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Abstract

v)
Objectives: Healthcare workers (HCW) are among the risk groups for COVID-19. Determining transmission routes and risk levels

o

©
during healthcare is of great importance in preventing nosocomial outbreaks. In this study, it was aimed to Investigate the frequency of
nosocomial transmission and factors affecting the transmission in HCW.
Methods: HCWs admitted to the infectious diseases outpatient clinic due to contact with a COVID-19 patien®and diagnosed with SARS-

COV-2 by RT-PCR between March 20, 2020, and June 30, 2020 were included in the study.

TT 0T se peysiqnd 1sii

Results: A total of 822 HCWs with 295 low, 284 intermediate, and 243 high-risk exposures were includeg in the study. 27.1% of the
HCWs were male, and the median age was 31.9 years (20-62). 89.5% of these patients were directly in cl%rge of patient care. Of the
index cases contacted, 72.6% were HCW, and 27.4% were non-HCW patients. Most of the risky exposure %1.7%) occurred in nurses.
Occurrence frequency of high-risk exposure was lower in those assigned to direct patient care when compare% with occurrence frequency
of moderate- or low-risk exposures (76.5%, 94.7, 95.3, respectively p <0.001). In most high-risk exposureé (220/253), the index cases
were HCWs (p<0.001). Symptoms were detected in 311 of the HCWs (37.8%) during the follow-up. The me%ian time to perform SARS-
<

CoV-2 RT-PCR was 5.3 days (IQR) after the last risky exposure. In multivariate analysis, SARS-CoV-2 RE-PCR positivity was found
to be 5.65 times higher in HCWs not directly involved in patient care compared to HCWs who are not invog/ed in patient care (95% CI
=2.437-13.111; p <0.001).

Conclusions: This study provides particularly useful information on post-exposure COVID-19 follow-up

d management of working

schedules and procedures of HCWs.

Keywords

COVID-19, healthcare quality improvement, infection control, risk management, nosocomial infections
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Strengths and limitations of this study
» This study was planned prospectively, and negativities such as possible false recall and lack of gata, which are among the

weaknesses of retrospective studies, were minimized.

Ij:uado ¢

» The present study provides beneficial information by utilizing standardized risk classification of sbsocomial transmissions in

nd

HCWs. It also provides particularly useful information on post-exposure follow-up and required wm%ing restrictions for HCWs.

pa

» The study results revealed that adherence to infection control rules is of vital importance in termsﬁof raising awareness about

adherence to PPE usage rules and preventing transmission between personnel.

a/9eTT 0

» Although most exposed HCWs (57.1%) have been screened with PCR, it is possible that Ig)sitivity was not detected
D

u

(underestimation) in some asymptomatic or mildly symptomatic individuals since not all exposed HC@V s have been screened with

SARS-CoV-2 PCR test.

G8950-T

oo
» Another limitation is that compliance to proper PPE usage procedures and adherence to hand hygien&have not been investigated.
[y

What Is Known?

a "zcoz Arenuer 2

In the COVID-19 pandemic, health personnel (HCW) continue to work with great devotion. Protecting hea]_%q workers is very
)
important in the fight against the epidemic. Published post-exposure follow-up guidelines for healthcare wogﬁkers recommend a 14-day

study restriction according to a different risk classification than our study.

What's Up

wq-uadolwgy/:dny wouy p

|

In this study, it was revealed that the 7-day study restriction was sufficient. This is very important at times \ghen the need for healthcare
workers increases. Although the rate of SARS-CoV-2 RT-PCR positivity development after high-risk expo@re was higher than both
>

intermediate and low-risk exposure groups, the difference was not statistically significant.
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Introduction

v9)
While the COVID-19 pandemic continues unabated, healthcare workers (HCW) at the forefront who are ingrontact with and caring for
o

©
COVID-19 patients are among the high-risk groups in terms of COVID-19 transmission.'-# Nosocomial trahsmission remains to cause

=
anxiety in healthcare professionals who struggle with many factors such as excessive working hours, psychol@gical stress, extreme fatigue,
S
S
occupational burnout, and stigma. SARS-CoV-2 infection is known to be transmitted by respiratory dropletsg Direct contact and aerosol-
QD
2}

generating procedures (AGP) constitute the highest risk in terms of contamination especially in departments &ith confirmed or suspected
'_\

COVID-19 patients.

waq/9eT

China reported the number of infected healthcare workers as 3387, The Italian National Institute of Healté as 17000, and the USA as

4

9200.>7 In a review published in December 2020, it was stated that 3.9% (152,888) of COVID-19 patient@loin the world were HCWs.?
o
a1

However, there are still countries that have not yet reported the number of infected healthcare personnel ang studies investigating risky
o

behavior within HCWs are very limited. In the nosocomial transmission of SARS-CoV-2, adherence of HEWs to infection prevention

[

Q
and control measures and appropriate use of personal protective equipment (PPE) are as significant as the Véus characteristics.
<

N
Protection of HCWs is one of the most critical points in dealing with the pandemic. Therefore, determining @e dynamics of nosocomial

o
transmission within the group of healthcare workers is of great importance in preventing nosocomial outb%eaks and protecting HCWs

]
QD
from infection. 8
S D
This study aimed to investigate the incidence of nosocomial transmission and the factors affecting the3transmission in healthcare

professionals admitted to the Infection Control Committee (ICC) due to exposure to COVID-19 patients in gur hospital.

Material and Method:

e

Study design

=0
=
©
g
U
3
o
()
>
(o
3.
o
o
3
=}

HCWs admitted due to exposure to a definite COVID-19 patient between 20 March 2020 and 30 June 202(Bwere included in the study.

dy

This prospective observational cohort study was approved by the local ethical committee. Written consent;was not obtained from the
participants since only epidemiological surveillance data was collected.

Infection control

1senb Aq ¥202

At the beginning of the pandemic, all HCWs working in our hospital were trained by Infection Control Cgmmittee (ICC) doctors and

91391fgd

nurses on COVID-19 transmission, prevention from the infection, appropriate PPE use, infection control measures, and hand hygiene.
(=3
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During the pandemic, all necessary PPEs were provided at an adequate level. It was planned for all HCWs to work with surgical masks

v9)
during the pandemic period and access appropriate PPEs when necessary. Moreover, the course of action o be followed after a risky

ado

exposure was determined, and follow-up forms were created to monitor HCWs with occupational exposure.>

Determination of contact type and risk level

siignd 1511}

HCW risk assessment and follow-up were performed by ICC with active surveillance. The demographic chalgfi_icteristics (age, gender, and

se

chronic disease) of the exposed-HCWs, their professions (doctor, nurse, auxiliary health personnel, otherzauxiliary health personnel,
'_\

. . . . . . . w
support personnel, and administrative staff), and whether they were directly involved in patient care were re€drded. Furthermore, among

w

3
with index case detection, following data related with the exposure were recorded: index case’s mask us§ge during contact, dates of

exposure, and PPE usage of the HCW during exposure.

G0-120¢

Types of exposures listed in Table 1 were considered as risky exposure for SARS-CoV-2 transmission and %ICWS that have undergone

(0]

. . . =
such an exposure were followed-up prospectively. Other types of exposures were categorized as "non-risky" and were excluded from
follow-up.? 1

Table 1. Risky exposed
A. Close contact
1. Being at a distance of less than 1 meter with COVID-19 patients for 15 minutes or
more in the last 5 days
2. Meeting face-to-face with a COVID-19 patient at a distance of less than 1 meter for
15 minutes or longer in the last 5 days
3. Direct contact with a COVID-19 patient (e.g., handshake) or direct contact with the
person's secretions (e.g., coughing or touching used tissue) in the last 5 days
B. Intense contact
1. Performing AGP to a COVID-19 patient or assisting in this process
AGP: Aerosol-generating procedure

wq-uadolwaqy/:dny woly papeojumoq zzoz Arenuer

The World Health Organization (WHO) guideline was used to determine whether the appropriate PPE Wagworn.‘o The risk level was
determined according to PPE usage of the exposed HCW (Table 2). Except for AGP, the use of a surgical ma% was considered sufficient.
©

AGP was defined as respiratory tract sampling, intubation, aspiration of respiratory tract secretions, non-invdgive mechanical ventilation,
N

o
high flow oxygen therapy, cardiopulmonary resuscitation, use of nebulizer, endoscopic procedures, bronch(;:scopy, video-laryngoscopy,
<

«Q
dental practices, examinations of the mouth, throat and nose, ophthalmological examinations, and central ceﬁu;heter insertion.!0 1

"1ybuAdoa Aq paroaloid 1
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Table 2. Risk level determination after a risky exposure
Index case mask- PPE using status of HCW Risk level
wearing status
Did not use a surgical mask or N95 High
Used a surgical mask in case of N95 indication Moderate
No Did not use eye protection Low
Did not use gloves and aprons Low
Used all PPE properly No
Did not use a medical mask or N95 or Moderate
Used a surgical mask in case of N95 indication
Yes Did not use eye protection Low
Did not use gloves and aprons Low
Used all PPE properly No

HCW: Healthcare worker, PPE: Personal protective equipment

Follow-up of Exposed HCWs

HCWs included in the study were followed for symptoms for 14 days after the last risky exposure. Sympt@ms such as fever (>38
o

89G0-TZ0z-uadolwag/oeTT 0T Se pausiignd 1s1yy :uadoO CINg

°0),

shortness of breath, cough, sore throat, nasal congestion, or newly-onset loss of smell were considered suspicti:{)us symptoms for COVID-
QD

>

19 disease.!! Nasopharyngeal swab samples were taken for SARS-CoV-2 reverse-transcriptase polymeraseéhain reaction (RT-PCR) to

N
diagnose COVID-19 from cases with COVID-19 related symptoms during their follow-up. SARS-CoV-2 RﬁPCR was performed on the

O

Q
7t day after the risky exposure among asymptomatic exposed-HCWs with moderate or high-risk exposufe (Table 3). A 7-day work
o

QD
o
restriction was applied to HCWs who had high-risk exposure after intense contact. Those with negative SARS CoV-2 RT-PCR test on

o
the 7™ day returned to work, and their 14 days follow-ups were discontinued. Negative SARS-CoV-2 Ri—PCR tests of HCWs with

persistent symptoms were repeated 48 hours after the initial test.

Table 3. Exposed-HCW follow-u

2.

Risky exposure type and risk Management
level
Intense contact - high risk 1. Symptom follow-up is performed by isolating at

home for 7 days.

If the symptom develops, the SARS-CoV-2 RT-
PCR test is performed on the symptom day, if no
symptoms develop, on the 7 day after the last
risky exposure.

Those with negative test results start to work and
are followed up in terms of symptoms for 14
days.

Intense contact - moderate
risk

Works with a mask on. Active symptom follow-
up is performed.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Close contact- high / moderate 2. If the symptom develops, the SARS-CoV-2 RT-
risk PCR test is performed on the symptom day, if no

symptoms develop, on the 7 day after the last
risky exposure.

Close / intense contact - low Works with a mask on.

risk 2. If the symptom develops, the SARS-CoV-2 RT-
PCR test is performed on the symptom day.
HCW: Healthcare worker, PPE: Personal protective equipment

—_—

Definitions

0T se paysiignd 1s1y :uadO NG

Healthcare worker was defined as all personnel working in healthcare facilities, regardless of their involv'g_inent in direct patient care.
(e

However, the personnel were grouped according to whether they were directly involved in patient care or no& Occupational groups were
©

recorded as doctors, nurses, auxiliary health personnel, other auxiliary health personnel, support personnel, 3?81(1 administrative staff. The
N

technicians working in radiology, portable x-ray, laboratory, anesthesia, and physical therapy, biologistsﬁand physiotherapists were
(o9}
a1

defined as auxiliary HCWs. Other auxiliary health personnel consisted of staff working in the cafeteria, secu?gl?ty, waste services, hospital

[EEY
~

drivers, and secretaries. The group defined as support personnel were those who helped nurses and doctorsgn the patient care, cleaning
c

Q

the patient room, and transferring the patient between units. Apart from this, personnel who did not have difect contact with the patient
o
N

N
and took part in administrative tasks in a separate unit were classified as administrative staff. Index case desgribes a case with a positive
Q

M

SARS-CoV-2 RT-PCR result (source of COVID-19 exposure). The index cases were also classified as patieg_glts and HCWs.
[oX

Patient and public involvement

No patient involved.

Analysis

uadolwaqy/:dny wouy pa

HCW exposures identified as low-, moderate-, and high-risk were compared against demographic charactggistics such as age, gender,
o
o

comorbid diseases, and occupation, involvement in direct patient care, index case, exposure type (i.e. risk lgsvel), post-exposure follow-

up data, and COVID-19 development. The relationship between risk level and positivity of SARS-CoV-2 RE—PCR was investigated.

Statistical analysis

¥20z ‘8T

All statistical analyses were performed using SPSS for Windows 18 (SPSS Inc, Chicago, IL, USA). Kolmog)rov—Smirnov test was used
c
D

to assess the normality assumption. The continuous variables that did not have normal distribution were eXpr_CU;SSGd as median (minimum-

@]
maximum) values. Categorical variables were summarized as counts (percentages). For non-normally distrfhuted continuous variables,
(1)

p

differences between groups were tested using the Kruskal Wallis test. Pearson chi-square/Fisher Exact Tesfgdetermined the relationship

1ybuAdo
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between categorical variables. Univariate logistic regression analysis was used to analyze the factors leading to SARS- CoV-2 PCR

positivity. The variables that were considered in the analyses for SARS- CoV-2 PCR positivity were age, %x, profession, involvement
@)

in direct patient care, index case, index case mask usage, HCWs PPE usage, and risk level. A two-sided p-%_value < 0.05 was considered

as statistically significant. Multivariable logistic regression model was used to predict potential risk facé)rs of SARS- CoV-2 PCR

positivity. The variables which had a significance level of p<0.20 from the univariate analysis were identiﬁ%i as candidate variables for

the multivariable model.

Results

wqg/9eTT 0T Se

During the study period, a total of 1268 HCWs were admitted with suspicion of risky exposure. After the élitial evaluation, exposures

4

that have not met the criteria for risky exposure for COVID-19 were excluded from the follow-up. A totalfﬁ)f 822 HCW contacts were
o
a1

classified as risky and were followed up prospectively. 295 of these exposures were low-risk, 284 were inte?!?;mediate-risk, and 243 were

o

high-risk. The median age was 31.9 years (20-62), and 27.1% of exposed HCWs were male. Risky exposure was detected most frequently
s

in nurses (51.7%). Of the exposed HCWs, 89.5% were directly involved in patient care. The index cases w%e HCWs in 72.6% of risky

<

exposures and COVID-19 patients in 27.4%. With respect to contact types, 95.5% were identified as close Eontact and 4.5% as intense

contact. Demographic and clinical characteristics of exposed HCWs are shown in Table 4. g
o

Table 4. Demographic and clinical characteristics of HCWs admitting after exposure %
S

HCW 3

n=822 (%) E

Median age (years) min-max 31.9 (20-62) §
Gender (Male) 223 (27.1) 5}
Profession g
Nurse 425 (51.7) El
Doctor 180 (21.8) 3
Supportive personnel 91 (11) g
Other auxiliary health personnel 66 (8.1) >
Auxiliary health personnel 33 (4.1) E
Administrative staff 27 (3.2) &
Taking part in direct patient care 736 (89.5) S
Underlying disease 111 (13.5) o
Exposed-index case S
HCW 597 (72.6) 2
Patient 225 (27.4) 2"
Risky exposed 5
Close contact 785 (95.5) i
Intense contact 37 (4.5) g

S
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Risk level
Low risk 295 (35.9)
Moderate risk 284 (34.5)
High risk 243 (29.6)

All data are given as a number (percentage) unless specifically stated.
HCW: Healthcare workers @
Underlying diseases (patients number): chronic respiratory disease (26), chronic cardiovascular disease (23),g1yroid disease (17), chronic

saij :uado rINg

rheumatological disease (13), allergic diseases (9), diabetes mellitus (6), chronic neurological disease (5), oéer (12)

QD
2}

The comparison of the groups by their risk levels is summarized in Table 5. There was a statistically signiﬁ{ant difference between age,

comorbid diseases, occupation, direct involvement in patient care, index case, and risky exposure type (p %0. 001, p= 0.011, p<0.001,
p<0.001, p<0.001, p<0.001, respectively). As a result of the dual comparison of the groups, the median age%as determined to be higher
in HCWs with high-risk exposure than in the low-risk and moderate-risk group, comorbiditiy rate was detecEed to be higher than in low-
risk level (p <0.001, p= 0.011, respectively). As a result of the dual comparison of the groups, the media% age was determined to be
o
higher in HCWs with high-risk exposure than in the low-risk and moderate-risk group (p<0.001). Comorbi%itiy rate was detected to be
higher in HCWs with high-risk exposure than in the low-risk group (p = 0.011). High-risk exposure was léwest in nurses (21.9%) and
highest in other assistant healthcare personnel (77.3%) (p<0.001). High-risk exposure was lower in those%lirectly involved in patient

care (76.5%, p<0.001). In the vast majority of high-risk exposures (220/253), the index case was an HCW.

Table 5. Comparison of exposed-HCWs by the risk level

Low risk Mm!erate High risk
n=295 risk =243 P value
n=284
Age (years), median (min-max) 29% (20-62) 28% (20-56) 312 (21-62) <0.001
Gender (Male) 80 (35.9) 73 (32.7) 70 (31.4) 0.72
Underlying disease* 312 (10.5) 3420 (12) 46 (18.9) 0.011
Profession <0.001
Nurse 1712 (40.2) 1612 (37.9) 93 (21.9)
Doctor 76 (42.2) 612 (33.9) 432 (23.9)
Supportive personnel 202 (22) 38%(41.8) 33%(36.3)
Other auxiliary health 50(7.6) 10° (15.2) 510 (77.3)
personnel
Auxiliary health personnel 142 (42.2) 72(21.2) 122 (36.4)
Administrative staff 92 (33.3) 7% (25.9) 112 (40.7)
Taking part in direct patient <0.001
care
Yes 2812 (38.2) 2692 (36.5) 186°(25.3)
No 14 (16.3%) 15 (17.4%) 57 (66.3%)
Exposed-index case <0.001
Patient 56 (19) 146" (51.4) 23¢(9.5)
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HCW 2392 (81) 138" (48.6) 220° (90.5)
Risky exposed <0.001
Intense contact 12(0.3) 29°(10.2) 7¢ (2.9)
Close contact 2942 (99.7) 255% (89.8) 236¢°(97.1)

All data are given as a number (percentage) unless specifically stated.
HCW: Healthcare workers
a b c: There is a difference between the groups indicated by different indices.
Post-exposure follow-up features by risk levels are shown in Table 6. Symptoms developed during follow-ﬁp in a total of 311 (37.8%)
[¢°]
o

nd 1s11 :uado NG

HCWs. The most common symptoms were sore throat (24.2%) and cough (14.5%). A higher rate of complaitits occurred in the moderate
and high-risk group than in the low risk exposed group (p= 0.001). During the study, SARS-CoV-2 PCR ﬁ'_pfsitivity was detected in 28
(e

o
exposed HCWs. The rate of SARS-CoV-2 RT-PCR positivity development after high-risk exposure was hi@er than both moderate- and
=]

9

low-risk exposure groups (7.1%, 3.3, 4.5, respectively) but the difference was not found to be statistically significant (p = 0.205).
N

Table 6. Post-contact follow-up results by the risk level §
(o]

()]

Low risk Moderate risk | Highrisk | P value g

n=295(%) n=284 (%) n=243 (%) ap

Presence of symptom 872 (29.5) 120°(42.3) | 104> (42.8) | 0.001 §
2

Throat ache 512(17.3) 790 (27.8) 69" (28.4) 0.002 R
Cough 33 (11.2) 41 (14.4) 45 (18.5) 0.055 ¢
Diarrhea 82 (2.7) 82(2.8) 18%(7.4) 0.009 ga
Fever 52 (1.7) 82(2.8) 19 (7.8) 0.001 2
Shortness of breath 11 (3.7) 8(2.8) 10 (4.1) 0.704 §
Inability to taste/smell 1(0.3) 1(0.4) 2(0.8) 0.089 %
Duration to test after last risky exposure, days, 5(1-12) 6 (1-18) 5(1-14) 0.065 &
median (min-max g
SARS-CoV-2 RT-PCR positivity 8(4.5) 7(3.3) 13(7.1) 0.205 2
In asymptomatic HCW (n=511) 4 (1.9) 1(0.6) 5@3.5) 0.191 E
Number of tests in asymptomatic HCW 107 110 84 3

In symptomatic HCW (n=311) 4(4.5) 6 (5.0) 8 (7.6) 0.056 3
Number of tests in symptomatic HCW 69 102 98 E

All data are given as a number (percentage) unless specifically stated. z
HCW: Healthcare workers, RT-PCR: reverse transcriptase-polymerase chain reaction S
a b c: There is a difference between the groups indicated by different indices. §
Q

When exposed HCWs with and without SARS-CoV-2 RT-PCR positivity were compared; age, gender, indeg case type, index case mask
o

usage, HCW’s PPE usage, and contact type were not found as independent risk factors for the development %f PCR positivity. The only

9

significant factor for the development of SARS-CoV-2 RT-PCR positivity was found to be direct involvergent in patient care. Risk of
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developing COVID-19 was observed to be 5.65 times higher in those who were not directly involved in patient care (OR = 5.65, 95%
CI=2.437-13.11; p<0.001).

Discussion

1S4l :uado rINg

Protection HCWs who are under high-risk due to COVID-19 is vital in fighting the pandemic. In the face gf a new disease, the anxiety

S
and fear of HCWs have decreased with the elimination of uncertainty, the increase in knowledge about th&means of transmission and

se

prevention measures, and the acceleration of vaccination studies. However, during this period, many HCWg were infected with SARS-
'_\

CoV-2 and a considerable number of them died. Knowledge on COVID-19 infection rates in HCWs and egldemlologlcal dynamics of

the infection is still insufficient. The knowledge, skills, and adaptation of healthcare professionals regardlng infection control measures
and PPE use vary widely among HCWs. The concerns that COVID-19 vaccines do not eliminate the infectiorigievelopment, the infections
developing with mutant strains, and the decrease in vaccine protection against these mutant strains remind (%ce again the importance of
dealing with the characteristics of the infection development in HCWs in more detail. In this study, whici was carried out in HCWs

applied to ICC due to risky exposure with COVID-19 patients, we aimed to obtain more detailed epideﬁliological data in terms of
<

behaviors carrying risk for HCWs, to evaluate the exposure risks in detail, and nosocomial SARS-CoV-2 trzglsmission.

Considering that the increase in knowledge and experience with age and that comorbid chronic diseases gre risk factors for the poor

prognosis of COVID-19, HCWs of older ages and with chronic diseases are expected to be more prudent on nieasures to prevent infection

transmission and appropriate PPE use. However, in our study, the ages of those who have undergone highgrisk exposures were higher

than the HCWs with low- and moderate-risk exposure (p <0.001) and had a higher rate of comorbid clmomc diseases (p = 0.011).

Similarly, in the study of Maltezou et al., chronic diseases were more common in high-risk exposures gfhen compared to low-risk

o
3
exposures (2.5% - 1.5%, p=0.001)."? 3
3
A vast majority of HCWs admitted to ICC with a risky exposure were directly involved in patient care, mést of them were nurses and
=

doctors. This can be explained by the fact that nurses are more involved in patient care than other occupatignal groups and the number

of nurses working in the health institution is higher than other personnel. However, in terms of risk levels,ﬁt was observed that rate of

(=}
<

high-risk exposures was less in doctors (23.9%) and nurses (21.9%). In the study of Maltezou et al., unlik%our results, it was reported

15

that high-risk exposure was more common in nurses and doctors (43.4% vs. 36.1, p <0.001). Similar to our s§idy, it was found that high-

1031

risk exposure was higher among administrative staff in the same study.'? In our country, after the first case Was reported in March 2020,
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it has become obligatory for all hospital personnel to work with a mask. Adherence to this measure reduces many exposures to moderate

v9)
and low-risk categories. However, the occurrence of high-risk exposure among administrative staff, auxiliargHCWs, and other auxiliary

o

©
HCWs suggests that they suffer from the misconception that they are under less risk in terms of infection dev&lopment due to not directly

Sl

taking part in patient care and that often do not adhere to use of masks. A possible reason for this is lowé awareness of the fact that
S

S
infections can be transmitted from colleagues. It seems that the appropriate use of PPE is lower in these groilps and proper training and

15

2}

information sharing should be made individually and more emphatically. Although it can be thought that lggh percentage of moderate
'_\

and high-risk exposure in the support personnel is due to their tasks directly involving patient care, the fact th% the index cases are mostly
3

HCWs rather than the patients does not support this idea.

Z-uadoli

One of the striking findings of the study is the index cases. In 72.6% of contacts, the index cases were HéWs. Similar to our results,

S0

. . . . . . m .
previous studies have shown that HCWs had mostly risky exposure with their colleagues and most of their ga;xposures developed during
o
eating and drinking activities.'? 13 The fact that lowest rates of high-risk exposure were observed in contac%s with patients and among

[

Q
HCWs directly involved in patient care indicate that HCW's are better in adhering to PPE use in conta@ with COVID-19 patients.

<

N
However, they do not pay enough attention to PPE use and infection control measures in their contacts Wi‘[h@Olleagues.

o
The SARS-CoV-2 RT-PCR status became positive in median 5 days after risky exposure, consistent with ﬂ% disease incubation period.

o
In the study of Maltezou et al., the infection had developed at the end of the first week after risky exposure, étnd the authors stated that a

0l

7-day work restriction is sufficient.!> The WHO and the Centers for Disease Control and Prevention (CDCBrecommend a 14-day work

ny

d

restriction regardless of the risk level.! ® In our study, in line with COVID-19 guidelines of the Ministry 0§Health, only seven days of

=
work restriction was applied after intense high-risk exposure.!! In our study, a work restriction was appliea to only seven HCWs with
o

3. :
high-risk and intense exposure. Other personnel continued to work with masks, and a super-spreader was ot detected. In times where
3

the need for HCWs has increased, it is crucial for countries to form policies regarding the protection of H§Ws based on their internal

8T |ud

dynamics.

N

Although at least one symptom developed in 37.8% of the risky occupational exposures during the study, S%RS-COV-2 PCR positivity
g

was detected in much less of the cases. In the study by Maltezou et al., at least one symptom was detect%:l in 22.2% of 3398 HCWs

1S

exposed to SARS-CoV-2. Symptom development was lower in HCWs with low-risk exposure than in the othgr two groups with moderate

[S)

and high risk. Unsurprisingly, the positivity of SARS-CoV-2 after high-risk exposure was higher, but there was no statistically significant
o
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difference between the groups. In the study of Maltezou et al., it was indicated that the development of COVID-19 after high-risk exposure

v9)
was six times higher than moderate and low-risk exposures (5% in high risk, and 1% in moderate and lowSisk, p <0.001).'? Infection

o

©
development is expected to be higher in high-risk exposure. The lack of difference between the groups in terfhs of infection development

1S)

suggests the transmission may occur through direct exposure due to not paying enough attention to handshygiene despite the use of

it

appropriate equipment.

se paysi|q

Among the factors evaluated for development of SARS-CoV-2 positivity, only providing direct care  COVID-19 patients was

T

. . . . . . . . . . w . .
statistically significant, and contrary to expectations, infection development was found 5.65 times higher in@ICWs who did not directly
3

provide care for COVID-19 patients. This finding suggests that the staff caring for a COVID-19 patient adh§re more strictly to PPE and
N,

other infection control measures, while the staff who do not provide direct care do not comply with the meaﬁloﬁlres adequately with a false
o

a1

sense of safety. In the study of Hunter et al., symptomatic HCWs were divided into three groups: HCWs in%olved in direct patient care
o

(group 1), HCWs not directly involved in patient care that work in high-risk areas such as laboratories (group %), and non-clinical workers

5}

(group 3). SARS-CoV-2 positivity was detected at a rate of 15% (128 of 834) in group 1, 16% (14 of 86) §n group 2, and 18% (20 of
<

109) in group 3. Furthermore, taking part in direct patient care was not found to be risky for SARS-CoV-2 ET-PCR positivity (group 1

o
vs. group 2: odds ratio 1-08, 95% CI 0-59—1-97; group 1 vs. group 3: 1-24, 0-74-2-09; p =0.71).'* The rese%chers have drawn attention

0]

. . . . . . . . . m . .
to community transmission since the study was conducted before the restrictions in society. In studies condgcted in Spain and England,

wouy

no difference was found between the administrative staff and the personnel working in direct patientScare in terms of infection

ny

development, and it was stated that in-house or community transmission was more effective in HCW inf%;tions.14 15 In a study from

France, the infection rate was significantly higher in HCWs who did not directly provide care for COVID-_% patients (odds ratio 2.3, p
o

=(0.005).'¢ Similarly, in a study conducted in Germany, the fact that only 3% of 86 HCWs with a positive%ARS-CoVQ RT-PCR test
3

had contact with COVID-19 patients was accepted as a supporting finding for community transmission.”;::pn the contrary, in a study

conducted in Wuhan, 72 exposed HCWs were examined, and it was found that HCWs working in areas W:]%l COVID-19 patients were

2.13 times more under risk.'® However, in this study, the number of personnel exposed to SARS-CoV-2 is '{iry low. Besides, since it is
o

the emerging point of the pandemic, the dynamics of HCWs adherence to the infection control measures:gn contact with patients and

each other may differ compared to other studies.
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In addition to use of PPE, the adherence of HCWs with other infection control measures such as hand hygiene and unknown/possible

v9)
community transmission may have contributed to the difference between the groups. Studies related with HEW risk factors indicate that

o

©
practicing suboptimal hand hygiene before and after patient exposure, long working hours, inappropriate PPE use and PPE insufficiency,

Sl

inadequate training on infection control measures, and the unit where an HCW is employed were found to bg risk factors for COVID-19
(=8

=
transmission in HCWs. Previous studies report failure to evaluate the effect of remembering bias and otl@r environmental factors as

se

limitations.!3 28 This study was planned prospectively, and negativities such as possible false recall and lagk of data, which are among
'_\
[y

. . . . . . . . w . .
the weaknesses of retrospective studies, were minimized. Also, more categorized information has been obtafded by using a standardized
3

3

risk classification in the follow-up and management of exposed HCWs. However, there are several limitatigns: Although most exposed
[N

HCWs (57.1%) have been screened with PCR, it is possible that positivity was not detected (underestimatid(fi) in some asymptomatic or
o

a1

mildly symptomatic individuals since not all exposed HCWs have been screened with SARS-CoV-2 PC%( test. Moreover, although
o

exposed-HCWs were followed up prospectively, the risk groups in the study were determined based on HCW's own statements. Another

uer

limitation is that compliance to proper PPE usage procedures and adherence to hand hygiene have not been fnvestigated.

'zzoz A

Conclusions

o
In the present study, many HCWs were actively followed according to a prospective, post-exposure star%ardized risk classification.

0]

HCWs have a high risk of being infected while providing care for COVID-19 patients. However, preventi%l of the infections that will

=

develop during the contact of HCWs with other hospital employees seems to be a priority. Increasing infeciion rates among healthcare

—

S
workers may lead to health system collapse and worsening of the pandemic. The present study provides benefgﬁial information by utilizing

=}
standardized risk classification of nosocomial transmissions in HCWs. It also provides particularly useful ilﬁormation on post-exposure
o

E . .
follow-up and required working restrictions for HCWs. The study results revealed that adherence to infecgion control rules is of vital
3

importance in terms of raising awareness about adherence to PPE usage rules and preventing transmission bztween personnel. In such a

dy

period where the need for HCWs has increased, it will contribute to reorganizing regulatory actions by reveging situations carrying risk

of infection.
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Abstract

v)
Objectives: Healthcare workers (HCW) are among the risk groups for COVID-19. Determining transmission routes and risk levels

o

©
during healthcare is of great importance in preventing nosocomial outbreaks. This study aimed to investigate the frequency of nosocomial

transmission and factors affecting the transmission in HCW.
Methods: HCWs admitted to the infectious diseases outpatient clinic due to contact with a COVID-19 patien®and diagnosed with SARS-

COV-2 by RT-PCR between March 20, 2020, and June 30, 2020, were included in the study.

TT 0T se paysiignd 1s1

Results: A total of 822 HCWs with 295 low, 284 intermediate and 243 high-risk exposures were include?in the study. 27.1% of the
HCWs were male, and the median age was 31.9 years (20-62). 89.5% of these patients were directly in cl%rge of patient care. Of the
index cases contacted, 72.6% were HCW, and 27.4% were non-HCW patients. Most of the risky exposure %1.7%) occurred in nurses.
The occurrence frequency of high-risk exposure was lower in those assigned to direct patient care when coglpared with the occurrence
frequency of moderate- or low-risk exposures (76.5%, 94.7, 95.3, respectively p <0.001). In most high-rigk exposures (220/253), the
index cases were HCWs (p<0.001). Symptoms were detected in 311 of the HCWs (37.8%) during the folg)w-up. The median time to
<2

perform SARS-CoV-2 RT-PCR was 5.3 days (IQR) after the last risky exposure. In multivariate analy%s, SARS-CoV-2 RT-PCR
positivity was 5.65 times higher in HCWs not directly involved in patient care than HCWs who are not invogved in patient care (95% CI
=2.437-13.111; p <0.001).

Conclusions: This study provides particularly useful information on post-exposure COVID-19 follow-up

d management of working

schedules and procedures of HCWs.

Keywords

COVID-19, healthcare quality improvement, infection control, risk management, nosocomial infections
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Strengths and limitations of this study

The advantages of the study;

v" This study was planned prospectively, and it had a large sample size. Negativities such as possible false recall and lack of data,

which are among the weaknesses of retrospective studies, were minimized.

and 1siy8iado rINg

v" This study explores the hospital-acquired transmissions in healthcare workers by using standardizeddaisks classification.

=]

v’ The present study provides particularly useful information on post-exposure follow-up and required ;‘qvorking restrictions for

HCWs.

Limitations of the study;

adolwa/9eTT 0T

v Compliance with other infection control measures such as hand hygiene was not investigated in our Etudy.
N
v" Although most exposed HCWs (57.1%) have been screened with PCR, it is possible that positivity was not detected
a1
(underestimation) in some asymptomatic or mildly symptomatic individuals since not all exposed HgWs have been screened

with the SARS-CoV-2 PCR test.
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Introduction

v9)
While the COVID-19 pandemic continues unabated, healthcare workers (HCW) at the forefront who are ingrontact with and caring for
o

©
COVID-19 patients are among the high-risk groups in terms of COVID-19 transmission.'-# Nosocomial trahsmission remains to cause

=
anxiety in healthcare professionals who struggle with many factors such as excessive working hours, psychol@gical stress, extreme fatigue,
S
S
occupational burnout, and stigma. SARS-CoV-2 infection is known to be transmitted by respiratory dropletsg Direct contact and aerosol-
QD
2}

generating procedures (AGP) constitute the highest risk in terms of contamination, especially in departments &ith confirmed or suspected
'_\

COVID-19 patients.

waq/9eT

China reported the number of infected healthcare workers as 3387, The Italian National Institute of Healté as 17000, and the USA as

4

9200.>7 A review published in December 2020 stated that 3.9% (152,888) of COVID-19 patients in the wdild were HCWs.® However,
(@)

a1
. . m . . . .
there are still countries that have not yet reported the number of infected healthcare personnel, and studies g&;westlgatmg risky behavior
o
S .
within HCWs are very limited. In the nosocomial transmission of SARS-CoV-2, adherence of HCWs to infegtion prevention and control

[

Q
measures and appropriate use of personal protective equipment (PPE) are as significant as the virus charact%istics.
<

The protection of HCWs is one of the most critical points in dealing with the pandemic. Therefore, d%ermining the dynamics of

o
nosocomial transmission within the group of healthcare workers is of great importance in preventing nosocon.;%al outbreaks and protecting

HCWs from infection. 2

o
QD
(1%
o
This study aimed to investigate the incidence of nosocomial transmission and the factors affecting the3transmission in healthcare

professionals admitted to the Infection Control Committee (ICC) due to exposure to COVID-19 patients in gur hospital.

g
8u
=
S
Material and Method: g
o
3
Study design q
3
HCWs admitted due to exposure to a definite COVID-19 patient between 20 March 2020 and 30 June 202(Ewere included in the study.
©
This prospective observational cohort study was approved by the Turkish Ministry of Health and Ankara Cityg{ospital Ethical Committee

N
(E1-20-559).Written consent was not obtained from the participants since only epidemiological surveillanceﬁdata was collected.

Infection control

1sanb Aq

At the beginning of the pandemic, all HCWs working in our hospital were trained by Infection Control Cgmmittee (ICC) doctors and

91391fgd

nurses on COVID-19 transmission, prevention from the infection, appropriate PPE use, infection control measures, and hand hygiene.
(=3

"1ybuAdoo A
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During the pandemic, all necessary PPEs were provided at an adequate level. It was planned for all HCWs to work with surgical masks

v9)
during the pandemic period and access appropriate PPEs when necessary. Moreover, the course of action o be followed after a risky

ado

exposure was determined, and follow-up forms were created to monitor HCWs with occupational exposure.>

Determination of contact type and risk level

siignd 1511}

HCW risk assessment and follow-up were performed by ICC with active surveillance. The demographic chafcteristics (age, gender, and

se

chronic disease) of the exposed-HCWs, their professions (doctor, nurse, auxiliary health personnel, otherzauxiliary health personnel,
'_\

. . . . . . . w
support personnel, and administrative staff), and whether they were directly involved in patient care were r&orded. Furthermore, along

w

3
with index case detection, the following data related to the exposure were recorded: index case’s mask us@ge during contact, dates of

exposure, and PPE usage of the HCW during exposure.

G0-120¢

Types of exposures listed in Table 1 were considered risky for SARS-CoV-2 transmission, and HCWs that h%d undergone such exposure

(0]

were followed up prospectively. Other types of exposures were categorized as "non-risky" and were exclud%i from follow-up.® 1

Table 1. Risky exposed
A. Close contact
1. Being at a distance of less than 1 meter with COVID-19 patients for 15 minutes or
more in the last 5 days
2. Meeting face-to-face with a COVID-19 patient at a distance of less than 1 meter for
15 minutes or longer in the last 5 days
3. Direct contact with a COVID-19 patient (e.g., handshake) or direct contact with the
person's secretions (e.g., coughing or touching used tissue) in the last 5 days
B. Intense contact
1. Performing AGP to a COVID-19 patient or assisting in this process

AGP: Aerosol-generating procedure

g//:dny wouy papeojumoq "zzoz Arenuer

olw

The World Health Organization (WHO) guideline was used to determine whether the appropriate PPE wa§ worn.!'? The risk level was

q

3

determined according to PPE usage of the exposed HCW (Table 2). Except for AGP, the use of a surgical ma%k was considered sufficient.
3

AGP was defined as respiratory tract sampling, intubation, aspiration of respiratory tract secretions, non-invasive mechanical ventilation,
>
©

high flow oxygen therapy, cardiopulmonary resuscitation, use of nebulizer, endoscopic procedures, broncho%copy, video-laryngoscopy,

N
dental practices, examinations of the mouth, throat, and nose, ophthalmological examinations, and central cgtheter insertion.!0 !

Table 2. Risk level determination after a risky exposure

1ybuAdoo Aq paroaloid "1sanb Aq
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1
2
3 Index case mask- PPE using status of HCW Risk level
: wearing status -
6 Did not use a surgical mask or N95 High =
7 Used a surgical mask in case of N95 indication Moderate %
8 No Did not use eye protection Low 2
9 Did not use gloves and aprons Low 3
1? Used all PPE properly No l‘éj
12 Did not use a medical mask or N95 or Moderate &
13 Used a surgical mask in case of N95 indication g
14 Yes Did not use eye protection Low 5);
15 Did not use gloves and aprons Low 2
16 Used all PPE properly No @
1; HCW: Healthcare worker, PPE: Personal protective equipment g
3
;g Follow-up of Exposed HCWs E
21 S
22 HCWs included in the study were followed for symptoms for 14 days after the last risky exposure. SymptBms such as fever (=38 °C),
o
23 a
24 shortness of breath, cough, sore throat, nasal congestion, or newly-onset loss of smell were considered suspi%ous symptoms for COVID-
25 o
;? 19 disease.!! Nasopharyngeal swab samples were taken for SARS-CoV-2 reverse-transcriptase polymerase Ehain reaction (RT-PCR) to
28 . . . . 5
1agnose -19 from cases wit -19 related symptoms during their tollow-up. -CoV- was performed on the
29 diag COVID-19 fi h COVID-19 related symp during their foll p. SARS-CoV-2 REPCR perfi d on th
30 f}
31 7t day after the risky exposure among asymptomatic exposed-HCWs with moderate or high-risk exposuge (Table 3). A 7-day work
32 o
gi restriction was applied to HCWs who had high-risk exposure after intense contact. Those with negative SA%(S CoV-2 RT-PCR test on
]
QD
the ay returned to work, and their ays follow-ups were discontinued. Negative -CoV- - tests o S wit
:2 he 7t day d k, and their 14 days foll di inued. Negative SARS-CoV-2 Rg-PCR f HCWs with
37 S
38 persistent symptoms were repeated 48 hours after the initial test. i
39 g
40 Table 3. Exposed-HCW follow-u §
2; Risky exposure type and risk | Management )
43 level 3
44 Intense contact - high risk 1. Symptom follow-up is performed by isolating at g
45 home for 7 days. g
46 2. If the symptom develops, the SARS-CoV-2 RT- g
47 PCR test is performed on the symptom day, if no N
48 symptoms develop, on the 7™ day after the last E
:g risky exposure. 5
51 3. Those with negative test results start to work and N
52 are followed up in terms of symptoms for 14 R
(e}
53 days. 2
54 Intense contact - moderate 1. Works with a mask on. Active symptom follow- §
55 risk up is performed. a
26 Close contact- high / moderate 2. If the symptom develops, the SARS-CoV-2 RT- S
57 . . . @
=8 risk PCR test is performed on the symptom day, if no o
59 symptoms develop, on the 71 day after the last 2
60 risky exposure. P
g
é.
=y
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Close / intense contact - low 1. Works with a mask on.
risk 2. If the symptom develops, the SARS-CoV-2 RT-
PCR test is performed on the symptom day.

HCW: Healthcare worker, PPE: Personal protective equipment

Definitions

d sy :uado (NG

A healthcare worker was defined as all personnel working in healthcare facilities, regardless of their involvgzjment in direct patient care.
5
However, the personnel were grouped according to whether they were directly involved in patient care or no% Occupational groups were
recorded as doctors, nurses, auxiliary health personnel, other auxiliary health personnel, support personnel, %d administrative staff. The
technicians working in radiology, portable x-ray, laboratory, anesthesia, and physical therapy, biologists%and physiotherapists were
defined as auxiliary HCWs. Other auxiliary health personnel consisted of staff working in the cafeteria, secutijty, waste services, hospital
drivers, and secretaries. The group defined as support personnel were those who helped nurses and doctorszgl the patient care, cleaning
the patient room, and transferring the patient between units. Apart from this, personnel who did not have d%ect contact with the patient

(=Y
and took part in administrative tasks in a separate unit were classified as administrative staff. Index case des§ribes a case with a positive

enu

SARS-CoV-2 RT-PCR result (source of COVID-19 exposure). The index cases were also classified as patients and HCWs.
Patient and public involvement
No patients were involved.

Analysis

woJ} papeojumoq ‘'¢coc

HCW exposures identified as low-, moderate-, and high-risk were compared against demographic charactgistics such as age, gender,
-
comorbid diseases, occupation, involvement in direct patient care, the index case, exposure type (i.e., risk l&vel), post-exposure follow-

o
[©)
up data, and COVID-19 development. The relationship between risk level and positivity of SARS-CoV-2 R%-PCR was investigated.

Statistical analysis

0 /W09

All statistical analyses were performed using SPSS for Windows 18 (SPSS Inc, Chicago, IL, USA). Kolmogdrov-Smirnov test was used

T

to assess the normality assumption. The continuous variables that did not have normal distribution were expr%ssed as median (minimum-
o
N

. . . . B . .

maximum) values. Categorical variables were summarized as counts (percentages). For non-normally-distrgbuted continuous variables,
«Q
c

differences between groups were tested using the Kruskal Wallis test. Pearson chi-square/Fisher Exact Test&determined the relationship

o

between categorical variables. Univariate logistic regression analysis was used to analyze the factors leaéfing to SARS- CoV-2 PCR

Pa!

positivity. The variables considered in the analyses for SARS- CoV-2 PCR positivity were age, sex, profegsion, involvement in direct
(@]

1ybuAdo
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patient care, the index case, index case mask usage, HCWs PPE usage, and risk level. A two-sided p-value < 0.05 was considered

v9)
statistically significant. A multivariable logistic regression model was used to predict potential risk facgers of SARS- CoV-2 PCR

o

©
positivity. The variables with a significance level of p<0.20 from the univariate analysis were identified aicandidate variables for the
multivariable model.

Results

se paysiignd 1s11y

During the study period, a total of 1268 HCWs were admitted with suspicion of risky exposure. After the Bitial evaluation, exposures
'_\
[y

that had not met the criteria for risky exposure for COVID-19 were excluded from the follow-up. A total §f 822 HCW contacts were
3

classified as risky and were followed up prospectively. Two hundred ninety-five of these exposures were low%isk, 284 were intermediate-
N,

risk, and 243 were high-risk. The median age was 31.9 years (20-62), and 27.1% of exposed HCWs Wer@?omale. Risky exposure was
o
a1

detected most frequently in nurses (51.7%). Of the exposed HCWs, 89.5% were directly involved in patien%pare. The index cases were

o
HCWs in 72.6% of risky exposures and COVID-19 patients in 27.4%. Concerning contact types, 95.5% wete identified as close contact

C

Q
and 4.5% as intense contact. Demographic and clinical characteristics of exposed HCWs are shown in Tabl§4.

<

Table 4. Demographic and clinical characteristics of HCWs admitting after exposure %
o

HCW 2

n=822 (%) 3

Median age (years) min-max 31.9 (20-62) §
Gender (Male) 223 (27.1) 3
Profession =
Nurse 425 (51.7) g
Doctor 180 (21.8) g
Supportive personnel 91 (11) g
Other auxiliary health personnel 66 (8.1) g
Auxiliary health personnel 33 (4.1 3
Administrative staff 27(3.2) é
Taking part in direct patient care 736 (89.5) o
Underlying disease 111 (13.5) >
Exposed-index case 2
HCW 597 (72.6) &
Patient 225 (27.4) S
Risky exposed E
Close contact 785 (95.5) Q
Intense contact 37 (4.5) 43
Risk level n)
Low risk 295 (35.9) 5
Moderate risk 284 (34.5) g
High risk 243 (29.6) g

e
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All data are given as a number (percentage) unless specifically stated.

HCW: Healthcare workers

Underlying diseases (patients number): chronic respiratory disease (26), chronic cardiovascular disease (23), thyroid disease (17)§chronic rheumatological disease
(]

BMJ Open

(13), allergic diseases (9), diabetes mellitus (6), chronic neurological disease (5), other (12)

The comparison of the groups by their risk levels is summarized in Table 5. There was a statistically signiﬁ@nt difference between age,

comorbid diseases, occupation, direct involvement in patient care, the index case, and risky exposure type (p;fO. 001, p=0.011, p<0.001,

p<0.001, p<0.001, p<0.001, respectively). As a result of the dual comparison of the groups, the median ag% was higher in HCWs with

high-risk exposure than in the low-risk and moderate-risk group, and the comorbidity rate was higher than En low-risk level (p <0.001,
@

p= 0.011, respectively). As a result of the dual comparison of the groups, the median age was determined%o be higher in HCWs with
©

high-risk exposure than in the low-risk and moderate-risk group (p<0.001). The comorbidity rate was higlier in HCWs with high-risk
N

exposure than in the low-risk group (p = 0.011). High-risk exposure was lowest in nurses (21.9%) and highes@n other assistant healthcare
(o]

personnel (77.3%) (p<0.001). High-risk exposure was lower in those directly involved in patient care (7%’.5%, p<0.001). In the vast

majority of high-risk exposures (220/253), the index case was an HCW.

Table 5. Comparison of exposed-HCWs by the risk level

Low risk Mm!erate High risk
1=295 risk =243 P-value
n=284
Age (years), median (min-max) 290 (20-62) 28% (20-56) 312 (21-62) <0.001
Gender (Male) 80 (35.9) 73 (32.7) 70 (31.4) 0.72
Underlying disease* 312 (10.5) 3420 (12) 46° (18.9) 0.011
Profession <0.001
Nurse 1712 (40.2) 1612 (37.9) 93°(21.9)
Doctor 76 (42.2) 612 (33.9) 432 (23.9)
Supportive personnel 202 (22) 389 (41.8) 335 (36.3)
Other auxiliary health 59(7.6) 10° (15.2) 510 (77.3)
personnel
Auxiliary health personnel 142 (42.2) 72(21.2) 122 (36.4)
Administrative staff 92 (33.3) 72 (25.9) 112 (40.7)
Taking part in direct patient <0.001
care
Yes 2812 (38.2) 2692 (36.5) 186°(25.3)
No 14 (16.3%) 15 (17.4%) 57 (66.3%)
Exposed-index case <0.001
Patient 56 (19) 146" (51.4) 23¢(9.5)
HCW 2392 (81) 138" (48.6) 220¢ (90.5)
Risky exposed <0.001
Intense contact 12(0.3) 29°(10.2) 7¢ (2.9)
Close contact 2942 (99.7) 255%(89.8) 236°(97.1)

All data are given as a number (percentage) unless specifically stated.
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HCW: Healthcare workers

a b c: There is a difference between the groups indicated by different indices.

Post-exposure follow-up features by risk levels are shown in Table 6. Symptoms developed during follow
HCWs. The most common symptoms were sore throat (24.2%) and cough (14.5%). A higher rate of complai.éts occurred in the moderate
and high-risk group than in the low-risk exposed group (p= 0.001). During the study, SARS-CoV-2 PCR ésitivity was detected in 28
exposed HCWs. The rate of SARS-CoV-2 RT-PCR positivity development after high-risk exposure was higéger than both moderate- and

low-risk exposure groups (7.1%, 3.3, 4.5, respectively), but the difference was not found to be statistically s@niﬁcant (p = 0.205).
o

BMJ Open

O rINg

d

us

}

|

1

p in a total of 311 (37.8%)

=l
Table 6. Post-contact follow-up results by the risk level %
Low risk Moderate risk | Highrisk | P-value <
n=295(%) n=284 (%) n=243 (%) '

Presence of symptom 872 (29.5) 1200 (42.3) | 104" (42.8) | 0.001
Throat ache 512 (17.3) 79° (27.8) 69° (28.4) 0.002 g
Cough 33 (11.2) 41 (14.4) 45 (18.5) 0.055 §
Diarrhea 82(2.7) 82 (2.8) 18 (7.4) 0.009 3
Fever 52(1.7) 82(2.8) 19 (7.8) 0.001 E;
Shortness of breath 11 (3.7) 8(2.8) 10 (4.1) 0.704 3
Inability to taste/smell 1(0.3) 1(0.4) 2(0.8) 0.089 éL
Duration to test after last risky exposure, days, 5(1-12) 6 (1-18) 5(1-14) 0.065 Et
median (min-max E
SARS-CoV-2 RT-PCR positivity 8(4.5) 7(3.3) 13(7.1) 0205 =
In asymptomatic HCW (n=511) 4(1.9) 1 (0.6) 5@3.5) 0.191 3
3
Number of tests in asymptomatic HCW 107 110 84 g
In symptomatic HCW (n=311) 4(4.5) 6 (5.0) 8 (7.6) 0.056 F
Number of tests in symptomatic HCW 69 102 98 ‘;
All data are given as a number (percentage) unless specifically stated. 3
HCW: Healthcare workers, RT-PCR: reverse transcriptase-polymerase chain reaction S
a b c: There is a difference between the groups indicated by different indices. z

When exposed HCWs with and without SARS-CoV-2 RT-PCR positivity were compared; age, gender, inde}'!'z_"case type, index case mask
S

usage, HCW’s PPE usage, and contact type were not found as independent risk factors for the developmené)f PCR positivity. The risk

of developing COVID-19 was observed to be 5.65 times higher in those who were not directly involved in p(gtient care (OR = 5.65, 95%

CI=2.437-13.11; p<0.001).

Discussion
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Protection HCWs who are at high risk due to COVID-19 is vital in fighting the pandemic. In the face of a new disease, the anxiety and

v9)
fear of HCWs have decreased with the elimination of uncertainty, the increase in knowledge about the 3means of transmission and

do

prevention measures, and the acceleration of vaccination studies. However, during this period, many HCW(I> s were infected with SARS-

S.II

CoV-2, and a considerable number of them died. Knowledge on COVID-19 infection rates in HCWs and egldemlologlcal dynamics of

the infection is still insufficient. The knowledge, skills, and adaptation of healthcare professionals regardlnglnfectlon control measures

se

and PPE use vary widely among HCWs. The concerns that COVID-19 vaccines do not eliminate the infection@levelopment, the infections
'_\
[

. . . . . . . . . w . .
developing with mutant strains, and the decrease in vaccine protection against these mutant strains remind dfice again the importance of
3.
(@]
dealing with the characteristics of the infection development in HCWs in more detail. In this study, whic@ was carried out in HCWs

N
applied to ICC due to risky exposure with COVID-19 patients, we aimed to obtain more detailed epicfémiological data regarding
o
a1
behaviors carrying risk for HCWs, to evaluate the exposure risks in detail and nosocomial SARS-CoV-2 tra%smission.
o
Considering that the increase in knowledge and experience with age and comorbid chronic diseases are risk fgptors for the poor prognosis

of COVID-19, HCWs of older ages and with chronic diseases are expected to be more prudent on m@sures to prevent infection
<

N
transmission and appropriate PPE use. However, in our study, the ages of those who have undergone high.grisk exposures were higher

o
than the HCWs with low- and moderate-risk exposure (p <0.001) and had a higher rate of comorbid chgonic diseases (p = 0.011).

eoju

Similarly, in the study of Maltezou et al., chronic diseases were more common in high-risk exposures Wwhen compared to low-risk

exposures (2.5% - 1.5%, p=0.001)."?

:dny wouy p

A vast majority of HCWs admitted to ICC with a risky exposure were directly involved in patient care, an§ most of them were nurses

and doctors. This situation can be explained by the fact that nurses are more involved in patient care than otﬁer occupational groups and
CT

the number of nurses working in the health institution is higher than other personnel. However, in terms oﬁfisk levels, it was observed

Jwo

that the rate of high-risk exposures was less in doctors (23.9%) and nurses (21.9%). In the study of Maltezod et al., unlike our results, it

udy

was reported that high-risk exposure was more common in nurses and doctors (43.4% vs. 36.1, p <0.001).Similar to our study, it was

0¢ ‘8

found that high-risk exposure was higher among administrative staff in the same study.!? In our country, aftét the first case was reported

(=}
<

in March 2020, it has become obligatory for all hospital personnel to work with a mask. Adherence to%his measure reduces many

15

exposures to moderate and low-risk categories. However, the occurrence of high-risk exposure among adininistrative staff, auxiliary

9]09]

HCWs, and other auxiliary HCWs suggests that they suffer from the misconception that they are under less risk in terms of infection

"1ybuAdoo Aq
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development due to not directly taking part in patient care and that often do not adhere to use of masks. A possible reason for this is

v9)
lower awareness of the fact that infections can be transmitted from colleagues. It seems that the appropriate §se of PPE is lower in these

o

©
groups, and proper training and information sharing should be made individually and more emphatically. Alfhough it can be thought that

1S)

a high percentage of moderate and high-risk exposure in the support personnel is due to their tasks directlg involving patient care, the
o

fact that the index cases are mostly HCWs rather than the patients does not support this idea.

se paysl|

One of the striking findings of the study is the index cases. In 72.6% of contacts, the index cases were HEWs. Similar to our results,

T

previous studies have shown that HCWs had mostly risky exposure with their colleagues, and most of their ggxposures developed during

eating and drinking activities.'> 13 The fact that lowest rates of high-risk exposure were observed in conta%s with patients and among

HCWs directly involved in patient care indicate that HCW's are better in adhering to PPE use in contad;fi with COVID-19 patients.

However, they do not pay enough attention to PPE use and infection control measures in their contacts with%olleagues.

The SARS-CoV-2 RT-PCR status became positive in the median 5 days after risky exposure, consistent %vith the disease incubation

period. In the study of Maltezou et al., the infection had developed at the end of the first week after risky expgsure, and the authors stated
<

that a 7-day work restriction is sufficient.!> The WHO and the Centers for Disease Control and Prevention @DC) recommend a 14-day

work restriction regardless of the risk level.! ? In our study, in line with COVID-19 guidelines of the Ministrg of Health, only seven days
]

QD
of work restriction was applied after intense high-risk exposure !!, and only seven HCWs with high-risk andintense exposure underwent

}

S
a work restriction. Other personnel continued to work with masks, and a super-spreader was not detected. Wflrlen the need for HCWs has

q/7:dn

increased, countries must form policies regarding the protection of HCWs based on their internal dynamics

fw

o
Although at least one symptom developed in 37.8% of the risky occupational exposures during the study, S@RS-COV& PCR positivity

q

3 .
was detected in much less of the cases. In the study by Maltezou et al., at least one symptom was detectéd in 22.2% of 3398 HCWs
3

exposed to SARS-CoV-2. Symptom development was lower in HCWs with low-risk exposure than in the othir two groups with moderate

d

and high risk. Unsurprisingly, the positivity of SARS-CoV-2 after high-risk exposure was higher, but there W;;?S no statistically significant

N

difference between the groups. The study of Maltezou et al. indicated that the development of COVID-19 ﬁter high-risk exposure was
g

six times higher than moderate and low-risk exposures (5% in high risk, and 1% in moderate and lowﬁisk, p <0.001).'? Infection

1S

development is expected to be higher in high-risk exposure. The lack of difference between the groups in terfgfls of infection development

"1ybuAdoo Ag paros
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suggests the transmission may occur through direct exposure due to not paying enough attention to hand hygiene despite the use of

appropriate equipment.

O rINg

©
Among the factors evaluated for the development of SARS-CoV-2 positivity, only providing direct care3o COVID-19 patients was

Sl

statistically significant, and contrary to expectations, infection development was found 5.65 times higher inﬁICWs who did not directly
S

provide care for COVID-19 patients. This finding suggests that the staff caring for a COVID-19 patient adhgre more strictly to PPE and
QD

%]
other infection control measures, while the staff who do not provide direct care do not comply with the meag@res adequately with a false
'_\

sense of safety. In addition, 28 HCWs with positive SARS-CoV-2 RT-PCR tests were included in the comﬁarison. The low number of
3

3

participants should be considered when interpreting our results. In the study of Hunter et al., symptomatic H@Ws were divided into three
N,

groups: HCWs involved in direct patient care (group 1), HCWs not directly involved in patient care that wo?ﬁ( in high-risk areas such as
o

laboratories (group 2), and non-clinical workers (group 3). SARS-CoV-2 positivity was detected at a rate 0%15% (128 of 834) in group

1, 16% (14 of 86) in group 2, and 18% (20 of 109) in group 3. Furthermore, taking part in direct patient cag@ was not found to be risky

for SARS-CoV-2 RT-PCR positivity (group 1 vs. group 2: odds ratio 1-08, 95% CI 0-59-1-97; group 1 vs. %roup 3:1:24,0-74-2-09; p
<

=(.71).'* The researchers have drawn attention to community transmission since the study was conduct%i before the restrictions in

society. In studies from Spain and England, no difference was found between the administrative staff and theg)ersonnel working in direct
]

. . . . . . . . . m . .
patient care in terms of infection development, and it was stated that in-house or community transmission @as more effective in HCW

=

infections.!* 13 In a study from France, the infection rate was significantly higher in HCWs who did not direcéy provide care for COVID-

—

S
19 patients (odds ratio 2.3, p =0.005).!¢ Similarly, in a study conducted in Germany, the fact that only 3% gf 86 HCWs with a positive

o
SARS-CoV-2 RT-PCR test had contact with COVID-19 patients was accepted as a supporting finding for co?qmunity transmission.!” On

o

3
the contrary, in a study conducted in Wuhan, 72 exposed HCWs were examined, and it was found that HE'Ws working in areas with
3

COVID-19 patients were 2.13 times more under risk.'®* However, in this study, the number of personnel exp@ised to SARS-CoV-2 is very

d

low. Besides, since it is the emerging point of the pandemic, the dynamics of HCWs’ adherence to the i@ection control measures in

contact with patients and each other may differ compared to other studies.

Aq v2oe

In addition to the use of PPE, the adherence of HCWs to other infection control measures such as hand hy%ene and unknown/possible

1S

community transmission may have contributed to the difference between the groups. Studies related to HGQW risk factors indicate that

practicing suboptimal hand hygiene before and after patient exposure, long working hours, inappropriate PPleuse and PPE insufficiency,

"wBuAdoo Aq Pdioa
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inadequate training on infection control measures, and the unit where an HCW is employed were found to be risk factors for COVID-19

v9)
transmission in HCWs. Previous studies report failure to evaluate the effect of remembering bias and otl@r environmental factors as

o

©
limitations.!? 1928 This study was planned prospectively, and negativities such as possible false recall and lagk of data, which are among

Sil

the weaknesses of retrospective studies, were minimized. Also, more categorized information has been obtagled by using a standardized
S

=
risk classification in the follow-up and management of exposed HCWs. However, there are several limitati@is: Although most exposed

se

HCWs (57.1%) have been screened with PCR, it is possible that positivity was not detected (underestimatio) in some asymptomatic or
'_\
[y

mildly symptomatic individuals since not all exposed HCWs have been screened with SARS-CoV-2 PC% test. Moreover, although
3

3
exposed-HCWs were followed up prospectively, the risk groups in the study were determined based on HCVH;’S own statements. Another

Z_

o .
limitation is that compliance to proper PPE usage procedures and adherence to hand hygiene have not been thvestigated.
o

Conclusions

0 859895

=) . . . .
In the present study, many HCWs were actively followed according to a prospective, post-exposure stangdardized risk classification.

C

Q

HCWs have a high risk of being infected while providing care for COVID-19 patients. However, preventiél of the infections that will
<

develop during the contact of HCWs with other hospital employees seems to be a priority. Increasing infec%on rates among healthcare

o
workers may lead to health system collapse and worsening of the pandemic. The present study provides benef%ial information by utilizing
]

QD
standardized risk classification of nosocomial transmissions in HCWs. It also provides particularly useful irgormation on post-exposure

=

follow-up and required working restrictions for HCWs. The study results revealed that adherence to infeccgion control rules is of vital

—

©
importance in terms of raising awareness about adherence to PPE usage rules and preventing transmission l?tween personnel. In such a

=}
period where the need for HCWs has increased, it will contribute to reorganizing regulatory actions by revedling situations carrying the

risk of infection.
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Abstract

v)
Objectives: Healthcare workers (HCW) are among the risk groups for COVID-19. Determining transngssion routes and risk levels

o

©
during healthcare is of great importance in preventing nosocomial outbreaks. This study aimed to fhvestigate the frequency of

jgqnd 181

nosocomial transmission and factors affecting the transmission in HCW.
S
Methods: HCWs admitted to the infectious diseases outpatient clinic due to contact with a COVID-1% patient and diagnosed with

SARS-COV-2 by RT-PCR between March 20, 2020, and June 30, 2020, were included in the study.

TT0T se

Results: A total of 822 HCWs with 295 low, 284 intermediate and 243 high-risk exposures were includ? in the study. 27.1% of the
HCWs were male, and the median age was 31.9 years (20-62). 89.5% of these patients were directly in %arge of patient care. Of the
index cases contacted, 72.6% were HCW, and 27.4% were non-HCW patients. Most of the risky exposuré}i(Sl]%) occurred in nurses.
The occurrence frequency of high-risk exposure was lower in those assigned to direct patient care when c%mpared with the occurrence
frequency of moderate- or low-risk exposures (76.5%, 94.7, 95.3, respectively p <0.001). In most high—ésk exposures (220/253), the
index cases were HCWs (p<0.001). Symptoms were detected in 311 of the HCWs (37.8%) during the fogzlow-up. The median time to
<2

perform SARS-CoV-2 RT-PCR was 5.3 days (IQR) after the last risky exposure. In multivariate ana1§sis, SARS-CoV-2 RT-PCR
positivity was 5.65 times higher in HCWs not directly involved in patient care than HCWs who are not inv%lved in patient care (95% CI
=2.437-13.111; p <0.001).

Conclusions: This study provides particularly useful information on post-exposure COVID-19 follow-up

nd management of working

schedules and procedures of HCWs.

Strengths and limitations of this study

The advantages of the study;

v' This study was planned prospectively.
v’ This study had a large sample size.

B Aq 20z ‘8T Iudy uo jwoofwg uadolway/:dny yiol) pspeo

v’ This study explores the hospital-acquired transmissions in healthcare workers by using standardizediisks classification.
v
Limitations of the study; %
5]
o
v Compliance with other infection control measures such as hand hygiene was not investigated in our‘gtudy.
e

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

v' It is possible that positivity was not detected in some asymptomatic or mildly symptomatic individuals since not all exposed

HCWs have been screened with the SARS-CoV-2 PCR test.
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COVID-19, healthcare quality improvement, infection control, risk management, nosocomial infections
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Introduction

v]
While the COVID-19 pandemic continues unabated, healthcare workers (HCW) at the forefront who are ig contact with and caring for

o

©
COVID-19 patients are among the high-risk groups in terms of COVID-19 transmission.'# Nosocomial tRansmission remains to cause

Sil

anxiety in healthcare professionals who struggle with many factors such as excessive working hours, @ychological stress, extreme
S

S
fatigue, occupational burnout, and stigma. SARS-CoV-2 infection is known to be transmitted by respiratorg droplets. Direct contact and

se

aerosol-generating procedures (AGP) constitute the highest risk in terms of contamination, especially in départments with confirmed or
'_\

suspected COVID-19 patients.

waq/9eT

China reported the number of infected healthcare workers as 3387, The Italian National Institute of Healéq as 17000, and the USA as

4

9200.>7 A review published in December 2020 stated that 3.9% (152,888) of COVID-19 patients in the w{?ﬁrld were HCWs.® However,
(@)

a1
. . m. . . . .
there are still countries that have not yet reported the number of infected healthcare personnel, and studleﬁmvestlgatmg risky behavior
o
=} .
within HCWs are very limited. In the nosocomial transmission of SARS-CoV-2, adherence of HCWs to infigction prevention and control

[

Q
measures and appropriate use of personal protective equipment (PPE) are as significant as the virus charact%istics.

<

The protection of HCWs is one of the most critical points in dealing with the pandemic. Therefore, %termining the dynamics of

o
nosocomial transmission within the group of healthcare workers is of great importance in preventing nosocomial outbreaks and

protecting HCWs from infection. %

This study aimed to investigate the incidence of nosocomial transmission and the factors affecting thg transmission in healthcare

professionals admitted to the Infection Control Committee (ICC) due to exposure to COVID-19 patients in &Zur hospital.

Material and Method: ?z
o

Study design §

HCWs admitted due to exposure to a definite COVID-19 patient between 20 March 2020 and 30 June 202%) were included in the study.
£

This prospective observational cohort study was approved by the Turkish Ministry of Health and Ao__-lékara City Hospital Ethical
N

Committee (E1-20-559).Written consent was not obtained from the participants since only epidemiolggical surveillance data was

collected.

Infection control

1ybuAdoo Aq paroaloid "1sanb Aq
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At the beginning of the pandemic, all HCWs working in our hospital were trained by Infection Control Committee (ICC) doctors and

v9)
nurses on COVID-19 transmission, prevention from the infection, appropriate PPE use, infection control #ieasures, and hand hygiene.

o

©
During the pandemic, all necessary PPEs were provided at an adequate level. It was planned for all HCWsto work with surgical masks

1say

during the pandemic period and access appropriate PPEs when necessary. Moreover, the course of actiorgto be followed after a risky
exposure was determined, and follow-up forms were created to monitor HCWs with occupational exposure.

Determination of contact type and risk level

TT°0T Se paysi|q

HCW risk assessment and follow-up were performed by ICC with active surveillance. The demographic chéracteristics (age, gender, and
3

3
chronic disease) of the exposed-HCWs, their professions (doctor, nurse, auxiliary health personnel, oth& auxiliary health personnel,
N,
o
support personnel, and administrative staff), and whether they were directly involved in patient care were tecorded. Furthermore, along

S0

. . . m .
with index case detection, the following data related to the exposure were recorded: index case’s mask Lg.age during contact, dates of

exposure, and PPE usage of the HCW during exposure.

C LT Uo

Types of exposures listed in Table 1 were considered risky for SARS-CoV-2 transmission, and HCWs that §ad undergone such exposure

Arentie

g

were followed up prospectively. Other types of exposures were categorized as "non-risky" and were exclud&l from follow-up.® 10

Table 1. Risky exposed

A. Close contact

1. Being at a distance of less than 1 meter with COVID-19 patients for 15 minutes or
more in the last 5 days

2. Meeting face-to-face with a COVID-19 patient at a distance of less than 1 meter for
15 minutes or longer in the last 5 days

3. Direct contact with a COVID-19 patient (e.g., handshake) or direct contact with the
person's secretions (e.g., coughing or touching used tissue) in the last 5 days

B. Intense contact

1. Performing AGP to a COVID-19 patient or assisting in this process

AGP: Aerosol-generating procedure

wodfwg uadoflwa//:dny woiy papeojumoq ‘g

The World Health Organization (WHO) guideline was used to determine whether the appropriate PPE w& worn.!? The risk level was
>

d

determined according to PPE usage of the exposed HCW (Table 2). Except for AGP, the use of a su%gical mask was considered

N

sufficient. AGP was defined as respiratory tract sampling, intubation, aspiration of respiratory tract secretiEns, non-invasive mechanical

(=}
<

ventilation, high flow oxygen therapy, cardiopulmonary resuscitation, use of nebulizer, endoscopic proc%iures, bronchoscopy, video-

1S

laryngoscopy, dental practices, examinations of the mouth, throat, and nose, ophthalmological examigations, and central catheter

insertion.10 11

"1ybuAdoo Ag paros
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Table 2. Risk level determination after a risky exposure
Index case mask- PPE using status of HCW Risk level
wearing status
Did not use a surgical mask or N95 High
Used a surgical mask in case of N95 indication Moderate
No Did not use eye protection Low
Did not use gloves and aprons Low
Used all PPE properly No
Did not use a medical mask or N95 or Moderate
Used a surgical mask in case of N95 indication
Yes Did not use eye protection Low
Did not use gloves and aprons Low
Used all PPE properly No

HCW: Healthcare worker, PPE: Personal protective equipment

Follow-up of Exposed HCWs

G0-T20z-uadolwa/9sTT 0T Se paysiignd isay :uado NG

HCWs included in the study were followed for symptoms for 14 days after the last risky exposure. Symp:i’oms such as fever (>38 °C),
o

=
shortness of breath, cough, sore throat, nasal congestion, or newly-onset loss of smell were considered susptgious symptoms for COVID-
[

Q
19 disease.!! Nasopharyngeal swab samples were taken for SARS-CoV-2 reverse-transcriptase polymerasé chain reaction (RT-PCR) to
<

N
diagnose COVID-19 from cases with COVID-19 related symptoms during their follow-up. SARS-CoV-2 R@—PCR was performed on the

o
7t day after the risky exposure among asymptomatic exposed-HCWs with moderate or high-risk expos%re (Table 3). A 7-day work

o
QD
restriction was applied to HCWs who had high-risk exposure after intense contact. Those with negative S@&RS CoV-2 RT-PCR test on

the 7% day returned to work, and their 14 days follow-ups were discontinued. Negative SARS-CoV-2

persistent symptoms were repeated 48 hours after the initial test.

Table 3. Exposed-HCW follow-up

Risky exposure type and risk
level

Management

Intense contact - high risk

1. Symptom follow-up is performed by isolating at
home for 7 days.

2. If the symptom develops, the SARS-CoV-2 RT-
PCR test is performed on the symptom day, if no
symptoms develop, on the 7™ day after the last
risky exposure.

3. Those with negative test results start to work and
are followed up in terms of symptoms for 14
days.

Intense contact - moderate
risk

Close contact- high / moderate
risk

1. Works with a mask on. Active symptom follow-
up is performed.

2. If the symptom develops, the SARS-CoV-2 RT-
PCR test is performed on the symptom day, if no

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

-PCR tests of HCWs with

1ybuAdoo Aq paraalold 1sanb Aq #7zogz ‘gT |udy uo /Luocr_[wq'uado[wq//:dlluﬁlo,u


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

symptoms develop, on the 7™ day after the last
risky exposure.

—_

Close / intense contact - low Works with a mask on.
risk 2. If the symptom develops, the SARS-CoV-2 RT-
PCR test is performed on the symptom day.

HCW: Healthcare worker, PPE: Personal protective equipment

Definitions

aysiignd 1suiy :uado (NG

A healthcare worker was defined as all personnel working in healthcare facilities, regardless of their involgement in direct patient care.

ot

However, the personnel were grouped according to whether they were directly involved in patient care or ngt. Occupational groups were
w
(o]

recorded as doctors, nurses, auxiliary health personnel, other auxiliary health personnel, support personnel Zand administrative staff. The
(@]
©

D

technicians working in radiology, portable x-ray, laboratory, anesthesia, and physical therapy, biologist§, and physiotherapists were
o
N

[y
defined as auxiliary HCWs. Other auxiliary health personnel consisted of staff working in the cafeteria, secgrity, waste services, hospital
(o))

[e0]

[6)]

drivers, and secretaries. The group defined as support personnel were those who helped nurses and doctor§in the patient care, cleaning
]
[y

the patient room, and transferring the patient between units. Apart from this, personnel who did not have (gl:irect contact with the patient

>

c
and took part in administrative tasks in a separate unit were classified as administrative staff. Index case decribes a case with a positive
N
o
N
SARS-CoV-2 RT-PCR result (source of COVID-19 exposure). The index cases were also classified as patié%its and HCWs.
Patient and public involvement

No patients were involved.

Analysis

q//:dny wouiy papeojumo

HCW exposures identified as low-, moderate-, and high-risk were compared against demographic characgeristics such as age, gender,

ado:

comorbid diseases, occupation, involvement in direct patient care, the index case, exposure type (i.e., risk leigvel). In our study, the SARS-

Q

CoV-2 RT-PCR test was not planned to be performed on low-risk asymptomatic HCWs. However, it was d%itermined from the electronic
o

database that some HCWs had SARS-CoV-2 RT-PCR test, and this information was also recorded. After@ard, follow-up and COVID-

19 development characteristics were compared according to risk groups. The correlation between the pogltivity of SARS-CoV-2 RT-

0

N

PCR and the risk level was compared between the tested health personnel and had negative and positiv§ results. In addition, factors
Q

affecting SARS-CoV-2 RT-PCR positivity were investigated.

Statistical analysis

"1ybuAdoo Ag pajasilold 1sen
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All statistical analyses were performed using SPSS for Windows 18 (SPSS Inc, Chicago, IL, USA). Kolmogorov-Smirnov test was used

v9)
to assess the normality assumption. The continuous variables that did not have normal distribution were exg#essed as median (minimum-

o

©
maximum) values. Categorical variables were summarized as counts (percentages). For non-normally-dis@ibuted continuous variables,

differences between groups were tested using the Kruskal Wallis test. Pearson chi-square/Fisher Exact Test determined the relationship

siqrid sy

between categorical variables. Univariate logistic regression analysis was used to analyze the factors le@ing to SARS- CoV-2 PCR

se

positivity. The variables considered in the analyses for SARS- CoV-2 PCR positivity were age, sex, profgssion, involvement in direct
'_\
[y

patient care, the index case, index case mask usage, HCWs PPE usage, and risk level. A two-sided p-§lue < 0.05 was considered
3

statistically significant. A multivariable logistic regression model was used to predict potential risk faétors of SARS- CoV-2 PCR

4

positivity. The variables with a significance level of p<0.20 from the univariate analysis were identified 5% candidate variables for the
multivariable model.

Results

el /T U0 868950

During the study period, a total of 1268 HCWs were admitted with suspicion of risky exposure. After theg:initial evaluation, exposures
<

that had not met the criteria for risky exposure for COVID-19 were excluded from the follow-up. A totagof 822 HCW contacts were

classified as risky and were followed up prospectively. Two hundred ninety-five of these exposurézs were low-risk, 284 were

intermediate-risk, and 243 were high-risk. The median age was 31.9 years (20-62), and 27.1% of expos%:d HCWs were male. Risky

exposure was detected most frequently in nurses (51.7%). Of the exposed HCWs, 89.5% were directly glvolved in patient care. The

index cases were HCWs in 72.6% of risky exposures and COVID-19 patients in 27.4%. Concerning contac%ypes, 95.5% were identified

o
as close contact and 4.5% as intense contact. Demographic and clinical characteristics of exposed HCWs ar-é shown in Table 4.

o

Table 4. Demographic and clinical characteristics of HCWs admitting after exposure g
3

HCW S

n=822 (%) g

Median age (years) min-max 31.9 (20-62) g
Gender (Male) 223 (27.1) N
Profession N
Nurse 425 (51.7) <
Doctor 180 (21.8) §
Supportive personnel 91 (11) i
Other auxiliary health personnel 66 (8.1) %
Auxiliary health personnel 33 (4.1) &
Administrative staff 27 (3.2) ;

e
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Taking part in direct patient care 736 (89.5)
Underlying disease 111 (13.5)
Exposed-index case
HCW 597 (72.6)
Patient 225 (27.4)
Risky exposed
Close contact 785 (95.5)
Intense contact 37 (4.5)
Risk level
Low risk 295 (35.9)
Moderate risk 284 (34.5)
High risk 243 (29.6)

All data are given as a number (percentage) unless specifically stated.

HCW: Healthcare workers

Underlying diseases (patients number): chronic respiratory disease (26), chronic cardiovascular disease (23), thyroid disease (1@, chronic rheumatological disease

(13), allergic diseases (9), diabetes mellitus (6), chronic neurological disease (5), other (12)

The comparison of the groups by their risk levels is summarized in Table 5. There was a statistically signif:ﬁ;ant difference between age,
comorbid diseases, occupation, direct involvement in patient care, the index case, and risky exposure%type (p <0.001, p= 0.011,
p<0.001, p<0.001, p<0.001, p<0.001, respectively). As a result of the dual comparison of the groups, tcECEe median age was higher in
S
HCWs with high-risk exposure than in the low-risk and moderate-risk group, and the comorbidity rate waséhigher than in low-risk level
(p <0.001, p= 0.011, respectively). As a result of the dual comparison of the groups, the median age w§ determined to be higher in
HCWs with high-risk exposure than in the low-risk and moderate-risk group (p<0.001). The comorbidity rgj[e was higher in HCWs with
high-risk exposure than in the low-risk group (p = 0.011). High-risk exposure was lowest in nurses @1.9%) and highest in other

assistant healthcare personnel (77.3%) (p<0.001). High-risk exposure was lower in those directly invdived in patient care (76.5%,
o

p<0.001). In the vast majority of high-risk exposures (220/253), the index case was an HCW.

Table 5. Comparison of exposed-HCWs by the risk level

Low risk Mo@erate High risk
n=295 risk =243 P-value
n=284
Age (years), median (min-max) 29% (20-62) 28" (20-56) 312 (21-62) <0.001
Gender (Male) 80 (35.9) 73 (32.7) 70 (31.4) 0.72
Underlying disease* 312 (10.5) 340 (12) 46° (18.9) 0.011
Profession <0.001
Nurse 1712 (40.2) 1612 (37.9) 93°(21.9)
Doctor 76 (42.2) 61?2 (33.9) 432 (23.9)
Supportive personnel 202 (22) 38°(41.8) 33°(36.3)
Other auxiliary health 59(7.6) 10° (15.2) 510(77.3)
personnel
Auxiliary health personnel 142 (42.2) 72(21.2) 122 (36.4)
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Administrative staff 92(33.3) 72(25.9) 112 (40.7)
Taking part in direct patient <0.001 o
care [
Yes 281 (38.2) 269° (36.5) | 186(25.3) 8
No 14 (16.3%) 15 (17.4%) 57 (66.3%) 2
Exposed-index case <0.001 3
Patient 56° (19) 146" (51.4) 23¢(9.5) 2
HCW 2392 (81) 138> (48.6) | 220°¢(90.5) T
Risky exposed <0.001 g
Intense contact 12(0.3) 29°(10.2) 7¢(2.9) 5’;
Close contact 2942 (99.7) 255° (89.8) 236¢(97.1) o
All data are given as a number (percentage) unless specifically stated. )
HCW: Healthcare workers g
a b c: There is a difference between the groups indicated by different indices. %.
3
%

Post-exposure follow-up features by risk levels are shown in Table 6. Symptoms developed during followgup in a total of 311 (37.8%)
o

S

HCWs. The most common symptoms were sore throat (24.2%) and cough (14.5%). A higher rate of compl%lts occurred in the moderate
and high-risk group than in the low-risk exposed group (p= 0.001). During the study, the SARS-CoV-2 R"EFPCR test was performed on
59.7% (176/295) of low-risk HCWs, 74.6% (212/284) of medium-risk HCWs, and 74.9% of high-risk HC:%VS (182/243). SARS-CoV-2
PCR positivity was detected in 28 exposed HCWs. The rate of SARS-CoV-2 RT-PCR positivity develop%ent after high-risk exposure
was higher than both moderate- and low-risk exposure groups (7.1%, 3.3%, 4.5%, respectively), but the dgference was not found to be
statistically significant (p = 0.205). SARS-CoV-2 RT-PCR was tested in 58.9% (301) of 511 asymptomat% HCWs and 86.4% (269) of
311 symptomatic HCWs. SARS-CoV-2 RT-PCR positivity rates were 3.3% (10/301) and 6.7% (18/269§between asymptomatic and

°
symptomatic HCW, respectively. No statistically significant difference was determined between SARS-CgV-2 RT-PCR positivity and
3

[

risk levels in asymptomatic and symptomatic HCWs (Table 6).

Table 6. Post-contact follow-up results by the risk level

3

3

o

3

8

3

Low risk Moderate risk | Highrisk | P-value |S

n=295 (%) n=284 (%) | n=243 (%) 2

Presence of any symptom 872 (29.5) 120°(42.3) | 104> (42.8) | 0.001 2
5

Throat ache 513 (17.3) 790 (27.8) 69 (28.4) 0.002 E
Cough 33(11.2) 41 (14.4) 45 (18.5) 0.055 |8
Diarrhea 82 (2.7) 82 (2.8) 18" (7.4) 0.009 g
Fever 52(1.7) 82 (2.8) 19° (7.8) 0.001 %
Shortness of breath 11(3.7) 8(2.8) 10 (4.1) 0.704 ;
8

2

é_.
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Inability to taste/smell 1(0.3) 1(0.4) 2 (0.8) 0.089
Duration to test after last risky exposure, days, 5(1-12) 6 (1-18) 5(1-14) 0.065 by
median (min-max &
SARS-CoV-2 RT-PCR positivity 8 (4.5) 7(3.3) 13 (7.1) 0.205 é?
In asymptomatic HCW 4(3.7) 1(0.9) 5(6) 0.191 |z
Number of tests in asymptomatic HCW 107 110 84 é
In symptomatic HCW 4(5.8) 6 (5.9) 8 (8.2) 0.056 |5
Number of tests in symptomatic HCW 69 102 98 %
All data are given as a number (percentage) unless specifically stated. A
HCW: Healthcare workers, RT-PCR: reverse transcriptase-polymerase chain reaction S
a b c: There is a difference between the groups indicated by different indices. Q

When exposed HCWs with and without SARS-CoV-2 RT-PCR positivity were compared; age, gender, ind%c case type, index case mask
®

usage, HCW’s PPE usage, and contact type were not found as independent risk factors for the developmemg; of PCR positivity. The risk

of developing COVID-19 was observed to be 5.65 times higher in those who were not directly involved in %i}ltient care (OR =5.65, 95%

CI=2.437-13.11; p<0.001).

Discussion

enuer /T UO g5

Protection HCWs who are at high risk due to COVID-19 is vital in fighting the pandemic. In the face of aéaew disease, the anxiety and
N

4

fear of HCWs have decreased with the elimination of uncertainty, the increase in knowledge about thég means of transmission and
S

= . .
prevention measures, and the acceleration of vaccination studies. However, during this period, many HCVES were infected with SARS-
[¢°]

o
CoV-2, and a considerable number of them died. Knowledge on COVID-19 infection rates in HCWs and gpidemiological dynamics of
3

-0

the infection is still insufficient. The knowledge, skills, and adaptation of healthcare professionals regardigg infection control measures
S

and PPE use vary widely among HCWs. The concerns that COVID-19 vaccines do not eliminate thg infection development, the
[©)
>

infections developing with mutant strains, and the decrease in vaccine protection against these mutant sgains remind once again the

Q

o
importance of dealing with the characteristics of the infection development in HCWs in more detail. In thisgstudy, which was carried out
]

>
in HCWs applied to ICC due to risky exposure with COVID-19 patients, we aimed to obtain more @tailed epidemiological data

=
[ee]

regarding behaviors carrying risk for HCWs, to evaluate the exposure risks in detail and nosocomial SARS:goV-Z transmission.
N
~

Considering that the increase in knowledge and experience with age and comorbid chronic diseases gre risk factors for the poor
c

D
prognosis of COVID-19, HCWs of older ages and with chronic diseases are expected to be more pruient on measures to prevent

(0]

infection transmission and appropriate PPE use. However, in our study, the ages of those who have underg%ne high-risk exposures were

p

higher than the HCWs with low- and moderate-risk exposure (p <0.001) and had a higher rate of comorbid%hronic diseases (p = 0.011).

"1ybuAd
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Similarly, in the study of Maltezou et al., chronic diseases were more common in high-risk exposures when compared to low-risk

exposures (2.5% - 1.5%, p=0.001).?

do ring

A vast majority of HCWs admitted to ICC with a risky exposure were directly involved in patient care, aBd most of them were nurses

sy

and doctors. This situation can be explained by the fact that nurses are more involved in patient care than cgher occupational groups and
S

S
the number of nurses working in the health institution is higher than other personnel. However, in terms of risk levels, it was observed
QD
%]
that the rate of high-risk exposures was less in doctors (23.9%) and nurses (21.9%). In the study of MaltezBu et al., unlike our results, it
'_\
[y

was reported that high-risk exposure was more common in nurses and doctors (43.4% vs. 36.1, p <0.001 ﬁ Similar to our study, it was
3

found that high-risk exposure was higher among administrative staff in the same study.!? In our country, afglﬂ.:r the first case was reported

in March 2020, it has become obligatory for all hospital personnel to work with a mask. Adherence td:’lgthis measure reduces many
1)

exposures to moderate and low-risk categories. However, the occurrence of high-risk exposure among %lministrative staff, auxiliary

HCWs, and other auxiliary HCWs suggests that they suffer from the misconception that they are under léss risk in terms of infection

[

Q
development due to not directly taking part in patient care and that often do not adhere to use of masks.gA possible reason for this is
<

N
lower awareness of the fact that infections can be transmitted from colleagues. It seems that the appropriatﬁuse of PPE is lower in these

o
groups, and proper training and information sharing should be made individually and more emphatically. A;;%though it can be thought that

0]

QD
a high percentage of moderate and high-risk exposure in the support personnel is due to their tasks direc@ involving patient care, the

fact that the index cases are mostly HCWs rather than the patients does not support this idea.

ny wouy

S

One of the striking findings of the study is the index cases. In 72.6% of contacts, the index cases were I:ECWS. Similar to our results,
3

previous studies have shown that HCWs had mostly risky exposure with their colleagues, and most of theiE exposures developed during
o

eating and drinking activities.!> 13 The fact that lowest rates of high-risk exposure were observed in cont@cts with patients and among
3

HCWs directly involved in patient care indicate that HCW's are better in adhering to PPE use in contaif:t with COVID-19 patients.

e

However, they do not pay enough attention to PPE use and infection control measures in their contacts with%olleagues.

N
The SARS-CoV-2 RT-PCR status became positive in the median 5 days after risky exposure, consistenEWith the disease incubation

(=}
<

period. In the study of Maltezou et al., the infection had developed at the end of the first week after ris‘gy exposure, and the authors

!

stated that a 7-day work restriction is sufficient.!> The WHO and the Centers for Disease Control and Pregention (CDC) recommend a
[

14-day work restriction regardless of the risk level.! ° In our study, in line with COVID-19 guidelines of%he Ministry of Health, only

"1ybuAdoo A
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seven days of work restriction was applied after intense high-risk exposure !!, and only seven HCWs with high-risk and intense exposure

v9)
underwent a work restriction. Other personnel continued to work with masks, and a super-spreader was nofdetected. When the need for
@)

©
HCWs has increased, countries must form policies regarding the protection of HCWs based on their internafdynamics.
Although at least one symptom developed in 37.8% of the risky occupational exposures during the study,{SARS-COVQ PCR positivity

was detected in much less of the cases. In the study by Maltezou et al., at least one symptom was detecged in 22.2% of 3398 HCWs
QD

%]

exposed to SARS-CoV-2. Symptom development was lower in HCWs with low-risk exposure than i the other two groups with
'_\

moderate and high risk. Unsurprisingly, the positivity of SARS-CoV-2 after high-risk exposure was highergbut there was no statistically
3

significant difference between the groups. The study of Maltezou et al. indicated that the development éf COVID-19 after high-risk
[N

exposure was six times higher than moderate and low-risk exposures (5% in high risk, and 1% in moderd?b and low risk, p <0.001)."?
o
a1

Infection development is expected to be higher in high-risk exposure. The lack of difference between theé%groups in terms of infection
o

. . . . > . . .
development suggests the transmission may occur through direct exposure due to not paying enough attemtion to hand hygiene despite

C

Q
the use of appropriate equipment. Moreover, the fact that all HCWs participating in the study were not tes?ted may have affected these
<

rates.

K444

o
Among the factors evaluated for the development of SARS-CoV-2 positivity, only providing direct car§ to COVID-19 patients was

0]

QD
statistically significant, and contrary to expectations, infection development was found 5.65 times higher i@HCWs who did not directly

}

provide care for COVID-19 patients. This finding suggests that the staff caring for a COVID-19 patient adzﬁrere more strictly to PPE and

S
other infection control measures, while the staff who do not provide direct care do not comply with the me?ures adequately with a false

o
sense of safety. In addition, 28 HCWs with positive SARS-CoV-2 RT-PCR tests were included in the cor§parison. The low number of
o

participants should be considered when interpreting our results. In the study of Hunter et al., symptomatic ECWs were divided into three
3

=

groups: HCWs involved in direct patient care (group 1), HCWs not directly involved in patient care that W§rk in high-risk areas such as
=

laboratories (group 2), and non-clinical workers (group 3). SARS-CoV-2 positivity was detected at a rate gf 15% (128 of 834) in group
N

1, 16% (14 of 86) in group 2, and 18% (20 of 109) in group 3. Furthermore, taking part in direct patient cg\re was not found to be risky

<

for SARS-CoV-2 RT-PCR positivity (group 1 vs. group 2: odds ratio 1-08, 95% CI 0-59—1-97; group 1 vsc group 3: 1:24, 0-74-2-09; p
[}

1S

=(0.71).14 The researchers have drawn attention to community transmission since the study was conducfd before the restrictions in

[S)

Q
society. In studies from Spain and England, no difference was found between the administrative staff and th& personnel working in direct
o

"1ybuAdoo A
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patient care in terms of infection development, and it was stated that in-house or community transmission was more effective in HCW

v9)
infections.'* 13 In a study from France, the infection rate was significantly higher in HCWs who did not dire§ly provide care for COVID-

2do

19 patients (odds ratio 2.3, p =0.005).'° Similarly, in a study conducted in Germany, the fact that only 3°/<pof 86 HCWs with a positive

1Sl

SARS-CoV-2 RT-PCR test had contact with COVID-19 patients was accepted as a supporting finding for cgmmunity transmission.!” On
S
S

the contrary, in a study conducted in Wuhan, 72 exposed HCWs were examined, and it was found that HCWs working in areas with
QD
2}

COVID-19 patients were 2.13 times more under risk.!® However, in this study, the number of personnel exg@sed to SARS-CoV-2 is very
'_\

[y
. . . . . . . . w . .
low. Besides, since it is the emerging point of the pandemic, the dynamics of HCWs’ adherence to the ffection control measures in

contact with patients and each other may differ compared to other studies.

0z-uadolw

In addition to the use of PPE, the adherence of HCWs to other infection control measures such as hand hftiene and unknown/possible

950y,

community transmission may have contributed to the difference between the groups. Studies related to HgW risk factors indicate that
o
. . . . . . . . ) . .
practicing suboptimal hand hygiene before and after patient exposure, long working hours, inappropriate PRE use and PPE insufficiency,

[
Q

inadequate training on infection control measures, and the unit where an HCW is employed were found to Ee risk factors for COVID-19
<

N

transmission in HCWs. Previous studies report failure to evaluate the effect of remembering bias and og)ier environmental factors as
o

limitations.!? 1928 This study was planned prospectively, and negativities such as possible false recall and 1§ck of data, which are among

. . . . . . . . m- . .
the weaknesses of retrospective studies, were minimized. Also, more categorized information has been obtained by using a standardized

=
=

risk classification in the follow-up and management of exposed HCWs. However, there are several limitat?i)ns: Although most exposed

.—r

HCWs have been screened with PCR, it is possible that positivity was not detected (underestimation) in @me asymptomatic or mildly
symptomatic individuals since not all exposed HCWs have been screened with SARS-CoV-2 PCR test. V@ekly screening of all health

personnel is also included in the recommendations. It would be more beneficial to perform these to ihcrease our study’s strength.
3

=

However, it does not seem possible in terms of both cost and laboratory capacity for our hospital, \?;here 15,000 SP works and
©
shouldering the pandemic burden of the region. Screenings were performed according to risk level and s}mptom presence within the

N
scope of national guideline recommendations. Moreover, although exposed-HCWs were followed up pro§)ectively, the risk groups in

(e}
<
the study were determined based on HCW’s own statements. Another limitation is that compliance to prof%r PPE usage procedures and

adherence to hand hygiene have not been investigated.

Conclusions

"1ybuAdoo Aq pardalold 1s
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In the present study, many HCWs were actively followed according to a prospective, post-exposure standardized risk classification.

v9)
HCWs have a high risk of being infected while providing care for COVID-19 patients. However, preventfon of the infections that will
@)

©

develop during the contact of HCWs with other hospital employees seems to be a priority. Increasing infegtion rates among healthcare
=

workers may lead to health system collapse and worsening of the pandemic. The present study provides beneficial information by
S

=
utilizing standardized risk classification of nosocomial transmissions in HCWs. It also provides particularly useful information on post-

QD
2}

exposure follow-up and required working restrictions for HCWs. The study results revealed that adherence ® infection control rules is of

[EEN
[EEN

. . . . . . w .
vital importance in terms of raising awareness about adherence to PPE usage rules and preventing transnfssion between personnel. In

w

3
such a period where the need for HCWs has increased, it will contribute to reorganizing regulatory adions by revealing situations

carrying the risk of infection.
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Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or 1-2
the abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 3
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 3
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of 3
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of | 4
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 4
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 5
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 5
Study size 10 Explain how the study size was arrived at 3
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 5-6
confounding
(b) Describe any methods used to examine subgroups and interactions 5-6
(c) Explain how missing data were addressed 5-6
(d) If applicable, describe analytical methods taking account of sampling 5-6
strategy
(e) Describe any sensitivity analyses 5-6
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 6
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 6
(c¢) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, 6
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of
interest
Outcome data 15*%  Report numbers of outcome events or summary measures 6-7
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 6-7

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were 6
categorized
(c) If relevant, consider translating estimates of relative risk into absolute 7
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions,
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 7-9

Limitations 19 Discuss limitations of the study, taking into account sources of potential 10
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 10
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 10

Other information

Funding 22 Give the source of funding and the role of the funders for the present study

and, if applicable, for the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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