
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Infectious Diseases 107 (2021) 257–263
The role of supporting services in driving SARS-CoV-2
transmission within healthcare settings: A multicenter
seroprevalence study

Amal Al-Maania,b,*, Adil Al Wahaibia,c, Jabir Al-Sootia,b, Bader Al Abria,c,
Intisar Al Shukria,d, Elham AlRisie, Laila Al Abrif, Khalid AlDagharig, Mahmood Al Subhif,
Salima AlMaqbalie, Salim AlBurtamanig, Asma AlAbrie, Ahmed Al Salamif,
Iman Al-Beloushia,b, Najla Al-Zadjalia,b, Abdullah Alqayoudhia,b, Hanan Al-Kindia,d,
Khalifa Al Shaqsig, Amina Al-Jardania,d, Seif Al-Abria

aDirectorate-General for Diseases Surveillance and Control (DGDSC), MoH, Muscat, Oman
bDepartment of Infection Prevention and Control, DGDSC, MoH, Muscat, Oman
c Surveillance Department, DGDSC, MoH, Muscat, Oman
dCentral Public Health Laboratory, DGDSC, MoH, Muscat, Oman
e Sohar Hospital, Governorate of North Batinah, Oman
fRustaq Hospital, Governorate of South Batinah, Oman
gNizwa Hospital, Governorate of AL-Dakhalia, Oman

A R T I C L E I N F O

Article history:
Received 4 March 2021
Received in revised form 20 April 2021
Accepted 23 April 2021

Keywords:
SARS-CoV-2
COVID-19
Healthcare workers
Community
Serosurvey
Infection
Oman

A B S T R A C T

Objective: To determine the seroprevalence of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in healthcare workers (HCWs) based on risk of exposure to COVID-19 patients.
Method: This was a SARS-CoV-2 seroprevalence cross-sectional study in risk-stratified HCWs randomly
selected from three main district hospitals in Oman.
Results: 1078 HCWs were included, with an overall SARS-CoV-2 seroprevalence of 21%. The seropositivity
rates in low-, variable-, and high-risk groups were 29%, 18%, and 17%, respectively (p-value < 0.001). The
study found higher positivity in males (crude odds ratio [COR] 1.71, 95% confidence interval [CI] 1.28–2.3),
and workers residing in high-prevalence areas (COR 2.09, 95% CI 1.42–3.07). Compared with doctors,
workers from supporting services, administration staff, and nurses were more likely to test positive for
SARS-CoV-2 antibodies (COR 9.81, 95% CI 5.26–18.27; 2.37, 95% CI 1.23–4.58; 2.08 95% CI 1.14–3.81). The
overall rate of previously undetected infection was 12%, with higher values in low-risk HCWs. High
district prevalence was a driving factor for seropositivity in the low-risk group (adjusted odds ratio [AOR]
2.36, 95% CI 1.0–5.59).
Conclusion: Low-risk supporting services workers can drive SARS-CoV-2 transmission in hospitals. More
attention and innovation within this area will enhance the safety of health care during epidemics/
pandemics.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

The emergence of SARS-CoV-2 (causing COVID-19) in
December 2019 rapidly evolved into a pandemic, with cumula-
tive numbers of more than 83 million confirmed cases and 1.8

million deaths globally according to WHO (2021a). During the
lengthy course of this pandemic, The Lancet (2020) reported
that workers within healthcare facilities had been working at
maximum capacity for many hours and over many shifts, and in
some settings with limited protection. Being a frontline
healthcare worker was found to be one of the risk factors for
acquiring COVID-19, as shown in many serological studies, such
as that by Galanis et al. in 2021. However, exposure in the
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community in the early phases of local spread has also been
shown to be the cause of COVID-19 in a substantial proportion of
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CWs, even before cases had been admitted to their hospital
Kluytmans-van den Bergh et al., 2020). The incidence of SARS-
oV-2 infection in HCWs has varied across different studies
epending on the disease epidemiology, target healthcare
rofessions, and diagnostic tools. Overall, studies of SARS-
oV-2 in HCWs using polymerase chain reaction (PCR) testing
ave shown infection incidence to be in the range of 0.4–49.6%,
nd seropositivity in the range of 1.6–31.6% (WHO, 2020a).
Oman is located on the southeast coast of the Middle East

egion, and has a population of around 4.6 million (Government of
man, 2021). In each district (or governorate) of Oman is a primary
inistry of Health hospital, which is used as a referral center for all

he healthcare institutions within the governorate, including the
rivate sector. Each of these referral hospitals is set up as a COVID-
9 center for admitting and managing moderate-to-severe cases.
ggressive measures aimed at protecting HCWs have been
mplemented, including administrative and engineering initia-
ives, and the provision of personal protection, as per the national
uidelines (Ministry of Health, Oman, 2020). The total number of
ositive reported cases in Oman up to the end of December 2020
as 128 867, with 1499 deaths (WHO, 2021b).
The nature and durability of the humoral immune response to

ARS-CoV-2 infection and the clinical utility of serological investi-
ation are still debatable, but serology has been a great tool for
ssessing the disease spread in the community and in healthcare
ettings (Deeks et al., 2020; Tripathi et al., 2020; WHO, 2020b). Our
oint prevalence study of SARS-CoV-2 antibodies was conducted
efore the start of the vaccination program for COVID-19 in order to
etermine the disease epidemiology and risk factors within
ealthcare settings, stratified according to exposure risks.

tudy methodology and design

tudy setting

This study was conducted in three district COVID-19 manage-
ent referral hospitals — Nizwa, Sohar, and Rustaq. These are the

eferral secondary care facilities for Al Dakhilia, North Batinah, and
outh Batinah governorates, respectively. Each hospital caters for
he population of the governorate in which it is located, and almost
ll HCWs reside in the same governorate as where they work. The
hree centers have similar structures and levels of care, with
npatient capacity ranging from 300 to 400 beds. The locations of
he hospitals and the served populations are shown in Figure 1.

The national SARS-CoV-2 serosurvey phase 2, during first 2
eeks of September 2020, showed community prevalences of 18%,
3%, and 9% for South Batinah, North Batinah, and Al Dakhilia
overnorates, respectively (manuscript in preparation).
Each of the three hospitals started early preparations for a

andemic following the national preparedness plan and infection
ontrol guidelines for SARS-CoV-2 (Ministry of Health, Oman,
020). There were specific pathways for receiving, investigating,
nd management of suspected/confirmed patients with COVID-19
rom community centers and in the emergency department. For
npatient care, each hospital created a COVID-19 ward and
ntensive care area, ensuring the implementation of proper
solation precautions. Every entrance to the hospital was provided
ith active symptomatic screening and temperature checks. The
ospitals started receiving COVID-19 patients in March 2020, with
otal inpatients by the end of August 2020 reaching 751, 350, and

from the three defined centers. The detailed process of randomi-
zation and sample selection from each hospital and for each risk
category is provided as supplementary material.

Study population

The sample size was calculated after grouping all the workers
within the three hospitals into three risk categories based on the
potential for being exposed to a suspected or confirmed COVID-19
patient within the hospital:

i High exposure risk: HCWs from COVID-19 wards,
intensive care units, emergency departments, and inter-
nal medicine departments, regardless of their profes-
sional category.

ii Variable exposure risk: HCWs from surgical wards,
pediatric/obstetric departments, and laboratories/phar-
macies. Workers in this category were not directly
involved in the care of suspected or confirmed cases of
COVID-19, but may have been if a patient was initially
undiagnosed.

iii Low exposure risk: HCWs working in administration,
medical records, engineering, finance, kitchen, laundry,
IT, and security who were not directly involved in the
clinical care of suspected or confirmed cases of COVID-19
or other clinical areas.

Each hospital sent its enrolment data sheet — with individuals
classified as indicated into the three risk categories — to the central
study team 2 weeks prior to collecting serology samples. In total,
3665 HCWs were included in a list of populations from all
participating hospitals. Each HCW was assigned with a unique code
and risk group label, based on hospital and professional categories.

Sampling and randomization

Thesamplesizeforthethreehospitalswascalculatedbasedona95%
confidenceleveland5%marginoferror,andforanestimatedprevalence
of 1–2% for each risk category. Accordingly, the total sample was 400
HCWs per category. Multivariable stratified random sampling was
conducted to select the enrolled HCWs in each risk category, weighted
by professions, using Microsoft Excel version 2010 (Microsoft Corpora-
tion, Redmond WA, USA). An illustration of the sampling and enrolment
process for the study is provided as Supplementary material.

The randomized list for each hospital was sent to the study focal
point for participation consent, questionnaire administration, and
blood testing. Each hospital team ensured that the enrolled staff
continued to operate within the allocated risk categories. Exclusion
criteria included suspected cases or those with symptoms
consistent with COVID-19 infection at the time of the survey,
and those who did not consent to completing the questionnaire or
giving a blood sample for the serology study. HCWs who were on
leave or covering work in other facilities were also excluded. An
effort was made during the 2 weeks of the study to replace some of
the unavailable or unconsenting staff, ensuring that they were
from the same category and profession.

The questionnaire

Each enrolled HCW completed a questionnaire that included

10 for Sohar, Rustaq, and Nizwa hospitals, respectively.

tudy design

A cross-sectional seroprevalence study was conducted in the
eriod September 14–28, involving workers in a healthcare setting
25
demographic information, risk assessment, symptoms, and disease
history sections. Demography included age, sex, nationality, and
profession. The exposure risk assessment included personal
protective equipment (PPE) use, infection prevention and control
(IPC) training, and contact with positive cases. Clinical data
included symptoms, symptom onset, COVID-19 history, and the
8
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presence of any pre-existing comorbidities. The questionnaire was
adapted with modification from the World Health Organization
(WHO, 2020c) assessment of risk factors for COVID-19 in health
workers. A web link to the questionnaire was provided to the
enrolled HCWs after they had consented to the study. The
participants then took an antibody test once the study team had
confirmed submission of the completed questionnaire. The
questionnaire is provided as Supplementary material.

Laboratory methodology

Using a gel separator tube, a serum sample (5–10 ml) was
collected by the central study team from all participants who had
consented and filled out the questionnaire. At the regional
hospitals, samples were centrifuged at 1000–3000 RPM for 10
min. The separated sample was then transferred to a 5 ml plain
tube without a preservative. Samples were transported to the
Central Public Health Laboratory and tested using Diasorin
Liaison1 XL (DiaSorin, Saluggia, Italy) SARS-CoV-2 S1/S2 immu-
noglobulin (IgG) kit. This is a fully automated serology test that
uses chemiluminescence immunoassay technology for the quan-
titative determination of anti-S1 and anti-S2 specific IgG anti-
bodies to SARS-CoV-2. A sample is considered negative if the IgG is
< 12 AU/ml, equivocal in the range 12–15 AU/ml, and positive at
levels � 15 AU/ml.

The results for each participant were uploaded to the hospital’s
database, along with their hospital ID number, after authorization
by a virologist in the Central Public Health Laboratory. A laboratory
line list with results was then sent to the central study team for
analysis. For the study analysis, results were either positive or
negative. Therefore, the equivocal results were classed as negative.

(manuscript in preparation). The wilayat of residence was
classified as having low or high prevalence of SARS-CoV-2
according to the mean wilayat level for the entire data (calculated
to be 11.4%). Univariate analysis was performed using logistic
regression to investigate the relationship between the positivity
of serology (response variable) and the different demographic
and questionnaire responses (explanatory variables). Differences
in the presence of recognized infections among HCWs were
tabulated and investigated using chi-square analysis. Recognized
infection was defined as an answer of ‘yes’ to a history of an
earlier confirmed infection. To highlight the drivers of positive
serology within each risk category, a multivariate logistic
regression analysis was performed for each risk category using
positive serology as a response variable and other studied factors
as explanatory variables. All statistical analyses were performed
using R software version 4.02 (The R Project, https://cran.r-
project.org/).

Results

Out of 1200 targeted HCWs from the three enrolled hospitals,
1078 (90%) were included in this study. Based on the risk of exposure
classification, of the 1078 subjects, 345 (32%) were workers classified
as high risk, 373 (35%) as variable risk, and 360 (33%) as low risk. Of
the participating HCWs, 55% were female, 49% were in the 30–39
years age category, and the majority were Omaninationals(68%). The
distribution, based on hospital and professional categories, is shown
in Table 1. The majority of the HCWs (82%) were living in their
family’s house, while the remaining were living on hospital campus
or in private shared accommodation. With regard to community
prevalence of the HCW living areas; 83% were from low-prevalence

Figure 1. The served populations1 and locations of the hospitals included in this SARS-CoV-2 seroprevalence study within Oman.
1Government of Oman. Main page. 2021. https://www.ncsi.gov.om (accessed 12 December 2020).
Data analyses

Baseline characteristics were described as percentages of the
total. Community prevalences of SARS-CoV-2 at the wilayat
(county) level were extracted from the national serosurvey
259
communities (mean prevalence = 11.4%).
Self-reporting of recent IPC training was provided by 190 (18%).

Of the enrolled cohort, 139 (13%) reported that they previously had
a confirmed SARS-CoV-2 infection.

Overall, 229 of the 1078 HCWs (21%) tested positive for IgG
antibodies against SARS-CoV-2. In the high-risk exposure category,

https://cran.r-project.org/
https://cran.r-project.org/
https://www.ncsi.gov.om
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9/345 (17%) tested positive for IgG antibodies against SARS-CoV-
, 66/373 (18%) in the variable-risk category, and 104/360 (29%) in
he low-risk category. Differences in the serology positivity
etween the risk categories were statistically significant (p-value

 0.001) with 0.51 COR (95% CI 0.35–0.73) for high risk and 0.53
OR (95% CI 0.37–0.75) for variable risk when compared with the
ow-risk category.

The COR (Table 1) showed significantly higher seropositivity in
ale HCWs (COR 1.71, 95% CI 1.28–2.3), and in workers residing in

 high-prevalence area (COR 2.09, 95% CI 1.42–3.07). Among the
rofessional categories the workers from supporting services,

those with memories of having fever, myalgia, and/or cough
were significantly associated with a higher antibody
positivity rate, with COR values of 7.62 (95% CI 4.99–11.62), 2.3
(95% CI 1.68–3.15), and 1.84 (95% CI 1.31–2.58), respectively.
Lower seropositivity was noted in workers living with their family
(COR 0.42, 95% CI 0.3–0.6).

Among the 1078 enrolled HCWs, there were 139 (13%) with
previously confirmed COVID-19 via PCR test. Of these, 118 (85%)
tested positive for SARS-CoV-2 antibodies, with a COR of 41.9 (95%
CI 25.3–69.4), while 111 (12%) of those with no previously
confirmed infection had positive serology (Table 1). The rates of

able 1
aseline characteristics, including frequency of positive SAR-CoV-2 antibodies and COR seropositivity for different factors.

Characteristic Included
N (%)

Seropositive
N (% within rows)

Crude OR (95% CI) p-Value

Total 1078 229 (21%)
Sex

Female 598 (55%) 103 (17%) Ref
Male 480 (45%) 126 (26%) 1.71 (1.28–2.3) < 0.001

Age category (years)
20–29 195 (18%) 44 (23%) Ref
30–39 529 (49%) 117 (22%) 0.98 (0.66–1.45) 0.898
40–49 295 (27%) 56 (19%) 0.8 (0.52–1.25) 0.336
50–59 53 (4.9%) 12 (23%) 1 (0.49–2.08) 0.99
Over 60 6 (0.6%) 0 0 (0–0) 0.97

Omani 730 (68%) 150 (21%) 0.88 (0.65–1.2) 0.419
Hospital

Nizwa 378 (35%) 32 (8%) Ref
Rustaq 257 (24%) 56 (22%) 3.01 (1.89–4.81) < 0.001
Sohar 443 (41%) 141 (32%) 5.05 (3.34–7.64) < 0.001

Exposure risk category
Low 360 (33%) 104 (29%) Ref
Variable 373 (35%) 66 (18%) 0.53 (0.37–0.75) < 0.001
High 345 (32%) 59 (17%) 0.51 (0.35–0.73) < 0.001

Profession category
Doctor 156 (14%) 14 (9%) Ref
Admin 190 (18%) 36 (19%) 2.37 (1.23–4.58) 0.01
Medical assistanta 136 (13%) 20 (15%) 1.75 (0.85–3.61) 0.131
Nurse 417 (39%) 71 (17%) 2.08 (1.14–3.81) 0.018
Support staffb 179 (17%) 88 (66%) 9.81 (5.26–18.27) < 0.001

Residency
Campus 197 (18%) 68 (34.5%) Ref
Family house 881 (82%) 161.0 (18.3%) 0.42 (0.3–0.6) < 0.001

Community prevalencec

Low 896 (83%) 162 (18%) Ref
High 149 (14%) 47 (31%) 2.09 (1.42–3.07) < 0.001
Unknown 33 (3%) 20 (60%)

Previously confirmed COVID-19
Yes 139 (13%) 118 (85%) 41.9 (25.3–69.4) < 0.001
No 939 (87%) 111 (12%) Ref

Recent IPC training 190 (18%) 44 (23%) 1.15 (0.79–1.67) 0.477
Symptoms in past 3 monthsd

Fever 107 (9.9%) 65.0 (61%) 7.62 (4.99–11.62) < 0.001
Myalgia 262 (24%) 86 (32.8%) 2.3 (1.68–3.15) < 0.001
Sore throat 286 (27%) 68 (23.8%) 1.22 (0.89–1.69) 0.222
Cough 212 (20%) 64 (30.2%) 1.84 (1.31–2.58) < 0.001
Other respiratorye 326 (30%) 74 (22.7%) 1.13 (0.83–1.55) 0.442
GI symptoms 243 (23%) 63 (25.9%) 1.23 (0.92–1.64) 0.172
Other symptomsf 517 (48%) 119 (23.0%) 1.41 (1.01–1.97) 0.043

a Includes medical orderlies, technicians, physiotherapists, dieticians, and pharmacists.
b Includes information technology, medical engineers, security, medical records.
c Data from a national serosurvey conducted at the same time as our study, as provided by the surveillance department for the included governorate, using a median of 11%
o define high and low prevalence.
d Reference is the absence of symptoms.
e Includes nasal congestion or runny nose, chest pain, difficulty breathing, wheezing.
f Includes headache, fatigue, and all others not mentioned in the list reported as free text entries.
dministration, and nursing were significantly more likely to test
ositive for SARS-CoV-2 antibodies compared with doctors, with
OR values of 9.81 (95% CI 5.26–18.27), 2.37 (95% CI 1.23–4.58),
nd 2.08 (95% CI 1.14–3.81), respectively. Among the seropositive
CWs, 39% were not able to recall being symptomatic in the 3-
onth period prior to the sample being collected. However,
26
previously undetected SARS-CoV-2 infection were 15/59 (25%), 36/
66 (55%), and 60/104 (58%) for the high-, variable-, and low-risk
groups, respectively (p-value < 0.001) (Table 2).

The adjusted odds ratios are shown in Figure 2. Rustaq and
Sohar hospitals showed higher seropositivity compared with
Nizwa hospital only in the high- and low-risk groups. A high
0
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district prevalence was a statistically significant driving factor for
seropositivity in the low-risk group (AOR 2.36, 95% CI 1.0–5.59)
compared with the other groups. Living with family was protective
in the variable-risk group (AOR 0.31, 95% CI 0.11–0.88), while it
showed a tendency to drive seropositivity in the high-risk group,
although this was not statistically significant (AOR 6.43, 95% CI
0.94–68.56).

Discussion

In this prospective cohort of 1078 HCWs from three different
districts hospitals in Oman, our study found a 21% overall SARS-
CoV-2 seroprevalence by the end of September 2020, with,
interestingly, a significantly higher prevalence of 29% among the
group of workers with a low exposure risk. The odds of having
SARS-CoV-2 antibodies was significantly lower for both the
workers with a high exposure risk (e.g., staff working in COVID-
19 intensive care units and wards, and emergency departments)
and a variable exposure risk (e.g., staff working in pediatric wards,
obstetrics, and surgical units). This finding was contrary to what
had been reported in earlier months of the pandemic, when
seroprevalence was higher among HCWs working in COVID-19
units, especially in areas where there had been inadequate
infection control measures and interrupted or shortage of PPE

supply (Grant et al., 2021; Iversen et al., 2020; Rudberg et al., 2020).
Many of the COVID-19 units later in the pandemic were more
prepared and adherent to IPC measures, including the use of PPE
among HCWs looking after suspected or confirmed COVID-19
patients in high-risk areas.

As community transmission increases, the risk of SARS-CoV-2
infection for HCWs outside healthcare settings becomes similar or
even higher through their household, friends, or other unmitigated
transmission encounters (Belingheri et al., 2020; Liu et al., 2020;
Muhi et al., 2020). In later stages of the pandemic, the healthcare
cluster is likely to be due to a lapse in early case detection in a
worker or a patient, especially with COVID-19. This is because, they
may have mild or atypical symptoms and there could be
presymptomatic transmission. In line with our findings, seroposi-
tivity in the Grant et al. study was found to be lower among
intensive care unit HCWs because of enhanced PPE, closed-circuit
ventilation of intubated patients, and the admission of COVID-19
patients beyond day 10, when viral shedding is less (Grant et al.,
2021; Bullard et al., 2020; Zhou et al., 2020). Throughout the
pandemic, the healthcare setting remained a high-risk area, with
the overall risk of infection in HCWs always higher than in the
background population through a combination of community and
healthcare sources.

Many studies have reported infection rates among HCWs
utilizing SARS-CoV-2 antibody detection (Moscola et al., 2020;
Paderno et al., 2020; Steensels et al., 2020; Stubblefield et al.,
2020). It is not surprising to find a wide range of variation in the
findings of seroprevalence studies, whether in community or
healthcare settings, for several reasons, such as disease epidemi-
ology, the included population, the type of antibody tests used, the
design and quality of the study, and the different timing during the
pandemic. A recent meta-analysis study found that, overall, 8.7%
(95% CI 6.7–10.9%) of HCWs had higher seroprevalence of SARS-
CoV-2 antibodies in studies from North America (12.7%) compared
with those from Europe (8.5%), Africa (8.2), and Asia (4%) (Galanis
et al., 2021). Prevalence had also been highly variable across

Table 2
Prevalence of recognized and unrecognized COVID-19 infections among HCWs
according to risk category.

Risk category Previous infection
N (% within row)

Total p-Value

Unrecognized Recognized

High risk 15 (25.4 %) 44 (74.6%) 59 < 0.001
Variable risk 36 (54.5%) 30 (45.5%) 66
Low risk 60 (57.7%) 44 (42.3%) 104
Total 111 (48.5%) 118 (51.5%) 229
Figure 2. The AOR of having positive serology for SARS-CoV-2 for the selected factors, according to stepwise regression analysis and classification by risk categorization.
*The lower limit of the CI exceeds the graph’s x-axis limit.

261



d
r
H
i
s
2
e
f
t
b

b
d
e
in
(
t
f
o
c
in
ja

C
u
t
H
d
o
c
m
u
d
b
n
e

s
r
s
b
c
C
a
w
1
o
s
t
h
w
p
d
e

c
v
d
b
M
c
lo
L
s
g
m

A. Al-Maani, A. Al Wahaibi, J. Al-Sooti et al. International Journal of Infectious Diseases 107 (2021) 257–263
ifferent centers in the USA from March 23 to May 12, 2020,
anging from 1% to 6.9% (Havers et al., 2020). Previous studies with
CWs have produced mixed results, with significant heterogene-
ty, even when only frontline (high-risk) HCWs were included, but
eroprevalence mostly correlated with community rates (Self et al.,
020). The high SARS-CoV-2 prevalence in our study may be
xplained by the inclusion of low-risk workers, the use of serology
or diagnosis, and the study being carried out done 6 months after
he epidemic had begun nationally, when disease spread was
roader than it had been earlier.
Theheterogeneityofstudieswasalsoreflectedintheriskof infection

ased on profession or job title. While some studies have shown no
ifferences in the infection rate based on profession or job (Steensels
t al., 2020; Vahidy et al., 2020), others have reported high rates of
fection or antibody positivity among nurses compared with doctors

AlMaskarietal.,2021;Barrettetal.,2020).Ourfindingsshowedtherisk
o be significantly lower in doctors compared with nurses and workers
romotherprofessionalcategories,whichmaybeduetotheirawareness
f risk or their lower level of contact and time of contact with patients
ompared with nurses. In some studies, however, clinicians had higher
fection rates, while lower rates were found in support roles, such as
nitorial staff (Eyre et al., 2020; Lombardi et al., 2020).
A study by Korth et al. (2020) evaluating IgG antibodies to SARS-

oV-2 among HCWs in Germany found the overall rate of
nrecognized infection to be 1.6%. A recent serology study from
he UK by Shields et al. (2020) found a 24.4% seroprevalence in
CWs, which was a much higher cumulative infection rate than
etermined in earlier studies using molecular testing. Comparing
ur serology study results with previously confirmed COVID-19
ases showed a 12% overall rate of unrecognized infection, with the
ajority of these in the low-risk worker category, despite the
nified accessibility of testing, quarantine, and isolation proce-
ures. This undetectable rate by molecular testing can be explained
y existing data demonstrating the relative insensitivity of
asopharyngeal swabs in determining viral carriage (Hains
t al., 2020; Wang et al., 2020).
The differences in undetectable infection rates within our

tudy risk categories may also reflect insight into infection
isks by the high- and variable-risk cohorts of HCWs, strict
ymptomatic screening procedures, and a sense of responsi-
ility for not transmitting the infection to sick patients and/or
olleagues in the clinical area. The rate of undetected SARS-
oV-2 infection may also indicate the percentage of mild or
symptomatic (SARS-CoV-2) infection among HCWs, which
as in 39% in our study’s positive group. This compares with
7.1% in the study by Shields et al. (2020) and a staggering 44%
f positive-testing HCWs who did not realize they were ill in a
erological study conducted by the Influenza Vaccine Effec-
iveness in the Critically Ill (IVY) Network (Kuehn, 2020). This
igh rate of undetected earlier infection in individuals working
ithin a healthcare setting, whether in direct contact with
atients or not, could have driven the spread of the disease via
irect or indirect contact with uninfected personnel and/or
nvironmental contamination.
The factors driving antibody positivity within each risk category showed

lear evidence that the hospital setting was important for the high- and
ariable-risk categories. This could be due to limited protection, especially
uring healthcare procedures, a reflection of presymptomatic transmission
efore universal masking at the national level became mandatory at end of
ay 2020, or non-strict adherence to preventive measures, especiallyamong

Our study’s strength was in the segregation and randomization of
all individualsworkingwithinhealthcare facilitiesbasedontheirrisk
of being exposed to suspected or confirmed patients with COVID-19.
This allowed a better understanding of healthcare-related transmis-
sionversus the impactof diseasespreadin the community. The use of
quantitative measurement for the serology testing helped in
capturing actual infection prevalence for at least the previous 6
months (Patel et al., 2020). Recall bias, incomplete filling of the
questionnaire, inaccurate information, and/or wrong entries are
some inherent limitations with surveys like this, although their
impact in the outcome analysis was minimized by the exclusion of
poor-quality information. Given the kinetics of antibody develop-
ment against SARS-CoV-2, individuals tested shortly after infection
may not have mounted an antibody response, while classifying those
with equivocal results as negative may have, to a small extent,
underestimated the prevalence of COVID-19 in HCWs.

Prevention of infection in the workplace requires a multipronged,
integratedapproach that includes IPCstrategies, occupational health
and safety measures, adherence to public health measures, and
mitigation of social behavioral risk in the community. The findings of
our study will influence future healthcare preparedness for
infectious disease outbreaks, epidemics, and pandemics by encour-
aging more attention to, and innovations for, the control of
community-driven spread into healthcare facilities, such as univer-
sal masking, symptom detection, carrier status identification, and
environmental decontamination.

Conclusion

The epidemiology of SARS-CoV-2 in a healthcare setting is
driven largely by disease prevalence in the community and
workers from supporting services. The current infection control
measures have succeeded in managing transmission in the high-
and variable-risk categories; however, more attention is required
for low-risk workers. Enforcing symptomatic screening, quaran-
tine of exposed individuals, universal masking, and encouraging
innovation in diagnostic and monitoring tools within the health-
care setting will enhance the safety of health care during epidemics
and pandemics.
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