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Background. Healthcare workers (HCWs) at the frontline are facing a substantial risk of infection during the coronavirus di-
sease 2019 (COVID-19) outbreak.

Methods. We acquired information and data on general information on and infection and death status of HCWs in Wuhan
during the COVID-19 outbreak and completed statistical analyses.

Results. We obtained the data on 2457 infected cases among HCWs in Wuhan, China. More than half of the infected individuals
were nurses (52.06%), whereas 33.62% of infected cases were doctors and 14.33% of cases were medical staff. In particular, the case
infection rate of nurses (2.22%) was remarkably higher than that of doctors (1.92%). Most infected cases among HCWs were female
(72.28%). A majority of the infected HCWSs (89.26%) came from general hospitals, followed by specialized hospitals (5.70%) and
community hospitals (5.05%). The case infection rate of HCWs (2.10%) was dramatically higher than that of non-HCWs (0.43%).

The case fatality rate of HCWs (0.69%) was significantly lower than that of non-HCWs (5.30%).

Conclusions.

The infection risk of HCWs is clearly higher than that of non-HCWs. HCWs play an essential role in fighting the

pandemic. The analysis of the infection status of HCWss is essential to attract enough attention from the public, provide effective
suggestions for government agencies, and improve protective measures for HCWs.
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On 31 December 2019, a series of patients affected with pneu-
monia of an unknown etiology were identified in Wuhan,
China [1]. Subsequently, the disease was named coronavirus
disease 2019 (COVID-19) by the World Health Organization
(WHO) on 12 January 2020 [2]. On 11 March 2020, the WHO
announced that the COVID-19 outbreak could be character-
ized as a “pandemic;” as the highly infectious virus severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) spread in-
creasingly worldwide [3]. This is the third serious coronavirus
outbreak in less than 20 years, following the severe acute res-
piratory syndrome (SARS) in 2002-2003 and the Middle East
respiratory syndrome (MERS) in 2012 [4, 5]. The number of
confirmed cases continues to increase. Globally, on 16 April
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2020, there were a total of 1 991 562 reported cases of COVID-
19 in 213 countries and 130 885 deaths [6].

Facing a substantial risk of SARS-CoV-2 infection, health-
care workers (HCWs) at the frontline have been fighting
COVID-19, saving human lives, with great effort and sacrifices.
According to the published articles, a large number of HCWs
have been infected with SARS-CoV-2 worldwide, and have
even died of COVID-19 [7-9]. The COVID-19 pandemic has
a marked impact on the physical and mental health of HCWs
[10]. It is crucial to understand that we cannot stop the COVID-
19 pandemic without HCWs. Therefore, effective protection for
HCWs is currently of the upmost importance.

To the best of our knowledge, no published work on the infec-
tion status among HCWs with COVID-19 has been identified
so far. In this study, we obtained data from government official
reports and carried out a data analysis of the infection status
of the HCWs in Wuhan during the COVID-19 outbreak. By
conducting this cross-sectional study, we aim to provide some
thoughts and recommendations to protect HCW's worldwide.

METHODS

Sources of Data

As of 26 January 2020, the Red Cross Society of China imple-
mented the Humanitarian Aid Fund to provide financial assis-
tance for all the infected and dead HCWs due to COVID-19
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nationwide. We retrieved and acquired the data of all infected
cases and deaths among HCWs in Wuhan from the HCW lists
supported by the Humanitarian Aid Fund from the Red Cross
Society of China up until 26 March 2020 (https://www.redcross.
org.cn/html/NewsList.html?type=news&cla=newrdjz). We
collected the total number of laboratory-confirmed cases
and deaths with COVID-19 in Wuhan from publicly avail-
able disease databases of the National Health Commission of
China
Information on the permanent population in Wuhan, including
all the HCWs, originated from the statistical bulletin released by
the Wuhan Statistics Bureau, Hubei Province (http://tjj.wuhan.
gov.cn/details.aspx?id=4615). All of the HCW's from other parts
of China sent to Wuhan to assist were excluded from the pre-

(http://www.nhc.gov.cn/xcs/yqtb/list_gzbd_2.shtml).

sent study. According to the scope of the database, all infected
cases and deaths among HCWs in Wuhan from the HCW lists
supported by the Humanitarian Aid Fund are included in all
of the laboratory-confirmed cases and deaths in Wuhan from
publicly available disease databases of the National Health
Commission of China, who are part of the permanent popu-
lation in Wuhan reported by the statistical bulletin released by
the Wuhan Statistics Bureau. Based on the various sources, we
established a dataset after record cleaning, exclusion of dupli-
cate cases, and completion of missing information as described
previously [11]. All case records contain national identification
numbers and therefore all cases have records in the dataset and
no records are duplicated.

The case infection rate (CIR) was defined as the percentage
of the cumulative number of laboratory-confirmed COVID-19
infections divided by the total number of HCWs or non-HCWs
in Wuhan. The case fatality rate (CFR) was defined as the per-
centage of the cumulative number of deaths divided by the total
number of laboratory-confirmed COVID-19 infections among
HCWs or non-HCWs in Wuhan.

Data collection and analysis of these cases were determined
by the National Health Commission of China to be part of an
outbreak investigation. The study was thus deemed exempt
from institutional review board approval.

Definition of COVID-19

All COVID-19 cases were confirmed based on the diagnostic
criteria of the recommendations by the National Health
Commission of China (http://www.nhc.gov.cn/xcs/zhengc
wj/202003/4856d5b0458141fa9f376853224d41d7/files/4132
bf035bc242478a6eaf157eb0d979.pdf). According to the na-
tional diagnostic criteria, a confirmed case was defined as
both (1) fulfilling 2 clinical criteria plus 1 epidemiological
clue, or all 3 clinical criteria, and (2) having throat-swab spe-
cimens that tested positive for SARS-CoV-2 using real-time
reverse transcriptase-polymerase chain reaction (RT-PCR)
assay. The clinical criteria were as follows: (1) fever and/or
symptoms of acute respiratory infection, (2) radiographic

evidence of pneumonia, and (3) low or normal white blood
cell count or low lymphocyte count. Epidemiological clues
included the following: (1) residence in Wuhan city within
14 days prior to symptom onset; (2) close contact with a con-
firmed or probable case of COVID-19 within 14 days prior to
symptom onset; (3) close contact with persons who had fever
or symptoms of acute respiratory infection or a local com-
munity with reported cases, within 14 days prior to symptom
onset; and (4) if a cluster of persons with similar symptoms
was identified [12]. The laboratory protocol for SARS-CoV-2
real-time RT-PCR assay was described previously [13]. All
the HCW and non-HCW cases were laboratory confirmed
as described previously [8, 14]. The tests were screened by
Wuhan Center for Disease Control (CDC) and confirmed by
Hubei Provincial CDC.

Statistical Analysis

The confirmed COVID-19 cases among HCWs were cat-
egorized according to the following parameters: sex, occu-
pation type, hospital type, infection status, and death status.
The occupation types of HCWs include nurses, doctors,
and medical staff. Medical staff are defined as other HCW's
working in hospitals except for nurses and doctors, such as
pharmacists, laboratory technicians, and medical imaging
technicians. Categorical variables are represented as fre-
quencies and percentages and were analyzed by x> test or
Fisher’s exact test. All statistical analyses were performed
using SPSS (Statistical Package for the Social Sciences) ver-
sion 23.0 software (SPSS, Inc). A 2-sided a of less than .05
was considered statistically significant. The analyses were
adjusted for multiple comparisons for type I error with
Bonferroni adjustment approaches.

RESULTS

In early 2020, the population was 11.212 million people in
Wuhan, and there were 117 100 HCWs, including 43 100 doc-
tors, 57 700 nurses, and 16 300 medical staff. As of 26 March
2020, a total of 50 006 infected cases were confirmed in Wuhan,
and the Humanitarian Aid Fund provided humanitarian assis-
tance for 2457 HCW s from 145 hospitals in Wuhan. Among the
2457 HCW s, 17 died of COVID-19.

Demographic data and general information on infection
status are summarized in Table 1. A total of 72.28% of the
HCWs were female. More than half of the infected individuals
were nurses (52.06%), while 33.62% of infected cases were doc-
tors and 14.33% of cases were medical staff. A majority of the
infected HCWSs (89.26%) came from general hospitals, followed
by specialized hospitals (5.70%) and community hospitals
(5.05%) (Table 1).

Our findings showed that no statistically significant differ-
ence was found in the CIR of HCWs by sex (P =.591). There was
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Table 1. General Information on the Infection Status of Healthcare Workers in Wuhan

Parameters Total, N Confirmed Cases, n (%) CIR, % x’ P

Sex 0.289 591
Female 84 078 1776 (72.28) 2.1
Male 33022 681 (27.72) 2.06

Types of occupation 11.168 .004%
Nurse 57 700 1279 (52.06) 2.22 10.871 .001°
Doctor 43 100 826 (33.62) 1.92 3.594 .058°
Medical staff 16 300 352 (14.33) 2.16 0.192 .661¢

Types of hospital 699.034 <.001°
General hospital 74 944 2193 (89.26) 2.93 262.406 <.001
Specialized hospital 17 565 140 (5.70) 0.80 14.114 <.001¢
Community hospital 24 591 124 (5.05) 0.50 477685 <.001"

Abbreviation: CIR, case infection rate.

“Denotes a comparison among 3 types of occupations.

Denotes a comparison between nurses and doctors.

°Denotes a comparison between doctors and medical staff.

9Denotes a comparison between nurses and medical staff.

°Denotes a comparison among 3 types of hospitals.

‘Denotes a comparison between general hospital and specialized hospital.

9Denotes a comparison between specialized hospital and community hospital.
"Denotes a comparison between general hospital and community hospital.

a statistically significant difference in the CIR among 3 types of
occupation and hospital (P = .004 and P < .001, respectively).
The CIR of doctors was statistically significantly lower than that
of nurses (P = .001), while the CIR was similar but not statis-
tically significantly different between nurses and medical staff
or between doctors and medical staff (P = .661 and P = .058,
respectively). The CIR of specialized hospitals or community
hospitals was remarkably lower than that of general hospitals
(P <.001 and P < .001, respectively), while the CIR of commu-
nity hospitals was clearly lower than that of specialized hospitals
(P <.001) (Table 1). The CIR of HCWs was dramatically higher
than that of non-HCWs (P <.001). The CFR of HCW's was sig-
nificantly lower than that of non-HCWs (P < .001) (Table 2).

Figure 1 shows the distribution of laboratory-confirmed date
and case number for HCW s affected with COVID-19. The ma-
jority of cases were confirmed between 20 January 2020 and 5
February 2020, while a few cases (<10) were daily confirmed
after 28 February 2020.

DISCUSSION

The present study provides the first insight into the infection
status of HCWs in Wuhan during the COVID-19 outbreak.
Healthcare workers had a significantly higher CIR than non-
HCWs. In particular, the CIR of nurses was higher than that
of doctors, suggesting differential effects of occupation types
on infection status. It is known that nurses have more patient-
contact time in general hospitals than doctors. In the early phase
of the COVID-19 outbreak, the numbers of HCWs and per-
sonal protective equipment (PPE) were both insufficient, and
the continuous working hours of HCW's were relatively longer.
Therefore, the HCWs were exhausted physically and mentally.
In this situation, decreased immunity and increased chance of
infection could occur in HCWs. Therefore, it is recommended
that HCWs at the frontline receive sufficient rest time to ensure
adequate sleep, avoid overwork, and consume a nutritious diet
and supplements to ensure adequate nutrition to increase body
immunity and reduce the likelihood of infection.

Table 2. Comparison of Case Infection Rate and Case Fatality Rate Between Healthcare Workers and Non-Healthcare Workers in Wuhan

Parameters Non-HCWs HCWs ¥? P
Infection status
Infected individuals, n 475 49 2457 7275.207 <.001
Noninfected individuals, n 11 047 351 114 643
CIR, % 0.43 2.10
Death status
Deaths due to infection, n 2518 17 102.890 <.001
No deaths due to infection, n 45 031 2440
CFR (%) 5.30 0.69

Abbreviations: CFR, case fatality rate; CIR, case infection rate; HCW, healthcare worker.
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Figure 1. Laboratory-confirmed date and cumulative case number of HCWs with COVID-19 in Wuhan from 4 January to 12 March 2020. Daily numbers of laboratory-
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by the Chinese government are shown in arrows of different colors. Abbreviation: COVID-19, coronavirus disease 2019; HCW, healthcare worker; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2.

The majority of infected HCWs in Wuhan worked in general
hospitals. However, the CIR of HCWs in specialized and com-
munity hospitals was relatively low in Wuhan. This result in our
study is consistent with that of some previous studies from a
stomatological hospital, a women’s and children’s hospital, and
an infectious disease hospital [14-16]. A potential explanation
may be that routine use of PPE in specialized hospitals, including
face shields, goggles, medical masks, and gloves, prevented fur-
ther transmission of SARS-CoV-2 and limited cross-infection.
Another potential explanation may be that fewer cases in com-
munity and specialized hospitals would create fewer opportun-
ities for COVID-19 transmission.

In our study, HCWs in Wuhan had a lower CFR than non-
HCWs. Recent studies indicated that cases aged over 65 years,
with pre-existing comorbidities, might face a greater risk of
a fatal outcome [17, 18]. However, in China, most in-service
HCWs are under the age of 60. The use of PPE and hospital
protocols would seem to be more related to the CIR than the
CFR. Obviously, COVID-19 is serious and highly contagious.
Further studies are needed to characterize this novel viral
disease.

Our results indicate that most COVID-19 cases in HCW's
in Wuhan were confirmed between 20 January 2020 and 5
February 2020. Person-to-person transmission was confirmed
on 20 January 2020 and some infections in HCWs had been

determined in Wuhan [19]. The lockdown in Wuhan, which
started on 23 January 2020, has greatly prevented COVID-
19 transmission [12]. It was reported that more than 40 000
HCWs from other provinces of the Chinese mainland arrived
in Hubei Province to offer help. As of 31 March, none of them
were identified to have been infected with SARS-CoV-2 [20].
This result indicates that a series of measures were effective in
reducing infections in HCWs. With the rapid spread of the ep-
idemic, 2 new hospitals (Huoshenshan and Leishenshan) were
built in Wuhan and put into use in 10 days [21]. These fa-
cilities are specialized hospitals for infectious diseases, rather
than simply units to receive and quarantine patients. Wuhan
had also been building mobile Fangcang shelter hospitals (a
Chinese name that came from Noah’s Ark) and creating tens of
thousands of beds to centralize the quarantined patients and
provide medical treatment for confirmed patients with mild
symptoms. The combination of the construction of new in-
fectious disease hospitals with mobile Fangcang shelter hos-
pital construction could reduce infections in HCWs through
controlling the source of infection to avoid cross-infection,
relieving the huge pressure on the city’s medical system, pro-
viding different medical care for mild or critical patients to
improve treatment efficiencies, effectively preventing noso-
comial infections, and avoiding community infection due to
home quarantine [22].
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Our study has some notable limitations. First, we compared all
HCWs with non-HCWs regardless of their age, comorbidities,
and other characteristics that could have influenced the infec-
tion rate; therefore, our results should be interpreted carefully.
Second, the detection bias with access to testing among health-
care providers compared with others also could have inevitably
affected our assessment. Finally, we likely missed asymptomatic
cases among HCWs and non-HCWs.

CONCLUSIONS

The COVID-19 outbreak is ongoing globally, and the safety of
HCWs should be ensured to end the pandemic. The analysis of
the infection status of HCWs is essential to attract enough atten-
tion from the public, provide effective suggestions for government
agencies, and improve protective measures for HCWs. Ensuring
an adequate supply of PPE is just the first step. Other measures
should be considered, including a nutritious food supply, adequate
rest time, and societal, familial, and psychological support.
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