].

Compared to earlier variant-driven waves, the Omicron
wave was associated with milder symptoms and fewer
hospitalizations. Common symptoms included fever,
chills, myalgia, and easy fatigue. Sore throat was common
(195/280; 69.6%), while anosmia occurred less frequently
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(62/280; 22.1%) compared to reports from the Delta wave
[8, 18-20]. This trend was observed globally. Compared
to previous waves, fewer hospitalizations and ICU
admissions were recorded, with only three unvaccinated
HCWs with comorbidities requiring hospitalization in our
study. These individuals were unvaccinated, underscoring
the protective benefit of vaccination against severe
disease.

The Omicron period witnessed a surge in both
reinfections and breakthrough infections. In this study,
84.9% (265/312) of HCWs were vaccinated and
experienced breakthrough infections, and 49.0%
(153/312) had prior infections and experienced
reinfections. While vaccination and prior infection
reduced severe disease (only unvaccinated HCWs
required hospitalization), protection against Omicron
infection was incomplete, with 265 of 312 HCWs (84.9%)
experiencing breakthrough infections. This aligns with
findings in immunocompromised populations, where
Omicron posed ongoing risks despite vaccination [21].
This increase is attributed to several factors. Firstly, the
Omicron variant's substantial genetic divergence,
particularly with 26-32 mutations in its spike protein,
which  facilitates immune evasion and high
transmissibility, diminished the protection conferred by
previous infection. Secondly, studies have shown that
protection from vaccination declines over time [19, 22-
24]. Breakthrough infections were also observed in
HCWs who had taken a booster dose. Although vaccine
effectiveness against Omicron infection may wane over
time, studies have consistently proven that protection
against severe disease, hospitalization, and death remains
substantial. A study by Hall et al. found evidence of
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considerable waning of immunity over a period after
vaccination, dropping to 22-66% after 6 months. Even the
41 boosted HCWs (15.5% of vaccinated HCWs)
experienced mild breakthrough infections, consistent with
waning vaccine-induced immunity over time [22]. Studies
have reported that alternative prophylaxes, such as
tixagevimab/cilgavimab, showed limited efficacy against
newer Omicron variants [22, 25]. Our findings support
this, as no cases of severe disease or death was observed
in vaccinated HCWs. In our study, hospitalization was
seen in three HCWs, all of whom were unvaccinated and
had underlying comorbid illness.

First, as a single-center study, the findings may not be
generalizable to other healthcare settings or populations.
Second, the retrospective nature of the study introduces
the possibility of recall bias. Third, some HCWs, whether
symptomatic or asymptomatic, might not have been tested
during the study period. To address these limitations,
future research should involve multicenter studies with
prospective data collection to reduce bias and provide
reliable data for public health policies and infection
control measures.

In conclusion, our study underscores a substantial
proportion of HCWs infected during the Omicron phase.
Breakthrough infections and reinfections were observed
more frequently in comparison with previous pandemic
waves. Vaccination and previous infection offered
reduced protection compared to other variants. This
suggests the need for updated vaccine strategies or
additional preventive measures to better manage future
variants.

ACKNOWLEDGEMENT

The authors express their gratitude to all healthcare
workers who consented to participate in the study.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest
associated with this manuscript.

REFERENCES

1. Kurhade C, Zou J, Xia H, Liu M, Chang HC, Ren P, et al.
Low neutralization of SARS-CoV-2 Omicron BA.2.75.2,
BQ.1.1 and XBB.1 by parental mRNA vaccine or a BA.S
bivalent booster. Nat Med. 2023; 29 (2): 344-7.

2. World Health Organization. Enhancing response to Omicron
(COVID-19 variant B.1.1.529): technical brief and priority
actions for Member States [Internet]. Geneva: World Health
Organization; 2022 Jan 7 [cited 2025 Mar 10]. Available
from: https://www.who.int/publications/m/item/enhancing-
readiness-for-omicron-(b.1.1.529)-technical-brief-and-
priority-actions-for-member-states.

3. World Health Organization. Classification of Omicron
(B.1.1.529): SARS-CoV-2 variant of concern [Internet].
Geneva: World Health Organization; 2021 Nov 26 [cited
2025 Mar 10]. Available from:

J Med Microbiol Infect Dis 116

10.

11.

12.

13.

14.

https://www.who.int/news/item/26-11-2021-classification-
of-omicron-(b.1.1.529)-sars-cov-2-variant-of-concern.

Shervani Z, Bhardwaj D, Hasan S, Qazi UY, Purang M,
Ibbrahim A, et al. The Omicron Wave in India, Mumbai, and
Delhi: prevalence and pathogenicity. Eur ] Med Health Sci.
2022; 4 (3): 123-30.

Karyakarte RP, Das R, Dudhate S, Agarasen J, Pillai P,
Chandankhede PM, et al. Clinical characteristics and
outcomes of laboratory-confirmed SARS-CoV-2 cases
infected with Omicron subvariants and the XBB
recombinant variant. Cureus. 2023; 15 (2): €35261.

Abdool Karim SS, Karim QA. Omicron SARS-CoV-2
variant: a new chapter in the COVID-19 pandemic. Lancet.
2021; 398 (10317): 2126-8.

Nair C, Kozak R, Alavi N, Mbareche H, Kung RC, Murphy
KE, et al. Evaluation of real and perceived risk to health care
workers caring for patients with the Omicron variant of the
SARS-CoV-2 virus in surgery and obstetrics. J Obstet
Gynaecol Can. 2024; 46 (3): 102276.

Malhotra S, Mani K, Lodha R, Bakhshi S, Mathur VP, Gupta
P, et al. COVID-19 infection, and reinfection, and vaccine
effectiveness against symptomatic infection among health
care workers in the setting of Omicron variant transmission
in New Delhi, India. Lancet Reg Health Southeast Asia.
2022; 3: 100023.

Lopez Bernal J, Andrews N, Gower C, Robertson C, Stowe
J, Tessier E, et al. Effectiveness of the Pfizer-BioNTech and
Oxford-AstraZeneca vaccines on COVID-19 related
symptoms, hospital admissions, and mortality in older adults
in England: test negative case-control study. BMJ. 2021;
373: n1088.

Hall VJ, Foulkes S, Saei A, Andrews N, Oguti B, Charlett A,
et al. COVID-19 vaccine coverage in health-care workers in
England and effectiveness of BNT162b2 mRNA vaccine
against infection (SIREN): a prospective, multicentre, cohort
study. Lancet. 2021; 397 (10286): 1725-35.

Link-Gelles R, Ciesla AA, Roper LE, Scobie HM, Ali AR,
Miller JD, et al. Early estimates of bivalent mRNA booster
dose vaccine effectiveness in preventing symptomatic
SARS-CoV-2 infection attributable to Omicron BA.5- and
XBB/XBB.1.5-related sublineages among
immunocompetent adults—increasing community access to
testing program, United States, December 2022-January
2023. MMWR Morb Mortal Wkly Rep. 2023; 72 (5): 119-
24.

Yahav D, Yelin D, Eckerle I, Eberhardt CS, Wang J, Cao B,
et al. Definitions for coronavirus disease 2019 reinfection,
relapse and PCR re-positivity. Clin Microbiol Infect. 2021;
27 (3): 315-8.

CDC COVID-19 Vaccine Breakthrough Case Investigations
Team. COVID-19 vaccine breakthrough infections reported
to CDC - United States, January 1-April 30, 2021. MMWR
Morb Wkly Rep. 2021; 70 (21): 792-3.

Karmacharya A, Rai K, Siwakoti S, Khanal B, Bhattarai NR.
COVID-19  breakthrough infections in  vaccinated
individuals at BPKIHS, Nepal. BMC Infect Dis. 2024; 24
(1): 1003.

2025 Vol. 13 No. 1


https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-\(b.1.1.529\)-technical-brief-and-priority-actions-for-member-states
https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-\(b.1.1.529\)-technical-brief-and-priority-actions-for-member-states
https://www.who.int/publications/m/item/enhancing-readiness-for-omicron-\(b.1.1.529\)-technical-brief-and-priority-actions-for-member-states
https://www.who.int/news/item/26-11-2021-classification-of-omicron-\(b.1.1.529\)-sars-cov-2-variant-of-concern
https://www.who.int/news/item/26-11-2021-classification-of-omicron-\(b.1.1.529\)-sars-cov-2-variant-of-concern
http://dx.doi.org/10.61882/JoMMID.13.2.111
http://jommid.pasteur.ac.ir/article-1-686-en.html

[ Downloaded from jommid.pasteur.ac.ir on 2026-01-02 ]

[ DOI: 10.61882/JoMMID.13.2.111 ]

15.

16.

17.

18.

19.

20.

Cite this article:

SARS-CoV-2 infections among healthcare workers during the Omicron wave

World Health Organization. Health worker exposure risk
assessment and management in the context of COVID-19
virus: interim guidance, 4 March 2020. Geneva: WHO;
2020. Report No.: WHO/2019-
nCoV/HCW_Surveillance Protocol/2020.1

Maria LD, Sponselli S, Caputi A, Stefanizzi P, Pipoli A,
Giannelli G, et al. SARS-CoV-2 breakthrough infections in
health care workers: an Italian retrospective cohort study on
characteristics, clinical course and outcomes. J Clin Med.
2023; 12 (2): 628.

Cegolon L, Ronchese F, Ricci F, Negro C, Larese-Filon F.
SARS-CoV-2 infection in health care workers of Trieste
(North-Eastern Italy), 1 October 2020-7 February 2022:
occupational risk and the impact of the Omicron variant.
Viruses. 2022; 14 (8): 1663.

Sheng WH, Chang HC, Chang SY, Hsieh MJ, Chen YC, Wu
YY, et al. SARS-CoV-2 infection among healthcare workers
who already received booster vaccination during epidemic
outbreak of Omicron variant in Taiwan. J Formos Med
Assoc. 2023; 122 (5): 376-83.

Rahman S, Rahman MM, Miah M, Begum MN, Sarmin M,
Mahfuz M, et al. COVID-19 reinfections among naturally
infected and vaccinated individuals. Sci Rep. 2022; 12 (1):
1438.

Yassa M, Graber JM, Black K, Resende ADSD, Legard A,
Caruth J. Comparison of COVID-19 symptoms in

21.

22.

23.

24.

25.

correctional health care workers during the initial and
Omicron surges. J Correct Health Care. 2024; 30 (3): 158-
66.

Evans RA, Dube S, Lu 'Y, Yates M, Arnetorp S, Barnes E, et
al. Impact of COVID-19 on immunocompromised
populations during the Omicron era: insights from the
observational population-based INFORM study. Lancet Reg
Health Eur. 2023; 35: 100747.

Hall V, Foulkes S, Insalata F, Kirwan P, Saei A, Atti A, et al.
Protection against SARS-CoV-2 after COVID-19
vaccination and previous infection. N Engl J Med. 2022; 386
(13): 1207-20.

Cai C, Li Y, Hu T, Liang R, Wang K, Guo C, et al. The
associated factors of SARS-CoV-2 reinfection by Omicron
variant - Guangdong Province, China, December 2022 to
January 2023. China CDC Wkly. 2023; 5 (18): 391-6.

Akhter M, Roy SK, Khair A, Karim MR, Mojlish UKFK,
Ahmed MU, et al. SARS-COV-2 breakthrough infection and
its covariates among healthcare providers of a hospital in
Bangladesh during the Omicron wave. Heliyon. 2024; 10
(17): e37287.

Gidari A, Sabbatini S, Bastianelli S, Pierucci S, Busti C,
Svizzeretto E, et al. Tixagevimab/cilgavimab: still a valid
prophylaxis against COVID-19 new variants? Viruses. 2024;
16 (3): 354.

Khan RA, Zahoor D, Farhana A, Jehan M. Clinical Characteristics, Breakthrough Infections, and Reinfections with
SARS-CoV-2 among Healthcare Workers in the Omicron Wave. J Med Microbiol Infect Dis, 2025; 13 (2): 111-117.
DOI: 10.61186/JoMMID.13.2.111.

J Med Microbiol Infect Dis

117

2025 Vol. 13 No. 1


http://dx.doi.org/10.61882/JoMMID.13.2.111
http://jommid.pasteur.ac.ir/article-1-686-en.html
http://www.tcpdf.org

