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Abstract

This study aimed to reveal the epidemiological trends and spatial distributions of hepatitis C, in Bengbu, China during 2013-
2022, and provide a scientific reference for HCV prevention, intervention, and treatment. 3034 HCV cases were identified
(2013-2022). The number of HCV cases increased from 28 in 2013 to 832 in 2018 and decreased from 832 in 2018 to 431 in
2022. Among the HCV cases recorded during study period, 25.54% were 45-54 years old, 60.31% were farmers, and 52.04%
were male. Spatial analysis showed that the cases were concentrated in eastern towns. Spatial-temporal clustering was
concentrated in the center of Bengbu, such as Lilou, Hongye, Huangzhuang and Jiefang. Spatial regression analysis showed that
per capita gross domestic product and sex ratio had statistically significant positive correlations with HCV infection. Frontline

health workers can provide targeted health education and strengthen interventions for the target population.

Keywords: Spatial Analysis; HCV; Spatial Regression; Bengbu; Hepatitis C

Abbreviations: HIV: Human Immunodeficiency Virus;
HCV: Hepatitis C Virus; COVID-19: Coronavirus Disease
2019; GDP: Gross Domestic Product.

Introduction

In the 1970s, a type of hepatitis known as non-HAV and
non-HBV was discovered, and it was identified and named
hepatitis C virus (HCV) after twenty years [1]. HCV can cause
acute and chronic hepatitis, leading to fibrosis, cirrhosis
and hepatocellular carcinoma [2]. Since 1990, screening
for HCV has been mandatory in China (usually before blood
donation or blood transfusion) [3] and more cases have
been discovered. Although the incidence rate of hepatitis C
in China has decreased from 1990 to 2022, it remains the
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fourth most common infectious disease [4].

Bulletin of the National Health Commission of the
People’s Republic of China, 2018). The numerous hepatitis
C cases in China, owing to the population base, seriously
hamper economic development and endanger public health.

Studies have shown that there are differences in the
incidence of HCV infection among different regions in China
[4]. However, Bengbu has a high number of cases of hepatitis
C. Hepatitis C, like other infectious diseases, is associated
with social, geographical, historical and economical factors
years [1,5]. Currently, most studies have focused on HCV
genotype distribution and antivirals [6-8]. Spatiotemporal
research on HCV infections is scarce. Importantly, targeted
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prevention and treatment of hepatitis C in real-world settings
can effectively suppress infection [9].

Spatial analysis has been used in HCV research to
identify high-risk and spatial-temporal clusters, assess the
geographical distribution of infections, and explores the
spatial relationship between HCV and social factors [10,11].
Understanding the long-term trends and spatial clusters of
hepatitis C cases in Bengbu will provide scientific evidence
for public health professionals and policymakers to develop
appropriate targeted responses, including effective project
planning and implementation of interventions.

Our study had two main goals. First, we aimed to
explore the distribution of demographic information on HCV
infection at the township level from 2013 to 2022. Second,
to better understand the spatial changes in local HCV, we
evaluated the possible clusters and social factors affecting
hepatitis C cases during this study period to indicate the
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direction of future prevention and control priorities.

Methods

Ethics statement

The study does not involve ethical issues.

Study area

Bengbu, located in northern Anhui Province (Figure 1)
(32°43’-33°30’ N, 116° 45’-118°04’ E), covers an area of
5,952 km? and has a population of 3,317,000. The Huai River
flows from west to east in Bengbu and most of its jurisdiction
lies at the southern end of the Huaibei Plain. Bengbu has
67 townships and 13 urban streets (at the same level as
townships and villages). All HCV cases that occurred in these
areas were included in the study:.

Figure 1: Location of the study area, Bengbu, Anhui Province.

Datasets

HCV-reported cases were obtained from surveillance
data of the online direct reporting system of the China
Disease Prevention and Control Information System. The
Infectious Disease Management Authority of the (Author’s
unit: Hidden) organized and analyzed the city’s hepatitis
C reporting data and used the detailed address of the
current residence as the geographical location of the case,
specifically at the township level. A standardized infectious
disease report card was used to gather information on
sociodemographic characteristics (age, sex, and occupation),
risk behavior, and disease classification. Data for this study
were collected via telephone or face-to-face contact with the
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patients. Data on population and gross domestic product
(GDP) per capita were obtained from the Bengbu Municipal
Bureau of Statistics and other online sources.

Data management

HCV case data reported in 2013-2022 and recorded in
the system were included in this study, excluding duplicates,
unknown residence, and having stayed for less than 6 months.
We removed personally identifiable information as well as
detailed home and contact information to respect the privacy
of those who have entered. We checked each township’s
national standard geographical code to exclude unknown
townships. We downloaded basic electronic map data from
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the National Geographic Information System of China and
used ArcGIS (version 10.4; Esri Inc., Redlands, California) to
create the maps. SPSS (version 22.4; SPSS IBM Inc., Armonk,
New, USA) was used to analyze demographic data.

Spatial autocorrelation

The global and local Moran indices were used as
measures of autocorrelation [12,13]. We used the global
Moran index to determine whether HCV clustering occurred
at the population level. The local Moran'’s index was used to
identify the location where specific local clustering occurred.
Four types of spatial autocorrelation were found:

e low-high, with low values surrounded by high values;

e high-high, with high values surrounded by high values;

e high-low, with high values surrounded by low values;
and

e low-low, with low values surrounded by low values.

We defined positive spatial autocorrelation as the
association of areas with similar values (high-high and
low-low) and negative autocorrelation as the association of
areas with different values (low, high, and low). Our research
focuses on high-high regions. The global Moran’s I is between
-1 and 1, with a negative correlation if I < 0 and P< 0.05, and
a positive correlation if I > 0 and P < 0.05, indicating that the
infection is not randomly distributed; if [ = 0 or I is any value
and P > 0.05, it indicates that there is no correlation, and
the infection is considered to be randomly distributed. The
higher the absolute I value, the greater the spatial correlation.

Temporal-Spatial Clustering Analysis

Spatial Scan Statistics (SaTScan) software (version 10.1;
www.satscan.org) was used for simultaneous detection of
disease clusters in time and space [14] we divided all the
research data into three files:

e A case file containing the case identification code,
number, and time information

e A geographic file containing the case identification code
and coordinate information (coordinate information
was converted from map “surface” data obtained
by downloading ArcGis10.4 software to coordinate
information data, represented by “black dots” in the

Cartesian coordinate system)

e A population file containing the case identification code
and corresponding population information.

A retrospective spatiotemporal scan analysis combined
with a Poisson distribution model was used in this study.
Clustering was considered statistically significant if the P
value was <0.05, assuming a =0.05.

Spatial Regression Analysis
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Using GeoDa version1.20 (http://geodacenter.github.io/
download_windows.html) was used to determine the spatial
correlation between HCV cases and four socio-environmental
factors [15-17].

e sexratio: the total number of male cases in each township
as the numerator, female as the denominator;

e age (years): average age of cases in each township;

e population density: the total population of each research
area is taken as the numerator and the area is the
denominator (persons/km?2).

e  GDP per capita in 2019 (Yuan per person).

Results

A total of 3,832 HCV cases were identified and reported
to the system in Bengbu from 2013 to 2022. This study
excluded 798 duplicate cases (20.82%) without district
information, leaving 3,034 cases (79.18%) for analysis.
During the study period, 76 villages (streets) reported cases
of HCV infection. The number of newly reported cases has
increased dynamically from 28 in 2013 to 832 in 2018 and
decreased from 832 in 2018 to 431 in 2022. The annual
reported incidence rates (RIR) (number of newly reported
cases/total population) were 0.87/100000, 1.93/100000,
4.25/100000,13.99/100000,15.75/100000,30.16/100000,
12.84/100000, 12.62/100000, 14.98/100000 and
13.03/100000. Highest number of case reports in 2018, the
proportion was 28.60%. Among analyzed cases, 25.54%
were 45-54 years old, 18.33% were aged 35-44 years,
60.31% were farmers, and 52.04% were male.

Geographical distribution and trend analysis

In 2018, 33 villages and towns reported HCV cases,
whereas in 2013 and 2022, HCV cases were found in only
16 and 10 villages and towns, respectively (Figure 1 and
Figure 2). In 2013, no villages in Bengbu reported >10 cases,
whereas in 2018, 33 villages or towns (e.g., Xiaoxu, Xinji,
Chengguan and Zhuding) reported >10 cases.

The rate of HCV infection has steadily increased between
2013 and 2022. There were >1000 cases in 2018, 36.71 times
the number in 2013. There were >400 cases in 2022, 15.29
times the number in 2013 (P<0.05; Figure 3A). The median
age was 52-53 years during the study period. The number of
cases between 45 and 54 years increased demonstrably, but
the proportion of cases aged 45-54 increased from 25% in
2013 t0 25.7%in 2022, with no statistical difference (P>0.05;
Figure 3B). There were >500 cases in 2018, 32.69 times
number in 2013. Similarly, there were >200 cases in 2022
and 13 cases in 2013 (P<0.05; Figure 3C). Meanwhile, the
proportion of cases among individuals with a male increased
from 39.29% in 2013 to 52.15% in 2022(P<0.05; Figure 3D).
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Figure 2: Reported HCV cases by street/township in Bengbu in the years 2013, 2016, 2019 and 2022.

-

o

Figure 3: (A) Proportional distribution of transmission route of HCV cases in Bengbu by year.
(B) Number of HCV cases by age.
(C) Number of HCV cases by occupation.
(D) Number of HCV cases by gender.

Spatial analysis

General spatial autocorrelation was performed annually
for HCV cases (Table 1). During the period 2013-2019, all
Moran index values were larger than zero, with z value >
1.96 (P < 0.05). The results indicated potential clustering of
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the HCV epidemic in the entire city every year. Meanwhile,
the Moran index values in 2020 and 2021 were greater than
zero, and the z values were <1.96 (P>0.05); in 2022, the
Moran index value was less than zero, and the z value was
>-1.96 (P>0.05). The results indicate that the HCV epidemic
in Bengbu did not cluster in these three years.
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Year Global Moran’s Z Value P Value
2013 0.221 2.608 <0.05
2014 0.125 2.235 <0.05
2015 0.113 20144 <0.05
2016 0.140 2.447 <0.05
2017 0.147 2.963 <0.05
2018 0.253 4.248 <0.05
2019 0.150 2.691 <0.05
2020 0.008 0.289 >0.05
2021 0.089 1.127 >0.05
2022 -0.060 -0.479 >0.05

Table 1: Results of general spatial autocorrelation for newly reported HCV cases in Bengbu city, 2013-2022.

Spatial clustering of HCV cases

The local Moran’s index was also used to determine
the clustering of the annual population of HCV cases by
year. In 2013, the high-high clusters were mainly located
in eastern Bengbu, including Xiaoxi and Chengguan. After
2015, the high-high clusters spread to southern Bengbu

and the eastern part of Wuhe County, including Qinji, Hubin,
Changhuaiwei, Xiaobengbu, and Zhuding. In 2019, the high-
high cluster spread further southwest of Wuhe, including
Toupu, Mohekou, and Linbeihuizu. Low-low clusters were
formed in 2019 in western Bengbu, including Baoji, Feihe,
Feinan, Heliu, Lanqgiao, Wanfu, Xuwei, Longkang, and
Shuanggqiao (Figures 2 & 4).

2016, 2019 and 2022.

-

Figure 4: Local clusters of the population-level annual HCV at the township (street) level in Bengbu city in the years 2013,

J

Spatial-temporal Clusters

Spatiotemporal clustering analysis was used to examine
one cluster from 2013 to 2022 (Table 2 and Figure 3). The
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cluster (focusing on clusters with high relative risk) was
located in Lilou, Huangzhuang, Huaiheshequ, Changqing,
Gaoxinjishukaifqu, Huaibin, Yuhuixu, Qingnian, Wei'er,
Shengli, Longhu, Qinji, Hongyecun, Daxin, Mohekou, Yanan,
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and Caoshan from 2016 to 2020, with a relative risk of
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5.98(P<0. 001).

Coordinates/ | Relative Log
Cluster Dates Townships(Streets) in Cluster . . likelihood | P-value
radius risk .
ratio
Lilou, Huangzhuang, Huaihshequ, Changqing,
Comlialag luin lubsbs Qoo | (3200323,
1 |2016-2020 en S 1eng T, LORGAL, s, Hongyecut, 117.348228 5.98 1079.68 | <0.001
Daxin, Mohekou, Yaan, Tiangiao, Xuehua, E)/8.51 Km
Dongfeng, Zhihuai, Dongsheng, Jiefang and '
Caoshan

Table 2: Retrospective space-time analysis of HCV cases using discrete Poisson model in Bengbu city, 2013-2022.

Spatial scanning analysis of HCV cases at the township
level in 2013, 2016, 2019, and 2022 in Bengbu showed that
the number of clusters did not change by year (Figure 4). The
clusterin 2013 was distributed in the eastern part of Bengbu,
such as Yuhuixu, Huangzhuang, Wei'er Road, Qingnian,
Lilou, Caoshan, Xuehua, Longhu, Shengli, Dongsheng,
Hongyecunand all villages in Wuhe country. The clusters in
2016 and 2019 were located in the center of Bengbu. The
cluster in 2022 will spread to the eastern part of Bengbu,
similar to that in 2013.

Spatial regression analysis

We analyzed the spatial correlation between newly
detected HCV cases and population density, per capita gross
domestic product (GDP), sexratio (male: female), and average
age in Bengbu (Table 3). Four factors were analyzed using
ordinary least squares, spatial lag, and spatial error models.
The spatial error model was found to be more appropriate
than others. These two factors (per capita GDP and sex ratio)
were positively associated with identified HCV cases.

i Ordinary Least Squares Spatial Lag Model Spatial Error Model
Co-efficient| t Static | p value |Co-efficient| Z Value | P Value |Co-efficient| Z Value | P Value
Population Density -0.00017 |-0.8047 | 0.4236 | -0.000169 | -0.812 | 0.4169 | -0.00026 | -1.471 |0.14129
Pwecapii"r%;";cstdomemc -6.86632 |-2.3709 | 0.0203 | -7.06394 | -2.53 | 0.0114 | -8.07661 |-2.927540.00342
Sex ratio(Male: Female) 33.9618 |3.52919| <0.001 | 34.3953 | 3.698 | <0.001 | 31.5501 | 3.4806 | <0.001
Age 0.271974 |0.58024| 0.5635 | 0.25928 | 0.5699 | 0.5687 | 0.492219 | 1.18022|0.23791
R-squared® 0.577802 0.581698 0.607872
Log Likelihood -389.08 -388.8 -387.234
AIC(Akaike info criterion) 788.16 789.601 784.467
SC(Schwarz reaction) 800.07 803.893 796.377

Table 3: Result of spatial regression analysis of reported HCV cases in Bengbu City, 2013-2022.

Discussion

We analyzed the spatiotemporal distribution of HCV
infections in Bengbu over the past 10 years. The results
showed a significant increase in the number of HCV cases
from 2013 to 2018, and a slight decrease in 2022. The
majority of reported cases were in the age groups of 45-54
years; the proportion of farmers was relatively high, HCV
cases were gradually higher in men than in women, and
spatial analysis indicated significant aggregation of HCV
cases in certain areas. The spatial cluster range increased
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and then decreased. We also found a positive correlation
between per capita GDP, sex ratio, and HCV-reported cases
in Bengbu.

HCV cases increased rapidly during 2013-2022 in
Bengbu, which could be explained in several ways. First,
since 2012, the quality of hepatitis C data reporting has
improved with the establishment of a hepatitis C Prevention
and Control agency in China [18]. Second, the online direct
reporting system covers all levels of health care institutions
[19], which makes the sources of data more comprehensive.
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Third, the publication of the “2018 New Diagnostic Standards
for Hepatitis C” could be another important reason [20],
that could explain the higher number of HCV cases in 2018.
Further targeted disease surveillance could help reduce the
spread of hepatitis C [21].

Meanwhile, we found that the majority of HCV cases
were concentrated in people aged 45-54 years, with the main
population being farmers and more males than females.
These results are consistent with previous research [22,23].
Our analysis showed that the reasons for this phenomenon
were the hidden nature of hepatitis C and the low income of
farmers, lack of health services, and lack of targeted publicity
and education [24-27]. Education of the target population
and improvement in the level of healthcare services can
be effective in reducing the transmission and incidence of
hepatitis C.

Spatial autocorrelation during 2013-2022 revealed the
spread of the HCV epidemic in central Bengbu to mostvillages
and towns. Spatial-temporal scanning identified windows
that were mainly concentrated between 2016 and 2020,
suggesting a rapid epidemic increase during this period.
Although Coronavirus Disease 2019 (COVID-19) has shifted
the landscape of HCV service delivery and created unique
opportunities for HCV elimination in correctional settings
in some countries6, meanwhile, COVID-19 has accelerated
decentralized HCV testing implementation strategies. This
could lead to an increase or decrease in the number of
reported cases of HCV infections. This explains the lack of a
spatial correlation in hepatitis C cases after 2020.

Spatial regression analysis revealed a significant
positive correlation between GDP per capita, sex ratio, and
HCV infection. This is similar to recent research results in
Japan and Egypt. In Japan [28], spatial regression analysis
showed that the deprivation level derived from the sum of
poverty scores was significantly and positively associated
with HBsAg positivity and HCV prevalence. In Egypt [29,30],
men are more likely to be infected with hepatitis B virus than
women. In our current study, even with direct-acting antiviral
agents, they still caused a significant economic burden for
the elderly population in some townships. These are some
of the reasons for the current status of hepatitis C infection.
We should continue to focus on these issues to improve the
health of the population.

Our study has some limitations. First, during the period
of spatial correlation research, China had a serious COVID-19
outbreak, which, to some extent, limited HCV screening,
which may lead to bias in case reporting. Second, when we
analyzed the factors related to HCV infection in Bengbu, the
factors we studied were all selected according to previous
studies. However, there are many causes of HCV infection,
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and it is impossible to include all of them. Third, spatial
autocorrelation is influenced by the scale and zoning effects.
In this study, we used villages as the spatial unit of analysis.
Different spatial statistics may be obtained if county-level
analysis is used. Fourth, for spatial regression, we used
the total number of male cases in each township as the
numerator; if it is not the total number of males, this may
introduce bias to the research. Finally, we did not perform
further spatiotemporal prediction analyses on this basis.
Next, we will compare the prevention and control work with
the spatial-temporal prediction results to summarize the
HCV prevention and control measures suitable for Bengbu,
and even atypical areas in the world. We provide scientifically
valuable guidance and references for HCV prevention and
treatment.

Conclusion

In summary, there has been an increase in HCV infections
in Bengbu in recent years. Most cases of HCV infection
occurred in patients aged 45-54 years and were localized to
the center of Bengbu. Focus on targeted interventions and
preventive plans for the middle-aged and elderly population
in key identified areas to help control the spread of the
disease in Bengbu.
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