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Abstract.
BACKGROUND: Healthcare workers (HCWs) were seriously affected by the coronavirus disease 2019 (COVID-19). It is
a priority to protect HCWs against COVID-19 and ensure the continuity of the health care system.
OBJECTIVE: To evaluate the risk factors for COVID-19 in HCWs and the effectiveness of the measures taken on protection.
METHODS: A nested case-control study was conducted in two hospitals serving on the same campus which are affiliated
with a university from Turkey, between 03.12.2020 and 05.22.2020. We aimed to recruit three controls working in the same
unit with the cases diagnosed with COVID-19 by polymerase chain reaction (PCR) and whose SARS-CoV-2 PCR test is
negative. Self-reported data were collected from the HCWs by the face-to-face method. Descriptive and analytical methods
were used and a logistic regression model was built.
Results: The study was completed with 271 HCWs, 72 cases, and 199 controls. Household contact with a COVID-19
patient or a patient with symptoms compatible with COVID-19 was found to be significantly higher in the cases than in the
controls (p = 0.02, p < 0.001). When the measures for control the COVID-19 were analyzed, using a medical mask (OR = 0.28,
95% confidence interval = 0.11–0.76, p = 0.01) by COVID-19 patient and using the respiratory mask by HCWs (OR = 0.13,
95%CI = 0.03–0.52, p = 0.004) during close contact was found to be protective against COVID-19 transmission.
Conclusion: This study showed an association with using medical masks by the patients as an important protective precaution
for the transmission of COVID-19 to HCWs. Respiratory masks should be used by HCWs while in close contact with
COVID-19 patients regardless of aerosol-producing procedures.
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1. Introduction

Coronavirus disease 2019 (COVID-19) was first
discovered with the clustering of pneumonia cases in
Wuhan, China at the end of 2019 and rapidly spread
all over the world and caused a devastating pandemic.
The etiologic agent was identified on 01.07.2020 as
a new coronavirus which was later named as Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) [1].

A high number of healthcare workers (HCWs)
were infected by SARS-CoV-2 in countries such as
China and Italy with a heavy disease burden in the
first period of the pandemic and the outcome was
tragic in some of them [2]. The lack of certain evi-
dence about some issues on the contagiousness of
the disease (such as the infectivity of asymptomatic
people or the duration of contagiousness), lack of
regular screening, and the shortage of personal pro-
tective equipment (PPE) made it difficult to prevent
the spread of SARS-CoV-2 in HCWs in the first
period of the pandemic [3]. While the number of
people who required health care increased rapidly
under pandemic conditions, there was a decrease in
the health care workforce. It resulted in collapsing the
healthcare system from time to time [4, 5]. The high
risk of transmission of SARS-CoV-2 from HCWs to
their colleagues, home residents, and patients dis-
tinguishes them from other risk groups [6, 7]. So,
protecting HCWs became a priority.

Possible risk factors were determined through the
experiences at the beginning of the pandemic and
the effects of the measures against these risk fac-
tors need to be carefully analyzed. In this study, we
aimed to evaluate the risk factors associated with the
development of COVID-19 among HCWs working
at Hacettepe University Adult and Oncology Hospi-
tals (HUH). Although several studies evaluated risk
factors for the transmission of COVID-19 in HCWs,
the usual method was comparing the SARS-CoV-2
infected HCWs without non-infected HCWs. How-
ever, the risk of transmission is not the same in every
unit of the hospital. So, we planned a case-control
study by matching the SARS-CoV-2 infected HCWs
with their colleagues who worked at the same unit in
the same period.

2. Materials and methods

The research was carried out at HUH located in
Ankara the capital city of Turkey. The study was

conducted in the two separate hospital buildings of
the university that serves adult patients within the
same campus, namely the oncology hospital and
the adult hospitals. The oncology hospital is mainly
reserved for in/out-patient care of cancer patients,
yet, other patients may use the same setting for
some occurrences, such as radiologic imaging, etc.
Similarly, the resident physicians, hematology con-
sultants, and oncology consultants of the university
hospitals rotate between the two buildings, as nec-
essary. The adult hospital served as a pandemic
hospital during the study period. The first patient
with laboratory-confirmed COVID-19 at HUH was
detected on March 23, 2020 [8].

This research was a case-control study nested in
a surveillance system that was focused on HCWs
from HUH who were tested for COVID-19 dis-
ease. The hospital-based COVID-19 surveillance was
initiated by the hospital infection control commit-
tee on 03.12.2020. All SARS-CoV-2 polymerase
chain reaction (PCR) test results were recorded and
followed via the electronic hospital information man-
agement system. HCWs who were tested by PCR
between 03.12.2020 and 05.22.2020 were defined as
the universe of the study.

A naso-oropharyngeal sample from the HCWs
was taken at “COVID-19 Initial Evaluation Out-
patient Clinic”. SARS-CoV-2 PCR was performed
as described previously [9]. The HCWs who had
a positive SARS-CoV-2 PCR between 03.12.2020
and 05.22.2020 were the case group. Each case was
matched with three controls. The controls were deter-
mined among individuals who worked in the same
unit at the time of the RT-PCR test of the case, who
did not have fever, cough, shortness of breath, myal-
gia, sore throat, headache, diarrhea, and in whom
SARS-CoV-2 PCR test was negative.

Demographic characteristics, occupational or non-
occupational risk factors for COVID-19, and PPE
usage of the participants were questioned through
the standardized 55 question survey specially pre-
pared for the study. The survey was completed by
a researcher through face-to-face interviews except
for 12 participants who filled out the survey person-
ally due to lack of time for the interview. The surveys
were completed fourteen days preceding SARS-CoV-
2 PCR.

The body mass indexes of the participants were
calculated as body weight (kg) / height squared
(m2) based on the personal statement and classified
according to the WHO classification [10]. All obesity
categories from grades 1 to 3 (due to the insufficient
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number of participants in the categories) were com-
bined in the analyses. The educational status was
classified as secondary school and below (1st–12th
grades), or higher since the compulsory education
period in Turkey is until the end of secondary school
[11]. In the evaluation of smoking status, pack-years
were calculated over the number of years smoked
and the number of cigarettes consumed per day. The
sequence for donning and doffing of the PPEs was
accepted as “correct” when expressed as stated in the
Hacettepe University Hospitals COVID-19 Personal
Protective Equipment Use Guide [12]. The compli-
ance of HCWs with hand hygiene was evaluated over
five moments of WHO for hand hygiene [13]. The
staff who were directly involved in patient care were
defined as healthcare providers. The staff who work
at the laundry, pharmacy, administration offices, and
medical device offices were defined as supportive
service workers. Each case was matched with the
controls from the same working unit to avoid the
confounding effect of the working unit. As provid-
ing direct care to the patient can significantly change
the risk of COVID-19, a subgroup analysis was per-
formed among healthcare providers.

2.1. Statistical analysis

As descriptive statistics, continuous variables were
given as mean ± standard deviation for normally
distributed data, and as median and interquartile
range (IQR) for data with the non-normal distribu-
tion. Categorical variables were reported as numbers
and percentage distributions. Categorical variables
were compared by the Chi-Square test or Fischer’s
exact test and continuous variables were compared
by the independent-samples t-test for normally dis-
tributed data or Mann Whitney U test for non-normal
distributed data. The odds ratios (OR) and their con-
fidence interval (CI) 95% were calculated to give
potential association as an effect size value. No data
imputation was applied for the missing data. Type 1
error probabilities were accepted as 0.05 for all statis-
tical tests. Statistical analyses were performed with
Statistical Package for the Social Sciences (SPSS)
version 23 software (IBM Corp., Armonk, NY, USA).

The conditional logistic regression analysis was
conducted to examine the effect of measures taken to
prevent the development of COVID-19 in 234 health-
care providers. The model included gender, presence
of any comorbidity, and age as possible confounders.
The variables such as COVID-19 patients wearing
a medical mask during the close contact with the

HCWs, the HCW wearing a respiratory mask dur-
ing the close contact with the confirmed patient, and
performing the aerosol-generating procedure on a
COVID-19 patient were included as covariants. An
attempt was made to find the most explanatory model
by using conditional logistic regression analysis with
the “Enter” method and it was completed in 172 par-
ticipants due to missing data (26.4%).

2.2. Power analysis

Due to the lack of a pioneering study at the
research planning stage, the minimum sample size
required could not be estimated in the planning
period. Power analysis was conducted retrospectively
for the variables included in the modelling phase,
using “epi.sscc” command in the “epiR” package,
R ver. 3.6.1. Accordingly, the power of the study
for testing the association between COVID-19 was
found to be 81.7%, 51.8%, and 4.1% for wearing
a respiratory mask during close contact, wearing a
medical mask during close contact, and “perform-
ing the aerosol-generating procedure on a COVID-19
patient respectively.

2.3. Ethical considerations

Ethical approval was obtained from Hacettepe Uni-
versity Non-interventional Clinical Research Ethics
Committee (Approval date: 05.22.2020, number
2020/10-40), and further administrative approval
was obtained from Hacettepe University Hospitals
Administration (Approval date: 06.05.2020, number:
27043162-000). All participants had informed con-
sent. The study was conducted in accordance with
the Declaration of Helsinki (2008). The results of the
research were presented to the hospital administration
as an executive summary.

3. Results

SARS-CoV-2 PCR test was performed at least once
on 1383 (23.3%) of 5947 personnel working at HUH
between 03.12.2020 and 05.22.2020. The SARS-
CoV-2 PCR test was positive in 75. Although we
aimed to select three controls for each case, there were
not enough control candidates who were suitable for
the selection criteria. So, four cases were matched
with one control, and nine cases were matched with
two controls. The study included a total of 271
HCWs, 72 cases, and 199 controls (Fig. 1). Sixty-
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Fig. 1. Flowchart of the study.

two (86.1%) out of 72 cases and 172 (86.4%) out of
199 were working as healthcare providers and oth-
ers were from the supportive services. Since there
was no difference between the general group and
healthcare providers through the subgroup analysis,
the results that concerned all HCWs were presented
over the general group, such as the use of medical
masks. There was no statistical difference between
the demographic characteristics of the cases and con-
trols (Table 1). No HCW died in the study group
during the study period.

Among the analyzed HCWs no statistically signifi-
cant occupational risk factors were identified. Having
a household contact either with COVID-19 patient
(OR = 21.32; 95% CI = 2.60–176.57; p < 0.001) or
a person with symptoms compatible with COVID-
19 (OR = 31.94; 95% CI = 4.01–254.43; p < 0.001)
increased the risk for COVID-19 in HCWs (Table 2).

Wearing a medical mask of a COVID-19 patient
during close contact with a HCW protected the HCW
1.92 (95% CI = 1.04–3.57) times from developing
COVID-19 (p = 0.034). The statistical difference in
protecting from SARS-CoV-2 infection was only sig-
nificant for the respiratory mask (OR = 2.56; 95%
CI = 1.39–4.76; p = 0.003) amongst for PPEs during
close contact with a COVID-19 patient (Table 3).

Wearing face shields and gowns at all times of
HCWs protected themselves from catching COVID-
19 by 2.78 (95% CI = 1.49–5.26) and 1.96 (95%
CI = 1.03–3.70) times, respectively, compared with
not wearing them all the time. Accessing respira-
tory masks, face shields, and gowns at all times
for HCWs was negatively associated with catch-
ing COVID-19 by OR = 0.37 (95% CI = 0.20–0.70),
OR = 0.60 (95% CI = 0.29–1.23), and OR = 0.58
(95% CI = 0.27–1.27), respectively. However, the
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Table 1
Sociodemographic features of the cases and the controls

Sociodemographic features Cases Controls OR (95% CI) p-value
n (%a) n (%a)

Male gender 32 (44.4) 83 (41.7) 1.12 (0.65–1.93) 0.69
Body mass index 0.44

Underweight 4 (5.6) 5 (2.6) 2.17 (0.55–8.50)
Normal (reference) 38 (53.5) 103 (52.8) 1.00
Overweight 23 (32.4) 60 (30.8) 1.4 (0.57–1.91)
Obesity 6 (8.5) 27 (13.8) 0.60 (0.23–1.57)

Educational status 0.52
Compulsatory (1st–12th) (ref.) 22 (30.6) 48 (24.1) 1.00
Associate or Bachelor degree 33 (45.8) 95 (47.7) 0.76 (0.40–1.44)
Postgraduate 17 (23.6) 56 (28.1) 0.66 (0.32–1.38)

Occupation 0.95
Nurse (reference) 25 (34.7) 70 (35.2) 1.00
Doctor 17 (23.6) 49 (24.6) 0.97 (0.47–1.99)
Housekeeping staff 9 (12.5) 27 (13.6) 0.93 (0.39–2.25)
Cleaning staff 6 (8.3) 11 (5.5) 1.53 (0.51–4.56)
Others 15 (20.8) 42 (21.1) 1.00 (0.47–2.11)

Presence of any comorbidity 23 (31.9) 63 (31.7) 1.01 (0.57–1.81) 0.96
Routine use of any medication 19 (26.4) 42 (21.1) 1.34 (0.72–2.50) 0.36
Immunosuppressive therapy 3 (4.2) 3 (1.5) 2.84(0.56–14.41) 0.19b

Smoking status
Active 21 (29.2) 62 (31.2) 0.90 (0.49–1.64) 0.92
Ex-smoker 6 (8.3) 18 (9.0) 0.88 (0.33–2.36)
Never smoked (reference) 45 (62.5) 119 (59.8) 1.00

Having a child 43 (59.7) 102 (51.3) 1.41 (0.82–2.44) 0.22
Having home care patients 5 (6.9) 15 (7.5) 0.92 (0.32–2.62) 0.87

Median Median z-value p-value
(IQR) (IQR)

Age (years) 34.0 (13.8) 33.0(10.0) 1.35 0.18
Body mass index (kg/m2) 24.0 (5.5) 24.4 (5.0) 0.85 0.39
Cumulative smoking exposure (pack-years) 7.5 (11.7) 9.5 (14.0) 0.10 0.92
Total working time (years) 10.0 (11.0) 7.0 (12.0) 1.11 0.27
Total working time in the current unit (years) 2.3 (4.8) 3.0 (4.0) 0.25 0.81

CI = Confidence interval, IQR = Interquartile range, OR = Odds ratio. aColumn percentages. bFischer’s exact test.

only statistically significant association was detected
for always accessing the respiratory mask. When the
frequency of accessing and using PPEs was evaluated
together, only 72.2% of the HCWs who can always
access the face shield and 78.8% of the HCWs who
can always access the gown stated that they always
use it.

Respiratory masks were not able to be worn in
almost all conditions due to their accessibility. In line
with the recommendation of the hospital infection
control committee, we accept wearing a respira-
tory mask while entering the rooms of patients with
COVID-19 as a reference. There was a statisti-
cally significant difference when this approach was
compared with never wearing a respiratory mask
in any condition (OR = 2.82; 95% CI = 1.49–5.35).
There was a trend in favoring to use a respira-
tory mask during all hospital stays (OR = 0.47; 95%
CI = 0.10–2.22) or only during close contact with a

COVID-19 patient / aerosol-generating procedures
(OR = 1.41; 95% CI = 0.59–3.37) without reaching
statistical significance which requires a further eval-
uation with a higher number of HCWs.

Donning the PPEs in the order determined by
the hospital PPE usage guideline was 27.3% in the
cases, 35.1% in the controls, and doffing the PPEs
in the order determined by the hospital PPE usage
guideline was 54.5% in the cases, and 56.5% in the
controls, and there was no statistically significant
difference between the groups (p = 0.29, p = 0.80,
respectively).

HCWs in the case and control groups made similar
statements regarding compliance with each of the five
indications for hand hygiene recommended by the
World Health Organization (p = 0.86–1.00).

During the pandemic, the statement of official
training for the use of PPE was 79.2% in the case
group and 80.4% in the control group. There was no
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Table 2
Distribution of possible risk factors for developing COVID-19 of cases and controls

Non-occupational possible risk Cases Controls OR (95% CI) p-value
factors n (%a) n (%a)

Presence of a SARS-CoV-2 positive person in the household 7 (9.7) 1 (0.5) 21.32 (2.6–176.57) <0.001b

Presence of symptomatic person in the household 10 (13.9) 1 (0.5) 31.94(4.01–254.43) <0.001b

Take part in a community of five people except for the hospital 5 (6.9) 12 (6.0) 1.16 (0.40–3.42) 0.78
Transportation routec

Public transport 29 (40.3) 82 (41.2) 0.96 (0.56–1.67) 0.89
Work bus 1 (1.4) 3 (1.5) 0.92 (0.09–8.99) 1.00b

Taxi 3 (4.2) 6 (3.0) 1.40 (0.34–5.76) 0.70b

Private car 38 (52.8) 93 (46.7) 1.27 (0.74–2.19) 0.38
Pedestrian 11 (15.3) 34 (17.1) 0.88 (0.42–1.84) 0.72

Median (IQR) Median (IQR) z-value p-value
Household size 3 (2) 3 (2) 1.79 0.073
Occupational possible risk factors Cases n (%a) Controls n (%a) OR (95% CI) p-value
Social distance adherence while eating and drinking

Always 20 (27.8) 64 (32.2) 0.37 (0.11–1.29) 0.41
Often 24 (33.3) 74 (37.2) 0.38 (0.12–1.24)
Sometimes 13 (18,1) 37 (18.6) 0.41 (0.12–1.45)
Rarely 9 (12.5) 17 (8.5) 0.62 (0.16–2.40)
Never (reference) 6 (8.3) 7 (3.5) 1.00

Contact with a COVID-19 patient 65 (90.3) 190(95.5) 0.44 (0.16–1.22) 0.14b

Contact closer than one meter with a COVID-19 patient 57 (79.2) 172(86.4) 0.60 (0.30–1.20) 0.14
Caregiving to a a COVID-19 patient 50 (69.4) 144(72.4) 0.87 (0.48–1.57) 0.64
Aerosol generating processc,d 22 (44.0) 66 (45.8) 0.93 (0.49–1.77) 0.82

Endotracheal aspiration 8 (36.4) 36 (54.5) 0.48 (0.18–1.29) 0.14
Nebulizer therapy 10 (45.5) 30 (45.5) 1.00 (0.38–2.64) 1.00
Nasooropharyngeal sampling 5 (22.7) 24 (36.4) 0.52 (0.17–1.57) 0.24

Contact with a COVID-19 patient’s surroundingsd 49 (98.0) 140(97.2) 1.40 (0.15–12.83) 1.00b

Median Median z-value p-value
(IQR) (IQR)

Longest daily working time (hour) 12 (8) 12 (8) 0.77 0.44
Average daily working time (hour) 6.9 (2.9) 6.9 (2.3) 0.29 0.78

CI = Confidence interval, IQR = Interquartile range, OR = Odds ratio. aColumn percentages. bFischer’s exact test. cParticipants could select
one more answer. dAmong healthcare providers.

Table 3
Distribution of personal protective equipment usage during the close contacta with a COVID-19 patient among cases and controls

Personal protective equipment Cases Controls OR (95% CI) p-value
n (%b) n (%b)

COVID-19 patients wearing a medical mask during close contact 31 (54.4) 120 (69.8) 0.52 (0.28–0.96) 0.034
Participant wearing a medical mask during close contact 53 (93.0) 156 (90.7) 1.36 (0.44–4.25) 0.79c

Participant wearing a respirator mask during close contact 19 (33.3) 97 (56.4) 0.39 (0.21–0.72) 0.003
Participant wearing a face shield during close contact 25 (43.9) 100 (58.1) 0.56 (0.31–1.03) 0.061
Participant wearing a gown during close contact 32 (56.1) 106 (61.6) 0.80 (0.43–1.46) 0.46
Participant wearing gloves during close contact 43 (75.4) 123 (71.5) 1.22 (0.62–2.44) 0.57

CI = Confidence interval, OR = Odds ratio. aAmong healthcare workers contact closer than one meter with a COVID-19 case (57 cases, 172
controls). bColumn percentages. cFischer’s exact test. Participants could select one more answer.

statistically significant difference between the groups
(p = 0.82).

According to the conditional logistic regression
analysis result, the probability of the healthcare
providers contracting COVID-19 was 3.22 (95%
CI = 1.25–8.33) times lower if the confirmed patient
wore a medical mask during close contact, and 5.88
(95% CI = 2.00–16.67) times lower if the HCW wore
a respiratory mask during close contact (Table 4).

4. Discussion

In this study, it was shown that using a respira-
tory mask by HCWs, wearing a medical mask by
COVID-19 patient protected from the transmission
of COVID-19 when the HCWs were in close con-
tact with a COVID-19 patient. Household contact
with a COVID-19 patient or a person with symp-
toms suggesting COVID-19 were the risk factors
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Table 4
Odds ratios associated with contracting COVID-19 among healthcare providers

Crude ORa 95 % CI p-value adjORb 95 % CI p-value

Male gender 1.16 0.56–2.43 0.69 1.39 0.51–3.77 0.52
Age (years) 1.07 1.02–1.12 0.011 1.01 0.94–1.08 0.77
Presence any comorbidity (ref. = none) 1.08 0.57–2.05 0.81 0.80 0.33–1.94 0.62
COVID-19 patients wearing a medical mask during
close contact (ref. = not wearing)

0.39 1.19–0.80 0.010 0.31 0.12–0.80 0.015

Healthcare providers wearing a respiratory mask during
close contact (ref. = not wearing)

0.18 0.07–0.44 <0.001 0.17 0.06–0.50 0.001

Performing aerosol-generating procedure on a
COVID-19 patient (ref. = not performing)

0.89 0.39–2.02 0.78 0.50 0.18–1.37 0.18

CI = Confidence interval, OR = Odds ratio, adj = adjusted, ref = reference. aUnivariate logistic regression. bMultivariate conditional logistic
regression with all six variables.

for COVID-19 in HCWs. Epidemiological data qual-
ity due to its nested case-control design, and higher
sample size compared to previous studies in Turkey
makes this study interesting.

The rate of seropositivity was higher in nurses and
residents than in other groups in our hospital who
were screened between March 24, 2020, and Septem-
ber 10, 2020. We did not find any difference regarding
occupation but our results can be influenced by using
PCR as the screening test and a shorter period [7]. In
a study conducted at a university hospital in Italy, the
risk of developing COVID-19 was found to be 2.03
(95 % CI = 1.18 – 3.49) times in physicians compared
to non-physician HCWs [14]. In two studies from
Turkey, higher rates of seropositivity were reported in
nurses, cleaning personnel, and physicians [15, 16].
Moreover, the majority of the restrictions that limited
crowding and social events were over from June 01,
2020. So, the studies that covered a different period
can result in different findings [17].

In the case-control study that was conducted by
Celebi et al., the rate of COVID-19 was higher in
HCWs who were working at wards where COVID-
19 patients received care [18]. When we planned this
study, such a result was predicted, and the HCWs
were matched according to their working units. Thus,
the effect of the working unit as a confounder was
controlled. For this reason, it is expected that the
case and control groups are similar to each other for
contact with a patient, close contact with a patient,
and contact with a patient’s surroundings, which were
examined as possible occupational risk factors, and
the similarity between the groups indicated that the
control expected from matching provided. On the
other hand, no comments should be made in terms
of the effect of the possible occupational risk factors
indicated by the results of this study on the develop-
ment of the disease.

Household contact with a laboratory-confirmed
COVID-19 patient or a patient with symptoms consis-
tent with COVID-19 was one of the most important
risk factors for COVID-19 for HCWs in our study
that was reported previously from Turkey [19]. In the
early stages of the pandemic in China, 131 HCWs
were followed, and it was found that a family his-
tory of the disease increased the risk 2.76 times (95%
CI = 2.02–3.77) [20]. In a case-control study that eval-
uated 1130 HCWs in 67 countries between April and
May 2020, the rate of developing COVID-19 was
3.8 (95% CI = 1.5–9.3) times higher than the case of
sharing the same house with a confirmed COVID-19
patient and the risk increased 3.0 (95% CI = 1.6–5.8)
times in case of contact with a person who had
symptoms consistent with COVID-19, respectively.
In the same study, attending events with more than
10 people outside the hospital and home, meeting in
restaurants and bars, and using public transportation
were found to be associated with an increased risk
of COVID-19 [21]. The effect of activities outside
the home and hospital as well as international travels
could not be determined in this study, since a general
closure was implemented in Turkey for a significant
part of the period when this research was conducted
[22, 23]. In a case-control study involving 967 HCWs
from 25 healthcare centers in the USA between May
and December 2020, the OR of developing COVID-
19 was 6.2 (95% CI = 4.1–9.4) among those who had
contact with a COVID-19 patient outside of work.
As a consequence, COVID-19 contacts outside the
hospital had an important role in contracting COVID-
19 in HCWs [24]. A recently published study from
our center showed that SARS-CoV-2 seropositivity
rates were higher in HCWs who had SARS-CoV-2
infected family member at home and the seroposi-
tivity rate in HCWS did not differ according to the
working departments [19].
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In this study, there was no statistical difference
between the case and control groups when the HCWs
contacted each other more than one meter dur-
ing actions such as eating, drinking, and smoking
when they must remove their masks. A case-control
study conducted in Turkey found this situation
with an increased risk of COVID-19 [18] and the
kitchen workers had the highest seropositivity rate
for COVID-19 at our hospital. (17) In our study, we
thought that there might be a bias related to informa-
tion gathering in the direction of “giving the desired
answer”, since HCWs may have been reluctant to
meet socially negatively due to data collection by
face-to-face interview method.

We were not able to define the protective effect
of wearing medical masks by hospital staff. Wearing
a medical mask has been mandatory in patient-care
settings from the beginning of the research, and
in all settings since April 01, 2020. Due to the
small number of HCWs who did not wear medi-
cal masks, the impact of enforcement of medical
masks on HCWs could not be revealed statistically.
However, our finding was clear that when patients
wear a mask, it protected the HCWs. As both sides
wore masks due to local regulations in patient-care
settings, the role of the medical mask should not
be ignored. In a cross-sectional study conducted in
Iran on 192 HCWs, the majority of whom were
physicians and nurses, the participants stated that
they usually wore N95 or medical masks (92.4%)
as a PPE, and almost all of those who wore them
either always or mostly, similar to this study [25].
Lentz et al. found that using a medical mask in the
hospital was protective against COVID-19, accord-
ing to the results of multivariate analysis, except
for aerosol-generating procedures [21]. In a cluster-
randomized trial of 342,183 adults in Bangladesh, the
symptomatic seroprevalence ratio was determined as
0.889 (95%CI = 0.780–0.997) when universal medi-
cal masks were used appropriately at the community
level [26]. The efficacy of universal medical mask
application at the community level suggested that
its use in the hospital environment might be more
important.

As in the whole world, access to respiratory
(FFP2/FFP3) masks was limited by the stocks in
our hospitals. Especially in the early stages of the
pandemic, their use could be quite limited [27]. In
the period of shortage, it was only possible to use
it during aerosol-generating procedures for COVID-
19 patients as recommended by the World Health
Organization and Turkish Ministry of Health Scien-

tific Committee guidelines. According to this study,
HCWs who stated that they used a respiratory mask
when in close contact with COVID-19 patients pro-
vided a level of protection close to 3 times that
of those who did not. HCWs who stated that they
never used a respiratory mask were found to be
2.82 times increased risk for COVID-19 transmission
when compared with HCWs who wore a respiratory
mask when entering the COVID-19 patient’s room.
Lentz et al. [21] reported that using a respiratory mask
was protective in all HCWs regardless of performing
aerosol-generating procedures.

One of the recommended PPEs to prevent the trans-
mission of the COVID-19 is the use of face shield/eye
protectors [28]. In this study, it was observed that the
use of face shield/eye protectors nearly provides 2
times higher protection rate from infection. Studies
with a higher number of participants are required to
prove a statistically significant effect.

It is recommended to use gloves and gowns to pre-
vent contamination by contact. Another precaution
in this respect is performing hand hygiene appropri-
ately [28]. We detected a high rate of compliance
with hand hygiene in our study, but this finding was
limited with statements in a face-to-face question-
naire. There was a statistically significant difference
between those who stated that they always used only
the gown and those who state that they did not always
use it. This situation posed the risk of contaminat-
ing the clothes of HCWs, especially when a gown
was not worn, and then transferred to the mucous
membranes by hand. However, even if the HCW was
in contact with the patient and his/her surroundings,
the risk could be reduced with the practice of hand
hygiene [21]. It was thought that the use of gowns
may have a more critical role because of this indirect
contamination risk.

Finding out whether the frequency of using PPE
is related to being able to access the equipment is
important for estimating whether it would be worth-
while to refine equipment logistics. Approximately
80% of HCWs stated that they always had access to a
face shield, while 62% stated that they always wore it.
Similarly, 84% of HCWs stated that they always had
access to the gown, while 70% stated that they always
used it. It was observed that HCWs used gloves and
medical masks as much as they could reach, but they
did not use face shields and gowns even if they had
access. It would be important to plan to investigate
the reasons for not using the face shield and gown
when contacting a COVID-19 patient although they
are accessible.
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Proper use of PPEs is as important as the presence
of PPEs [29]. The order of donning and doffing PPEs
was questioned to investigate this issue in this study.
About 30% of the study group described donning and
about 50% of doffing in accordance with the guide-
line released by the infection control committee.
Although the difference between groups was not sta-
tistically significant, it was less accurately described
in the case group. With direct observation, it will be
possible to have more clear information about the
subject [29]. In a study evaluating compliance with
direct observation in a university hospital in Ger-
many, full compliance for donning was determined
as 73% in non-COVID-19 wards, 79% in COVID-
19 wards, the compliance for doffing was 76% and
85%, respectively [30]. One hundred and seven direct
observations in a hospital from Israel documented the
compliance rate as 50% for donning and 37% for doff-
ing [31]. However, the effect of compliance status on
protection from COVID-19 was not investigated in
these studies.

In a study that used self-reporting for hand hygiene
compliance investigation, the rate was above 90%
although there were slight differences according to
the indications when compared with our study [32].
The report from Tanzania showed extremely lower
rates of compliance to hand hygiene as 5% during
direct observation shows the impact of direct obser-
vation [33].

Although we think that there was a relatively high
level of compliance in our hospital at the time this
study was conducted, it might not have been as high
as the statements of the HCWs. Although there was
no statistical difference between hand hygiene com-
pliance and developing COVID-19 as a result of this
study, in a study conducted in the first period of the
epidemic in China, it was reported that unqualified
handwashing increased the risk of disease by 2.64
(95%CI = 1.04–6.71) times [20].

There are some limitations of our study. Only a lim-
ited number (23.3%) of the staff in the hospital were
tested for COVID-19 during our study period. Some
asymptomatic cases might have been missed. There
is a possibility of selection bias since 3 (4%) HCWs
from the case group could not be included because
they had taken maternity leave, and 7 (3.4%) HCWs
from the control group did not accept to participate
in the study. However, due to the low percentage of
these people in the total study group, it was thought
that the effect on the results would be limited.

The analytical sensitivity and specificity of SARS-
CoV-2 PCR was reported as 99.4%, and 99.0%,

respectively [34]. However, sensitivity, and specifc-
ity can be influenced by several factors such as stage
of the disease, sampling methodology, PCR kit, etc.
Especially in daily practice, there is a possibility that
some of the COVID-19 might be missed [35]. At the
time of the study, repeating the PCR test was used to
deal with false negativity. In our case group 24 HCWs
were diagnosed after PCR tests were repeated and
108 controls had repeated PCR tests which remained
negative.

To avoid information bias, data collection was done
by face-to-face interview method as much as possible.
A questionnaire form was given to 12 (4.4%) HCWs
who could not answer the questionnaire due to their
workload, and the questionnaires were collected at
the end of the day. In addition, data collection was
done by a researcher. Thus, we aimed to avoid inter-
observer differences. The data collection process was
completed in a short time (minimum-largest; 16–168
days) to cope with the “recall bias”.

Although the face-to-face interview method helps
to avoid missing data, there is a possibility of
erroneous statements, especially in terms of some
criticizable situations such as hand hygiene, smok-
ing status, etc. To prevent this situation, attention was
paid to being alone during the interviews and the par-
ticipants were informed that the information would
never be shared with anyone.

5. Conclusion

It was found that the risk of developing COVID-19
in HCWs significantly increases in household con-
tact with COVID-19 patients. During the patient care,
wearing a medical mask by COVID-19 patient and
wearing a respiratory mask by the HCW protected the
HCW from COVID-19. The impact of using a face
shield and gown during close contact with COVID-19
patients should be underlined.
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