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Abstract: Healthcare workers (HCWs) worldwide are putting themselves at high risks of
coronavirus disease 2019 (COVID-19) by treating a large number of patients while lacking protective
equipment. We aim to provide a scientific basis for preventing and controlling the COVID-19
infection among HCWs. We used data on COVID-19 cases in the city of Wuhan to compare
epidemiological characteristics between HCWs and non-HCWs and explored the risk factors for
infection and deterioration among HCWs based on hospital settings. The attack rate (AR) of HCWs
in the hospital can reach up to 11.9% in Wuhan. The time interval from symptom onset to diagnosis
in HCWs and non-HCWs dropped rapidly over time. From mid-January, the median time interval of
HCW cases was significantly shorter than in non-HCW cases. Cases of HCWs and non-HCWs both
clustered in northwestern urban districts rather than in rural districts. HCWs working in county-level
hospitals in high-risk areas were more vulnerable to COVID-19. HCW cases working in general,
ophthalmology, and respiratory departments were prone to deteriorate compared with cases working
in the infection department. The AR of COVID-19 in HCWs are higher than in non-HCWs. Multiple
factors in hospital settings may play important roles in the transmission of COVID-19. Effective
measures should be enhanced to prevent HCWs from COVID-19 infection.
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1. Introduction

The outbreak of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), was first reported in Wuhan, China, in December 2019 [1]. In a short
period, COVID-19 has spread fast worldwide, posing severe threats to global health. On 11 March 2020,
the World Health Organization (WHO) declared the outbreak as a pandemic [2]. To contain this
pandemic, many measures have been taken such as social distancing, wearing facemasks, and even city
lockdowns [3]. Unfortunately, varying degrees of implements in different countries have not effectively
stopped the global spread of COVID-19. So far, over 30 million people from over 180 countries have
been affected, with a fatality rate of around 3.0% [4].

During this pandemic, healthcare workers (HCWs) are undoubtedly among the most suffering,
facing an overwhelming number patients and lacking protective resources [5]. The infection of
COVID-19 among HCWs has become a common phenomenon, especially in hospitals in the epicenter.
During the past outbreak of COVID-19 in mainland China, over 3000 HCWs were infected, most of
which came from the epicenter in Wuhan [6]. Moreover, infected HCWSs and patients in hospital settings
could play an important role in facilitating transmission and enlarging spread [7]. Understanding
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epidemic characteristics and risk factors of COVID-19 infection in hospitals, especially among HCWs,
are indispensable for the prevention and control of COVID-19.

To our best knowledge, most published studies focusing on COVID-19 infection among HCWs are
single-centered, limited in comparing the infection in HCWs and non-HCWs [8]. In this multi-center
cross-sectional study, we utilized the data containing all confirmed COVID-19 cases in Wuhan
during the outbreak, thoroughly compared epidemic characteristics between HCWs and non-HCWs,
and explored the risk factors for infection and deterioration among HCWs based on hospital settings.
Through this study, we hope to provide science-based evidence for infection prevention and control in
hospital settings.

2. Materials and Methods

2.1. Data Sources

We collected data of confirmed COVID-19 cases in Wuhan from the National Notifiable Infectious
Disease Information System until 27 February 2020. The database contains detailed anonymous
information for confirmed cases, including age, sex, residence location, occupation, date of illness onset,
date of diagnosis, date of death (if applicable), clinical classification, reported hospital, and department
in which the infected HCWs work (if applicable). The list of designated hospitals for treating
COVID-19 in Wuhan was obtained from the official website of the Health Commission of Hubei
Province (http://wjw.hubei.gov.cn/bmdt/ztzl/tkxxgzbdgrfyyq/fkdt/202002/t20200222_2145016.shtml).
Data on the total number of HCWs, nurses and hospital beds, classification (provincial, municipal,
and county-level), and type (general, special, and Chinese medical) of 36 main hospitals in Wuhan was
extracted from the Wuhan Health Statistical Yearbook (https://data.cnki.net/trade/Yearbook/Single/
N2020010198?2=7020). Data on the permanent population in every county of Wuhan were extracted
from the official website of the Wuhan Bureau of Statistics (http://tjj.wuhan.gov.cn/). As this study
constituted data analysis rather than research in human beings, ethical approval from institutional
review boards was not required.

2.2. Case Definition of COVID-19

All COVID-19 cases in our study were confirmed according to the Guideline for Diagnosis
and Treatment of Novel Coronavirus Pneumonia issued by the National Health Commission
(NHC) (http://www.gov.cn/zhuanti/2020-02/09/5476407/files/765d1e65b7d1443081053c29ad37fb07.pdf).
The confirmed cases were patients who had related epidemiological history and clinical manifestations
with one of the following etiological evidences: SARS-CoV-2 nucleic acid detected by specific real-time
PCR assay or viral gene sequence homologous to SARS-CoV-2. Confirmed cases were classified
into four types, including mild cases, moderate cases, severe cases, and critical cases, according to
the severity of their symptoms.

2.3. Statistical Analysis

To compare the basic characteristics of HCWs and non-HCWs, we calculated the attack rate
(AR) of HCWs or non-HCWs in the city of Wuhan at first, dividing the cumulative number of cases
by the total number of HCWs or non-HCWs. Then, the AR in a unit was calculated. For HCWs,
the unit was defined as the hospital reporting the HCW cases; for non-HCWs, the unit was defined as
a county (i.e., lower level of an administrative region than a city). The proportion of severe and critical
cases (PSCC) among total confirmed cases of HCWs or non-HCWs was evaluated. The case fatality
rate (CFR) was also estimated as the percentage of cumulative death numbers divided by the total
number of infections of HCWs or non-HCWs. Descriptive statistics (median and interquartile range,
IQR, for skewed continuous data and percentages for categorical data) were used to report the basic
characteristics of confirmed cases. Kruskal-Wallis and chi-square tests were used for comparison
of continuous variables and categorical variables, respectively. To visualize the spatial distribution
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of HCW and non-HCW cases, we geolocated the sites of confirmed cases on the map of Wuhan
using ArcGIS 10.2 (Esri, RedLands, CA, USA). A retrospective space-time permutation model in
SaTScan 9.6 (Martin Kulldorff, Boston, MA, USA) was used to identify COVID-19 clusters of HCWs
and non-HCWs [9].

Using the data on 36 main hospitals in Wuhan, we conducted multivariate linear regression
to evaluate the impacts of having fever clinic or not, level of the hospital (county-level, municipal,
or provincial), type of hospital (special, general, or Chinese medical hospital), nurse/bed ratio,
and the county where the hospital was located on AR of main hospitals. For hospitals reporting
the department distribution of HCW cases (five general hospitals with 324 confirmed HCW cases),
backward stepwise multivariate logistic regression was utilized to identify high-risk departments
where HCW cases worked to develop severe or critical symptoms. Variance inflation factor (VIF) was
also calculated to check for collinearity with the threshold of 10. Modelling processes were conducted
with R 3.6.1 (The R Core Team, R Foundation for Statistical Computing, Vienna, Austria). All estimation
of probabilities (p-value) were two-sided, and p-value < 0.05 was statistically significant.

3. Results

3.1. General Characteristics of HCW and Non-HCW Cases

As of 27 February 2020, a total of 48,313 COVID-19 cases including 2463 (5.1%) HCWs and 45,850
(94.9%) non-HCWs were confirmed in Wuhan. The confirmed HCW cases were distributed in
100 hospitals, and 79.0% of them came from 36 main hospitals in Wuhan. In 48 designated hospitals for
treating COVID-19 in Wuhan, 32 (67.7%) reported HCW cases. In general, the AR of HCWs was around
four times higher than non-HCWs in Wuhan, and the value reached up to 11.9% in one of the main
hospitals. However, the PSCC and CFR of HCW cases were significantly lower than non-HCWs
(p-value < 0.001). In addition, 71.5% of HCW cases were female, higher than that in non-HCW cases.
The median age of HCW cases was 36 years old, significantly younger than that of non-HCW cases
(Table 1).

Table 1. Comparison of basic characteristics between healthcare workers (HCWs) and non-HCWs

in Wuhan.
HCWs Non-HCWs p-Value

Demographic
characteristics
Male 703 22326 <0.001 &*
Female 1760 23524
Female (%) 71.5 51.3
Age (median [IQR]) 36 (29, 44) 56 (44, 66) <0.001 b
Days from onset to b
diagnosis (median [IQR]) 105, 16) 10 (5, 16) 0.68
Infection status
Non-infected individual 107126 10925561 <0.001 &*
Infected individual 2463 45850
AR (per million people) 22475 4179
Severity status
Mild or moderate case 2053 36850 <0.001 *
Severe or critical case 410 9000
PSCC (%) 16.6 19.6
Death status
Non-death case 2454 43426 <0.001 *
Death case 9 2424
CFR (%) 04 5.3

Note: HCW: health care worker; IQR: median and interquartile range; AR: attack rate;
PSCC: the proportion of severe and critical cases; CFR: case fatality rate; * chi-square
test; P Kruskal-Wallis test; * statistically significant.
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3.2. Time from Symptom Onset to Diagnosis of HCW and Non-HCW Cases

In general, there was no significant difference in days from symptom onset to diagnosis between
HCW and non-HCW cases, both with the median (IQR) of 10 (5, 16) (Table 1). To further explore
the difference, we stratified the days from symptom onset to diagnosis into several groups by the week
after the first confirmed case shown (8 December 2019). The symptom onset date of the first HCW cases
was three weeks later than non-HCW cases, with the longest interval from symptom onset to diagnosis
(65 days) among total confirmed cases. The time interval of both HCWs and non-HCWs dropped
rapidly over time, and from the sixth week after the first confirmed case (mid-January), the median
time from onset to diagnosis of HCW cases was significantly shorter than non-HCW cases (Figure 1).
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Figure 1. Time interval from symptom onset to diagnosis against calendar time among healthcare
workers (HCWs) and non-HCW cases of COVID-19 in Wuhan. The case number in each group was
shown over each box in the main figure. From 6 January 2020, the box plot was shown with notches in
smaller scale, which represent the 95% confidence intervals of medians of time from symptom onset
to diagnosis.

3.3. Spatial-Temporal Distributions of HCW and Non-HCW Cases

We geolocated the hospitals reporting HCW cases and residential locations of non-HCW cases,
visualizing the case distributions in Wuhan. Most (70.0%) affected hospitals were located in central
urban areas, with up to 249 HCWs infected by COVID-19 in a hospital. There were also large spatial
differences of ARs in non-HCWs, ranging from 1116 to 7717 per million people. The results of
the space-time permutation model showed that spatial distribution patterns were similar between
HCW and non-HCW cases, both mainly clustered in northwestern urban districts than in rural districts
(Figure 2). HCW cases in 36 main hospitals mainly distributed from mid-January to mid-February,
with no case found before 23 December 2019 and after 23 February 2020 (Table 2).
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Figure 2. Distributions with spatial-temporal clusters of healthcare workers (HCWs) and non-HCW
cases of COVID-19 in Wuhan. For HCWs, the number of cases was counted in each affected hospital,
for non-HCWs, the attack rate was calculated in each county. Spatial-temporal clusters were identified
by permutation model in HCW and non-HCW cases.
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Table 2. Attack rates (per million people) of 36 main hospitals in Wuhan divided by the calendar time interval of a week.

23th 30th 6th 13th 20th 27th 3rd 10th 17th Total Attack
Hospital December-29th December-5th January-12th January-19th January-26th January-2nd February-9th February-16th February-23th Rate
December January January January January February February February February

Hospitall 0 0 0 0 0 0 0 0 0 0
Hospital2 0 0 0 0 0 0 0 0 0 0
Hospital3 0 0 0 0 0 0 0 0 0 0
Hospital4 0 0 0 0 0 0 0 0 0 0
Hospital5 0 0 0 419 419 0 0 419 419 1678
Hospital6 0 0 0 0 0 0 3788 0 0 3788
Hospital7 0 0 238 0 714 714 476 3094 0 5236
Hospital8 485 0 0 0 970 1940 1940 0 0 5335
Hospital9 0 0 0 0 0 0 3394 3394 0 6788
Hospital10 0 0 0 0 3250 1625 1083 1083 542 7584
Hospitalll 0 136 136 544 1495 3942 1631 136 0 8021
Hospital12 0 0 516 2581 3614 1033 516 0 0 8260
Hospitall3 0 0 0 2188 2188 4376 0 0 0 8753
Hospital14 0 0 649 649 5191 1298 1947 1298 1298 12330
Hospitall5 0 0 0 0 1810 3620 3620 4525 0 13575
Hospitall6 0 0 0 0 4000 8000 0 4000 0 16000
Hospitall7 0 0 1297 0 9079 3891 1297 1297 0 16861
Hospitall8 0 0 0 804 804 1608 6431 5627 1608 16881
Hospital19 0 0 0 1319 1319 3958 5277 3958 2639 18470
Hospital20 0 0 1104 4415 4415 11038 0 0 0 20971
Hospital21 0 0 0 2854 8563 13321 3806 951 0 29496
Hospital22 0 0 158 6480 11222 7903 1739 1739 316 29556
Hospital23 0 632 632 6321 10746 6953 1580 5373 316 32554
Hospital24 0 0 0 3155 14196 11041 6309 0 0 34700
Hospital25 0 0 0 7022 5618 11236 5618 8427 0 37921
Hospital26 0 2320 8121 8121 15081 1160 3480 1160 0 39443
Hospital27 0 950 1899 9497 15195 8547 2849 950 0 39886
Hospital28 0 0 0 4773 14320 9547 7160 4773 0 40573
Hospital29 0 0 0 984 11811 9843 14764 2953 984 41339
Hospital30 0 0 0 0 14837 17804 4451 2967 1484 41543
Hospital31 0 0 831 7060 18688 13704 2492 415 0 43189
Hospital32 343 0 1029 5489 19897 11321 3774 1372 0 43225
Hospital33 0 0 774 14706 13158 16254 13158 4644 774 63467
Hospital34 0 0 753 3765 26355 23343 17319 4518 0 76054
Hospital35 0 0 0 1692 43993 38917 6768 8460 1692 101523
Hospital36 0 0 6127 8578 22059 37990 18382 20833 4902 118873
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3.4. Risk Factors of HCWs for Infection and Deterioration

We conducted multivariate linear regression to evaluate the effects of hospital characteristics
on COVID-19 infection of HCWs. We found that, compared to the provincial hospital, the AR in
the county-level hospital was significantly higher, with the RR of 1.04 (95% CI 1.01-1.07). The hospitals
located in Hongshan (RR = 1.08, 95% CI 1.02-1.14), Wuchang (RR = 1.08, 95% CI 1.03-1.14), Hanyang
(RR =1.08, 95% CI 1.01-1.15), and Jiang’an (RR = 1.10, 95% CI 1.03-1.16) had significantly higher ARs
of HCWs than hospitals in Xinzhou, where the least non-HCW cases were reported (Table 3). For five
general hospitals reporting the department distribution of 324 HCW cases, the results of multivariate
logistic regression showed that after adjustment of age, sex and days from symptom onset to diagnosis,
HCWs worked in the general department (OR = 2.86, 95% CI 1.20-6.66), ophthalmology department
(OR =445, 95% CI 1.88-10.44), and respiratory department (OR = 13.35, 95% CI 3.93—-47.23) were more
likely to develop severe and critical symptoms than HCWs cases working in the infection department
(Table 4). Estimated VIFs in the above models were all smaller than 10, indicating no collinearity
existed among variables we explored in either model.

Table 3. Risk factors for COVID-19 attack rate of main hospitals in Wuhan by multivariate linear regression.

RR (95% CI) p-Value

Having fever clinic

No Ref Ref
Yes 1.00 (0.97-1.03) 0.91
Level of hospital
Provincial Ref Ref
Municipal 0.99 (0.97-1.02) 0.65
County-level 1.04 (1.01-1.07) 0.02 *
Type of hospital
Special Ref Ref
General 1.02 (0.99-1.06) 0.11
Chinese medical 1.01 (0.97-1.06) 0.59
Nurse/bed ratio 1.00 (0.98-1.01) 0.63
The county where hospital was
located
Xinzhou Ref Ref
Huangpi 1.01 (0.94-1.08) 0.79
Jiangxia 1.01 (0.95-1.08) 0.67
Caidian 1.02 (0.95-1.09) 0.56
Hannan 1.02 (0.95-1.09) 0.63
Dongxihu 1.03 (0.96-1.10) 0.36
Hongshan 1.08 (1.02-1.14) 0.01*
Qingshan 1.04 (0.98-1.11) 0.14
Wuchang 1.08 (1.03-1.14) 0.01*
Qiaokou 1.07 (0.99-1.16) 0.08
Hanyang 1.08 (1.01-1.15) 0.03 *
Jiang’an 1.10 (1.03-1.16) 0.003 *
Jianghan 1.07 (1.00-1.16) 0.06

Note: SE: standard error; RR: relative risk; CI: confidence interval; Ref: reference;
* statistically significant.
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Table 4. Risk factors for being severe or critical cases of COVID-19 by logistic regression.

Crude Data Univariate Analysis Multivariate Analysis
Risk Factors Mild Severe .
and Moderate and Critical OR (95% CI) p-Value Adj uited p-Value
OR (95% CI)
Cases Cases
Age 33(29,42)  37(30,45)° 1.02 0.17 Removed © NA
! ! (0.99-1.05)
Sex
Female 188 (74.6) 27 (58.7) P Ref Ref Ref Ref
2.07 1.88
b b *
Male 64 (25.4) 19 (41.3) (1.07-3.95) 0.03 (0.92-3.77) 0.08
Days from symptom onset to a a 1.01 c
diagnosis 7(2,13) 7(5,11) (0.97-1.05) 0.78 Removed NA
Department
Infection department 171 (67.9) 15 (32.6) b Ref Ref Ref Ref
2.79 2.86
b b * *
General department 45 (17.9) 11 (23.9) (1.17-6.46) 0.02 (1.20-6.66) 0.02
494 445
b b * *
Ophthalmology department 30 (11.9) 13 (28.3) (2.12-11.47) <0.001 (1.88-10.44) 0.001
. 13.30 13.35
b b * *
Respiratory department 6(2.4) 7 (15.2) (3.96-46.50) <0.001 (3.93-47.23) <0.001

Note: Age, sex, days from onset to diagnosis and department were included in the multivariate logistic regression,
with backward stepwise method for variable selection. OR: odds ratio; CI: confidence interval; NA: not applicable;
2 median (IQR); ® count (%); © removed after the stepwise selection; * statistically significant.

4. Discussion

The shock of the COVID-19 pandemic to the world has extremely challenged the capacity of
the global public health care system. The epidemiology of HCWs has been summarized in several
studies all over the world [10-13]. In this study, we did not generally describe the infection status of
HCWs but tried to compare multiple epidemiological characteristics with non-HCWs. Furthermore,
we tried to identify underlying factors for COVID-19 transmission and deterioration based on hospital
settings, thus providing a scientific basis for prevention and control policies.

In this outbreak of COVID-19, the proportion of HCWs among total cases was significantly lower
than the 2003 outbreak of SARS in mainland China [14]. However, the AR in HCWs was around
four times higher than non-HCWs in Wuhan, and when it comes to individual hospitals, the value of
AR could reach 11.9%. Previous studies in Wuhan have reported consistently that the AR in HCWs
was significantly higher than in non-HCWs, but no study has thoroughly compared ARs in different
individual hospitals [11,15]. The results on attack rates of HCWs in foreign hospitals varied a lot
with countries, severity of epidemic and study design, from 0.4% to 29.1% [8]. To effectively control
the outbreak, 48 hospitals in Wuhan were designated by the government to treat infected patients in
severe and critical conditions. Notably, more than half (67.7%) of them have reported HCW cases.
This information indicates that, on the one hand, the risk of designated hospitals being affected was
high; on the other hand, a part of the hospitals had no infected HCW thanks to the strict occupational
guidance and adequate personal protective equipment (PPE) [16,17]. Despite higher AR, the lower
PSCC and CFR in HCW cases may be due to the convenience for healthcare resources or better
health awareness. A higher proportion of females and younger age in HCW cases may be because of
the composition of HCWs, in that more young people and females serve as HCWs (especially nurses)
with longer contacting hours to COVID-19 patients and higher exposed risks [11,18].

The time intervals from symptom onset to diagnosis of HCW and non-HCW cases were generally
consistent, with median (IQR) valued 10 (5, 16). Some studies on the radiology of COVID-19 have
discovered that more consolidated lung lesion would appear after five days from disease onset,
and the lesion would be most severe in 10 days [19,20]. Therefore, almost half of the cases might have
severely impaired lung function at the time of diagnosis, increasing the difficulty of disease treatment.
Fortunately, the interval from onset to diagnosis of HCW and non-HCW cases both decreased rapidly to
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less than 10 days in February 2020. From mid-January, the median time interval of HCW cases became
significantly shorter than non-HCW cases, suggesting HCWs might concentrate more on their health
status than non-HCWs and tended to be tested as soon as possible when suspected symptoms arose.

We thoroughly characterized the spatial-temporal distributions of HCW and non-HCW cases,
which have not been conducted by previous studies. From the map on the distribution of HCW
and non-HCW cases, we found two groups of people had similar spatial distribution patterns that
mainly clustered in northwestern urban districts. This similarity shows that high-risk areas for
non-HCWs could also be high-risk for HCWs. We also noticed that some hospitals in high-risk areas
had low incidences among HCWs, indicating the crucial role of PPE. Improper PPE was observed to
increase 2.82 times of risk for HCWs infection [21]. The HCW cases most distributed from mid-January
to mid-February, which was shorter than the COVID-19 outbreak in non-HCWs. This may attribute to
the centralized quarantine and treatment started from 2 February 2020 [22].

Through modelling, we identified the high-risk type of hospitals and departments for COVID-19
infection. HCWs working in county-level hospitals in areas with more non-HCW cases were more
vulnerable to COVID-19. Another study in Wuhan reported that general hospitals had significantly
higher HCW infections of COVID-19 [11]. Most (72.2%) main hospitals in Wuhan are general
hospitals owning multiple departments. Low-grade general hospitals may not be as well-equipped
for protective guidance and facilities as high-grade general hospitals, which may have caused more
HCW cases, especially in the areas with more non-HCWs. Surprisingly, HCW cases working in
general, ophthalmology, and respiratory departments were easier to develop the symptoms into severe
and critical conditions compared with HCW cases working in the infection department. Non-first-line
HCWs were reported to have a significantly higher AR than first-line HCWs [15], but no study has yet
explored the high-risk departments for COVID-19 deterioration. HCW cases working in the infection
department were most from the fever clinic in our study, who have a better awareness of being infected
than general HCWs once the suspecting symptoms attack them. The deterioration risk of HCWs
working in the ophthalmology department was higher than the infection department and other general
departments, which may be because of its special diagnosis and treatment require HCWs to be very
close to the face of patients, as well as poor PPE and lack of drug supply [23]. The deterioration risk
of HCWs working in the respiratory department was the highest, which may due to the shortage of
HCWs and PPE at the beginning of the outbreak causing prolonged hours to care for the COVID-19
patients and lack of chance to treat the disease [21,24].

This study has several limitations. First, we can only get the data of the hospitals reporting
the HCW cases, which were not necessarily the hospitals where HCWs worked and got infected.
However, according to the regulations that suspected or confirmed cases should be reported within
two hours by the hospital they visited, assuming that these hospitals were their workplaces
would be rational. Second, we compared the ARs of HCWs and non-HCWs without adjusting
for the demographic characteristics such as age and sex; thus, the results should be interpreted with
caution. Finally, the characteristics of asymptomatic cases in HCWs and non-HCWs were not discussed
due to the lack of data, and the differences in detecting modes among different hospitals may bias
the results of our study.

5. Conclusions

COVID-19 infection in HCWs is higher than non-HCWs. Lower-grade general hospitals
in high-risk areas should pay more attention to policies and measures preventing nosocomial
transmission. Despite infection and respiratory departments, HCWs in general departments (especially
in the ophthalmology department) should also be alert to COVID-19 and well-protected. Other measures
should be taken, including adequate nutrition, job rotation, and psychological support to prevent
HCWs from contracting COVID-19.



Int. |. Environ. Res. Public Health 2020, 17, 7149 10 of 11

Author Contributions: Conceptualization, J.-T.W., Z.-D.L., and W.-C.C.; Formal analysis, J.-T.W.; Project
administration, Z.-W.E. and L.Z.; Resources, W.-C.C.; Writing—original draft, ]-T.W. and L.Z. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by the National Natural Science Foundation of China (grant number 81621005)
and the China Postdoctoral Science Foundation (grant number 2020T130069ZX).

Acknowledgments: We acknowledge the China CDC for their valuable assistance in coordinating data collection.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Huang, C.; Wang, Y.; Li, X,; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X,; et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497-506. [CrossRef]
World Health Organization. Rolling updates on coronavirus disease (COVID-19). 2020. Available online:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen (accessed on
29 September 2020).

Stoye, E. The pandemic in pictures: How coronavirus is changing the world. Nature 2020. Available online:
https://pubmed.ncbi.nlm.nih.gov/32265538/ (accessed on 29 September 2020). [CrossRef]

World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. Available online: https:
//covid19.who.int/ (accessed on 29 September 2020).

The Lancet. COVID-19: Protecting health-care workers. Lancet 2020, 395, 922. [CrossRef]

The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team. The Epidemiological
Characteristics of an Outbreak of 2019 Novel Coronavirus Diseases (COVID-19) in China. Chin. J. Epidemiol.
2020, 41, 145-151. (In Chinese)

Black, J.R.M.; Bailey, C.; Przewrocka, J.; Dijkstra, K.K.; Swanton, C. COVID-19: The case for health-care
worker screening to prevent hospital transmission. Lancet 2020, 395, 1418-1420. [CrossRef]

Chou, R;; Dana, T.; Buckley, D.I; Selph, S.; Fu, R.; Totten, A.M. Update Alert: Epidemiology of and Risk
Factors for Coronavirus Infection in Health Care Workers. Ann. Intern. Med. 2020, 173, W46-W47. [CrossRef]
Kulldorff, M.; Heffernan, R.; Hartman, J.; Assuncao, R.; Mostashari, F. A space-time permutation scan statistic
for disease outbreak detection. PLoS Med. 2005, 2, 0216-0224. [CrossRef]

Vimercati, L.; Dell’Erba, A.; Migliore, G.; De Maria, L.; Caputi, A.; Quarato, M.; Mansi, F. Prevention
and protection measures of healthcare workers exposed to SARS-CoV-2 in a university hospital in Bari,
Apulia, Southern Italy. J. Hosp. Infect. 2020, 105, 454-458. [CrossRef]

Zheng, L.; Wang, X.; Zhou, C.; Liu, Q.; Li, S.; Sun, Q.; Wang, W. Analysis of the infection status of the health
care workers in Wuhan during the COVID-19 outbreak: A cross-sectional study. Clin. Infect. Dis. 2020, 15,
ciaa588. [CrossRef]

Treibel, T.A.; Manisty, C.; Burton, M.; McKnight, A.; Lambourne, J.; Augusto, ].B.; Couto-Parada, X.;
Cutino-Moguel, T.; Noursadeghi, M.; Moon, ].C. COVID-19: PCR screening of asymptomatic health-care
workers at London hospital. Lancet 2020, 395, 1608-1610. [CrossRef]

Clemency, B.M.; Varughese, R.; Scheafer, D.K.; Ludwig, B.; Welch, ].B.; McCormack, R.F.; Ma, X.; Nan, N.;
Giambra, T.; Raab, T. Symptom Criteria for COVID-19 Testing of Heath Care Workers. Acad. Emerg. Med.
2020, 27, 469—-474. [CrossRef] [PubMed]

Hsin, D.H.C.; Macer, D.R.J. Heroes of SARS: Professional roles and ethics of health care workers. J. Infect.
2004, 49, 210-215. [CrossRef] [PubMed]

Lai, X.; Wang, M.; Qin, C.; Tan, L.; Ran, L.; Chen, D.; Zhang, H.; Shank, K.; Xia, C.; Shaokang, W.; et al.
Coronavirus Disease 2019 (COVID-2019) Infection Among Health Care Workers and Implications for
Prevention Measures in a Tertiary Hospital in Wuhan, China. JAMA Netw. Open 2020, 3, €209666. [CrossRef]
[PubMed]

Yen, M.-Y,; Lin, YE,; Su, L-].; Huang, E-Y.,; Ho, M.-S.; Chang, S.-C.; Tan, K.-H.; Chen, K.-T.; Chang, H.;
Liu, Y.-C.; etal. Using an integrated infection control strategy during outbreak control to minimize nosocomial
infection of severe acute respiratory syndrome among healthcare workers. J. Hosp. Infect. 2006, 62, 195-199.
[CrossRef]

Chen, W.-Q,; Ling, W.-H.; Lu, C.-Y.; Hao, Y.-T.; Lin, Z.-N.; Huang, J.; Li, G.; Yan, G.-M. Which preventive
measures might protect health care workers from SARS? BMC Public Health 2009, 9, 81. [CrossRef]


http://dx.doi.org/10.1016/S0140-6736(20)30183-5
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://pubmed.ncbi.nlm.nih.gov/32265538/
http://dx.doi.org/10.1038/d41586-020-01048-7
https://covid19.who.int/
https://covid19.who.int/
http://dx.doi.org/10.1016/S0140-6736(20)30644-9
http://dx.doi.org/10.1016/S0140-6736(20)30917-X
http://dx.doi.org/10.7326/L20-0768
http://dx.doi.org/10.1371/journal.pmed.0020059
http://dx.doi.org/10.1016/j.jhin.2020.05.024
http://dx.doi.org/10.1093/cid/ciaa588
http://dx.doi.org/10.1016/S0140-6736(20)31100-4
http://dx.doi.org/10.1111/acem.14009
http://www.ncbi.nlm.nih.gov/pubmed/32396670
http://dx.doi.org/10.1016/j.jinf.2004.06.005
http://www.ncbi.nlm.nih.gov/pubmed/15337337
http://dx.doi.org/10.1001/jamanetworkopen.2020.9666
http://www.ncbi.nlm.nih.gov/pubmed/32437575
http://dx.doi.org/10.1016/j.jhin.2005.02.011
http://dx.doi.org/10.1186/1471-2458-9-81

Int. |. Environ. Res. Public Health 2020, 17, 7149 11 of 11

18.

19.

20.

21.

22.

23.
24.

Reynolds, M.G.; Bach, H.A.; Vu, H.T.; Montgomery, ]. M.; Bausch, D.G.; Shah, ].].; Maloney, S.; Leitmeyer, K.C.;
Huy, V.Q.; Horby, P; et al. Factors associated with nosocomial SARS-CoV transmission among healthcare
workers in Hanoi, Vietnam, 2003. BMC Public Health 2006, 6, 207. [CrossRef]

Pan, E; Ye, T.; Sun, P. Time course of lung changes at chest CT during recovery from Coronavirus disease
2019 (COVID-19). Radiology 2020, 295, 715-721. [CrossRef]

Song, F.; Shi, N.; Shan, F,; Zhang, Z.; Shen, ].; Lu, H.; Ling, Y.; Jiang, Y.; Shi, Y. Emerging 2019 novel coronavirus
(2019-NCoV) pneumonia. Radiology 2020, 295, 210-217. [CrossRef]

Ran, L.; Chen, X.; Wang, Y.; Wu, W.; Zhang, L.; Tan, X. Risk Factors of Healthcare Workers with Corona Virus
Disease 2019: A Retrospective Cohort Study in a Designated Hospital of Wuhan in China. Clin. Infect. Dis.
2020, ciaa287. [CrossRef]

Pan, A.; Liu, L.; Wang, C.; Guo, H.; Hao, X.; Wang, Q.; Huang, J.; He, N.; Yu, H,; Lin, X,; et al. Association of
Public Health Interventions with the Epidemiology of the COVID-19 Outbreak in Wuhan, China. JAMA J.
Am. Med. Assoc. 2020, 323, 1915-1923. [CrossRef]

Zhang, H. Early lessons from the frontline of the 2019-nCoV outbreak. Lancet 2020, 395, 687. [CrossRef]
Weaver, M.D.; Landrigan, C.P; Sullivan, J.P.; O’Brien, C.S.; Quadri, S.; Viyaran, N.; Wang, W.; Vetter, C.;
Czeisler, C.; Barger, L.K. The Association Between Resident Physician Work-Hour Regulations and Physician
Safety and Health. Am. J. Med. 2020, 133. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1186/1471-2458-6-207
http://dx.doi.org/10.1148/radiol.2020200370
http://dx.doi.org/10.1148/radiol.2020200274
http://dx.doi.org/10.1093/cid/ciaa287
http://dx.doi.org/10.1001/jama.2020.6130
http://dx.doi.org/10.1016/S0140-6736(20)30356-1
http://dx.doi.org/10.1016/j.amjmed.2019.12.053
http://www.ncbi.nlm.nih.gov/pubmed/32061733
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Sources 
	Case Definition of COVID-19 
	Statistical Analysis 

	Results 
	General Characteristics of HCW and Non-HCW Cases 
	Time from Symptom Onset to Diagnosis of HCW and Non-HCW Cases 
	Spatial-Temporal Distributions of HCW and Non-HCW Cases 
	Risk Factors of HCWs for Infection and Deterioration 

	Discussion 
	Conclusions 
	References

