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Abstract

Background
Since December 2019, China has carried out dramatic containment measures to control the spread of
COVID-19. As of April 6, 2020, most of the con�rmed cases outside Hubei province have been cured or
con�rmed dead. In this study, we aimed to understand environmental factors leading to COVID-19-related
mortality outside of Hubei province, in mainland China.

Methods
We collected spatial-temporal and environmental data of 99 cases of COVID-19-related deaths outside of
Hubei province in Mainland China between January 22, 2020 and April 6, 2020. A descriptive analysis,
including a spatial-temporal distribution of daily reported diagnosed cases and related deaths, was
conducted. We analyzed the possible environmental factors that affect the provincial-level CFR of COVID-
19 outside Hubei, China.

Results
Among the 99 reported deaths, 59 (59.6%) were male and 40 (40.4%) were female. The mean age at
death was 71.30 (SD 12.98) years and 74 deaths were among those 65 years or older. The CFR was
negatively correlated with temperature (r=-0.679, P < 0.001) and humidity (r=-0.607, P = 0.002), while
latitude was positively correlated with the CFR (r = 0.636, P = 0.001). There were no statistically signi�cant
associations between CFR and the social environment factors.

Conclusion
Higher CFR of COVID-19 was associated with lower temperature, lower humidity, and higher latitude.
Continual analysis of daily reported diagnoses and mortality data can help healthcare professionals and
policy makers understand the trends within a country in order to better prepare nationwide prevention and
care guidelines, along with adequately appropriate funds accordingly.

Background
Since the onset of the novel coronavirus disease 2019 (COVID-19) outbreak in Wuhan, capital city of
Hubei province in China in December 2019, it has spread to 207 countries and regions around the world
and directly resulted in more than 1,279,722 con�rmed cases and 72,614 deaths[1]. In order to control the
spread of the disease and its impact, China carried out dramatic non-pharmaceutical interventions across
the country, including locking down cities and communities, closing schools and entertainment venues,
implementing social distance and shelter in place policies, cancelling large gatherings and celebrations,
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restricting domestic and international travel, extending screening and testing, and keeping suspected
cases and high risk groups in quarantine. As a matter of fact, these containment measures have
successfully and rapidly curbed outbreak trends, especially in non-Hubei regions, where the newly
con�rmed COVID-19 cases have gradually decreased since early February, and the active cases has been
kept in a relatively low level from late March. As of April 6, 2020, there were 80,757 con�rmed cases,
76,882 patients recovered and discharged from the hospital, and 3,331 COVID-19 related deaths
documented in mainland China, while 12,959 con�rmed cases, 12,809 patients recovered and discharged,
and 119 deaths were reported from outside Hubei [2]. This equates to a crude case fatality rate(CFR) of
4.33% in China and 0.92% in non-Hubei region. Actually, the crude CFRs range from 0.08–3.95% in
provinces outside Hubei, however the reason hasn’t been elucidated yet. At present, most of the
investigations, which aim to understand the factors leading to COVID-19 related mortality, have focused
on the description of biological factors, clinical characteristics, and laboratory indicators. Epidemic and
clinical studies have currently shown that the main factors in�uencing COVID-19 CFR are age and
comorbidities [3–5]. However, it’s still di�cult to explain the differences of CFRs among countries such as
Italy, Spain, and German, where the age structure and the health level of the population are similar.
Assessing the in�uencing factors of COVID-19 related deaths are crucial to determine the appropriate
measures of prevention and control and to inform the health policy making. Factors that affect CFR are
diverse, but few studies explored the effects of environmental factors that may lead to an increased risk
of death. The environmental factors in this study refer to the natural environment factors such as
temperature, humidity, and latitude, and social environment factors such as age structure, economic
development, health service resources, which probably related to the CFR. Thus, in this study, based on
publicly available data of COVID-19 cases and deaths from Health Commissions, as well as
environmental factors of all provinces in mainland China except Hubei, we described the spatial-temporal
distribution of COVID-19 related deaths and analyzed the possible environmental factors that affect the
crude CFR outside of Hubei, China.

Methods
COVID-19 data were obtained from o�cial websites and o�cially certi�ed online media platforms of 30
provincial regions in mainland China, except Hubei Province, from March 15, 2020 to April 7, 2020. The
con�rmed case of COVID-19 was de�ned according to the “Diagnosis & Treatment Scheme for Novel
Coronavirus Pneumonia (Trial version 1 to 7)” enacted by the National Health Commission of China.
According to the de�nition, a con�rmed case is an individual who ful�lls the criteria of a suspected case
based on comprehensive analysis of epidemiological history and clinical manifestations, and has one of
the following types of pathogenic evidence:1. Positive result by using real-time reverse-transcriptase
polymerase-chain-reaction (RT-PCR) of respiratory specimens or blood specimens for detection of novel
coronavirus nucleic acid; or 2. Respiratory specimens or blood specimens for viral gene sequencing,
which are highly homologous with known novel coronaviruses; or 3. Positive result of speci�c novel
coronavirus IgM/IgG antibody, the novel coronavirus speci�c IgG antibody was positive from negative or
4 times higher than that in acute phase [6]. The COVID-19 related death was de�ned as fatal cases with
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laboratory-con�rmed SARS-CoV-2 infection. The duration of deaths was de�ned as the interval between
earliest date of symptom onset (i.e., cough, fever, or myalgia) and the date of con�rmed death. The CFR
in each province is calculated by dividing the number of cumulative deaths by the number of cumulative
con�rmed case, and was reported as percentage.

Data on environmental factors including natural environment factors and social environment factors
were collected from the China National Statistical Yearbook [7]. As this was a retrospective analysis of
reported case data, no informed consent was needed, no ethical issues with any analysis. The average air
temperature, average humidity in February of each province, and the average altitude, average latitude of
each provincial capital city was collected to study the effect of natural environment factors on CFR.
Additionally, the social environment factors included in this study were per capita GDP, hospital beds per
thousand population, health technicians per thousand population, medical practitioners per thousand
population, proportion of the population over the age of 65, and population density.

The basic characteristics and spatial-temporal distribution of death cases are reported as the
percentages in different categories. Continuous variables are presented as mean and standard deviation
(SD). Scatter plots were conducted to visualize the relationships between CFR and environmental factors.
The association between the different environmental factors and the CFR was evaluated using
Spearman’s rank correlation coe�cient. A p-value of < 0.05 was considered as statistically signi�cant. All
data analysis was conducted using R version 3.6.1 (R Core Team (2013). R: A language and environment
for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. http://www.R-
project.org/).

Results

Data collection and Demographic characteristics
The �rst death outside of Hubei province in mainland China was reported on January 22, 2020, and 127
cumulative con�rmed cases were reported on that day. As of April 6, 2020, there were a total of 12,959
con�rmed cases and 119 death cases outside of Hubei. Among the 119 deaths, 99 had explicit
demographic information and medical history. Of the 99 deaths, 59 (59.6%) were male while 40 (40.4%)
were female. The average death age was 71.30 (SD 12.98) years, and was 69.20 (SD 14.60) years for
male, 74.40 (SD 9.49) years for female respectively. 74 (74.7%) deaths were among patients aged 65
years or older. The youngest death reported was a 25-year old male while the oldest was a 94-year old
female. The average duration from onset of symptom to death was 9 days in these 99 deaths.

Spatial-temporal distribution of death cases

Temporal distribution
The COVID-19 daily new con�rmed cases and deaths from January 22 to April 6 are shown in Fig. 2. As
shown in Fig. 2, the daily new con�rmed cases outside Hubei gradually increased until reaching a peak of
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890 cases on February 3, then gradually declined. The daily new deaths outside Hubei remained relatively
low before February 5, then gradually increased and reached a peak of 12 cases on February 12.
Thereafter the curve continued downward, till there were less than three deaths per day after February 19.
Interestingly, the peaked date of new deaths was exactly 9 days after the peaked date of new cases
(February 3).

Spatial distribution
The �rst reported COVID-19-related death occurred in Hebei province on January 22, 2020. As of April 6,
there were 119 deaths and 12,959 con�rmed cases outside of Hubei province, resulting in a CFR of 0.90%
outside Hubei. Of all provinces outside Hubei, Henan reported the highest number of COVID-19-related
deaths (n = 22), as seen in Fig. 3. Xinjiang, Hainan, and Heilongjiang had higher CFR, however, of 3.95%,
3.57%, and 2.70%, respectively. In Xinjiang, the cumulatively con�rmed cases were relatively small, with
only 76 cases, and all three deaths in Xinjiang were from Xinjiang Production and Construction Corps. No
deaths were reported in �ve provinces (Jiangsu, Ningxia, Qinghai, Shanxi, and Tibet).

Analysis of in�uencing factors

Natural Environment Factors and CFR
It can be seen from Fig. 4 that air temperature is negatively correlated with CFR, which generally shows
that the higher the temperature, the lower CFR (r=-0.679, P < 0.001). Humidity was also found to be
negatively correlated with CFR (r=-0.607, P = 0.002), while latitude was positively correlated with CFR (r = 
0.636, P = 0.001) Hainan and Xinjiang were not included in the analysis, as they were considered outliers.
The correlation between altitude and CFR were not statistically signi�cant (P > 0.05).

Social Environment Factors and CFR
No statistically signi�cant (P > 0.05) associations were found between CFR and the following provincial-
level social environment indicators, including per capita GDP, hospital beds per thousand population,
health technicians per thousand population, medical practitioners per thousand population, proportion of
the population over the age of 65, or population density (Table 1).
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Table 1
The correlation between social environment factors and CFR

Object Spearman r-value P-value

per capita GDP -0.088 0.673

hospital beds per thousand population -0.142 0.496

health technicians per thousand population -0.235 0.257

medical practitioners per thousand population -0.081 0.715

proportion of the population over the age of 65 0.042 0.848

population density -0.017 0.941

Discussion
As of April 6 ,2020 in mainland China, there were a total of 12,959 con�rmed cases and 119 deaths
outside of Hubei, resulting in a crude CFR of 0.90%. This CFR is lower than 5.14% (2,571/50,008) in
Wuhan, China, 2.00% (73/3,654) in Japan, 1.81% (186/10,284) in South Korea, 2.72% (8,358/307,318) in
the United States, and 12.32% (15,889/128,948) in Italy [1]. The success in controlling the epidemic and
reducing CFR of COVID-19 patients outside of Hubei province in mainland China is remarkable. Our
analysis of this phenomenon was attributed to the effective restrictive measures of the Chinese
government and the relatively abundant medical resources in outside-Hubei areas. We performed
descriptive analysis on the spatial-temporal distribution of all deaths outside of Hubei province. Prior to
the implementation of Wuhan's lockdown policy on January 23, massive numbers of people moved
across the country, especially to the surrounding provinces of Hubei, such as Henan and Hunan
provinces. Daily new cases reported in Zhejiang and Guangdong provinces, which is respectively the
commercial center of East China and South China and accumulate a great amount of mobile population,
also showed a rapid growth trend similar to that of Wuhan. Daily new con�rmed cases peaked at
February 2, while daily new deaths peaked on February 12, 9 days after the peak of new cases. We
speculated that the emergence of this interesting phenomenon might be related to the average duration
of deaths, and the average duration from symptom onset to deaths among fatal cases was also 9 days
in this study. Our result is shorter compared to another study reporting a duration of 10.56 days in Wuhan
[8]. With adequate medical resources, the majority of deaths outside Hubei were cases of rapid onset and
severe illness, which was likely to contribute to their shorter duration.

In this study, among the 99 con�rmed COVID-19 related deaths, 59.6% were males, while 40.4% were
female. Our results were consistent with an earlier study. According to an epidemiological survey of
72,314 COVID-19 patients published by the Chinese Centers for Disease Control and Prevention (China
CDC) in February 2020, the number of con�rmed male cases was higher than that of females (51.4% vs.
48.6%) [9]. Taking into account the composition ratio of con�rmed male and female cases, the male-to-
female CFR in this study was 1.43: 1, which meant that the risk of death for males with COVID-19 is 1.43
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times of that for females. A recent article describing 113 deaths in Wuhan also showed that more males
died than females (73.5% vs. 26.5%) [10]. Similar �ndings have been observed in several countries with
severe COVID-19 epidemics, such as in Italy, where 70.2% of deaths are among males [11] and Spain,
where 62.2% of deaths were among men [12]. South Korea, which has been touted for its epidemic
response and vast number of tests, reported a somewhat similar distribution as to in our study, with
54.0% of deaths among men and 46.0% among women [13]. What is particularly noteworthy is that men
died at a younger age due to COVID-19 compared to females (mean age: 69.20 vs. 74.69 years). Gender
differences in smoking and the prevalence of lung diseases, diabetes, and hypertension (all of which are
reportedly higher in men than in women) [14], may be a leading factor for these differences [15].
Associated with these medical conditions, men may have a higher risk of being in serious or critical
condition, or even death, compared to women with COVID-19. The results show additionally that the
majority of deaths were among those aged 65 years or older, which is consistent with another small-scale
study in Wuhan [16]. Due to hypoimmunity or basic disease, elderly may be more susceptible to COVID-
19, which potentially result in a higher risk of death [17].

According to our research, there is a signi�cantly higher risk of death for COVID-19 infected patients living
in regions of lower temperature, lower humidity, or higher latitude. Heilongjiang province, for example, is
the northernmost and easternmost provincial administrative region in China, with �ve to six months of
cold weather every year. The high prevalence of respiratory diseases such as tracheitis, emphysema, and
cor pulmonale may be one of the reasons for the high CFR of COVID-19 in this region. A potential
relationship between temperature, humidity and latitude and the survival and diffusion of Sars-Cov-2 has
been proposed in another study [18], with COVID-19 spreading over an area roughly 30–50°N with an
average temperature of 5–11℃ and absolute humidity of 4-7g/m3. It was not yet possible to judge the
pattern of COVID-19 CFR at higher temperature area, as the disease was prevalent mainly in February,
when the maximum temperatures of most areas in China did not exceed 20℃. But it's worth noting that
areas with low temperatures, low humidity, and high latitudes should pay more attention to prevention
and control and self-preservation when COVID-19 becomes prevalent again in the spring to reduce deaths,
especially if COVID-19 is to coexist with us for a long time.

Lastly, we found that there was no evidence of correlation between CFR and social environment factors,
such as proportion of the population aged 65 years or older, population density, or per capita GDP, which
was consistent with that the outbreaks of COVID-19 in provinces outside Hubei were well managed and
able to be controlled by the local health care systems. Thus, the differences in CFRs were likely due to
epidemiological and clinical characteristics of the infected person. Other middle and high-income
countries have showed similar outcomes. For example, Japan and Italy were both the countries with early
outbreaks of COVID-19, while sharing a similar population age structure, however they appeared to have
remarkable difference in CFR (3.32% vs. 10.14%). Seriously aging population and the degree of mortality
in elderly population may partly explain why Italy has such a high CFR, which may also be due to how
COVID-19 related death is classi�ed, as in Italy anyone who dies and has tested positive for the disease is
reported as a COVID-19 related death. In addition, the number of people tested and how con�rmed cases
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are de�ned also impacts this CFR. Subsequently, the true CFR of COVID-19 will not available until
widespread testing and coherent de�nitions are congruently used throughout countries.

This study had several limitations. First, the sample size of this study was relatively small, with less than
200 deaths con�rmed outside of Hubei province. Though the �ndings of this study may not be
generalized to other populations, they do provide descriptive trends that can be useful for informing
knowledge sharing practices and creating relevant, localized policies. Second, de�ned as the hospital-
reported deaths among con�rmed COVID-19 cases, the CFR in this study does not capture deaths among
all COVID-19 patients (including asymptomatic or undiagnosed infections), which could lead to
inaccuracy in estimating CFR. Further expansion of testing would help provide a more reliable
denominator for estimating CFR, while modeling studies may supplement these existing shortcomings.
Third, ecological bias in calculating the association using population index may be present. Lastly, as
many additional environmental factors could affect the CFR, false negatives might be present
considering the small sample size of our study. Continual review of daily reported diagnosis and mortality
data should be carried out in order to better track, evaluate, and understand the evolving and unfolding
epidemic.

Conclusions
Between January 22 and April 6, 2020, less than 200 deaths due to COVID-19 were reported outside of
Hubei province, in mainland China, resulting in a CFR of 0.90%. While this is much lower than in Hubei
and other regions of the world, the results indicate that lower temperature, humidity and higher latitude
may lead to increased risk of COVID-19-related death. Social environment factors were not found to be
associated with CFR of COVID-19 in this study. Further monitoring of the prevalence of COVID-19 outside
Hubei is needed in order to better inform guidelines and policies for prevention and control of the
epidemic.
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Figure 1

A. Proportion of deaths older than 65 years in the 99 deaths; B. Age distribution of 99 deaths by gender.

Figure 2

Daily new cases and daily new deaths due to COVID-19 between January 22 and April 5, 2020 outside of
Hubei Province in Mainland China. The blue dotted lines indicate the peaks of daily new con�rmed cases
and daily new deaths, respectively.
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Figure 3

The COVID-19 CFR in different regions outside Hubei province, Chinese mainland between January 22
and April 6, 2020.

Figure 4
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Scatter plot of the relationship between temperature, humidity, and latitude with CFR of COVID-19 cases
in mainland China outside of Hubei province. The average temperature and humidity in the month of
February 2020 was included, while the latitude of the provincial capital was considered. As seen in the
Figure, both temperature and humidity were found to be negative correlated with an increasing number of
reported deaths (P<0.05), while latitude was positively correlated with CFR (P=0.001).


