
Abstract
This study aimed to analyze the epidemiological characteris-

tics and spatiotemporal clustering of hepatitis A in mainland China
from 2004 to 2019 and to evaluate the practical impact of integrat-
ing hepatitis A vaccines into the Expanded Program on
Immunization (EPI). Spatial and temporal autocorrelation and
spatiotemporal scanning statistics were used to perform spatial
and temporal characterization to quantify the spatial similarity or
degree of aggregation of geographic data, and Geographical and
Temporal Weighted Regression (GTWR) models were used to
reveal spatial and temporal heterogeneity in the relationships
between variables to test for spatial and temporal outbreaks of dis-
ease and other factors, such as socio-economic factors. Spatially,
the incidence rates exhibited a west-high and east-low spatial dif-
ferentiation, with the High-High (HH) clusters predominantly
located in the western regions, maintaining stability butgradually
diminishing. Hepatitis A prevalence peaked during the initial

study period (2004-2008) showing significant spatial clustering.
However, since the inclusion of hepatitis A vaccine in the immu-
nization program in 2008, the incidence rates of hepatitis A in
mainland China significantly decreased demonstrating the posi-
tive impact of immunization strategies. In addition to the effects of
vaccination, socio-economic factors such as education level, water
resources and age groups showed significant associations with
hepatitis A incidence rates. Increased vaccine coverage and
improved social conditions are crucial for controlling hepatitis A
in China.

Introduction
Hepatitis A is a viral liver infection posing a significant chal-

lenge to global public health. It is an acute and usually self-limit-
ing liver infection caused by hepatitis A virus (HAV), primarily
transmitted through the fecal-oral route and associated with
hygiene conditions and population mobility (Fiore, 2004; Cui et
al., 2009; WHO, 2017). The global incidence and mortality rates
in 2019 were 22,72.1 per 100,000 (95% confidence interval:
2,121.8–2,421.8) and 0.5 per 100,000 (95% CI: 0.4–0.7), respec-
tively. In developing countries, the likelihood of children getting
infected with HAV is very high, especially in children under 10
years old, with a serum positivity rate of up to 100% (Van Damme
et al., 2003). In the 1990s, hepatitis A had the highest incidence
rate among all types of viral hepatitis in China.By the mid-1990s,
northern China, characterized by relatively poor sanitation and
lagging economic development, had become a highly endemic
area for hepatitis A (Wang et al., 2019, 2021). To prevent this
infection, the Chinese government approved the first hepatitis A
live attenuated vaccine (L-HepA) in 1992 Followed by the inacti-
vated vaccine (I-HepA), licensed in 2002 and introduced as a free
children’s vaccine in 2008 under the sponsorship of the Chinese
Ministry of Health (Cui et al., 2014, Zhang, 2020).

Geographical Information Systems (GIS) allows for the visu-
alization and analysis of spatial and temporal disease patterns. In
recent years, with technological advancements and integration
with modelling methods, the application of GIS in epidemiologi-
cal research has expanded significantly, offering novel perspec-
tives for analyzing the spatiotemporal distribution of infectious
diseases and assisting control strategies (Gomez-Barroso et al.,
2012; Stoitsova et al., 2015; Leal et al., 2021a). For example, Zhu
et al. (2018) visualized the spatial clustering of hepatitis A inci-
dence rates in China highlighting clusters concentrated in the
western regions of the country. This research group further ana-
lyzed the evolution trend of provincial hepatitis A incidence rates
in China using multiple linear regression and spatial autocorrela-
tion methods for the exploration of the spatial, non-stationarity of
hepatitis A incidence rates in association with population density
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through Geographically weighted regression (Zhu, 2023). In addi-
tion to simple integration of GIS technology with geospatial mod-
eling methods for infectious disease analysis, many scholars focus
on combining other analytical methods with GIS to investigatethe
spatiotemporal distribution of infectious diseases. For example,
Zheng et al. (2021) estimated the temporal trends of hepatitis A
incidence rates in different age groups and provinces in China from
1990 to 2018 using Joinpoint regression analysis and assessed the
impact of including vaccination in the EPI from 2007 to 2018
through interrupted time series regression. Wang et al. (2017) fit-
ted hepatitis A monthly data using autoregressive integrated mov-
ing average (ARIMA) models to predict seasonal hepatitis A
trends, while Rezaei et al. (2021) established two independent spa-
tiotemporal mixed models (GLMM) to predict the prevalence of
hepatitis B among blood donors in Iran, and Jeong et al. (2023)
used Bayesian Poisson regression models to study the spatiotem-
poral changes of hepatitis A in Korea.

Several studies have investigated the impact of socioeconomic
and epidemiological factors on hepatitis A in different countries.
For instance, Tapia-Conyer et al. (1999) indicated a significant
reduction in the HAV rate in Brazil, Argentina and Mexico under
moderate to high socioeconomic conditions. Mantovani et al.
(2015) found poorer socioeconomic conditions in high-incidence
areas of hepatitis A in Brazil emphasizing the need to improve
health conditions and water treatment in the western Amazon
region of Brazil to reduce outbreaks of infectious diseases.
Copado-Villagrana et al. (2021) pointed out that HAV infections
mainly occur in major metropolitan areas in southern and western
Mexico, possibly related to the poor medical services in the most
marginalized areas. Shanmugam et al. 2021 demonstrated a recent
decrease in primary HAV infections in elderly populations in India
with improved living conditions. Villar et al. (2002) found an
increase in HAV infections during the rainy season in Brazil. In
Para State, Brazil, there was a positive correlation between month-
ly cumulative precipitation and HAV incidence (Leal et al.,
2021b), while Tosepu (2021) found a strong relationship between
HAV and weather changes, especially related to rainfall and floods
in several regions including Spain, India, China and Egypt.

Given the high risk of morbidity and mortality associated with
hepatitis A, implementing spatiotemporal monitoring and identify-
ing risk factors is crucial for determining targeted interventions,
rapid detection, and prioritizing resource allocation (Zhao et al.,
2023). This study employed spatial autocorrelation and spatiotem-
poral scan statistics to analyze the spatiotemporal characteristics of
hepatitis A data from 31 provinces in mainland China from 2004 to
2019 covering key epidemiological indicators such as incidence,
rates and cumulative number of cases (Qian et al., 2023). Building
upon this, the study utilized a Geographical and Temporal
Weighted Regression (GTWR) model (Chu et al., 2018) to exam-
ine the determinants of disease outbreaks in space and time. The
results suggest that the combined use of spatial autocorrelation and
spatiotemporal scan statistics in spatiotemporal feature analysis
can provide comprehensive information on the spatiotemporal dis-
tribution of epidemics. This would aid the formulation of targeted
intervention policies at different stages of epidemic development
and offer valuable insights for understanding the spread and con-
trol of epidemics. Our aim was to demonstrate the applicability and
limitations of different analytical tools in studying the spatiotem-
poral dynamics of disease outbreaks and investigate the spatiotem-
poral changes of hepatitis A in mainland China and the impact of
socioeconomic factors. Following a discussion of the applicability

and effectiveness of spatiotemporal analysis methods for hepatitis
A, future prevention and control strategies are outlined.

Materials and Methods

Data sources
The disease data used in this study consisted of annual hepati-

tis A case information from 31 provinces, autonomous regions, and
municipalities in mainland China from 2004 to 2019. These data
were sourced from the Chinese Disease Prevention and Control
Information System, including indicators such as the number of
cases and incidence rates. Other data, such as population birth
rates, number of enterprise units, number of hospitals and public
transportation, were obtained from the National Bureau of
Statistics. Weather-related indicators like precipitation were
sourced from the National Meteorological Information Center.

Methodologies applied
Time series analysis displayed the temporal trends of hepatitis

A incidence rates (number of new cases per 100,000 people annu-
ally) at the national and provincial levels. Box plots were used to
present basic statistical data (e.g., median, minimum, upper quar-
tile Q3, and lower quartile Q1) and identify outliers in incidence
rates to showcase the overall temporal trends of hepatitis A infec-
tion rates. The study period (2004–2019) was divided into three
periods: 2004–2008, 2009–2013 and 2014–2019, with tables illus-
trating the specific incidence rates and growth rates for each
provincial unit during them. Additionally, Chi-square linear corre-
lation tests were conducted on the incidence rates to identify units
showing significant trends.

The study employed two complementary methods to identify
spatial clustering of HAV: spatial autocorrelation analysis (Tang et
al., 2016) and retrospective space-time scan analysis (Guerrero-
Vadillo et al., 2022). Spatial autocorrelation analysis is primarily
used to investigate whether the attribute values on spatial units in
a region are correlated with the same attribute values on neighbor-
ing spatial units, serving as a method to measure the degree of
aggregation and dispersion of attribute values on spatial units (Liu
et al., 2013; Xia et al., 2015; Ge et al., 2016,), including global
spatial autocorrelation analysis and local spatial autocorrelation
analysis. Global spatial autocorrelation mainly reflects the spatial
distribution characteristics of attribute values across the entire
region. By calculating the Global Moran’s I (ranging from -1 to 1)
and conducting a Z-test on thisvalue, the type of spatial distribu-
tion of attribute values is determined to be clustered, random or
dispersed (Varga et al., 2015). When p> 0.05, the spatial distribu-
tion of attribute values is random; when it is lower, the spatial dis-
tribution of attribute values is non-random. A Global Moran’s
Ivalue> 0andp< 0.05 indicate a positive spatial correlation of
attribute values, with a larger value of the Global Moran’s I indi-
cating a more pronounced clustering effect in the spatial distribu-
tion of attribute values; a Global Moran’s I< 0 and p< 0.05 indicate
a negative spatial correlation of attribute values, with a smaller
value of the Global Moran’s I indicating a more pronounced dis-
persion effect in the spatial distribution of attribute values (Abbas
et al., 2015).

Local spatial autocorrelation reflects the spatial distribution
characteristics of attribute values in local regions (Li et al., 2023).
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In this study, Local Moran’s I was used to indicate the spatial auto-
correlation of each provincial unit with surrounding units (Pavinati
et al., 2023). The range of Local Moran’s I is also [-1,1] and its
interpretation is similar to that of Global Moran’s I. Local Moran’s
I is useful for detecting spatial clusters and can thus aid in reveal-
ing the spatial change patterns of hepatitis A with respect toeach
provincial unit. Figure 1 illustrates the spatial distribution map of
the epidemic, where each square represents a provincial unit, and
colors represent the incidence rates. Local Moran’s I can detect
four types of clusters, reflecting high-high (HH), high-low (HL),
low-low (LL), and low-high (LH) clustering patterns (de Oliveria
Sousa et al., 2023).

For both global and local Moran’s I, Monte Carlo randomiza-
tion (99,999 permutations) was used to assess significance, with
the null hypothesis being that hepatitis A infection cases in China
were distributed completely randomly (de Oliveria Sousa et al.,
2023, Owada et al., 2022). Retrospective spatiotemporal scan
statistics were based on the discrete Poisson distribution spa-
tiotemporal model using SatScan 9.5 software
(https://www.satscan.org/). Scan windows for confirmed cases in
each of the 31 province-level administrative divisions in China
were constructed annually, with the time scale parameter set at the
annual level and the spatial scale parameter at 50% of the study
area (Sawires et al., 2023). Expected case counts were inferred
based on actual confirmed case counts and the total population in
each area. The Likelihood Ratio (LLR) log was used as the test
statistic based on the actual and expected confirmed case counts
inside and outside the scan window. The p-value indicates the
probability of observing the sample under the given null hypothe-
sis. This study was used to assess the confidence of the statistical
results (An et al., 2020).

Results 

Epidemiological trends
Based on the inclusion of hepatitis A vaccine in the immuniza-

tion program timeline, the study period was divided into three
phases: 2004-2008, 2009-2013 and 2014-2019. To analyze the
provincial disparities and trends in hepatitis A incidence rates in
mainland China from 2004 to 2019, a hierarchical treemap was
used to visualize the provincial distribution of hepatitis A inci-
dence rates during the study period. As seen in Figure 2, horizontal
comparisons of incidence rates across different regions in the same
year and vertical comparisons of incidence rates within the same
region across different years were conducted. The horizontal com-
parison shows that the high incidence areas of hepatitis A are clus-
tered in the north-western region of China, such as Xinjiang, Tibet,
Gansu and Qinghai, while most of the eastern provinces show low
incidence areas, especially in the cities of Shandong and Tianjin;
the results of the longitudinal comparison show that the first study
period (2004-2008) is the period of high incidence of hepatitis A.
This is consistent with the actual situation in China, where the
north-western part of the country is a high-prevalence area for hep-
atitis A due to poor hygiene conditions and relatively low econom-
ic development. After vaccination was introduced into the national
immunisation programme in 2008, with free vaccination of chil-
dren, the incidence of hepatitis A in north-western China decreased
significantly in the second study period (2009-2013) and then sta-
bilized in the third study period (2014-2019), which did not show

a decrease in incidence due to changes in education levels and pop-
ulation size in different age groups.

A combination of factors may have influenced the incidence of
hepatitis A, which is consistent with the results of the GTWR anal-
ysis. Figure 3 illustrates the temporal trends of the incidence rates,
with suspected outliers and outliers identified on the graph. It is
evident that since 2004, the upper quartile, median, lower quartile
and mean hepatitis A incidence rates have significantly decreased.
Outliers were predominantly found in western China, with
Xinjiang being consistently identified as a suspected or actual out-
lier since 2005, and Liaoning showing outlier behavior in the final
period (2014-2019), which is consistent with the incidence patterns
seen in Figure 2. Factors contributing to this include poor dietary
and hygiene habits in Xinjiang, due to lifestyle and trade interac-
tions as well as Liaoning’s coastal cities facing water pollution
leading to hepatitis A virus accumulation in the seafood, which is
consumed raw by residents. Therefore, vaccination should be fur-
ther strengthened in areas with high incidence of hepatitis A (e.g.
north-western provinces such as Xinjiang and Tibet), especially
targeting mobile populations to ensure comprehensive and effec-
tive vaccination coverage to reduce the risk of hepatitis A transmis-
sion. In coastal cities, focus on reducing water pollution and pro-
moting the consumption of safe seafood to reduce the risk of infec-
tion from uncooked food.

To better understand the temporal trends of hepatitis A, we also
calculated the growth trends of hepatitis A incidence rates for each
provincial unit across the three periods, as shown in Table 1.
Provinces with significant linear trends are highlighted in bold.
Overall, there is a declining trend in incidence rates over the years,
with most provincial units aligning with this overall trend.
However, some provincial units exhibit significant differences in
hepatitis A growth rates, with some even showing opposite trends.
For instance, Shanxi and Xinjiang saw increases of 21.3% and
39.3% in the incidence rates during the period of 2009-2013,
sharply contrasting with the average growth rate of just above 50%
for all provincial units. Similarly, Shanghai experienced a 90.7%
increase in the third period, which is significantly higher than the
average rate of change-36%.

Global spatial autocorrelation
From Table 2, it can beobserved that the Global Moran’s I val-

ues regarding the hepatitis A incidence rates for the years 2004-
2015 and 2017-2019 exceeded 0.2 with Z-values greater than 1.96,
which indicates statistical significance. Thus there was a strong
positive correlation and clustered spatial distribution pattern of
hepatitis A incidence rates during these periods. In contrast, the
value in 2016 did not exceed 0.2, indicating weak global spatial
autocorrelation. Additionally, the Z-value after standard normal-
ization was less than the critical value of 1.96 for a normal distri-
bution at a significance level of p = 0.05, which shows that the
inter-provincial spatial differences in hepatitis A incidence rates in
2016 were not significant, but instead displaying a random distri-
bution pattern.

Local spatial autocorrelation
Figure 4 illustrates the visual results of the local spatial auto-

correlation analysis of hepatitis A incidence rates. However, only
units with Local Moran’s I at a significance level of p = 0.05 or
better are displayed on the map. In general, during the first part of
the study period (2004-2008), all HH clusters were located in the
western regions of China (Tibet Autonomous Region, Qinghai,
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Gansu, Sichuan), a clustering pattern that persisted until the early
stages of the second part of the study period (2009-2013). The
change already started in 2010 when Tibet transitioned out of the
HH cluster area into an LH cluster state. Later in the second study
period, Tibet reverted to an HH cluster state and in the third (2014-
2019), Qinghai moved out of the HH cluster area. Eventually, the
North (Inner Mongolia Autonomous Region, Beijing, Tianjin,
Hebei, Shanxi), East (Shandong, Jiangsu, Shanghai, Zhejiang,
Fujian) and Central (Henan, Hubei, Hunan) China regionsall
exhibited LL cluster characteristics. By the end of the first part of
the study period (2007, 2008), Inner Mongolia showed a trend of
moving away from the LL cluster area, something that was com-
pleted by the end of the third study period, with the LL cluster area
gradually shrinking inthe East. The HL clusters appeared more ran-
domly, showing a pattern of change only between 2013 and 2019,

with Shanxi and Liaoning being the two units displaying HL clus-
ter features, while the Tibet Autonomous Region exhibited LH
cluster features only in 2010 and 2011.

Scan statistics
The spatiotemporal characteristics based on scan statistics uti-

lized a retrospective space-time scan method to investigate the spa-
tial clustering distribution of HAV-diagnosed cases. The Markov
Chain Monte Carlo (MCMC) algorithm was employed to simulate
999 datasets, and the scan window with the highest anomaly level
was determined based on the ranking of real data within the simu-
lated datasets and the calculated p-values. Unusually high or low
disease incidence was detected by scanning spatial and temporal
windows of varying sizes and identifying the spatial and temporal

                   Article

Table 1. Change in the rate of hepatitis A incidence in Chinaover the study period.

Region                                                                                    Hepatitis A(cases per 100,000)
                               2004-2008 Change (%)                               2009-2013 Change (%)                                 2014-2019 Change (%)

Beijing                              3.07-1.64(-46.8)**                                                    0.92-0.43(-53.8)                                                      0.68-0.51(-24.5)**
Tianjin                              1.42-0.43(-69.69)**                                                 0.31-0.26(-16.78)                                                    0.48-0.38(-20.46)**
Hebei                                2.83-1.76(-37.67)**                                                1.13-0.69(-38.78)*                                                   0.85-0.60(-29.71)**
Shanxi                              3.60-2.69(-25.25)**                                                2.14-2.59(21.28)**                                                    3.39-4.00(18.03)*
Neimenggu                      5.78-2.70(-53.27)**                                                 2.00-1.20(-39.86)                                                    1.19-0.92(-22.75)**
Liaoning                           8.09-4.33(-46.44)**                                                 3.36-2.40(-28.49)                                                     3.89-5.70(46.58)**
Jilin                                  6.60-1.62(-75.40)**                                               1.64-0.60(-63.69)**                                                  0.67-0.93(38.80)**
Heilongjiang                    5.16-1.22(-76.44)**                                               1.03-0.59(-43.03)**                                                  0.63-0.71(12.56)**
Shanghai                          3.69-1.66(-54.96)**                                                 1.29-0.54(-58.21)                                                     0.82-1.56(90.67)**
Jiangsu                             4.76-2.56(-46.23)**                                               1.83-0.70(-61.87)**                                                   0.85-0.91(7.44)**
Zhejiang                           8.51-2.88(-66.16)**                                                2.11-0.86(-59.11)**                                                   0.93-0.89(-4.17)**
Anhui                               5.54-2.55(-53.91)**                                               1.74-1.33(-23.42)**                                                    1.19-0.82(-31.40)
Fujian                               6.15-3.18(-48.28)**                                               2.99-1.33(-55.65)**                                                  1.44-1.15(-20.08)**
Jiangxi                              9.08-4.24(-53.26)**                                               3.03-0.75(-75.30)**                                                   0.67-0.63(-5.60)**
Shandong                         2.15-0.66(-69.16)**                                                 0.55-0.41(-24.33)                                                    0.68-0.48(-29.29)**
Henan                               9.18-4.53(-50.61)**                                               4.28-1.00(-76.58)**                                                  0.79-0.22(-72.09)**
Hubei                               5.88-3.66(-37.79)**                                               3.29-1.67(-49.22)**                                                  1.61-1.41(-12.67)**
Hunan                                3.00-2.32(-22.91)                                                  1.96-0.96(-51.22)**                                                    0.97-0.84(-12.90)
Guangdong                        2.37-1.84(-22.44)                                                    1.85-1.33(-27.91)                                                       1.52-1.43(-6.36)
Guangxi                            4.56-3.65(-20.01)*                                                2.92-1.42(-51.35)**                                                    1.84-1.60(-13.45)
Hainan                               13.60-4.66(-65.70)                                                2.99-1.25(-58.07)**                                                  1.03-0.71(-31.26)**
Chongqing                      12.70-6.75(-46.81)**                                              5.35-3.02(-43.68)**                                                  3.39-2.30(-32.27)**
Sichuan                           11.47-6.26(-45.39)**                                              5.84-4.19(-28.31)**                                                  3.23-2.26(-30.09)**
Guizhou                            16.87-15.79(-6.37)                                                9.62-1.03(-89.32)**                                                  1.25-0.73(-41.67)**
Yunnan                             12.14-11.41(-6.00)*                                                8.65-2.94(-66.00)**                                                  2.45-1.93(-21.00)**
Xizang                               18.34-17.99(-1.90)                                                  14.04-7.89(-43.81)                                                     5.86-2.94(-49.94)
Shaanxi                            7.19-3.44(-52.13)**                                               2.62-1.29(-50.80)**                                                  1.07-0.65(-39.58)**
Gansu                               27.55-16.82(-38.95)                                              12.15-3.22(-73.52)**                                                  2.61-2.82(8.06)**
Qinghai                            18.03-15.18(-15.81)                                                11.71-10.69(-8.66)*                                                  7.37-6.25(-15.23)**
Ningxia                             20.60-18.62(-9.60)                                                17.17-1.42(-91.72)*                                                    2.09-2.14(2.03)**
Xinjiang                           20.85-16.04(-23.08)                                                 8.88-12.38(39.34)                                                     26.17-4.23(-83.82)
SUM                                   9.06-5.91(-35)**                                                     4.50-2.27(-51)**                                                       2.63-1.70(-36)**
Percentages highlighted in bold indicate units exhibiting significant linear trends within the sub-period; *statistically significant at p=0.01; **statistically significant at p=0.005;
***statistically significant at p=0.001.
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location and duration of clusters. The results of the retrospective
space-time scans are shown in Figure 5. From 2004 to 2019, five
hepatitis A cluster categories were identified. The five cluster types
(I-V) indicate areas of clustering with different levels of signifi-
cance or risk, with type I being the main cluster, indicating that the
area has a significantly higher than expected incidence of hepatitis
A and is likely to be a major hotspot of outbreak transmission. The
clusters are arranged in ascending order of risk, so that the other
types of clustering are also explained. During the first two study
periods (2004-2013), Type I clustering of hepatitis A was concen-
trated in the western regions of China with Tibet at the center
(involving 9 provinces), characterized by a large cluster area and
low spatial clustering intensity. Clusters of Type II and Type IV
persisted in Henan and Liaoning units, respectively, with small
cluster ranges making them indiscernible on the map. Type III
clusters were consistently observed in the south-eastern and
coastal areas with Jiangxi at the centre indicating high spatial clus-
tering intensity due to their smaller cluster areas.

In the third study period (2014-2019), the spatial cluster areas
increased to five categories. The Type I area significantly reduced
in size and was only observed in Xinjiang. The western regions of
China (excluding Tibet) exhibited Type III clustering, with larger
cluster areas, with and reduced spatial clustering intensity com-
pared to the previous two periods. The coastal the area shifting
southwards focusing Guangdong as Type IV clustering. Type II
and Type V clusters were observed in the Henan and Liaoning
units, respectively, with small cluster ranges making them indis-
cernible on the map. The p-values met the criteria, thus these
results were deemed reasonable. Table 3 provides more detailed
information regarding the results of the space-time scan.

Relevant influencing factors
GTWR was used to quantify the impact of relevant influencing

factors from 2004 to 2019 on the hepatitis A incidence rate. This
covered 15 factors and the results indicated that 13 significantly
influenced the hepatitis A incidence rate, albeit atvarying degrees.
Education level emerged as a primary factor showing a significant

negative correlation with the incidence rate, suggesting that
increased education levels may reduce the incidence rate of hepati-
tis A. Population numbers in various age groups also exhibited sig-
nificant impacts on the incidence rate, with a strong positive corre-
lation observed for the population aged 0-14 years, indicating that
changes in population numbers across different age groups could
affect the transmission pathways and prevalence of hepatitis A.
This aligns with the observed outbreak of the disease during 2005-
2009, that occurred especially in rural areas in primary and sec-
ondary schools, which can explain the surge in incidence rates in
remote regions such as Xinjiang, Tibet, and Qinghai as depicted in
Figure 5(a) and 5(b).It is recommended that health education for
high prevalence areas should be strengthened and basic health
knowledge should be promoted, especially in rural areas where
educational resources are weak, to raise awareness of hepatitis A
prevention and control.
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Table 2. Spatiotemporal clustering of hepatitis A epidemic in mainland China based on global spatial autocorrelation.

Year                            Moran’s I                                 Z                                                   p                                               Spatial pattern

2004                                    0.4823                                     5.8991                                                  <0.05                                                        Clustered
2005                                    0.3952                                     5.3303                                                  <0.05                                                        Clustered
2006                                    0.4297                                     5.4897                                                  <0.05                                                        Clustered
2007                                    0.2843                                     3.8781                                                  <0.05                                                        Clustered
2008                                    0.5501                                     6.6170                                                  <0.05                                                        Clustered
2009                                    0.5065                                     6.2580                                                  <0.05                                                        Clustered
2010                                    0.2008                                     3.4510                                                  <0.05                                                        Clustered
2011                                     0.3052                                     4.1803                                                  <0.05                                                        Clustered
2012                                    0.5521                                     7.2940                                                  <0.05                                                        Clustered
2013                                    0.6196                                     8.2661                                                  <0.05                                                        Clustered
2014                                    0.2476                                     6.3364                                                  <0.05                                                        Clustered
2015                                    0.5306                                     8.6785                                                  <0.05                                                        Clustered
2016                                    0.0851                                     1.9001                                                  <0.05                                                        Clustered
2017                                    0.3096                                     4.4891                                                  <0.05                                                        Clustered
2018                                    0.4995                                     6.4041                                                  <0.05                                                        Clustered
2019                                    0.2191                                     2.9825                                                  <0.05                                                        Clustered

Figure 1. Four types of spatial clusters detected by local Moran’s
I. HH, high-high; HL, high-low; LH, low-high; LL, low-low.
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Figure 2. Spatiotemporal clustering of hepatitis inmainland China2004-2019. 
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Furthermore, the urban water supply rate showed a significant
negative correlation with the incidence rate of hepatitis A, suggest-
ing that widespread urban water supply may reduce its transmis-
sion. This explains the persistently high incidence rates and case
numbers in Xinjiang compared to other regions as shown in
Figures 5(c) and 5(d). In the third study period of this research,
mainland China had universally implemented the hepatitis A vac-
cine, which hasled to a significant decrease in incidence rates in
other regions compared to the first two study periods. However,
Xinjiang, located in an inland arid region with relatively scarce
water resources, faced challenges, such as substandard drinking
water quality or insufficient water supply, increasing the risk of
transmission of waterborne this type of infectious
diseases.Therefore, the government should prioritize improving
water supply conditions in remote and arid areas to ensure safe
water for residents and reduce the incidence of water-borne dis-
eases. In addition, factors such as disposable income, number of
hospitals and rail transport, while having a relatively small impact
on the incidence of hepatitis A, still showed some degree of corre-
lation indicating their importance in influencing the incidence of

the disease. For example, increasing healthcare resources in
remote areas could improve early detection and control of disease,
thereby helping to manage and prevent hepatitis A outbreaks. In
addition, the expansion of rail transport may affect the frequency
of population movements suggesting the need to strengthen hepati-
tis A prevention measures at transport hubs.

Discussion
This paper, analyzed the spread of hepatitis A to provide a sci-

entific basis for future responses to similar major public health
events by combining temporal analysis methods with a geographi-
cal perspective,. We discussed two methods, namely spatial auto-
correlation analysis and retrospective space-time scan statistics,
and their application to the spatiotemporal development of hepati-
tis A epidemic in China from 2004 to 2019, spanning 16 years. The
results revealed four main spatial clusters: i) the Huaxi region, pri-
marily Tibet, Qinghai, etc.; ii) the Huazhong region, mainly
Henan; iii) the southeastern coastal region, mainly Fujian, Jiangxi;

                                                                                                                                Article

Table 3. Analysis of temporal and spatial aggregation of confirmed hepatitis A cases in mainland China 2004-2019.

Year                 Time      Cluster type    Coordinates       Population                    Location                  Cases       RR        LLR            p
                       (Year)                                and radius                                              (ID below)                (No.)                         

2004-2008               2006-2007                    1                         29.646222N                   251,805,096          XZ, SC, QH YN,GS, CQ, GZ, XJ, NX     73,920           2.98      2,8045.111693      <0.001
                               91.122398E
                               1,700.26 km                                                                                                                                                   
                                     2004                         2                         34.743303N                         0 km                                      94,554,732                             HEN            8896              1.63           893.532133
                                                                                                 113.640689E
                                     2004                         3                         26.128575N                    469.76 km                                 129,961,880                        FJ, JX, XJ       10100             1.40           506.136932
                                                                                                 119.290632E
                                     2004                         4                         41.740251N                         0 km                                      42,644,776                               LN              3369              1.41           174.644224
                                                                                                123.473718E
2009-2013               2009-2010                    1                         29.646222N                   254,216,596         XZ, SC, QH, YN, GS, CQ, SC, XJ, NX     40454            4.24      2,4034.094221      <0.001
                                                                                                  91.122398E
                                                                                                 1,700.26 km                             
                                     2009                         2             34.743303N 113.640689E              0 km                                      94,197,267                             HEN            4036              1.84           605.011458
                                     2009                         3                         28.709753N                   102,385,531                                  JX, HUB                               3213             1.36         132.712071              
                                                                                                 115.848365E
                                                                                                   265.98 km                               
                                     2009                         4                         41.740251N                         0 km                                      43,756,459                               LN              1449              1.43            80.654391
                                                                                                123.473718E
2014-2019               2014-2016                    1                         43.921532N                    24,409,906                                        XJ                                   13299           13.95     2,2048.653138      <0.001
                                                                                                  87.590117E
                                                                                                       0 km                                   
                                2014-2016                    2                         41.740251N                         0 km                                      43,299,331                               LN              6625              3.52          3507.854230
                                                                                                123.473718E
                                2014-2016                    3                         36.080212N                   226,094,131               GS, QH, NX, SAX, SC, CQ, SX           17779            1.89       2,664.929947
                                                                                                103.818506E
                                                                                                   802.61 km                                                                                  
                                     2014                         4                         23.190597N                   17,5715,639                             GD, HAN, GX                          2585             1.06           4.007620            0.827
                                                                                                 113.235948E
                                                                                                   501.58 km                              
                                     2014                         5                         30.669442N                    58,835,691                                      HUB                                   936              1.08           2.644523            0.996
                                                                                                 114.266197E
                                                                                                       0 km                                   
RR, Relative risk; LLR, Log-likelihood ratio; BJ, Beijing, TJ, Tianjin, HEB, Hebei, SX, Shanxi, NMG, Neimenggu, LN, Liaoning, JL, Jilin, HLJ, Heilongjiang, SH, Shanghai,
JS, Jiangsu, ZJ, Zhejiang, AH, Anhui, FJ, Fujian, JX, Jiangxi, SD, Shandong, HEN, Henan, HUB, Hubei, HUN, Hunan, GD, Guangdong, GX, Guangxi, HAN, Hainan, CQ,
Chongqing, SC, Sichuan, GZ, Guizhou, YN, Yunnan, XZ, Xizang, SAX, Shaanxi, GS, Gansu, QH, Qinghai, NX, Ningxia, XJ, Xinjiang.
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iv) the northeastern region, mainly Liaoning. Temporally, from
2004-2008, the hepatitis A epidemic situation improved with the
enhancement of the social environment and nationwide popularity
of vaccines resulting in a gradual decrease in incidence rates but
still at high levels. During this period, hepatitis A spread widely in
China, showing multiple clusters. By the end of the study, particu-
larly in 2014, the hepatitis A epidemic significantly alleviated, with
incidence rates fluctuating within a small range thereafter. This
study conducted spatiotemporal epidemiological analysis of HAV
to provide a basis for targeted prevention and control strategies in
mainland China. Comparing the results, it is evident that each of
the two methods applied has its own strengths and limitations
when applied to spatiotemporal analysis of hepatitis A. The spatial
autocorrelation analysis targeting neighbouring geographic units
not only indicates the degree of uneven distribution of incidence
rates, but also identifies various types of spatial clusters based on
spatial weight matrices (Hu et al., 2014). While this approach is
limited to a specific time points, retrospective space-time scan
statistics provide a supplement by effectively utilizing time and
spatial information. However, the latter analysis is heavily influ-
enced by the provided geographic data and can only identify lim-
ited types of spatial clusters (Oviedo et al., 2009). As shown in this
study, during the first two study periods (2004-2013), Henan and
Liaoning units exhibited spatial clustering, making it challenging
to accurately visualize this situation spatially due to the small clus-
ter ranges. Based on the strengths and weaknesses of various spa-
tiotemporal analysis methods and their applications in the HAV
transmission, we can summarize their applicability and effective-
ness. Spatial autocorrelation analysis is suitable for the early and
stable stages of hepatitis A transmission. In the early stage of hep-
atitis A transmission, this approach can assess the spatial clustering
and transmission trends of the epidemic, aiding in identifying the
transmission patterns and cluster areas. In the stable stage of the
epidemic, spatial autocorrelation analysis assists the understanding

of the ongoing spread of the epidemic, evaluates the interactions
between different regions and provides guidance for targeted inter-
ventions. Retrospective space-time scan analysis is applicable dur-
ing theoutbreak and following cluster formation. During the for-
mer period, retrospective space-time scan analysis helps identify
cluster areas and periods of the epidemic, as well as potential
sources, guiding the prioritization and scope of epidemic control
and prevention measures. In the latter, retrospective space-time
scan analysis assists in monitoring the spread and evolution trends
of hepatitis A, promptly identifying new cluster areas and provid-
ing timely decision-making support for epidemic control.

Overall, the reported cases from all provincial units indicate
that China still faces a significant threat from hepatitis A, with
Global Moran’s I incidence rate reaching the significant level of
0.05 in this study stage demonstrating spatial concentration of
reported cases. This aligns with previous research on the distribu-
tion of this infection and reveals different spatial variation patterns
at different times and locations. From 2004 to 2019, there was a
decreasing trend in the incidence rate, with HH cluster areas
remaining relatively stable but gradually shrinking. In the first
study period (2004-2008), all HH cluster areas were located in
western China, while only Qinghai had completely moved out of
the this area by the end of the third study period in 2019. Space-
time scan analysis highlighted the severe prevalence of hepatitis A
in the western regions. This prevalence pattern can be attributed to
two main factors: firstly, large-scale hepatitis A vaccination cam-
paigns were conducted in the 1990s. Both the live attenuated and
the inactivated hepatitis A vaccines were included in the national
immunization program as Class A vaccines (the national immu-
nization program defines Class A vaccines as those being manda-
tory for all citizens and provided free of charge, while Class B vac-
cines are defined  as optional, with people pay for them on a vol-
untarily basis); secondly, hepatitis A is a fecal-oral transmitted hep-
atitis, and the relatively underdeveloped economy of the western
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Figure 3. The temporal trends of hepatitis A incidence rates during the study period.
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Figure 4. The spatiotemporal clustering of hepatitis A in mainland China based on local autocorrelation
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Figure 5. Spatiotemporal clustering of the population diagnosed with  hepatitis A in mainland China based on space-time scan. 

Figure 6. Hepatitis A infection rates in the province-level administrative divisions of mainland China over the study period. Panel a to c
show the annual incidence rate changes over the three periods of the study; panel d shows annual number of cases over the entire study
period.
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region, with its harsh living environment, faces more difficulties in
ensuring food and water security, which explains why the HH
areas were remained longer in this region. Based on the above, the
following public health strategy recommendations were made to
guide resource allocation and risk assessment: the less developed,
high-prevalence areas in the West should be given priority to allo-
cating resources for vaccines, especially for vulnerable groups,
with increasing sentinel vaccination services to ensure vaccination
coverage; secondly, water and food safety measures should be
strengthened by promoting safe drinking water projects and health
education to reduce the risk of transmission. In addition, it was rec-
ommended that a dynamic disease surveillance system be estab-
lished to track changes in cases in real time through spatial and
temporal analysis, and that a risk alert system be established in
high-prevalence areas to improve response efficiency; thirdly,
long-term, investment should be made in the construction of sani-
tation facilities in the western region to improve living conditions
and reduce the risk of infection through the faecal-oral route of
transmission. Finally, China’s healthcare conditions have signifi-
cantly improved, breaking the contamination cycle of hepatitis A,
which also helps explain the yearly decrease its incidence rate.

Conclusions
Under incomplete geographical data and precision, appropriate

spatiotemporal analysis methods or a combination of multiple
methods and technologies can be selected based on different stages
of epidemic development, research purposes, and societal condi-
tions to comprehensively understand and evaluate the spatial dis-
tribution and transmission characteristics of hepatitis A virus,
thereby obtaining more comprehensive and accurate spatiotempo-
ral distribution information of the epidemic to formulate corre-
sponding prevention and control strategies. This information pro-
vides the scientific basis for public health policy-making, resource
allocation, and epidemic prevention and control, holding signifi-
cant reference value for future similar public health events.
However, the prevention and control of viral hepatitis A in China
still requires long-term efforts. Due to the different epidemiologi-
cal trends in different provinces, it is impossible to develop a uni-
fied prevention and control programme. To respond effectively to
the hepatitis A epidemic, measures should be adapted to the char-
acteristics of the spatial and temporal distribution of the virus and
the situation in each province. At the same time, the government
needs to strengthen coordination in the health, food safety and
insurance sectors to improve the synergy of interventions. Locally

                                                                                                                                Article
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Figure 7. Correlation coefficients of factors influencing the incidence of hepatitis A. C, case count; M, morbidity, BR, birth rate (‰); TP,
total population (divided by 10,000); I, industries; H,  hospitals; DI, disposable income (USD); RT, rail transport(vehicles); UWPR, urban
water penetration rate (%); WWD, wastewater discharge (tonnes); E,  education; 0-14, population aged 0-14 years (divided by 10,000);15-
64, population aged 15-64 (divided by 10,000); 65aa, population aged ≥65 years and over (divided by10,000); P, precipitation (mm).
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tailored prevention and control strategies can help to address
regional disparities, thereby enhancing the overall prevention and
control effect.
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