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Background:  Understanding  the risk  factors  responsible  for  the  increased  infection  among  HCWs  can
mitigate  the  transmission  of  COVID-19  among  HCWs  and  patients  alike.  The  aim  of  this  study is  to evaluate
factors  associated  with SARS-CoV-2  infection  among  healthcare  Workers.
Methods:  Healthcare  workers  and  hospital  administrators  were  asked  to participate  in this  cross-sectional
survey  study  that  was  conducted  in Jaber  Al Ahmad  Hospital  (JAH)  between  August  to  October  2020.
Participants  were  invited  to undergo  SARS-CoV-2-specific  antibody  testing  and  to complete  a question-
naire  targeted  to factors  that  may  be associated  with  acquisition  of  SARS-CoV-2.  Descriptive  analysis  and
multivariate  logistic  regression  were  done.
Results:  847  healthcare  workers  participated  in  the  study  and  20.5%  of  them  had  previous  SARS-CoV-
2  infection.  The  average  age  of  participants  was  35.7  years  (SD  = 7.9); 52.4%  were  female,  and  55.8%
were  doctors.  Multivariate  analysis  showed  that working  as  a nurse  (adjusted  OR  1.77,  95%  CI  =  1.15,
2.71),  and  wearing  gloves  (adjusted  OR 2.93,  95%  CI =  1.19,  7.22)  were  significantly  associated  with
an  increased  likelihood  of  contracting  SARS-CoV-2  infection  while  controlling  for  other  factors.  Most
personal  protective  equipment  (PPE)  were  reported  to  be  available  always  or most  of  the  time,  with  the
least  available  PPE  item  being  coveralls  (74.4%).

Conclusions:  After  adjusting  for confounding  factors,  being  a nurse  and  prolonged  glove  use were  associ-
ated  with  increased  likelihood  of SARS-CoV-2  infection.  Prospective  cohort  studies  are  required  to further
elucidate  the  reasons  for  our  findings  in  order  to minimize  the  transmission  of  infection  among  healthcare
workers.

© 2021  Published  by  Elsevier  Ltd on behalf  of  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.
This  is an  open  access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic continues

to have a major impact on healthcare services worldwide, despite
ongoing vaccination efforts. New variants are continuously emerg-
ing with devastating effects [1]. Also, vaccine supply shortages,
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elivery logistical issues and anti-vaccination sentiments have
ade reaching global herd immunity a challenge [2,3]. Healthcare
orkers remain pivotal to the functionality of healthcare systems.

n fact, global policy decisions regarding public health measures,
uch as lockdowns and airport closures, are guided to maintain
unctional capacity of healthcare systems [4].

Epidemiological seroprevalence studies have consistently
emonstrated that healthcare workers are at a higher risk of SARS-

oV-2 transmission compared to the general public [5,6]. This
mphasizes the importance of infection prevention and control
n avoiding nosocomial SARS-CoV-2 outbreaks and disruptions to
ssential services [7,8]. However, there are several challenges fac-
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ing infection control departments within hospitals that include
protective personal equipment shortages [7], lack of clarity regard-
ing SARS-CoV-2 transmission patterns [9] and the difficulty of
implementing guidelines issued by international governing bodies
that are continuously changing [10,11].

To minimize healthcare workers’ susceptibility to respiratory
infections, such as COVID-19, a comprehensive risk factor assess-
ment is merited [12]. Several authors have addressed this through
multiple types of questionnaires [13,14]. However, most of the
questionnaires used have focused on certain demographics or par-
ticular infection control practices. Also, most of the studies that
have surveyed healthcare workers did not utilize laboratory test-
ing to confirm the status of the controls [15], despite the fact
that asymptomatic SARS-CoV-2 infection may  play a role in super-
spreader transmission events [16,17]. The aim of this study is to
better understand and evaluate the association between several
infection control factors and the risk of SARS-CoV-2 infection and
potentially assess effectiveness of infection control measures.

Methods

Study design and population

This was a cross-sectional survey where participants were
invited to undergo SARS-CoV-2-specific antibody testing and com-
plete a questionnaire at a designated COVID-19 hospital in Kuwait
(Jaber Al Ahmad Hospital (JAH)) between August to October 2020
(Note: that recruitment period was prior to the vaccination period
in Kuwait). JAH is a large general hospital with a bed capacity
of 1150 beds and provides comprehensive medical, surgical, den-
tal, obstetrics, and pediatrics services. In February 2020, it became
the national designated COVID-19 center. Invitations to participate
in the study were extended to all healthcare workers and hospi-
tal administrators over the age of 18 across all health districts in
Kuwait through social media. Participants who reported that they
were not active in their role during the pandemic period were
excluded from the study.

Definitions

For the purposes of this study ‘Doctors’ were defined as physi-
cians and dentists who were active clinically during the pandemic.
‘Nurses’ included staff nurses and student nurses who  had direct
and indirect patient contact throughout the study period. ‘Other
medical staff’ were healthcare professionals whose role put them in
contact with patients, such as physiotherapists, occupational thera-
pists, and nutritionists. ‘Administrative staff’ were hospital workers
whose role did not put them in contact with patients. Patients were
classified as ‘COVID-19 positive’ if they reported a prior positive
result for SARS-CoV-2 via polymerase chain reaction (PCR) or anti-
body testing or if they had a positive antibody testing during the
study. Patients were considered ‘COVID-19 negative’ if they never
had a positive result for SARS-CoV-2 via PCR or antibody testing.

Serological testing for SARS-CoV-2

After obtaining informed consent, specimens were collected
and underwent SARS-CoV-2-specific antibody testing using the

LIAISON® SARS-CoV-2 S1/S2 IgG and IgM (DiaSorin, Saluggia, Italy).
This system uses chemiluminescent immunoassay (CLIA) for semi-
automatic detection of SARS-CoV-2 antibodies in human samples.
The manufacturer’s protocol was followed for sample analysis.
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uestionnaire

The survey was distributed to the healthcare workers elec-
ronically via text message using the SurveyCTO online platform
Dobility, USA) prior to their serological testing. The survey was
dapted from the World Health Organization’s survey [18]. The
urvey was  adapted to better fit our local population’s environ-
ent. The questionnaire’s primary aim was to assess risk factors for

ARS-CoV-2 infection in healthcare workers dealing with COVID-19
atients and to potentially estimate the efficacy of infection control
easures. The survey was composed of the following domains: par-

icipants’ demographics, transmission dynamics, infection control
raining, personal protective equipment (PPE) availability, clinical
ractice and COVID-19 contact characteristics.

thics

Ethical approval for this study was  obtained from the Standing
ommittee for Coordination of Health and Medical Research (Ethics
eview Committee) at the Ministry of Health of Kuwait (reference
o. 2020/1473).

tatistical analysis

Continuous data were described using mean (M) and stan-
ard deviation (SD). Categorical data were described using number
n) and percentage (%). To determine the potential risk factors of
OVID-19 infection, we  conducted univariate logistic regression.
he associated risk was  quantified using crude odds ratio (OR)
nd 95% confidence intervals (CI). Where zeros caused problems
ith computation of the OR or its Standard Error, 0.5 was added

o all cells [19] and the significance test was calculated accord-
ng to Sheskin [20]. In the univariate analysis, missing values (i.e.,

ith no reported response) and not-needed-for-my-role values
ere excluded. However, when conducting multivariate analysis,
e used multiple imputation to avoid listwise deletion. Prior to

mputing the data, the frequency, percentage, and pattern of miss-
ng data were checked. Additionally, the outcome variable was
ompared between patients with and without missing values using
hi-square test. The pattern of missing data in this study (shown in
ppendix A) was  arbitrary because the missing values for the vari-
bles of any record were seen in a random fashion. Thus, multiple
mputation by chained equations was appropriate. The basic idea
s to impute incomplete variables, one at a time, using the com-
leted variables. The imputation model used a logistic regression
lgorithm as all missing variables were categorical and included
ge, sex, job, nationality and all variables related to PPE availability
nd practice, contact with COVID-19 patients, as well as training.
issing values were imputed ten times with 1000 iterations. After

mputation, adjusted OR and 95% CI were estimated using a mul-
iple logistic regression model, which included the variables that
ere significantly associated with COVID-19 infection in the uni-

ariate analysis. A model was applied to each dataset. The estimated
oefficients, SEs, and CIs from each model were pooled together
sing Rubin’s rule [21].

Results of statistical analysis were considered significant when
he probability of error was .05 or less. Statistical analyses were per-
ormed using IBM SPSS Statistics (Version 27) [22] and R (Version
.0.4) packages [23].

esults
During the study period, 847 healthcare workers completed the
urvey and underwent SARS-CoV-2-specific antibody testing. Of
hose, 174 (20.5%) participants were categorized as positive. At the
ime of the study, 79 (9.3%) tested positive for IgM, 133 (15.7%) for
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Table  1
Demographics and clinical characteristics of healthcare workers and their associated risk to COVID-19 infection.

Covid-19 status Crude OR (95% CI)

Negative Positive
N  = 673 N = 174

Age in years, M ± SD 35.6 ± 8.1 36.1 ± 7.1 1.01 (0.99, 1.03)
Male,  n (%) 319 (47.4) 84 (48.3) 1.04 (0.74, 1.45)
Nationality, n (%)

Kuwait 339 (50.4) 63 (36.2) 1
India 141 (21.0) 59 (33.9) 2.25 (1.50, 3.38)*
Egypt 121 (18.0) 31 (17.8) 1.38 (0.86, 2.22)
Other  72 (10.7) 21 (12.1) 1.57 (0.90, 2.74)

Job,  n (%)
Doctor 393 (58.4) 80 (46.0) 1
Nurse 113 (16.8) 43 (24.7) 1.87 (1.22, 2.86)*
Other medical staff 142 (21.1) 44 (25.3) 1.52 (1.01, 2.30)*
Administrative staff 25 (3.7) 7 (4.0) 1.38 (0.58, 3.29)

Comorbidities, n (%)
Diabetes 32 (4.8) 12 (6.9) 1.48 (0.75, 2.94)
Hypertension 54 (8.0) 22 (12.6) 1.66 (0.98, 2.81)
High  cholesterol 83 (12.3) 21 (12.1) 0.98 (0.59, 1.63)
Bronchial asthma 56 (8.3) 22 (12.6) 1.59 (0.94, 2.69)
Blood  diseases 19 (2.8) 4 (2.3) 0.81 (0.27, 2.41)
Autoimmune diseases 17 (2.5) 9 (5.2) 2.10 (0.92, 4.81)
Obesity  72 (10.7) 20 (11.5) 1.08 (0.64, 1.83)
Others  22 (3.3) 7 (4.0) 1.24 (0.52, 2.95)

Medications, n (%)
Statins 36 (5.3) 3 (1.7) 0.31 (0.09, 1.02)
Steroids 15 (2.2) 3 (1.7) 0.77 (0.22, 2.69)
Immunosuppressives 8 (1.2) 2 (1.1) 0.97 (0.20, 4.59)
Others  80 (11.9) 28 (16.1) 1.42 (0.89, 2.27)
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There were no missing data observations in any of the variable.
* p value < .05.

IgG, and 108 (12.8%) self-reported a previous positive PCR test. Par-
ticipants were an average of 35.7 years of age (SD = 7.9), and mostly
were female (52.4%), and doctors (55.8%) or nurses (18.4%). In addi-
tion, other medical staff (22.0%) took part in the study included lab
technicians (6.8%), radiology technicians (3.4%), and pharmacists
(2.5%). With regard to comorbidities, 37.9% reported at least one
comorbidity; the most common were dyslipidemia (12.3%), obesity
(10.9%), and bronchial asthma (9.2%). The majority (80%) reported
that they were not on prescription medications.

Results of the univariate analysis of the variables relating to
demographic and clinical characteristics are presented in Table 1.
Among healthcare workers, the odds of contracting SARS-CoV-2
infection was highest among nurses (OR 1.87, 95% CI 1.22−.86), and
other medical staff (apart from doctors or nurses) (OR 1.52, 95% CI
1.01–2.30). Since 81.5% of Indians were nurses or other medical
staff, nationality will not be included in the multivariate model.
Other variables namely: age, sex, comorbidities, and medications
were not associated with COVID-19 status in our study.

The individual’s perception of PPE training adequacy and PPE
availability were evaluated. Most participants reported that differ-
ent items of PPE were available always or most of the time (74–99%),
the least available PPE item was coverall (74.4%) (Table 2). PPE avail-
ability was not associated with SARS-CoV-2 infection in our study.
Similarly, relevant training was not associated with SARS-CoV-2
infection. The most frequently reported training was  that on the
five recommended moments of hand hygiene (93.8%). Only two
types of training were received by less than 60% of participants,
namely care of COVID-19 patients (52.6%), and how to perform the
N95 mask seal check (55.9%).

More than two thirds of participants (69.4%) reported contact
with patients known to have COVID-19 infection always or most
of the time. However, there was no statistically significant rela-

tionship between SARS-CoV-2 infection among participants and
the degree of reported contact with known COVID-19 patients,
even with reported close contact (less 1 m),  or contact with bod-

D

s
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ly fluids (p > .05 for all three variables), (Table 3). On the other
and, wearing three types of PPE always or most of the time was
ignificantly associated with an increased likelihood of COVID-19
nfection: gloves (OR 3.63, 95% CI 1.55–8.51), goggles (OR 1.79,
5% CI 1.10–2.89), and gowns (OR 1.77, 95% CI 1.01–3.11). Prac-
ice related to other types of PPE was  not associated with risk of
ARS-CoV-2 infection. In the univariate analysis, missing values
i.e. with no reported response) and not-needed-for-my-role val-
es were excluded. Overall, 9.9% of values were missing across 33
ariables among 437 (51.6%) participants. The distribution of miss-
ng values are provided in tables 2 and 3. None of the variables in
able 1 included any missing values. The number of participants
ho reported “not needed for my  role” ranged between one and 37

4.4%), the latter was  reported for the variable “contact with bodily
uids of patients known to have COVID-19 infection”. The outcome
ariable (COVID-19 status) did not significantly differ between par-
icipants with missing values (n = 437, 51.6%) and those without (n

 410, 48.4%), (X2 p > .05).
The significant variables in the univariate analysis were further

nalyzed using a Multivariate regression model. Cases with miss-
ng data were included in the multivariate analysis using data after

ultiple imputation which generated 10 data sets. The efficiency
f estimating OR for the three variables in the model with missing
ata was 98.0% for gloves, 97.5% for goggles, and 97.3% for gowns.
djusted odds ratios (OR) are shown in Fig. 1. The model shows that
orking as a nurse (adjusted OR 1.77, 95% CI 1.15–2.71), and wear-

ng gloves (adjusted OR 2.93, 95% CI 1.19–7.22) were significantly
ssociated with an increased likelihood of contracting COVID-19
nfection while controlling for other factors. The other variables in
he model were not significant.
iscussion

Due to the nature of their work, healthcare workers are con-
idered to be put at higher risk for COVID-19 infection due to

8
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Table  2
Availability of PPE and training of healthcare workers and their associated risk to COVID-19 infection.

COVID-19 status Missing dataa (%) Crude OR (95% CI)

Negative Positive
Total = 673 Total = 174
n  (%) n (%)

Availability of PPEb

Alcohol-based hand rub 615 (98.6) 155 (98.7) (7.7) 1.13 (0.24, 5.30)
Soap  and water 589 (97.7) 147 (95.5) (10.6) 0.50 (0.20, 1.26)
Surgical mask 589 (97.4) 151 (98.1) (10.3) 1.37 (0.39, 4.75)
Face  shield 516 (93.1) 131 (92.3) (16.3) 0.88 (0.44, 1.76)
Gloves  553 (95.0) 142 (96.6) (13.6) 1.49 (0.57, 3.92)
Goggles 405 (77.4) 110 (80.3) (20.1) 1.19 (0.74, 1.90)
Gown  501 (91.4) 129 (93.5) (17.7) 1.34 (0.64, 2.82)
Coverall  346 (71.5) 90 (75.0) (26.0) 1.20 (0.76, 1.89)
Headcover 441 (86.1) 117 (90.7) (22.0) 1.57 (0.82, 2.99)
Shoe  cover 356 (74.3) 94 (77.7) (26.3) 1.20 (0.75, 1.93)
N95  mask or other type of respirator 373 (73.7) 97 (77.0) (23.4) 1.19 (0.75, 1.89)

Training during the pandemic
Infection prevention and control 479 (72.2) 127 (75.1) (1.8) 1.16 (0.79, 1.71)
Care  of Covid-19 patients 341 (51.3) 97 (57.7) (1.7) 1.30 (0.92, 1.83)
Five  recommended moments of hand hygiene 623 (93.5) 162 (94.7) (1.2) 1.24 (0.59, 2.60)
PPE  donning and doffing 539 (81.5) 147 (85.5) (1.7) 1.33 (0.83, 2.12)
How  to perform the N95 mask fit test 369 (55.5) 98 (57.3) (1.3) 1.08 (0.77, 1.51)

Percentages were calculated out of available observations i.e. after exclusion of missing observations and participants who reported “not needed for my  role”.
a Missing data refers to missing observations i.e. where a participant did not respond.
b Participants who  answered always or most of the time.

Table 3
Contact with COVID-19 patients, and PPE practice among healthcare workers and their associated risk to COVID-19 infection.

Covid-19 status Missing data (%)
Crude OR (95% CI)

Negative Positive
n  (%) n (%)

Contact with patients known to have Covid-19a

Any contact 381 (68.8) 108 (71.5) (15.3) 1.14 (0.77, 1.70)
Close  contact <1 m 336 (63.3) 91 (64.1) (18.7) 1.04 (0.70, 1.52)
Contact  with bodily fluids 264 (53.9) 74 (54.4) (21.7) 1.02 (0.70, 1.50)

PPE  practicea

Alcohol-based hand rub 607 (98.1) 156 (100) (8.3) 6.44 (0.38, 109.37)
Soap  and water 574 (95.3) 149 (96.8) (10.5) 1.45 (0.55, 3.83)
Five  moments of hand hygiene 560 (94.0) 144 (94.7) (11.5) 1.16 (0.53, 2.54)
Surgical  mask 589 (98.3) 154 (99.4) (10.6) 2.61 (0.33, 20.58)
Face  shield 435 (77.0) 120 (83.9) (14.8) 1.56 (0.96, 2.54)
Gloves  498 (86.6) 141 (95.9) (13.9) 3.63 (1.55, 8.51)*
Goggles 377 (71.4) 107 (81.7) (20.3) 1.79 (1.10, 2.89)*
Gown 452 (81.7) 127 (88.8) (16.4) 1.77 (1.01, 3.11)*
Coverall 317 (64.0) 81 (67.5) (24.2) 1.17 (0.76, 1.78)
Headcover 368 (70.9) 100 (78.1) (21.5) 1.47 (0.93, 2.32)
Shoe  cover 281 (57.9) 77 (62.1) (25.5) 1.19 (0.79, 1.78)
N95  mask or another type of respirator 383 (75.0) 95 (74.2) (22.8) 0.96 (0.62, 1.50)
N95  mask during an aerosol generating procedure 423 (84.3) 102 (85.7) (23.3) 1.12 (0.64, 1.98)
N95  mask seal test 352 (71.1) 82 (71.3) (25.5) 1.01 (0.64, 1.58)

sing o
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Percentages were calculated out of available observations i.e. after exclusion of mis
a Participants who  answered always or most of the time.
* p value < .05.

their increase exposure to patients. Various risk factors have been
shown to pose an increased transmission for COVID-19 in vari-
ous hospital settings. In a convenient sample of hospital workers,
20.5% of surveyed healthcare workers had evidence of previous
SARS-CoV-2 infection. Highest proportion of prior COVID-19 was
observed among nurses (27.6%). Gloves were also associated with
an increased risk of acquiring COVID-19 among the PPE sur-
veyed.

The positivity rate of SARS-CoV-2 found among the healthcare
workers in our study was 20.5%. This is much higher than the com-

munity rate of 12–15% for the same period in Kuwait [24]. However,
this is in line with other studies conducted in high-risk setting of
SARS-CoV-2 transmission ranging between 24.4% and 27% [6,25].
On the contrary, other studies have reported much lower sero-
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bservations and participants who reported “not needed for my  role”.

revalence rates, such as 2.36% and 4.04% [26,27]. It is important to
ote that in the latter studies, a larger cohort was surveyed and the
ospitals being surveyed are larger. In these studies, the seropreva-

ence was  similar to that found in the community at that same time.
 potential reason behind our high SARS- CoV-2 positivity rate to be
ue to the fact that, early in the outbreak, some healthcare workers
hared housing in order to isolate from family which increased the
isk of transmission between healthcare workers. Also, this study
as  conducted at a hospital which cared for COVID-19 patients

xclusively.

Of all the healthcare workers surveyed, we found the largest

roportion of COVID-19 cases among the nurses in comparison to
he other health professionals. Since 81.5% of Indians were nurses
r other medical staff, the observed statistical significance of this

9
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Fig. 1. Error bar showing the adjusted odds ratio of risk factors for contracting COV
(Wearing refers to reported wearing of PPE always or most of the time, Original: m
Pooled:  multivariate regression model from the imputed data.)

nationality is likely due to the significant association of their pro-
fession with infection. These findings are consistent with those
reported by Ç elebi et al. and Rubbi et al. [28,29]. In those stud-
ies, this has been attributed to nurses having greater exposure to
COVID-19 patients. This was corroborated by findings by Rubbi
et al., where exposure less than 1 m and a contact time of at
least 2 h was associated with COVID-19 infection in nurses [29].
In our study, the frequency and the degree of contact with COVID-
19 patients was not found to be a significant factor for getting
infected. However, it is difficult to quantify the exact exposure
time as all hospitalized patients who are receiving care from the
participating healthcare workers were SARS-CoV-2 infected. Also,
we hypothesize that in our cohort community-acquired COVID-19
infection may  have contributed to an increased infection rate in
nurses. This finding has been observed by Wee  et al., and Piccoli
et al., who determined that household exposure to COVID-19 rep-
resented a higher risk or seropositivity for healthcare workers [5,
30].

Most participants in our study reported that different types of
PPE were available ‘always’ or ‘most of the time’, and we found
no association between PPE availability and COVID-19 infection.
Nguyen et al. conducted a large prospective cohort study in the
UK and US, 99,795 healthcare workers self-reported COVID-19
data through a mobile application regarding COVID-19 risk factors
and PPE usage. They found that even among healthcare workers
who had access to adequate PPE, there was an increased suscepti-
bility to COVID-19 infection [31]. They also found that adequate
availability of PPE did not completely reduce the risk of infec-
tion in healthcare workers caring for COVID-19 patients and that
reusing PPE was positively associated with an increased risk of
infection for healthcare workers caring for COVID-19 patients
[31].

Unexpectedly, we found that glove usage had a significant asso-
ciation with COVID-19 positivity among the healthcare workers
in our study. Although this association has not been previously
reported in other COVID-19 studies, it has been described in other
infectious diseases [32–34]. The reasons for this may  be multi-
faceted. One hypothesis is that extended glove usage results in
greater contamination due to poor hand hygiene practices. Lind-
berg et al. explored this hypothesis further and reported that this
may be due to glove usage giving a false sense of security to its
users [35]. In addition, gloves are often improperly used by health-
care worker [32]. Picheansathian and Chotibang et al. have reported

that gloves were often not replaced by healthcare workers between
patients and procedures resulting in greater cross-contamination
[36]. This is concerning, as a study by Ye et al. found that gloves
were the second most contaminated surface in a hospital [37]. In

d
h
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 infection among healthcare workers.
riate regression model from the original data before imputation of missing values,

act, even the World Health Organization has issued a statement
uring the pandemic warning that improper glove use is likely to
e linked with an increased risk for COVID-19 infection [38]. We
elieve that this is the first study to find an association between
he frequency of glove use and COVID-19 transmission. We  postu-
ate that this may  be due healthcare workers changing their gloves
ess frequently between patients and procedure, due to perceived
PE shortages during the pandemic [39].

In this study, we have found that being a nurse and glove
se were positively associated with COVID-19 infection. Further
tudies are required, ideally prospective cohort studies, to further
lucidate the reasons for this. This is important to minimize the
ransmission of infection among healthcare workers. The limita-
ions of this study include the fact that some of the questionnaires
ontained missing data, which we  imputated for. Due to the retro-
pective nature of our questionnaire, recall bias may  have affected
he accuracy of some of the reported responses. Also, the effect of

 previous infection on the subsequent HCW behaviour and use of
PE cannot be determined.
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