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Background

Results

Healthcare workers (HCWs) have an increased risk of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) infection due to occupational exposure. Strict measures generally focus on
the patient-to-HCW contacts. However, interactions between the HCWs also pose a high risk for
SARS-CoV-2 exposure.

This study was aimed to investigate the effect of social contacts on the level of SARS-CoV-2 ex-
posure risk among workers by broadening the current risk assessment algorithm.

Contact tracing records of the workers in a large university hospital between 19th March and 31st
December 2020 were analysed. Multivariate conditional logistic regression models were estimated
to evaluate factors associated with high-risk exposure for contacts among workers.

Of the 329 exposed clusters, 260 (79%) were HCW-to-HCW contacted clusters. High-risk exposure
was higher in the HCW-to-HCW contacts (44%), when compared to the patient-to-HCW contacts
(5%) (P < 0.001). A total of 1827 HCWs contacted a laboratory-confirmed COVID-19-positive
co-worker. Among the HCW-to-HCW contacts, high-risk exposure was higher in the support staff
(49%, P < 0.001), in non-patient care settings (47%, P < 0.001) and in the social contacts (57%,
P < 0.001). Social contacts between workers increased the high-risk exposure (adjusted odds ratio:
3.50, 95% confidence interval 2.62—4.69) in multivariate analysis.

A significant association between social contacts among workers and high-risk exposure of SARS-
CoV-2 was observed. The results of the study emphasize the need for policies regarding the improved
protection of HCWs in social settings in addition to patient care services.

Introduction

Healthcare workers (HCWSs) have an increased risk of
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection due to occupational exposure [1]. The
importance of HCWs in dealing with the pandemic is
indisputable. In the early stages of the pandemic, it was
reported that HCWs accounted for approximately 10%
of the notified cases in many countries including Greece,
Italy and the USA [2-4]. However, nationwide data on
infected HCWs and deaths in many countries remain
publicly unavailable [5]. According to a media briefing
released by the Turkish Ministry of Health on corona-
virus disease 2019 (COVID-19) response, in the period

up to 14th October 2020 more than 40 000 HCWs had
been infected, resulting in 107 deaths [6]. Within the
healthcare setting, inadequacy of proper personal pro-
tective equipment (PPE), work overload and poor infec-
tion control measures are all well-known risk factors for
SARS-CoV-2 infection [7-9]. For staff working in emer-
gency rooms (ERs), the risk for infection has been shown
to be considerably higher [10].

Identifying HCWs who come into contact with
COVID-19 patients enables the early diagnosis of sec-
ondary cases within a specified quarantine period. It is
crucial to perform a fully applicable and precise risk as-
sessment for the SARS-CoV-2-exposed workers prior to
introducing work restrictions and initiating quarantine
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Key learning points

What is already known about this subject:
sulting from providing patient care.
tion of in-hospital outbreaks.

when the index case is a known COVID-19 patient.
What this study adds:

tory syndrome coronavirus 2.
What impact this may have on practice or policy:

with a potentially infected co-worker.

patient areas of hospitals.

* Healthcare workers have an increased risk of severe acute respiratory syndrome coronavirus 2 exposure re-
* A comprehensive risk assessment is required for protecting the health of healthcare workers and for the preven-

* Exposure risk assessment for healthcare workers is well defined in the international and national guidelines

e This study recommends an algorithm that includes the social interactions between healthcare workers.
* The proportion of high-risk exposure was 44% for the contacts between healthcare workers.
* Social contact among the healthcare workers significantly increases high-risk exposures of severe acute respira-

* Exposure risk assessment should be adapted to incorporate healthcare worker to healthcare worker interactions.
e Healthcare workers must be mindful of their social interactions to protect themselves from a high-risk contact

* Managerial policies regarding the regulation of containment measures should be implemented in the non-

procedures. Within the patient care setting, there are a
number of strict measures that focus on this. However,
while requiring assessment, the level of SARS-CoV-2
exposure for social interactions among workers, such
as during eating, coffee breaks, etc., remains unclear.
Furthermore, both national and international guide-
lines on risk assessment fail to consider the worker inter-
actions [11]. Likewise, national COVID-19 guidelines
in Turkey focus primarily on patient-to-HCW contact
[12]. Due to this, institutions with the capacity to con-
duct in-house risk assessment are attempting to adapt
their infection prevention and control policies with the
integration of protocols for contacts between workers.
The SARS-CoV-2 risk assessment algorithm needs to be
modified to incorporate social contacts between workers.
This study aims to investigate the risk of social contacts
on SARS-CoV-2 exposure by introducing a risk assess-
ment protocol for contacts among HCWs.

Methods

This retrospective cohort study included contact tra-
cing data of the exposed workers from 19th March to
31st December 2020 in Dokuz Eylul University, Izmir,
Turkey. Dokuz Eylul University is a large university hos-
pital with approximately 4000 staff. Both outpatient and
inpatient care for COVID-19 patients continues to be
provided at the time of writing. Since the first confirmed
patient, reported on 19th March 2020, rigorous contact
tracing and risk assessment concerning the level of ex-
posure of workers have been an ongoing practice within
the institution. Exposed workers were evaluated by pre-
trained public health residents under the supervision of

a senior occupational health professional in conjunction
with a senior epidemiologist. If the primary case was a
worker, the case was interviewed via telephone and a list
of potentially exposed co-workers was compiled. When
the primary case was not a HCW, exposed worker lists
were compiled by supervising nurses. Workers who de-
clared contact with the COVID-19 case, but whose
names were missing from the lists, were also evaluated.
For symptomatic cases, the period of contact tracing
covered the 2 days prior to the onset of symptoms, while
for asymptomatic cases, it started 2 days prior to the first
positive reverse transcriptase-polymerase chain reaction
(RT-PCR) test result.

The national COVID-19 guideline suggests evaluating
the exposure risk by two factors: (i) whether the patient
was wearing a mask and (ii) the suitability of the worker’s
mask and/or other PPE in relation to the procedure per-
formed [12]. The level of exposure is then classified as
low, medium or high risk. Exposed workers with low or
medium risk were able to continue to work while being
monitored for active symptoms for 14 days from the last
contact. For a medium-risk-exposed worker, an RI-PCR
test was scheduled for the seventh day. For any worker
considered high risk, work was restricted and home
quarantined implemented until RT-PCR testing on the
seventh day.

The modified algorithm has been developed to as-
sess the risk of SARS-CoV-2 transmission for contact
among workers in a social setting; i.e. social contacts.
Social contact has been defined as any interaction be-
tween workers outside of their specific job description.
This includes contact in resting areas both in the hospital
(drinking coffee/tea, eating, having a break, sharing the
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same breakroom) and areas out of the hospital (restaur-
ants, house, driving work in the same car).

Three parameters were considered to assess the risks of
social contacts:

Use of medical masks indicates whether the worker who
tested positive for COVID-19 and his/her contacted col-
league were wearing masks.

Distance indicates whether the worker who tested posi-
tive for COVID-19 and his/her contacted colleague were
less than a 1-m distance apart.

Intensity indicates uncontrolled contact (handshaking
etc.) and aerosol-generating situations such as coughing
and sneezing. Note chatting, drinking coffee/tea or
dining together for more than 15 min was considered as
high intensity.

The algorithm for HCW-to-HCW interactions has been
summarized in Table 1. HCWs who tested positive for
COVID-19 (CP) and the exposed HCWs (P) were
classed into four possible categories in terms of mask use,
two categories in terms of distance and two categories in
terms of exposure intensity. This resulted in 16 possible
risk situations. An intensive encounter with a COVID-19
worker who was not wearing a mask within a distance
closer than 1 m (conversation, handshaking, etc.) was
considered as high risk. HCW-to-HCW contacts were
assessed in accordance with the above-mentioned algo-
rithm. The risk assessment was made following national
guidelines for patient (non-HCW) to HCW contact. In
conjunction with national guidelines, exposed workers
were managed through occupational health outpatient
clinics. Informative text messages were sent immediately
outlining work restrictions and quarantine procedures
as well as follow-up RT-PCR dates. With any symptom
development, regardless of risk category, the workers
were instructed to present immediately to the occupa-
tional health outpatient clinic for RT-PCR testing on the
same day.

In this study, the COVID-19 case definition
covered SARS-CoV-2 RT-PCR-positive cases. For the

Table 1. Level of exposure for HCW-to-HCW interactions
according to the use of masks, distance and intensity

Use of >1-m distance <1-m distance
masks

Low High Low High

intensity intensity intensity intensity
CP+ P+ No risk Low Low Low
(ClPsF IP= Low Low Low Medium
(Cle= JPH: Low Medium Medium High
(ClP= P= Medium Medium High High

CP: COVID-19-positive HCW; P: exposed HCW. (+): using the mask; (—): not
using the mask.

patient-to-HCW contacts, work-related contact was
defined as the contact with a COVID-19 case while
providing healthcare. Following this definition, any
patient-to-HCW contact was interpreted as a work-
related contact. If the index case was a co-worker, work-
related contact included the face-to-face contacts of
workers in the same occupational environment but ex-
cluded social gatherings. This included such events as
clinical meetings, educational meetings, ward rounds
and nursing handovers. Working in the same room, a
typical issue for office workers, was also interpreted as a
work-related contact for any workers not in direct con-
tact with patients.

Professions were identified as physicians (medical
doctors, dentists, pharmacists), nurses, allied healthcare
personnel (laboratory technicians, dieticians, social
workers, physiotherapists, anaesthetic technicians),
auxiliary staff (administrative staff, secretaries, office
workers) and support staff (cleaning staff, porters, repair
workers, garden maintenance staff, kitchen workers, se-
curity staff). In addition to COVID-19 ERs/clinics, the
place of contact was also classified as general ERs/clinics,
i.e. those that were receiving new admissions or pro-
viding patient care to those initially believed not to have
COVID-19. Non-patient care settings included the units
where the non-clinical staff work, administration offices,
social areas such as cafeterias and other areas outside of
the actual hospital building. We defined a cluster as two
or more workers who were exposed to the same COVID-
19 case. According to the epidemiological situation of
COVID-19 in Turkey, we identified three phases during
the study period: a first peak period (March 2020 and
April 2020), a post-peak period plus a normalization
period (May 2020 to September 2020) and a second
peak period (October 2020 to December 2020).

Categorical variables were compared using the chi-
squared test and continuous variables were compared
using Student’s z-test or one-way analysis of variance
(ANOVA). The relative odds of having high-risk exposure
for HCW-to-HCW contacts were estimated using multi-
variate conditional logistic regression, taking account of
different numbers of exposed workers in the clusters.
Model 1 included work-related contact, social contact,
age and gender, while model 2 included model 1 vari-
ables plus profession and contact place. In the secondary
analysis, we estimated the risk of becoming infected
post-exposure stratified by cluster types and the level
of exposure. Because unequal probabilities of getting
tested lead to selection bias, we did inverse probability
weighting, taking into account the difference in testing
frequency between the clusters, the difference between
the levels of exposure and also the difference between
the symptomatic and asymptomatic workers. The sec-
ondary attack rates (%) were also calculated with their
95% confidence interval (CI). Statistical analyses and
visualizations were performed in R version 4.0.2 [13,14].
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A double-sided P value of less than 0.05 was considered
as significant. Ethics committee approval was obtained
from the Dokuz Eylul University Hospital Ethical Board
(No: 2020/17-19).

Results

Between 19th March 2020 and 31st December 2020,
a total of 2881 potentially exposed workers originating
from 329 clusters were reported to the surveillance
team. Of these, 89 failed to respond to consistent calls
for status updates. A total of 247 workers declared that
they had no contact with the confirmed patient. There
was also incomplete data on 17 subjects. Taking this into
account, a total of 2528 exposed workers were included
in the study. In 260 (79%) clusters, the source was an
infected co-worker. The total number of exposed HCWs
was 1827 (72%) and 701 (28%) for the HCW-to-HCW
clusters and the patient-to-HCW clusters, respectively.

The total number of exposed HCWs within the clus-
ters ranged from 2 to 49 (Figure 1). The median number
of exposed workers was 5 (25th to 75th percentile: 3-9)
and 10 (25th to 75th percentile: 4-15) for the HCW-
to-HCW clusters and the patient-to-HCW clusters
(P < 0.001), respectively.

Of the 2528 exposed workers, 850 (34%) were evalu-
ated as low risk, 839 (33%) as medium risk and 839
(33%) as high risk. High-risk exposure was found to be
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higher in HCW-to-HCW contacts (44%, P < 0.001), in
the support staff (42%, P < 0.001), in the non-patient
care settings (47%, P < 0.001) as well as in social con-
tacts (57%, P < 0.001) (Table 2).

The characteristics of the HCW-to-HCW contacts
via high-risk exposure have been summarized in Table
3. The mean age was found to be younger in high-risk
contacts (34.2 * 8.5 versus 37.3 £ 9.1, P < 0.001).
High-risk contacts were higher in the support staff
(49%, P < 0.001), in the non-patient care settings (47 %,
P < 0.001) and also in social contacts (57%, P < 0.001).
A total of 1228 workers identified a social contact with
an infected co-worker. From these, 839 (68%) occurred
while sharing rest areas. In 694 cases (57%), the workers
dined together, while 95 (8%) received exposure during
a smoking break. Other contacts occurred in households
(44/1228, 4%) and during car-pooling (89/1228, 7%).

Following an adjustment for work-related contacts, age,
gender and occupational variables (profession and contact
place), social contact between workers was found to signifi-
cantly increase the high-risk exposure in multivariate ana-
lysis (odds ratio [OR]: 3.50, 95% CI 2.62—4.69) (Table 4).

A total of 103 workers tested positive for COVID-
19 during the 14-day monitoring which followed the
last known exposure. Secondary analysis of the HCW-
to-HCW contacts showed the secondary attack rate
among high-risk exposures to be 8.5% (95% CI 6.5—
10.6) (Table S1, available as Supplementary data at
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Figure 1. The number of exposed workers within the clusters by date.
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Table 2. Characteristics of all contacts by the exposure levels

Table 3. Characteristics of the HCW-to-HCW contacts by high-
risk exposure

Exposure levels P
High-risk exposure P
Low risk Medium High risk
(n = 850) risk (n = 839) No Yes
(n = 839) (n=1023) (n=804)

Contact type, 7 EERT The date of the contact, n (%) e
(%) First peak 318 (60) 215 (40)

Patient to HCW 327 (47) 339 (48) 35 (5) Post-peak/normalization 144 (62) 88 (38)
HCW to HCW 523 (29) 500 (27) 804 (44) Second peak 561 (53) 501 (47)

The date of the LR Gender, n (%) NS
contact, 7 (%) Female 598 (57) 458 (43)
Post-peak/ 194 (45) 137 (32) 98 (23) Age, mean * SD 37.340.1 342485  *xx
normalization Profession, 7 (%) rerene:
Second peak 386 (28) 484 (35) 504 (37) Physician 243 (54) 209 (46)

Cisaie ey i () B Nurse 250 (56) 201 (44)
f;nllale 222 8;; :Zg 8;; ;12;1 8;; Allied healthcare personnel 80 (63) 47 (37)

ale .
Age, mean * SD  36.319.1 35.5+8.6 34.3+8.5 A2t Auxiliary staff 168 (67 83 (53)
P % . Support staff 273 (51) 264 (49)
ro ess_lo.n, % (%) Contact place, n (%) Lo
i hi::‘an ;3‘; g:; ;;’2 82; ji: 83; COVID-19 ERs/clinics 69 (58) 50 (42)
u 9. 0
; General ERs/clinics 430 (60) 291 (40)
fullize] heelllthcare ) 20 Sz Non-patient care settings 524 (53) 463 (47)
personne
Work-related tact, 7 (9 LERD
Auxiliary staff 80 (31) 98 (37) 83 (32) ;ZS related contact, n (%) 66367 321 33)
ff 1 182 (2 2 42
Support sta 95 (30) 82 (28) 68 (42) No 360 (43) 483 (57)

Contact place, n LR
(%) Social contact, 7 (%) PRRD
COVID-19 33 (27) 38 (32) 50 (41) Yes 525 (43) 703 (57)
ERs/clinics No 498 (83) 101 (17)

General ERY 580 (41) 511 (36) 325 (23) p————
clinics 2Chi-squared test.
Non—patient 237 (24) 290 (29) 464 (47) bStudent’s z-test.
care settings *P < 0.05,

Work-related Kokka ::f <0.01,
contact, n (%) 1o W00,

Yes 731 (43) 598 (36) 356 (21)
No 119 (14) 241 (29) 483 (57) SARS-CoV-2 exposure. When assessing the HCW-to-

Social contact, n *kka HCW clusters in late March 2020, a broader risk assess-
(%) ment algorithm was necessary for the evaluation of social
Yes 161 (13) 364 (30) 703 (57) contacts. More HCW-to-HCW clusters than patient-to-
No 689 (53) 475 (37) 136 (10) HCW clusters (260 versus 69, respectively) were evalu-

NS, not significant.
*Chi-squared test.
®One-way ANOVA.
***P < 0.001.

Occupational Medicine Online). When compared with
low- to moderate-risk-exposed workers, workers with
high-risk exposure were found to have an increased risk
for becoming infected (OR: 4.13, 95% CI 1.94-8.79).

Discussion

This study analysed the contact tracing data of
workers and the effect of social contacts on the level of

ated during the study period. A new risk assessment
algorithm which also considered social contacts facili-
tated a standard approach for the surveillance team.
The risk factors associated with SARS-CoV-2 infec-
tion in HCWs have been well defined in the other studies
[1,7,10,15-17]. According to Eyre er al., high COVID-
19 rates were observed in specific wards among the staff,
even when not facing large numbers of COVID-19 pa-
tients [10]. Suarez-Garcia er al. observed that the risk of
infection did not differ between occupational exposure
risk levels [17]. Both studies indirectly pointed to the role
of HCW-to-HCW interactions in SARS-CoV-2 spread.
A study from a tertiary care hospital in North Carolina
showed unmasked exposure to a co-worker as the cause
in most cases (70%) [18]. We observed a higher risk of
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Table 4. Multivariate conditional logistic regression estimates of
ORs for the high-risk exposure within the HCW-to-HCW clusters

Multivariate

Model 1

Model 2

OR (95% CI)

OR (95% CI)

Work-related contact (yes)
Social contact (yes)

Age (years)

Gender (male)

1.10 (0.90-1.35)
3.62 (2.72-4.83)
0.99 (0.98-1.01)
0.94 (0.80-1.12)

1.13 (0.92-1.39)
3.50 (2.62-4.69)
0.99 (0.98-1.01)
0.96 (0.80-1.15)

Contact place
General ERs/clinics Ref.
COVID-19 ERs/clinics 0.66 (0.35-1.25)
Non-patient care 1.23 (0.93-1.62)

settings

Profession
Auxiliary staff Ref.
Physician 1.20 (0.77-1.86)
Nurse 1.34 (0.88-2.04)
Allied healthcare 1.34 (0.79-2.29)
personnel

Support staff 1.19 (0.79-1.80)

Model 1 included work-related contact, social contact, age and gender. Model
2 included work-related contact, social contact, age, gender and occupational
variables (profession and contact place).

exposure in HCW-to-HCW contacts, when compared
with the patient-to-HCW contacts (44% versus 5%).
Using a three-level risk classification, a nationwide study
from Greece [4] found a similar high-risk exposure rate
when the source of exposure was a co-worker (42%).
Workers pay attention to the appropriate PPE use
when giving patient care, but less attention appears to
be given to the use of PPE in worker social interactions.
Early observations had already indicated the exposure
risk in shared breakrooms [19] and in confined work-
spaces in which maintaining social distancing protocols
remained elusive [20]. In this study, social contacts had
a 3.50-fold increase for the high-risk exposure. Celebi
et al. stated that failure to keep a social distance from
a co-worker and, similarly, consuming food within 1 m
of a co-worker increased the risk of SARS-CoV-2 in-
fection [16]. The pandemic has already been active for
months, but difficulties with full implementation of
protocols which ensure physical distancing among staff
while eating continue to contribute to COVID-19 clus-
ters [21]. PPE availability, universal masking, flexible
sick leave and quarantining of high-risk-exposed workers
have been consistent in our institution since the start of
the pandemic. However, we did observe that high-risk
contacts among workers were proportionally higher
during the second peak when compared to the first peak
(47% versus 40%). Given the extended periods of time
that workers spend together, it is logical that a sense of

trust develops. In conjunction with this, perceptions of
risk are reduced and, unfortunately, protection proto-
cols appear to be loosened. A warning system whereby
workers are consistently reminded to maintain social
distance while eating and drinking in common areas and
resting areas within the hospital should be considered.

When HCW-to-HCW contacts were evaluated in
terms of profession, support staff were found to have
the most high-risk contacts (49%). A network-modelling
study by English ez al. investigated the contact patterns
of the staff in the hospital settings and found that phys-
icians had the lowest rate of contact with other workers.
They found that workers, other than physicians or
nurses, had the most daily contact with all other workers
[22]. Support staff generally work as a group in con-
fined spaces and non-compliance on mask use may re-
sult in excessive high-risk contacts. In a tertiary hospital
in Taiwan, one infected support staff resulted in 68 ex-
posed workers who shared the same pantry area [23].
In a multicentre study from Ghana, compliance of PPE
usage in healthcare settings was found to be lower among
support staff than among clinical staff [24]. Our findings
confirm the importance of infection prevention and con-
trol protocol training for the support staff to increase pro-
tection awareness in their interactions with COVID-19
patients as well as their interactions with fellow workers.

High-risk exposures have a large impact on the hos-
pital workforce as they result in, at least, 7-day work
restrictions. Thus, prospectively analysis of detection
aspects of COVID-19 cases within the exposed clusters
was important for the operational implementation of the
algorithm. In this study, the risk for becoming infected
increased 4.1-fold for workers with a high-risk exposure,
and a total of 103 workers were detected as positive for
COVID-19 within the active monitoring period. Due to
asymptomatic and pre-symptomatic transmission, these
findings are confirmation that exposure risk assessments
for workers need to be ongoing, and, in conjunction with
quarantine and work restriction practice, can play a vital
role in reducing further HCW-to-HCW transmission.

This study has some limitations. Firstly, risk assess-
ments were based on personal statements. Differences
in personal statements may lead to misclassification in
risk categories. More robust contact tracing using CCTV
(closed-circuit television) footage may be implemented
in institutions with adequate resources. Secondly, in-
fected workers may experience difficulty in terms of re-
calling the co-workers who they had contacted with. The
total number of exposed workers may have actually been
higher. Thirdly, we may have not been able to fully dif-
ferentiate workplace infection from community-based
acquisition.

In conclusion, workers must be mindful of their so-
cial interactions. High-risk exposure from co-workers,
especially in the social areas, presents a threat within
the hospital setting. The findings in this study provide
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a useful insight for hospital policy makers regarding the
regulation of containment measures in non-patient areas
of hospitals.
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