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Abstract

Background The effect of urbanization on the morbidity of hepatitis A remains unclear. We aimed to estimate the
association between various urbanization-related indices and hepatitis A morbidity in China.

Methods Data on the annual morbidity of hepatitis A, urbanization-related measures (i.e., gross domestic product
per capita, the number of hospitalization beds per 1000 persons, illiteracy rate, tap water coverage, motor vehicles per
100 persons, population density, and the proportion of arable land), and meteorological factors in 31 provincial-level
administrative divisions of Chinese mainland during 2005-2018 were collected from the National Population and
Health Science Data Sharing Platform, China Statistical Yearbooks, and the China Meteorological Data Sharing Service
System, respectively. Generalized linear mixed models were applied to quantify the impacts of different urbanization-
related indices on the morbidity of hepatitis A in China after adjusting for covariates.

Results A total of 537,466 hepatitis A cases were reported in China during 2005-2018. The annual morbidity had a
decline of 79.4% from 5.64 cases to 1.16 cases per 100,000 people. There were obvious spatial variations with higher
morbidity in western China. Nationally, gross domestic product per capita and the number of hospitalization beds
per 1000 persons increased from 14,040 to 64,644 CNY and from 2.45 to 6.03 during 2005-2018, respectively. The
illiteracy rate decreased from 11.0 to 4.9%. Gross domestic product per capita [relative risk (RR) =0.96, 95% confidence
interval (C/): 0.92-0.99], and the number of hospitalization beds per 1000 persons (RR=0.79, 95% CI: 0.75-0.83) were
associated with the declined morbidity of hepatitis A. By contrast, the increased morbidity of hepatitis A was linked
to the illiteracy rate (RR=1.04, 95% Cl: 1.02-1.06). Similar influential factors were detected for children and adults, with
greater effects witnessed for children.

Conclusions People in the western region suffered the heaviest burden of hepatitis A in Chinese mainland. Nation-
ally, there was a sharp decline in the morbidity of hepatitis A. The urbanization process was associated with the reduc-
tion of hepatitis A morbidity in China during 2005-2018.

Keywords Hepatitis A, Morbidity, Urbanization, Generalized linear mixed model, China

*Correspondence: Background

LiL A remarkable urban growth has been witnessed in the
lylygdsg@163.com . o . .
Chun-Ouan Ou past few decades, with people living in towns and cit-
ouchunquan@hotmail.com ies shooting up from 751 million in 1950 to 4.2 billion
1 H . . . .

Stqte Ker paboratory of Organ Faﬂgre Research, Departmen.t in 2018 globally [1] And the rising trend is expected
of Biostatistics, Guangdong Provincial Key Laboratory of Tropical A . .

Disease Research, School of Public Health, Southern Medical University, to maintain. By 2050, approximately seven out of ten
Guangzhou 510515, Guangdong, China individuals will live in urban areas [2]. Urbanization

may have two-sided effects on the prevalence of some

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40249-023-01104-0&domain=pdf
http://orcid.org/0000-0001-6866-7213

Ming et al. Infectious Diseases of Poverty (2023) 12:56

non-communicable diseases, such as cardiovascular
diseases and diabetes, because of changes in dietary
intake and physical activities [3]. There are particularly
many uncertainties and complexities in the association
between increased urbanization and infectious diseases.
The economic and environmental development and the
improvement in education, sanitation, and healthcare
services brought by urbanization facilitate the preven-
tion and control of some infectious diseases [4]. This is
the main reason for the remarkable reduction in the
global burden of most infectious diseases (e.g., diarrhoeal
diseases) over recent decades [5, 6]. On the contrary,
urbanization brings changes in the global climate [7], the
population density, and the human mobility, which may
exacerbate the spread of some infectious diseases like
dengue fever and coronavirus disease 2019 [8—11]. The
impact of urbanization presents regional heterogeneity.
For instance, in The Republic of Korea, people in urban
regions with the high population density were likely to
be infected with hepatitis A [12]. However, in the United
States, hepatitis tended to be prevalent in rural areas [13].

Hepatitis A is the most common acute viral hepatitis
worldwide caused by hepatitis A virus (HAV) [14] with
estimated 158.94 million cases in 2019 [15]. Understand-
ing the association between urbanization and hepatitis
A would have an important implication for the develop-
ment of prophylactic measures against hepatitis A. How-
ever, seldom did previous studies quantify the impact of
urbanization on hepatitis A. Three previous studies esti-
mated correlation coefficients between the seropreva-
lence of hepatitis A and socioeconomic factors such as
gross domestic product (GDP) per capita, the proportion
of the population with access to clean drinking water,
and the value of the human development index [16-18],
which did not take the adjustment for other urbaniza-
tion-related factors into account. Four prior studies esti-
mated the impact of urbanization-related factors, such as
the types of water supply, toilets, and residential areas on
the seroprevalence of hepatitis A in specific age groups
[19-22]. However, these studies focused on children and
young adults, and it might not be direct to generalize the
conclusion to the whole population because the seroprev-
alence in elderly people was strikingly different from that
in young people [23]. A random effects model was per-
formed to assess the contribution of urbanization to the
decline in the mortality of hepatitis A in Chinese main-
land during a 5-year period from 1995 to 2010 [24]. Mor-
tality represents the most severe cases. The fatality rate of
HAV infection was approximately 0.5% [25]. A study in
Korea estimated the effects of district-level urbanization-
related indicators on the morbidity of hepatitis A dur-
ing 2004—2008 [12]. However, the urbanization-related
data were available only for a specific year and were not
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temporally matched with the annual data on the morbid-
ity of hepatitis A. The results mainly explained the contri-
bution of urbanization to the spatial differences instead
of temporal variations in the morbidity of hepatitis A. It
is of great public health significance to fully examine the
effect of urbanization in the sense of the hepatitis A mor-
bidity over a longer period.

China, as the largest developing country, has under-
gone an unprecedented growth in urbanization [26,
27]. Interestingly, the morbidity of hepatitis A declined
during the recent three decades. In 1990, HAV led to
approximately 52.6 cases per 100,000 persons [28] and
308.5 thousand disability-adjusted life years (DALYs) in
China [29]. With the vigorous urbanization process, the
morbidity and DALYs associated with HAV infection
dropped to about 2.6 cases per 100,000 persons and 179.1
thousand in 2010 [29, 30]. This change may be in part due
to the comprehensive improvement of sanitary facilities
related to water supply, excrement disposal, and environ-
mental hygiene [4, 31, 32]. However, the extent to which
urbanization contributed to the decline in hepatitis A
burden in China warrants further investigations, espe-
cially over the last decade when the urbanization process
has sped up. Herein, we investigated the effects of several
urbanization-related indicators on the morbidity of hepa-
titis A, in an attempt to provide support for innovative
health policymaking.

Methods

Data sources

In all regions of Chinese mainland, the reporting and
registration of acute hepatitis A cases in the China Infor-
mation System for Disease Control and Prevention is
compulsory [33, 34]. When a hepatitis A-associated pub-
lic health event occurs, all cases must be notified timely.
And the health authority needs to regularly inform the
public of the morbidity of all notifiable infectious diseases
including hepatitis A. The annual numbers of hepatitis
A cases, including clinically-diagnosed and laboratory-
confirmed cases [35], reported from 2005 to 2018 across
31 provincial-level administrative divisions (PLADs) in
China, were extracted from the National Population and
Health Science Data Sharing Platform of the Chinese
Center for Disease Control and Prevention [36]. A patient
who felt ill to see a physician with relevant clinical symp-
toms, significantly elevated serum alanine aminotrans-
ferase, serum total bilirubin more than double the upper
normal limit and/or urine bilirubin positive can be clini-
cally diagnosed with hepatitis A. Laboratory-confirmed
cases were defined by any clinically diagnosed patient
with tests positive for the IgM antibody to HAV or tests
for the IgG antibody to HAV four times of increasing
(Additional file 1: Table S1) [30, 37-39]. Age-specific data
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for children aged <15 years and adults>15 years of age
were also collected.

Here, we considered multiple urbanization-related
indices, including socioeconomic indices (i.e., GDP
per capita, the urbanization rate, and the illiteracy rate
among adults), infrastructure indices (i.e., the tap water
coverage, the number of hospitalization beds per 1000
persons, and motor vehicles per 100 persons), the popu-
lation density, and the proportion of arable land. These
province-level annual data during the study period from
2005 to 2018 were extracted from China Statistical Year-
books [40]. Meteorological data, including the annual
mean temperature, accumulated precipitation, and sun-
shine duration were downloaded from the China Mete-
orological Data Sharing Service System [41].

Statistical analysis

We present the spatial distributions of the hepatitis A
morbidity and major urbanization-related indices in 31
PLADs of China. The Global Moran’s I test was utilized
to determine whether there was a spatial autocorrelation
in the morbidity of hepatitis A [42, 43].

We assessed the influential factors of hepatitis A mor-
bidity using univariable analyses and then a multivari-
able analysis. Specifically, we firstly fitted a generalized
linear mixed model (GLMM) for each candidate variable.
Next, the Spearman correlation analysis was conducted
to explore the pairwise correlation between the variables
which were statistically significant in the univariable
analyses. If two or more variables were highly correlated
(r,>0.8 [44]), the variable with the stronger effect in the
univariable analyses was kept for further checking multi-
collinearity. Then, we calculated the variance inflamma-
tion factor (VIF) of the remaining variables, and the ones
with the VIF lower than ten were considered in the mul-
tivariable analysis [44].

A multivariable GLMM was constructed to assess the
effects of the selected variables on the morbidity of hepa-
titis A, specified as follows:

log(E(Yi)) =a; + y: + offset (log (Pop;,))
+ B1GDP;; + Bollliteracy,,
+ B3 Wateris + BaBeds
+ BsDensity,, + BePrecipitation;,
+ B7Intervention;

where Y;; denotes the number of hepatitis A cases of the
province i in the year ¢, Pop means the population size;
GDP means GDP per capita; Illiteracy represents the illit-
eracy rate; Water is the tap water coverage; Bed means
the number of hospitalization beds; Density is the popu-
lation density; Precipitation is the annual accumulated

Page 3 of 10

precipitation; Intervention, standing for the imple-
mentation of the Expanded Program on Immunization
(EPI), is a categorical variable with 0 and 1 indicating
the pre-intervention period and the post-intervention
period, respectively. A full cycle of hepatitis A vaccina-
tion has been provided for children since the EPI was
implemented in each PLAD. Live attenuated vaccines
are for children aged >18 months with one dose, while
inactivated vaccines are given in two doses to chil-
dren>18 months and>24 months, respectively [38].
The starting time of the EPI program was not exactly
the same date or month for all PLADs but was consist-
ently between late 2008 and 2009. Therefore, in this study
based on annual data, we set the starting point as the year
of 2009 [45]. Considering the differences in the baseline
levels of the hepatitis A morbidity across PLADs and cal-
endar years, we included random-effect intercepts for the
province (o;) and the calendar year () in the model. Rel-
ative risks (RRs) of the hepatitis A morbidity associated
with one unit increase in the independent variables and
corresponding 95% confidence intervals (CIs) were esti-
mated. Additionally, we carried out subgroup analyses to
probe into the potential effects of urbanization-related
indices in different age groups (i.e., people aged < 15 years
and the ones> 15 years).

Sensitivity analyses were conducted to check the
robustness of the results. First, we examined the robust-
ness of the results after excluding Tibet from the analysis,
because there was a possibility of the under-reporting of
hepatitis A in Tibet [46]. Second, we replaced the GDP
per capita with the urbanization rate in the multivari-
able model. These two factors were highly correlated and
therefore only one of them was included in the model to
avoid the multicollinearity problem. Third, to examine
the appropriateness of fitting linear effect in the main
analysis, we explored the exposure—response relation-
ships between hepatitis A morbidity and six continuous
independent variables, by applying a natural cubic spline
(a form of piecewise cubic polynomials) to each of these
independent variables separately. Two-sided P<0.05 was
considered statistically significant. We used the R statisti-
cal software (version 4.2.1, Lucent Technologies, Jasmine
Mountain, USA) to perform all analyses.

Results

Spatial and temporal distribution of hepatitis A morbidity
A total of 537,466 hepatitis A cases including 194 hepa-
titis A deaths were reported in 31 PLADs of China from
2005 to 2018, with average annual morbidity of 2.89 cases
per 100,000 persons (Fig. 1, Additional file 1: Table S2).
During the study period, the morbidity of hepatitis A for
the whole population declined by 79.4%, from 5.64 cases
per 100,000 people in 2005 to 1.16 cases per 100,000
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Fig. 1 The annual number of cases and morbidity of hepatitis A in 31 provincial-level administrative divisions of China during 2005-2018. a The
whole population; b Children; ¢ Adults. £P/ Expanded Program on Immunization

people in 2018. The highest annual morbidity (5.87 cases
per 100,000 individuals) was observed in 2007 (Addi-
tional file 1: Table S2). Obvious regional differences

were observed in the morbidity of hepatitis A, with the
higher morbidity in western China (Table 1, Additional
file 1: Fig. S1). There was a high spatial correlation across
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Table 1 The average annual hepatitis A morbidity in 31 provincial-level administrative divisions of China

Regions 2005-2018* 2005-2007 2012-2018 Regions 2005-2018 2005-2007 2012-2018
Chinese mainland 2.89 5.59 1.59 Henan 212 5.97 0.70
Beijing 0.70 202 0.59 Hubei 2.00 4.57 1.55
Tianjin 041 0.74 0.34 Hunan 1.24 3.69 0.90

Hebei 0.83 2.29 0.66 Guangdong 1.50 1.99 143
Shanxi 2.78 344 2.86 Guangxi 207 4.09 147

Inner Mongolia 1.19 422 0.93 Hainan 1.92 8.53 0.99
Liaoning 3.62 4.98 3.46 Chongging 3.63 9.99 2.87

Jilin 0.89 344 0.71 Sichuan 434 9.37 3.09
Heilongjiang 0.75 243 0.64 Guizhou 2.35 13.58 1.06
Shanghai 1.01 2.29 0.86 Yunnan 342 14.60 243
Jiangsu 1.03 3.19 0.78 Tibet 6.88 11.92 517
Zhejiang 124 4.52 0.90 Shaanxi 1.44 4.14 0.97

Anhui 1.60 323 1.08 Gansu 8.69 19.00 340

Fujian 1.86 3.93 1.36 Qinghai 11.02 15.79 7.57
Jiangxi 1.24 711 0.71 Ningxia 361 21.76 217
Shandong 048 1.20 0.46 Xinjiang 15.60 31.77 13.59

“The unit of the hepatitis A morbidity is cases per 100,000 persons

the PLADs, with a Global Moran’s I index of 0.25 for the
average annual morbidity (Additional file 1: Table S3).

Urbanization-related indices

Nationally, the average annual GDP per capita, illiteracy
rate, tap water coverage, number of hospitalization beds
per 1000 persons, and population density were 40,200
CNY (USD 5715), 7.4%, 95.0%, 4.25 per 1000 persons,
and 447.11 persons per km? respectively (Table 2).
Nationally, the GDP per capita and the number of hos-
pitalization beds per 1000 persons increased from 14,040
to 64,644 CNY and from 2.45 to 6.03 during 2005-2018,
respectively. The illiteracy rate decreased from 11.0 to

4.9%. The hepatitis A morbidity was positively correlated
with the illiteracy rate at the province level (r,=0.57,
P<0.001). The GDP per capita, the tap water coverage,
the number of hospitalization beds, and the popula-
tion density generally presented a pattern of low to high
from west to east in China, negatively correlated with
the morbidity (r,=-0.71--0.47, P<0.001) (Additional
file 1: Table S4). However, Tibet was a special case with
the moderate morbidity despite a low urbanization level
(a low level of GDP per capita, the tap water coverage,
the number of hospital beds and the high illiteracy rate).
Qinghai had the highest morbidity in adults (Additional
file 1: Figs. S2, S3).

Table 2 Descriptive statistics of urbanization-related indices and meteorological factors in Chinese mainland during 2005-2018

Variables Mean sD Minimum Pys Median P, Maximum IQR

GDP per capita (CNY 10,000) 4.02 2.54 0.54 2.09 3.53 511 14.02 3.02
Urbanization rate (%) 5263 14.54 2261 4323 50.93 59.28 89.60 16.05
llliteracy rate (%) 743 6.86 1.23 3.68 537 8.64 45.65 4,96
Tap water coverage (%)* 95.04 6.59 48.63 92.89 97.29 99.29 123.36 6.40
Hospitalization beds (per 1000 persons) 425 1.33 1.65 301 422 5.16 7.55 2.05
Motor vehicles (per 100 persons) 15.65 10.90 1.54 6.59 13.21 2217 50.90 15.58
Proportion of arable land (%) 0.03 003 0.00 0.02 0.03 0.04 0.46 0.02
Population density (per km?) 44711 644.54 224 120.18 286.06 543.46 3818.76 423.29
Average temperature (C) 1322 5.63 1.90 9.12 13.55 17.44 25.24 8.32
Accumulated sunshine duration (h) 2079.18 496.76 961.27 1688.27 2043.53 2506.67 2963.22 818.40
Accumulated precipitation (dm) 943 536 1.13 5.00 8.28 12.91 25.01 792

SD standard deviation, P,; the 25th percentile, P,; the 75th percentile, IQR interquartile range, GDP gross domestic product, CNY Chinese Yuan

“Tap water coverage is defined as the ratio of the number of people who use water to the urban population size multiplied by 100%
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Effects of urbanization-related indices on hepatitis

A morbidity

Results of the univariable analyses suggested that the
GDP per capita, the urbanization rate, the tap water
coverage, the number of hospitalization beds per 1000
persons, the EPI, the population density, and the accu-
mulated precipitation were associated with the decreased
risk of hepatitis A infection, while the illiteracy rate was
positively associated with the morbidity of hepatitis A
(Table 2, Additional file 1: Table S5).

Bivariate Spearman correlation analyses showed that
there were high correlations between the GDP per capita,
the urbanization rate, and motor vehicles (r,>0.8), imply-
ing the multicollinearity among these factors (Additional
file 1: Table S4). The final model included the GDP per
capita, the illiteracy rate, the tap water coverage, the
number of hospitalization beds per 1000 persons, the
population density, and the accumulated precipitation,
and their values of VIF were all lower than two (Addi-
tional file 1: Table S6).

The multivariable analysis revealed a decrease of 6%
(RR=0.94, 95% CI: 0.91-0.98) in the hepatitis A mor-
bidity associated with an increase of 10,000 CNY in the
GDP per capita. The beneficial effects of the number of
hospitalization beds per 1000 persons (RR=0.79, 95% CI:
0.75-0.83), and the accumulated precipitation (RR=0.98,
95% CI: 0.96—-1.00) were also observed. The EPI con-
tributed to a 31% reduction in hepatitis A morbidity
(RR=0.69, 95% CI: 0.61-0.79), while per 1% increase
in the illiteracy rate was associated with an increase of
4% in the morbidity of hepatitis A (RR=1.04, 95% CI
1.02-1.06). We did not observe statistically significant
effects of population density or tap water coverage after
adjusting for other factors in the multivariable analysis
(Table 3).

Subgroup analysis

Among all cases, 26.9% were children. The average mor-
bidity of hepatitis A was 3.85 and 2.45 cases per 100,000
persons in children and adults, respectively. The morbid-
ity demonstrated consistent spatial and temporal pat-
terns in children and adults, with the higher morbidity in
western China and a persistent decline over time, while a
greater reduction was observed among the children than
in the adults (92.5% vs 75.0%) (Additional file 1: Table S7
and Fig. S3). In concordant with the findings for all popu-
lations, no matter in children or adults, GDP per capita,
the number of hospitalization beds per 1000 persons, and
the EPI were negatively associated with the morbidity of
hepatitis A, while the morbidity increased with the illit-
eracy rate. The effects were stronger for the child popula-
tion (Table 4).
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Table 3 The effects of various variables on the morbidity of
hepatitis A

Variables Univariable Multivariable
model model
RR  95%ClI RR  95%CI
GDP per capita (CNY 10,000) 0.74 (0.72-0.76) 096 (0.92-0.99)
llliteracy rate (%) 117 (1.15-1.19) 1.04 (1.02-1.06)
Tap water coverage (%)* 094 (0.93-0.95) 1.00 (0.99-1.01)
Number of hospitalization beds 064 (062-0.66) 0.79 (0.75-0.83)
(per 1000 persons)
Population density (per km?) 1.00 (1.00-1.00) 1.00 (1.00-1.00)
Accumulated precipitation (dm) 092 (0.89-0.95) 0.98 (0.96-1.00)
Expanded Program on Immuniza- 034  (0.31-037) 0.69 (0.61-0.79)

tion

GDP gross domestic product, RR relative risk, 95% Cl 95% confidence interval,
CNY Chinese Yuan

" Tap water coverage is defined as the ratio of the number of people who use
water to the urban population size multiplied by 100%

Table 4 The effects of various variables on the morbidity of
hepatitis A in children and adults

Variables Children Adults
RR  95%ClI RR  95%CI

GDP per capita (CNY 10,000) 080 (0.74-0.86) 0.96 (0.93-0.99)
llliteracy rate (%) 1.05  (1.02-1.09) 1.03 (1.02-1.05)
Tap water coverage (%)* 1.01  (1.00-1.03) 0.99 (0.99-1.00)
Number of hospitalization beds 069 (062-0.76) 0.83 (0.80-0.87)
(per 1000 persons)

Population density (per km?) 1.00 (1.00-1.00) 1.00 (1.00-1.00)
Accumulated precipitation (dm) 095 (0.92-0.99) 098 (0.96-0.99)
Expanded Program on Immuniza- 0.60 (046-0.77) 0.73 (0.66-0.81)

tion

GDP gross domestic product, RR relative risk, 95% Cl 95% confidence interval,
CNY Chinese Yuan

“Tap water coverage is defined as the ratio of the number of people who use
water to the urban population size multiplied by 100%

Sensitivity analyses

The effects of all factors on hepatitis A almost remained
the same when Tibet was excluded from the analysis
(Additional file 1: Table S8). After replacing the GDP
per capita with the urbanization rate in the model, we
found that the morbidity of hepatitis A decreased with
the urbanization rate (RR=0.97, 95% CI: 0.96—0.99) and
the estimated effect of other factors changed very lit-
tle (Additional file 1: Table S9). In accordance with the
main results, the exposure—response curves revealed
that the logarithm transformation of RR changed lin-
early with GDP per capita, the number of hospitaliza-
tion beds per 1000 persons, and precipitation, while
hepatitis A morbidity monotonically increased with the
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increasing illiteracy rate. Meanwhile, the associations
of the tap water coverage and the population density
with the hepatitis A morbidity were statistically non-
significant (Additional file 1: Fig. S4).

Discussion

The present study illustrated the spatial variation in the
morbidity of hepatitis A and revealed a negative associa-
tion between urbanization and the morbidity in China
during 2005-2018. We found that the infection of hepati-
tis A occurred predominately in the west of China, which
was consistent with the findings of previous studies [28,
35, 43, 47]. The reason might be that the overall devel-
opment of western China lags behind the rest of China.
The current socioeconomic disparities and the uneven
distribution of resources in the west and the rest of China
could mirror entrenched public health inequalities [4, 32,
33], which might exert a negative influence on alleviating
the national burden of hepatitis A. Therefore, expediting
the development of the western region could help further
prevent hepatitis A.

Our results demonstrated that the growth of GDP per
capita and the reduction of the illiteracy rate were associ-
ated with the decreased hepatitis A infection. The find-
ings were consistent with prior studies [4, 16, 17, 22, 24].
People living in areas with the high GDP per capita tend
to possess more fortune and resources to maintain better
health conditions than those in poverty-stricken areas.
Similarly, residents with high education levels may have
a better knowledge of the prevention of hepatitis A. The
more well-educated people are, the more willing they
are to be receptive to health education against hepatitis
A and the promotion of personal hygiene practices [4,
48]. In parallel, the progressive urbanization rate is also
a prominent urbanization-related index associated with
the decreased morbidity. The higher urbanization rate
is, the relatively better living and hygienic habits against
water-borne communicable diseases people would have
[4, 49]. We also noted that the increased access to medi-
cal facilities was closely associated with the decreased
infection of hepatitis A. The effect of increased hospitali-
zation beds could be attributable to the improvements in
sanitation and public-health infrastructures. Under bet-
ter hygienic conditions, people were not subject to the
ingestion of viruses-contaminated food or water, leading
to less person-to-person dissemination. The diminution
of poverty, the augmentation of public health awareness,
and the enrichment of medical resources are essential for
the alleviation of the hepatitis A morbidity.

Although hepatitis A morbidity was associated with
GDP per capita, illiteracy rates, and the number of hos-
pital beds per 1000 persons in the present study, these
urban-related indices cannot fully explain the spatial
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distribution of hepatitis A morbidity. Especially, com-
pared with the neighboring PLADs (e.g., Xinjiang), Tibet
had much lower morbidity despite a lower urbanization
level. We cannot rule out the possibility that there were
more cases under-reported in Tibet than in other regions
[46]. Nevertheless, the sensitivity analysis excluding Tibet
indicated that our main results were robust to the data of
Tibet. The highest morbidity in adults in Qinghai might
be due to the lack of self-protection awareness, especially
among peasants and herders with poor hygiene and a
low education level. An investigation in 2014 reported
that the vaccination coverage of children aged 2—-14 was
significantly lower in western China than that of other
regions (69.1% vs 84.0%) [50], and a national serologi-
cal survey found a lower anti-HAV antibody seropreva-
lence in western and central China than in the eastern
especially before EPI [51]. This could partly contribute to
the high morbidity of hepatitis A in western China. Fur-
ther research is warranted to understand the differential
impacts of EPI on the hepatitis A burden across PLADs.
And more efforts should be spared to educate the resi-
dents living in locations of high hepatitis A morbidity
with information on how to protect themselves from
hepatitis A infection, such as practicing environmental,
food and personal hygiene.

In addition, we observed that the population density
was negatively associated with the morbidity of hepati-
tis A in the univariable model. However, the population
density was not significantly associated with the mor-
bidity of hepatitis A in the multivariable model with the
adjustment of GDP per capita. An early study in 1965
in the United States reported that the patterns of the
hepatitis morbidity varied with the population density,
and the number of infections was much greater in rural
than in urban areas with the higher population density
[13]. However, a study in the Republic of Korea in 2012
reported the higher morbidity of hepatitis A in areas with
the higher population density [12]. Regions with the high
population density in different countries are not neces-
sarily economically developed or rich in social resources.
In China and the United States, the geographical clus-
tering of areas with the high population density is in the
economically developed part of the country where medi-
cal and social resources are abundant, whereas, in the
Republic of Korea, those with the high density are in the
regions with relatively deficient medical resources, which
could partially explain the observed differences [12, 13].
Our multivariable analyses indicated that GDP per capita
is a better independent socioeconomic indicator influ-
encing hepatitis A than the population density in China.

Finally, age differences were observed in the mor-
bidity of hepatitis A. Children had the higher morbid-
ity of hepatitis A than that of adults and seemed to be
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more susceptible to the effect of urbanization. Dur-
ing 2005-2008, the morbidity of hepatitis A of chil-
dren was about 1.5 times that of adults. The reason
might be that for lack of health awareness, children
were more likely to be exposed to contaminated food,
untreated-well water, or springs with inadequate sur-
face water-treatment processes, especially in economi-
cally underdeveloped regions. In addition, the average
anti-HAV positivity seroprevalence of children was
generally lower than that of adults before EPI (51.3% vs
87.4% in 2006 reported by a national serological survey)
[51], thus, leaving children susceptible to HAV infec-
tion. Additionally, the higher seroprevalence suggested
that many adults had once come down with hepatitis
A and had acquired lifelong immunity [51]. In 2008,
principally because of the marked advancement of
urbanization and hepatitis A vaccination for children
[47], the morbidity of children significantly decreased
with each passing year. However, this beneficial effect
of vaccination also acted on adults who did not belong
to the target population of vaccination, suggesting indi-
rect protection (e.g., herd immunity). In fact, the mor-
bidity of hepatitis A in adults still decreased slowly in
recent years. In 2018, the morbidity in adults was 1.21
per 100,000 persons, which was double that in children
(0.56 per 100,000 persons). Thus, preventing hepatitis
A in adults is a continuous process requiring the ongo-
ing focus.

This study did suffer from several limitations. First,
this study analyzed the fourteen-year data as far as pos-
sible, while the time range may not be long enough to
detect the long-term role of urbanization in the morbid-
ity of hepatitis A, possibly leading to the underestima-
tion of true effects. Second, the hepatitis A cases were
reported with the passive surveillance system, which
might miss asymptomatic cases. Thus, our study would
underestimate the impact of urbanization-related indi-
ces on hepatitis A morbidity. The differences in the
incidence of hepatitis A between children and adults
may not be adequately elucidated, since HAV infection
is more often asymptomatic in young children than in
adults and we did not take the prevalence of anti-HAV
antibodies into account. Third, this study used the
annual data of 31 PLADs in China. Further studies with
higher resolution in the spatial dimension, such as the
annual data at the city level, would provide more com-
prehensive information on hepatitis A and urbanization
gradients to better evaluate the impact of urbaniza-
tion on the morbidity of hepatitis A. Finally, we did not
reckon with some other unobserved factors which may
also affect hepatitis A infection (e.g., dietary habits and
health habits of residents in different regions).
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Conclusions

Hepatitis A occurred more frequently in western China
compared with other regions of China. The sharp
decline of the hepatitis A morbidity was intricately
associated with the urbanization process in China, and
the effect of urbanization was particularly greater on
children. Sustained urbanization is beneficial to further
curb the spread of HAV.
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