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Abstract
Background
Tianmen had the highest case-fatality rate (CFR) among all the cities in China early in the transmission of
SARS-CoV-2, but little is known about the details of the epidemic in Tianmen. Our study aims to reveal the
causes of the high CFR from the aspects of clinical features, medical resources, and epidemic situation.
Methods
In this study, we report the admission and outcomes of 341 patients with con rmed COVID-19 who were
admitted and hospitalized in the hospital (The First People's Hospital of Tianmen) from January 14 to
February 25, 2020. Epidemic information and medical resources across different regions were collected
and compared.
Results
All deaths from COVID-19 in Tianmen occurred in the hospital, and the proportion of patients with critical
(8.5%) symptoms in the hospital is higher than the average in China. In addition, the number of affected
patients in Tianmen is quite low, but the hospital and the whole city had the highest CFR in the early
stage of the epidemic. Completely different from the stable CFR in Hubei Province, the CFR of COVID-19
in the hospital and city dropped dramatically, from the largest value in China to a more average level,
within a few days. Analysis of government public documents showed that the per capita medical
resources in Tianmen are worse than those of Wuhan and Hubei.
Conclusions
Our ndings suggest that the inadequate capacity to respond to public health emergencies caused by
relatively scarce health-care resources is a crucial factor contributing to the higher CFR of infectious
diseases in regions with lower economic levels. Such countries and territories should implement
strategies earlier to minimize the danger of COVID-19.

Background
Coronavirus disease 2019 (COVID-19) had its rst outbreak in Wuhan in December 2019 [1]. RT-PCR
analyses of throat swab samples detected a novel coronavirus, named SARS-CoV-2 (previously known as
2019-nCoV). As of April 12, the number of cases of viral infection had surpassed 1 696 588, and 105 952
deaths have been reported globally [2]. As the epidemic continues to spread to many countries, COVID-19
demonstrates a clear human-to-human transmission characteristic and poses a severe threat to global
health [3–4]. Therefore, the World Health Organization (WHO) declared COVID-19 a pandemic on March
12, 2020. As the rst identi ed city of the pandemic, Wuhan (the capital city of Hubei Province) has been
the subject of multiple studies that have analyzed the spread and pathogenicity of COVID-19 in the city
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[5–6]. However, less reports on the pandemic in other cities or towns in Hubei were documented up to
date.
Tianmen is a medium-sized city in Hubei. Distinct from Wuhan, which has a population of more than
10 million, the number of residents in Tianmen was only 1.2 million in 2018. At present, COVID-19 has
been effectively controlled in Tianmen. A total of 496 cases were diagnosed with COVID-19 and 13
deaths in Tianmen between January 14 and February 25, and no new infected patient appeared after
February 25, all surviving patients were cured and discharged before March 21. Regretly, Tianmen had the
highest CFR in China for a number of consecutive days early in the transmission of the virus. However, no
study has investigated this phenomenon. In China, there is signi cant inequality in health-care resources
among diverse regions; large, economically developed cities, for example, have abundant medical staff
and equipment [7]. Therefore, the interregional and unequal capacity to respond to public health
emergencies is evident. As of February 25, a total of 341 SARS-CoV-2-positive patients were admitted to
our hospital (The First People's Hospital of Tianmen), the only designated center for the treatment of
patients with severe or critical COVID-19 in Tianmen. During the clinical diagnosis and treatment of
infected patients, we found that the situation of COVID-19 in Tianmen is slightly different from that in
Wuhan and, indeed, all of Hubei. In this study, we aimed to nd the possible causes of the high CFR in
Tianmen and ultimately provide effective evidence for minimizing the danger of COVID-19.

Methods

Study design and patients
The research protocol was reviewed and approved by the Ethics Committee of The First People's Hospital
of Tianmen, Hubei, China. The diagnosis and con rmation of COVID-19 was based on the New
Coronavirus Pneumonia Prevention and Control Program of China (suspected symptoms, chest CT
results and SARS-CoV-2 positivity by use of quantitative RT-PCR). The classi cation of COVID-19 was as
follows: mild (absence of pneumonia on radiology); severe (fever, respiratory symptoms, pneumonia on
radiography); critical (any of the following: 1. shortness of breath, RR ≥ 30 per min, 2. oxygen saturation
≤ 93%, or 3. PaO2/FiO2 ≤ 300 mmHg). A total of 341 patients con rmed with COVID-19 were admitted
from January 14 to February 25, 2020. Clinical charts and nursing records were reviewed to complete the
record.

Data Collection
Admission information, classi cation, and outcomes of patients with COVID-19 were collected from the
records. All public data were collected in documents from the Hubei Provincial Bureau of Statistics
(http://tjj.hubei.gov.cn/) and Health Commission of Hubei Province (http://wjw.hubei.gov.cn/). Three
researchers reviewed the data independently.
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Statistical analysis
Categorical variables are described with frequencies and percentages. Quantitative variables are
described with the means (SDs) when normally distributed and with medians (IQRs) when non-normally
distributed. Comparisons of quantitative variables between groups were performed using independentsample t-tests. Categorical variables between groups were expressed as numbers (N, %) and compared
with the χ² test. A two-sided of p-value less than 0.05 was considered statistically signi cant. Statistical
analyses were performed using SPSS software, version 21.0.

Results

Baseline characteristics of patients with COVID-19
As shown in Table 1, as of February 25, 341 con rmed COVID-19 patients had been hospitalized in our
unit. The composition of the sexes and ages of these patients was similar to the data obtained from
across China [8], which showed that males and older individuals are more likely to be infected and that
patients with worse initial symptoms tend to be older. Most cases were classi ed as mild (79.2%), and
12.3% of the cases were classi ed as severe COVID-19. In contrast, the proportion of critical (8.5%) cases
was higher than the average level in China [8]. In addition, the overall CFR was 3.8%, and all deaths
occurred in the critical group. Since the hospital is the only rescue center for patients with severe and
critical COVID-19 in Tianmen, all deaths from the disease in this city occurred in the hospital and most
died early in the outbreak (11 of 13 died before February 1, supplementary Table 1). Therefore, a relatively
high severity and fatality rate were observed in Tianmen in the early stages of the epidemic. Fortunately,
most patients had a positive prognosis (40.8% cured and 52.5% improved).
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Table 1
Baseline characteristics of patients with COVID-19
Characteristics

Overall

Mild

Severe

Critical

Age, mean (IQR),
y

46.13 (35.00–
56.00)

44.19 (33.00–
55.00)

51.79 (43.75–
58.75)

55.97 (48.00–
65.00)

Hospitalization
day, mean (SD),
d

16.70 (6.17)

16.85 (5.78)

22.05 (6.54)

8.07 (5.96)

Female, N (%)

147 (43.1)

123 (45.6)

13 (31.0)

11(37.9)

Male, N (%)

194 (56.9)

147 (54.4)

29 (69.0)

18(62.1)

Cured, N (%)

139 (40.8)

115 (42.6)

22 (52.4)

2 (6.9)

Improved, N (%)

179 (52.5)

152 (56.3)

19 (45.2)

8 (27.6)

Unchanged, N
(%)

10 (2.9)

3 (1.1)

1 (2.4)

6 (20.7)

Dead, N (%)

13 (3.8)

0

0

13 (44.8)

Total Number, N
(%)

341 (100)

270 (79.2)

42 (12.3)

29 (8.5)

Sex

Outcome

Note. Data are mean (IQR), median (SD) or N (%), where N is the total number of patients with
available data. Abbreviations: IQR, interquartile range; SD, standard deviation.

Marked Changes In The CFR In Tianmen
To clarify the cause of the high CFR observed early in the transmission of the virus, we calculated and
compared the CFR of patients with COVID-19 in the hospital and in all of Tianmen, Wuhan, and Hubei
(Fig. 1). Since the start of the epidemic, the CFR across all of Hubei has been stable. However,
confusingly, the CFR in the hospital and in all of Tianmen has changed greatly, starting at a high level in
the early stages, dramatically declining from February 2 and then stabilizing after February 12.
Speci cally, until February 10, the CFR in Tianmen was higher than that in Wuhan and Hubei, but after
February 12 it was lower than that of all of Hubei (Supplementary Table 1). This phenomenon has
prompted us to pay closer attention to the early epidemic situation in Tianmen.
Contradiction in the number of infections and the CFR in Tianmen
To further determine the cause of the sharp changes in the CFR in Tianmen, we compared the number of
infections per 10,000 population and the CFRs in different regions (Fig. 2). Since the CFR in Tianmen has
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stabilized since February 12, the number of infections and the CFRs of the three groups were collected
and calculated from data obtained before February 12. Notably, the infection status and CFR are
signi cantly different in diverse regions early in the outbreak (Fig. 2), Tianmen had the lowest average
number of infections but the highest CFR (Supplementary Table 2). Considering that Tianmen's economy
is relatively poor in the province, we propose that this condition may have been caused by insu cient
medical resources.

Comparison Of Health-care Resources
Per capita public health-care resources are of great signi cance for the prevention and treatment of
infectious diseases. To verify our hypothesis, we analyzed the medical resources in Tianmen, Wuhan and
all of Hubei Province (Fig. 3 and Supplementary Table 3). As expected, the number of beds per thousand
population in this city is much lower than in Wuhan and is even below the provincial average. In addition,
in terms of the proportion of medical staff, the number of doctors and nurses per thousand people in
Tianmen is also the lowest among these three groups. All evidence points to the relative shortage of
medical resources in Tianmen when SARS-CoV-2 was beginning to spread as reasonably explaining the
high CFR in the early stage of the epidemic.

Discussion
The outbreak of infectious disease COVID-19, caused by the novel coronavirus, has emerged as a global
public health issue [1, 3]. Following the initial con rmation of COVID-19 in Wuhan, the capital of Hubei
Province, SARS-CoV-2 has spread rapidly throughout numerous countries and territories worldwide. As
the province with the most severe epidemic within China, Hubei had a relatively high CFR of COVID-19 [9].
Wuhan is a core city in China with a population of over 10 million, thus, the diagnosis and treatment of
COVID-19 have been well reported and analyzed in the city. However, numerous small and medium-sized
cities in Hubei are also facing a widespread SARS-CoV-2 infection.
Tianmen is one of the 17 cities in Hubei, located 169 kilometers from Wuhan, with a resident population
of 1.2 million and one of the poorest cities in the province (GDP per capita $ 6,588 in 2018, Total GDP
ranking 16 of 17 in Hubei). Therefore, the spread of COVID-19 has truly brought trouble to this city. As of
February 25, a total of 496 con rmed COVID-19 cases and 13 deaths have been reported in Tianmen. Our
hospital is the only designated center of the treatment of severe and critical COVID-19 cases in the city, as
of February 25, a total of 341 affected patients have been admitted to the hospital. The analysis we
conducted in this manuscript revealed a larger proportion of critical cases and a higher CFR in the
hospital compared with the average proportions and rates, respectively, across China. More unfortunately,
compared to those of Wuhan and Hubei, in Tianmen the number of infections per 10,000 population was
lower but the CFR was higher in the early stage. The situation in the hospital and this city truly re ected
the contradiction between the lack of health-care resources and the sharp increase in the number of
patients after the outbreak of COVID-19. To investigate the matter further, we analyzed government data
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and found that Tianmen's per capita medical staff and beds were much lower than those of Wuhan and
Hubei, which reasonably indicated the heavier health-care burden early in the epidemic. However, with the
strict implementation of patient isolation and the continuous support of external medical resources (more
than 150 medical staff and a large amount of medical supplies from Shanxi Province), the CFR has
gradually decreased. The abovementioned observations con rm the importance of reserve health-care
resources for public health emergencies.
In the "Healthy China 2030 Framework", the Chinese government proposed that the purpose of reform is
to promote equity and justice in the health eld and gradually reduce differences in medical resources
among regions [10]. Differences in health-care resources may directly affect the outcomes of public
health emergencies. More importantly, COVID-19 now affects numerous countries and territories
worldwide, including regions with relatively poor economic levels and limited medical resources, such as
those in North Africa and the Middle East [11, 12]. More aggressive applications and preparations should
be taken as soon as possible in such regions to limit or possibly reduce the effects of the epidemic.

Conclusion
This study illustrated the higher CFR early in an epidemic of COVID-19 in Tianmen, and also analyzed the
difference in medical resources between regions with diverse economic levels, pointing out that high CFR
may be related to the health-care resources shortage caused by the surge in patients. The uneven
distribution of medical resources is quite common globally. With more and more regions facing the
predicament of the spread of COVID-19, ways to achieve scienti c health-care resource allocation and
enhance the ability to respond to public health emergencies are issues that policymakers in China and
even all countries through the world need to be addressed in the future. However, this study is only a
single city study, and the reasons for the difference in COVID-19 outcomes between diverse regions or
countries still need to be explored.
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Figures

Figure 1
Comparison of case-fatality rates. We collected and calculated the CFRs of COVID-19 in The First
People's Hospital of Tianmen (Hospital), Tianmen City (Tianmen), Wuhan City (Wuhan) and Hubei
Province (Hubei) from January 27 to February 25. CFR, case-fatality rate.
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Figure 2
Comparison of the number of infections and the CFRs in different regions. The number of infections per
10,000 population and the CRFs of COVID-19 were calculated in Tianmen City (Tianmen), Wuhan City
(Wuhan) and Hubei Province (Hubei) from January 27 to February 12. CFRs, case-fatality rates. **
p<0.01,*** p<0.001.
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Figure 3
Comparison of health-care resources in different regions. The number of beds in medical institutions,
doctors and nurses per thousand population were collected in Tianmen City (Tianmen), Wuhan City
(Wuhan) and Hubei Province (Hubei). Data as of the end of 2018.
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