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ABSTRACT

Background: Healthcare workers (HCWs) are at the forefront of fighting against the COVID-19 pandemic.
However, they are at high risk of acquiring the pathogen from infected patients and transmitting to other
HCWs. We aimed to investigate risk factors for nosocomial COVID-19 infection among HCWs in a non-
COVID-19 hospital yard.
Methods: Retrospective data collection on demographics, lifestyles, contact status with infected subjects
for 118 HCWs (including 12 COVID-19 HCWs) at Union Hospital of Wuhan, China. Sleep quality and
working pressure were evaluated by the Pittsburgh Sleep Quality Index (PSQI) and The Nurse Stress
Index (NSI), respectively. The follow-up duration was from Dec 25, 2019, to Feb 15, 2020.
Results: A high proportion of COVID-19 HCWs had engaged in night shift-work (75.0% vs. 40.6%) and felt
working under pressure (66.7% vs. 32.1%) than uninfected HCWs. SARS-CoV-2 infected HCWs had
significantly higher scores of PSQI and NSI than uninfected HCWs (P < 0.001). Specifically, scores of 5
factors (sleep quality, sleep time, sleep efficiency, sleep disorder, and daytime dysfunction) in PSQI were
higher among infected HCWs. For NS, its 5 subscales (nursing profession and work, workload and time
allocation, working environment and resources, patient care, management and interpersonal relations)
were all higher in infected than uninfected nurse. Furthermore, total scores of PSQI (HR = 2.97, 95%
Cl = 1.86—-4.76; P <0.001) and NSI (HR = 4.67, 95%Cl = 1.42-15.45; P = 0.011) were both positively
associated with the risk of SARS-CoV-2 infection.
Conclusion: Our analysis shows that poor sleep quality and higher working pressure may increase the
risk of nosocomial SARS-CoV-2 infection among HCWs.

© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In December 2019, pneumonia with previously unknown eti-
ology began to spread in Wuhan, Hubei province in China. The
causative virus of this disease was soon identified as a novel
coronavirus, and it was preliminarily named as the 2019 novel
coronavirus (2019-nCoV). This virus was later renamed as SARS-
CoV-2, and pneumonia it causes was named 2019 novel

2590-1427/© 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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coronavirus diseases (COVID-19) by the World Health Organization
(WHO). As with other infectious disease outbreaks, healthcare
workers (HCWs) have been at the front line of the fight against
COVID-19. However, hospitals are vulnerable to infectious disease
spread through rapid patients-HCWs and HCWs—HCWs cross-
infection, especially when dealing with a disease of unknown or
not well-known etiology as it was the case during the early phase of
the COVID-19 outbreak [1-3].

A recent study from the Chinese Center for Disease Control and
Prevention showed that a total of 1716 HCWs had been diagnosed
with COVID-19, including 5 deaths by Feb 11, 2020, with a crude
case fatality rate of 0.3% [4]. This situation resulted in a shortage of
HCWs and the collapse of the medical system, even though Wuhan
had high-quality medical resources [5]. Thousands of HCWs from
various provinces in China were needed to ease the strain on the
Wuhan medical system and support the response to the epidemic.
Since then, similar scenarios have been observed in various coun-
tries. For example, reports from Italy indicated that 20% of
responding HCWs were infected with COVID-19%, and in Spain,
HCWs infected with COVID-19 accounts for around 12% of all
confirmed cases [7]. Therefore, the establishment of protection
guidelines for HCWs is an important step to fight against COVID-19,
and is the most important bridge that prevents the collapse of the
medical system and reduces social panic. However, the specific
reasons for the infection of HCWs and the failure of protection still
need to be fully investigated [8].

Before public health interventions were implemented by the
Chinese government on Jan 23, 2020, the COVID-19 had already
spread to HCWs unknowingly treating patients infected with the
virus. Little is known of risk factors for nosocomial COVID-19
infection among HCWs prior to this date, as there is no existing
peer-reviewed literature quantifying the transmissibility of SARS-
CoV-2 among HCWs during that period. Besides, the dynamics of
COVID-19 spread among HCWs largely remained unknown. In the
present study, we conducted a retrospective study of a COVID-19
outbreak among HCWs in the Department of Neurosurgery,
which is not a COVID-19 hospitalization yard in Union Hospital in
Wuhan. Their information before the phase of the big outbreak of
COVID-19, including epidemiological, demographical, and lifestyles
were collected. We investigated the risk factors that play roles in
the susceptibility of HCWs to COVID-19.

2. Materials and methods
2.1. Study design and participants

We carried out this single-center respective cohort study in the
Department of Neurosurgery, Union Hospital, Tongji Medical Col-
lege, Huazhong University of Science and Technology, Wuhan,
China. The nucleic acid testing for SARS-CoV-2 by RT-PCR tests
showed 14 of 171 HCWs (an infection rate of 8.19%) in this single-
center were infected with SARS-CoV-2 by a hospitalized patient
who was later diagnosed with COVID-19 and defined as the index
case. Out of the 14 COVID-19 HCWs, 12 participants with complete
questionnaire data were enrolled in this study. The participants
reported they do not have a history of contacting other infected
cases and also their family members have not been previously
infected. To acquire the information of the history of HCWs’ contact
with other infected cases, they were asked about the following
question in the questionnaire: (1) Have you ever contacted with
other infected cases inside or outside the hospital? (2) Were your
close colleagues or family members infected? If “yes”, they were
further asked whether they were diagnosed or developed clinical
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manifestations (e.g., fever, nonproductive cough, dyspnea, fatigue,
and radiographic evidence of pneumonia) earlier than their con-
tacts. This study was approved by the institutional ethics board of
Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology (No. 20200029). All participants provided
informed consent using an online form, and they were assured of
the only academic use of the collected data.

2.2. Data collection and assessment

An online electronic questionnaire was sent to all 171 HCWs in
the Department of Neurosurgery of Union Hospital of Wuhan, and
118 valid questionnaires were finally collected, including the
questionnaires from 12 COVID-19 HCWs (including 4 doctors and 8
nurses), and 106 uninfected HCWs. Baseline demographics (age,
gender, height, weight, education level), lifestyle factors (physical
activity, smoking status, and alcohol drinking status, diet), medical
post, and chronic medical diseases were gathered. For all HCWs,
their data on sleep quality were assessed by the Pittsburgh Sleep
Quality Index (PSQI) [9], and for nurses, their feeling of working
under pressure was further evaluated by The Nurse Stress Index
(NSI) [10]. The contact status with the identified COVID-19 cases
was also collected. A detailed description of these data as described
in the Supplementary Materials.

We used several methods to minimized recall bias. First, the
online questionnaires were filled out as soon as HCWs completed
their nucleic acid testing to minimize the time-interval between
memory acquisition and exposure. Second, the data of the exposure
to the index cases and infected colleagues, as well as their night
duty information were matched to their daily work records in the
department. Third, 8 of the 118 valid questionnaires were re-filled
out (within a two-week interval) by the same participants, which
showed good consistency (Kappa = 0.871). The data on the use of
personal protective equipment (PPE) (e.g., surgical masks, non-
surgical masks, disposable gloves, safety glasses, and protective
clothing) in the early stages before an outbreak were also collected.
But this data was not shown in the following analysis due to the low
utilization rate of PPE in daily work in a non-infectious ward. The
follow-up duration for each HCWs was calculated as the number of
days between Dec 25, 2019 (the hospital admission time of the
index case), and the date when HCWs developed symptoms of
COVID-19 or Feb 15, 2020.

2.3. Statistical analysis

Continuous variables were described as mean + SD, or median
and interquartile range (IQR), and values between COVID-19 HCWs
and uninfected groups were compared using independent Stu-
dent's t-test or Mann—Whitney U test when data were normally or
skewed distributed, respectively. Categorical variables were
described using counts (%) and were compared using the 7y [2] test,
or Fisher's exact test. Hazard ratios (HRs) and 95% confidence in-
tervals (CIs) for the risk of COVID-19 that are associated with the
sleep quality and working pressure were calculated by Cox pro-
portional hazards regression models, with adjustment for age,
gender, and medical post (if necessary) in model 1, while HCWs'
exposure status to the COVID-19 index patient or HCWs diagnosed
with COVID-19 were additionally adjusted in model 2. All the sta-
tistical hypothesis tests were two-sided with p-value < 0.05 as the
level to reject the null hypothesis, and these analyses were per-
formed with the SAS program (version 9.4; SAS Institute, Carry, NC).
Detailed descriptions for the calculation of basic reproduction
number (Ryp) were shown in Supplementary Materials.
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3. Results

3.1. Overview of the transmission of COVID-19 from the index case
to 12 healthcare workers

The overview of the transmission of SARS-CoV-2 from the index
case to HCWs was shown in Fig. 1. A male patient (the index case)
with pituitary adenoma was hospitalized on Dec 25, 2019, and
underwent surgery on Jan 6, 2020. However, this patient developed
flu-like symptoms, including fever (38.5 °C), cough, and white
sputum without obvious inducement on Jan 7, 2020. Meanwhile,
antibiotics and antiviral therapy tended to be ineffective during the
following 2 days, and this symptom developed into pneumonia of
unknown etiology. Then, the environmental disinfection was con-
ducted in the department of the ward area. On Jan 19, 2020, this
patient was transferred into the isolation ward and was confirmed
SARS-CoV-2 infection by RT-PCR test. However, the patient was
dead on Feb 3, 2020.

During the hospitalization of the index case, a total of 12 HCWs
including 4 doctors (HCW9-12) and 8 nurses (HCW1-8) had one or
more flu-like and pneumonia symptoms during Dec 26, 2019, and
Jan 25, 2020, and they were finally confirmed infection. HCW1 was
the first one to contact the index case on Dec 25, 2019, and
developed symptoms of COVID-19 on Jan 8, 2019, while her close
friend HCWS also had symptoms on Jan 14, 2020. HCW4 worked in
the operating room when contacted the index case on Jan 6, 2020,
and developed symptoms on Jan 13, 2020. HCW3 contacted the
index case in the process of surgical nursing, and then she had
lunch and dinner with HCW6 between Jan 6 and Jan 8, 2020. In the
meantime, HCW6 worked together with HCW9 and HCW?7. These
four HCWs successively developed symptoms from Jan 12 to Jan 16,
2020. HCW?2 participated in the symptomatic treatment of the
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index case on Jan 7, 2020, and she also had a history of contact with
HCW10, then both of them showed symptoms onset on Jan 8 and
Jan 17, 2020, respectively. HCW11 and HCW12 contacted the index
case before the environmental disinfection was conducted on Jan
11, 2020, and they developed symptoms on Jan 21, 2020, and Jan 23,
2020, respectively. Detailed dates of these 12 HCWs with the onset
of symptoms, isolation, and diagnosis of COVID-19 were shown in
Table S1.

3.2. Presenting characteristics

The mean age of COVID-19 HCWs was 36.6 (SD = 7.4) years old,
which was significantly higher than uninfected HCWs
(mean = 30.5, SD = 5.3) (P = 0.006) (Table 1). The proportion of
COVID-19 HCWs was significantly higher for those who had a
master's degree or above (50.0% vs. 18.9%), engaged in night shift-
work (75.0% vs. 40.6%), felt working under pressure (66.7% vs.
32.1%), and had ever contacted the infected HCWs (100.0% vs.
28.3%) than the uninfected HCWs. The distributions of other
demographical characteristics (sex, BMI), lifestyles (smoking status,
alcohol drinking status, physical activity, and diet), contact the in-
dex case, and chronic medical disease were not significantly
different between COVID-19 HCWs and uninfected HCWs. Though
the outbreak data of the studied HCWs (Table S1 and Figure S1), the
resulting Ry was estimated to be 1.03.

3.3. Distribution of the Pittsburgh Sleep Quality Index and The
Nurse Stress Index

Given the findings that a higher proportion of COVID-19 HCWs
worked the night shift and felt they were working under pressure
than uninfected HCWs, we further evaluated their sleep quality and

The index case died
(Feb 3, 2020)

Diagnoses and isolation of the index case
(Jan 19, 2020)

Environmental disinfection

HCWI12
HCW10 (Jan 23, 2020)

(Jan 17, 2020)

HCW2
(Tan 8, 2020)
HCWS
(Jan 14, 2020) HCWS5

(Jan 13,2020)

The index case underwent surgery
(Jan 6, 2020)

HCWI1
(Dec 26,2019)

The index case had
symptoms of COVID-19
(Jan 7, 2020)

(Jan 11, 2020)

HCW11

(Jan 21, 2020) LECER

(Jan 16, 2020)

/ HCW7

HCW6 " (Jan 14,2020)
(Jan 13, 2020)

HCW3
(Jan 12, 2020)

HCW4
(Jan 13, 2020)

The index case admitted to the hospital
(Dec 25, 2019)

Fig. 1. Overview of the transmission of COVID-19 from the index case to 12 healthcare workers. Note: HCWs, healthcare workers. The number (1-12) for each HCWs was sorted
according to the onset time (the date in parentheses) of their symptoms of COVID-19. The index case, the patient who was diagnosed with pituitary adenoma at first, and finally
diagnosed with COVID-19, and this case was believed to be the source of infection among HCWs. HCW1-8 were nurses, and HCW9-12 were doctors.
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Table 1
Demographic and epidemiological characteristics of the healthcare workers.
Variables All HCWs (n = 118) Uninfected HCWs (n = 106) COVID-19 HCWs (n = 12) P
Age, years
Mean (SD) 31.1+58 305+53 366+74 0.006
Range 23-51 23-50 27-51
Sex
Men 43 (36.4) 38 (35.9) 5(41.7) 0.76
Women 75 (63.6) 68 (64.1) 7 (58.3)
BMI (kg/m?) 22.1+33 220+33 224 +3.7 0.85
Education level
Bachelor degree 92 (78.0) 86 (81.1) 6 (50.0) 0.024
Master degree or above 26 (22.0) 20 (18.9) 6 (50.0)
Current smoking 9 (0.08) 9 (8.5) 0(0) 0.63
Current alcohol drinking 10 (0.08) 10 (9.4) 0(0) 0.57
Regular physical activity 40 (33.9) 34 (32.1) 6 (50.0) 0.33
Regular diet 53 (44.9) 47 (44.3) 6 (50.0) 0.77
Number of daily diets 27 +05 27 +05 28+04 0.71
Medical post 0.52
Nurse 88 (74.6) 80 (75.5) 8 (66.7) 0.019
General nurses 31(35.2) 29 (36.3) 2 (25.0)
Nurse practitioners 42 (47.7) 41 (51.2) 1(12.5)
Nurse-in-charge 15(17.1) 10(12.5) 5(62.5)
Doctor 30 (25.4) 26 (24.5) 4(33.3)
Night shift-work
No 66 (55.9) 63 (59.4) 3(25.0) 0.023
Yes 52 (44.1) 43 (40.6) 9 (75.0)
Working under pressure
No 76 (64.4) 72 (67.9) 4(33.3) 0.022
Yes 42 (35.6) 34 (32.1) 8 (66.7)
Contact the index case *
No 22 (18.6) 17 (16.0) 5(41.7) 0.077
Yes 96 (81.4) 89 (84.0) 7 (58.3)
Contact mode
Air 35 (36.5) 32 (36.0) 3(42.9) 0.90
Direct contact 49 (51.0) 46 (51.7) 3(42.9)
Both 12 (12.5) 11 (12.4) 1(14.3)
Contact frequency (No./day) 5.0 (2.0, 6.0) 5.0 (2.0, 6.0) 3.0 (1.0, 6.0) 0.95
Average contact duration (min/time) 4.0 (2.0, 6.0) 4.0 (2.0, 6.0) 4.0 (2.0, 6.0) 0.54
Longest contact duration (min) 10.0 (5.0, 25.0) 10.0 (5.0, 20.0) 10.0 (5.0, 30.0) 0.69
Contact the infected HCWs °
No 76 (68.6) 76 (71.7) 0(0) <0.001
Yes 42 (31.4) 30(28.3 12 (100.0)
Chronic medical disease
Pulmonary disease 9(7.6) 8(7.6) 1(8.3) 0.49
Non-pulmonary disease 6(5.1) 6(5.7) 0(0)

Note: Continuous variables were expressed as mean + SD or median (IQR), and categorical variables were expressed as No (%). Differences in the distribution of variables
between COVID-19 HCWs and uninfected HCWs were compared by Student's t-test, the Mann—Whitney U test, Chi-square test or Fisher's exact test.
2 The patient who was initially hospitalized with pituitary adenoma, and finally diagnosed with COVID-19.

b The COVID-19 HCWs in the same department.

work-related stress by computing and analyzing their scores of
PSQI and NSI. The analyses showed that COVID-19 HCWs had a
significantly higher PSQI score than uninfected HCWs (P < 0.001,
Fig. 2A). Specifically, for the 7 factors of the PSQI test, COVID-19
HCWs had significantly high scores for 5 factors (sleep quality,
sleep time, sleep efficiency, sleep disorder, and daytime dysfunc-
tion), while the remaining 2 factors (sleep duration, and use of the
hypnotic drug) were not significantly different. For the NSI, the
scores of its 5 subscales (nursing profession and work, workload
and time allocation, working environment and resources, patient
care, management and interpersonal relations) were all signifi-
cantly higher in infected than uninfected nurses (Fig. 2B).

3.4. Associations of the Pittsburgh Sleep Quality Index and The
Nurse Stress Index with the risk of COVID-19

We further investigated the associations of sleep quality and
working pressure with the risk of COVID-19 using two models. In
both models, we found that the total scores of PSQI and NSI were
positively associated with the risk of COVID-19 (Table 2). For PSQI,
high scores on sleep quality (HR = 50.99, 95%CI = 4.13—630.15) and

sleep time (HR = 55.42, 95%Cl = 2.39—1285.99) were associated
with high risks of COVID-19, and for NSI, high scores on the sub-
scales of the nursing profession and work (HR = 136.59, 95%
CI = 1.20—15549.73), and management and interpersonal relations
(HR = 59.62, 95%Cl = 1.62—2192.60) were associated with high
COVID-19 risk.

Given the false-negative rate of the viral nucleic acid test for
SARS-CoV-2, we also consider the positive findings from chest
computed tomography (CT) scan, which showed bilateral ground-
glass opacity among 28 HCWs (including acid test diagnosed 12
infected HCWs). When these 28 HCWs were defined as the infected
HCWs, the associations of the total scores PSQI and NSI with the
risk of COVID-19 were essentially unchanged (Table S2).

4. Discussion

As the pandemic (COVID-19) accelerates, millions of people are
recommended to work from home (social distancing) to minimize
the transmission of COVID-19, HCWs have to do the exact opposite
-going to hospitals, clinics, and putting themselves at high risk from
COVID-2019 [6]. Even as non-COVID-19 related hospital's services
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Fig. 2. The difference in the distribution of the Pittsburgh Sleep Quality Index and The Nurse Stress Index between COVID-19 cases and uninfected healthcare workers. Note:
Figure A: Component A, sleep quality; Component B, sleep time; Component C, sleep duration; Component D, sleep efficiency; Component E, sleep disorder; Component F, hypnotic
drug; Component G, daytime dysfunction; Total score, summary values of the 7 factors from component A to G. Figure B: Component 1, the stress of Nursing profession and work;
Component 2, the stress of Workload; Component 3, the stress of Working environment and resources; Component 4, the stress of Patient care; Component 5, the stress of
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Associations of the Pittsburgh Sleep Quality Index and The Nurse Stress Index with the risk of COVID-19.

Variables

Hazard Ratios (95%CI) P

Pittsburgh Sleep Quality Index
Model 1*
Total score
The score of the factors on
Sleep quality
Sleep time
Sleep duration
Sleep efficiency
Sleep disorder
Hypnotic drug
Daytime dysfunction
Model 2
Total score
The score of the factors on
Sleep quality
Sleep time
Sleep duration
Sleep efficiency
Sleep disorder
Hypnotic drug
Daytime dysfunction
The Nurse Stress Index
Model 1°
Total score
The score of the subscales on
Nursing profession and work
Workload and time allocation
Inadequate preparation
Patient care
Management and interpersonal relations
Model 2°
Total score
The score of the subscales on
Nursing profession and work
Workload and time allocation
Working environment and resources
Patient care
Management and interpersonal relations

2.99 (1.87, 4.78) <0.001
38.43 (3.68, 401.13) 0.002
34.28 (1.72, 683.59) 0.021
4.69 (0.30, 72.18) 027
0.19 (0.03, 1.46) 0.11
0.83 (0.11, 6.49) 0.86
1.70 (0.41, 6.99) 0.47
3.04 (0.49, 19.11) 024
2.97 (1.86, 4.76) <0.001
50.99 (4.13, 630.15) 0.002
55.42 (2.39, 1285.99) 0.012
521 (0.31, 88.93) 0.25
0.16 (0.02, 1.24) 0.080
0.74 (0.08, 6.51) 0.79
1.59 (0.42, 6.00) 0.49
3.04 (0.52, 17.63) 022
4.27 (1.66, 10.95) 0.003
45.7 (0.88, 2387.94) 0.058
0.25 (0.01, 4.86) 0.36
0.79 (0.14, 4.55) 0.80
0.32 (0.02, 4.55) 0.40
39.73 (1.11, 1421.81) 0.044
467 (142, 15.45) 0.011
136.59 (1.20, 15549.73) 0.042
0.10 (0.002, 4.48) 024
2.55 (0.15, 43.95) 0.52
0.21 (0,01, 3.37) 0.27
59.62 (1.62, 2192.6) 0.026

2 Data were analyzed by using Cox proportional hazards models, with adjustment for age, gender in model 1, while the contact status to
the index case or infected HCWs were additionally adjusted in model 2.
b Age and medical post was adjusted in model 1 using Cox proportional hazards models, while the contact status to the index case or

infected HCWs were additionally adjusted in model 2.

and non-essential surgeries are reopening in several countries, the
risk of nosocomial COVID-19 transmission to and among HCWs will
increase. The present study was conducted in a department of
neurosurgery with the incidence COVID-19 rate of 8.19%, which
lacks the established practices of infection control, such as early
detection and isolation, contact tracing, and the use of PPE when
compared with the department of respiratory medicine and in-
fectious disease. Therefore, at this special time, there is an urgent
need to pay attention to the nosocomial infection of SARS-CoV-2 in
the department of non-communicable diseases.

In this study, 5 of 12 COVID-19 HCWs had no direct contact with
the index case (Fig. 1), nor with other infected cases, and their close
family members were not previously infected, suggesting the
human-to-human transmission between HCWs, which leads to the
serious nosocomial infection. Although the main reason for this
early infection among HCWs in hospitals was the lack awareness of
protective measures in the early stages before an outbreak, the
incident HCWs infection continued to occur after they had worn
protective equipment [4], due to the contribution of other risk
factors on HCWs infection. Until now, no study has evaluated the
risk factors that may play roles in the susceptibility of COVID-19

among HCWs before the outbreak of COVID-19. In this study, we
collected the potential risk factors before the measures of infection
control were widely conducted, which ensured the data was under
the natural transmission of COVID-19.

Sleep disturbance was highly prevalent among HCWs [11].The
data in the present study suggested that a high proportion of
COVID-19 HCWs worked the night shift. Furthermore, the PSQI
showed a higher total score, sleep quality score, and sleep time
score among infected than uninfected HCWs, and these scores were
positively associated with the risk of COVID-19. Although the un-
derlying mechanism for these associations had not been explored,
proper sleep is at the first line of defense against infections that had
been reported [12], since sleep deprivation may decrease the pro-
duction of protective cytokines that were released by the immune
system. For example, sleep can show effects on plasma levels of
cytokine IL-1, TNF, and IL-6 when sleep duration was restricted [13].
Besides, findings in this study showed that a high proportion of
COVID-19 nurses felt they were working under pressure, especially
the pressure of dealing with pneumonia of unknown etiology, such
as COVID-19. Their self-reported working hours were almost 10 h
per day for at least 6 days per week before they received the assist

Management and interpersonal relations. Total score, summary values of the 5 subscales from component 1 to 5. The straight bar is the mean score of each component in scale and
the whisker line is the standard error. HCWs, healthcare workers. Ns., not significant. p-value * <0.05; ** <0.01; *** <0.001.
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from the medical support teams that were dispatched from other
provinces in China. We further analyzed the pressure source by NSI,
and these scores were positively associated with COVID-19 risk
among nurses when the contact status with infected cases was
adjusted. Similar results were also shown in a retrospective cohort
study in Wuhan, China [14]. One possible reason is the prevalence
of oxidative stress among nurses with higher job stress [15], which
can weaken the immune function [16] and adverse mental health
outcomes [17]. Some studies had revealed that stress could alter the
cytokine balance, such as Th1/Th2 with strong deviation toward the
Th2 component which could increase susceptibility to certain in-
fections [18]. Therefore, it can be inferred that poor sleep quality
and high working pressure among HCWs are likely to lead to their
increased susceptibility to COVID-19. However, due to the retro-
spective design of the present study, and the lack of bio-samples,
the individual's immunity parameters were not monitored, and
the hypothesis needs to be further validated.

Given the above findings, improving the night duty system of
HCWs and decreasing their psychological pressure could be effec-
tive measures to reduce their risk of SARS-CoV-2 infection, besides
the use of PPE. Adequate provision of PPE is just the basic and the
first step [19], however, other practical interventions should be also
considered. As indicated in the survey, HCWs suffered both physical
and mental exhaustion in this difficult time, the pain of losing pa-
tients, the concerns about their safety and passing the infections to
their family, the impact of school closure, and shortness of food and
other essentials for those who young children and elderly parents
[20]. Therefore, reasonable workload assignments, stress relief
measures, and psychological assistance should be provided to
HCWs engaged with COVID-19 response. The safety of HCWs must
be ensured as they are the most valuable resources in the fight
against the COVID-19 pandemic.

There are several limitations to this study. These include the
possibility of unmeasured residual confounding effects of contact
status with infected cases, although we had adjusted for some
primary confounders. Besides, our relatively small sample size and
the imbalance between the numbers in each group (uninfected
and COVID-19 HCWs) may influence the statistical power of our
analysis and results. Furthermore, although several methods were
used to minimize the recall bias, the influence of recall bias within
the retrospective design could not be estimated and excluded.
Further large prospective studies are needed to validate our
findings.

5. Conclusions

The data before the outbreak of COVID-19 showed poor sleep
quality, and high working pressure were positively associated with
high risks of COVID-19. These results provide epidemiological evi-
dence on the susceptibility of HCWs to COVID-19, and may be used
to inform strategies for mitigating the risk of nosocomial trans-
mission of COVID-19 among HCWs.
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