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ABSTRACT

Objective China’s national hepatitis burden is high. This
study aims to provide a detailed national-level description
of the reported incidence of viral hepatitis in China during
2004-2016.

Design Observational study.

Setting Data were obtained from China’s National
Notifiable Disease Reporting System, and changing trends
were estimated by joinpoint regression analysis.
Participants In this system, 16 927 233 reported

viral hepatitis cases occurring during 2004-2016 were
identified.

Primary outcome measure Incidence rates per 100000
person-years and changing trends were calculated.
Results There were 16 927 233 new cases of viral
hepatitis reported in China from 2004 to 2016. Hepatitis

B (HBV) (n=13 543 137, 80.00%) and hepatitis C (HCV)
(n=1 844 882, 10.90%) accounted for >90% of the cases.
The overall annual percent change (APC) in reported
cases of viral hepatitis and HBV were 0.3%(95% Cl —2.0
t0 0.8, p=0.6) and —0.2% (95% CI —1.6 to 1.2, p=0.8),
respectively, showing a stable trend. HBV rates were
highest in the 20—29year old age group and lowest in
younger individuals, likely resulting from the universal HBV
vaccination. The reported incidence of HCV and hepatitis
E (HEV) showed increasing trends; the APCs were 14.5%
(95% Cl 13.1 to 15.9, p<0.05) and 4.7% (95% Cl 2.8 to
6.7, p<0.05), respectively. The hepatitis A (HAV) reporting
incidence decreased, and the APC was —13.1% (95% Cl
-15.1t0 —11.0, p<0.05). There were marked differences
in the reporting of hepatitis among provinces.
Conclusions HBV continues to constitute the majority of
viral hepatitis cases in China. Over the entire study period,
the HBV reporting incidence was stable, the HCV and HEV
incidence increased and the HAV incidence decreased.
There were significant interprovincial disparities in the
burden of viral hepatitis, with higher rates in economically
less-developed areas. Vaccination is important for viral
hepatitis prevention and control.

INTRODUCTION

Viral hepatitis is an important challenge to
public health globally. In 2013, the greatest
number of deaths and disability-adjusted life
years attributable to viral hepatitis occurred
in East and South Asia, including China.'

Strengths and limitations of this study

» The latest comprehensive description of trends in
the national and provincial reporting incidence for
viral hepatitis in China since 2004 were provided.

» This study highlighted the magnitude and impor-
tance of viral hepatitis in China and provided key
data to help determine where efforts need to be
focused.

» We analysed the age distributions among different
types of viral hepatitis and provided the prevalence
characteristics of viral hepatitis in China.

» Since the study collected data from across almost
the whole country, heterogeneity across reporting
centres existed, which might be a weakness.

According to the WHO, approximately
100 million people in China—that is 1 in 13
people—live with chronic hepatitis B (HBV)
and hepatitis C (HCV) infections.” In 2016,
the WHO approved the first global health
sector strategy on viral hepatitis, with the goal
of eliminating viral hepatitis as a major public
health threat by 2030.” To achieve this goal,
a review of the current status of viral hepa-
titis and the different types was essential. Age
distribution is important for obtaining a clear
understanding of changing trends in viral
hepatitis reporting and its future burden.
China is a vast and diverse country with 32
provinces, and province-level data are also
required for effective disease prevention,
control and management. Therefore, the
present study examined the reported rates
of newly diagnosed cases of viral hepatitis
and documented temporal trends across age
groups and provinces.

MATERIALS AND METHODS

In 2004, the Chinese government established
a centralised web-reporting system for noti-
fiable infectious diseases and public health
emergencies. The fundamental database
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for this project was maintained by the Chinese Commu-
nicable Disease Control (CCDC). A standardised case
reporting form was established for the collection of
demographic and diagnostic information for each case
of a reportable diseases (online supplementary appendix
table 1).

We collected data for viral hepatitis between 2004 and
2016 from the CCDC Centre’s website (http://www.
chinacdc.cn/).4 5 and the Yearbooks of Health for the
People’s Republic of China.’ In the system, cases were
defined with diagnostic criteria issued by the law on
the prevention and control of infectious diseases of the
People’s Republic of China in 2004. (online supplemen-
tary appendix table 2). In this system, the reported cases
numbers and the rates among the total population were
provided, and we calculated the total population number
each year accordingly. Based on patient histories, clinical
manifestations, and laboratory test results, cases were cate-
gorised as hepatitis A, B, C, E and unidentified hepatitis.”
In this study, unidentified hepatitis cases were excluded.
For the provincial analyses, Hong Kong, Macao and
Taiwan were not included in this research. The data were
collected from the notifiable infectious disease reporting
database, which is open and available to the public, and
no specific permissions were required. The conduct of
this study was consistent with the Declaration of Helsinki.

Incidence (per 100 000) was defined as the number
of annual newly diagnosed cases divided by the popula-
tion size. In this surveillance system, the cases were newly
diagnosed rather than new infections. To avoid misunder-
standing, we used the reported incidence in this research.

Statistical analyses

Descriptive epidemiological methods were used to
examine and analyse the reported data. The annual
percent change (APC), average APC and 95% CIs were
calculated for viral hepatitis overall and for individual
categories of viral hepatitis (A, B, C and E). Additionally,
we investigated trends and made comparisons among

different provinces by a heatmap analysis. For age distribu-
tions, cases were divided annually into 10 groups for each
category of viral hepatitis. Joinpoint regression models
were used to describe temporal trends in the reporting of
newly diagnosed cases. In describing trends, we used the
terms ‘increase’ and ‘decrease’ when the slope (APC) was
significant (two-tailed p<0.05). The term ‘stable’ refers
to a non-significant APC (p=0.05) and indicates that the
incidence was maintained at a perennially stable level.
The R language V.3.3.0 and Joinpoint V.4.6.0.0 (April
2018, IMS, https://surveillance.cancer.gov/joinpoint/)
were used for the analyses in this study. The conduct of
this study was consistent with the Declaration of Helsinki.

Patient and public involvement

No patients were involved in developing the research
question or the outcome measures, and no patients were
involved in the design, recruitment and conduct of the
study. The data were collected from the online reporting
system, and patients were anonymous. We were unable to
disseminate the results of the research directly to study
participants.

RESULTS
National and provincial reporting incidence of viral hepatitis
National reporting incidence
Between 2004 and 2016, a total of 16 927 233 newly diag-
nosed cases of viral hepatitis were reported in China. HBV
(n=13 543 137, 80.00%) and HCV (n=1 844 882, 10.90%)
jointly accounted for over 90% of cases. The remaining
cases consisted of the following: 595982 (3.52%) cases
of hepatitis A (HAV) and 300505 (1.78%) cases of hepa-
titis E (HEV) (figure 1). The total population and the
definite number of reported viral hepatitis in total and
different categories were provided. (online supplemen-
tary appendix table 3)

Viral hepatitis reporting incidence increased from
85.49/100 000 in 2004 to 108.44/100 000 in 2007
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Figure 1
HEV, hepatitis E.

Reported cases of total viral hepatitis and its different categories. HAV, hepatitis A; HBV, hepatitis B; HCV, hepatitis C;
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(p<0.05). After 2007, there was a significant decrease to
89.11/100 000 in 2016 (p<0.05). Overall, the APC was
0.3% (95% CI -2.0 to 0.8, p=0.6), indicating a stable
trend. (online supplementary appendix figure 1.1)

The reporting incidence for HBV increased from
2004 (67.96,/100 000) to 2009 (88.82/100 000) and then
decreased in 2016 (68.74/100 000). From 2004 to 2007,
the APC was 10.3% (95% CI 4.1 to 16.9, p<0.05), while
from 2007 to 2016, the APC was -3.5% (95% CI —-4.5 to
-2.5, p<0.05). Overall, the APC of HBV was -0.2% (95%
CI -1.6 to 1.2, p=0.8), indicating a stable trend (online
supplementary appendix figure 1.2).

The reporting incidence for HCV increased from
2004 (2.92/100 000) to 2016 (15.09/100 000). From
2004 to 2007, the APC was 34.4% (95% CI 27.7 to 41.3,
p<0.05), indicating a significant increase. Thereafter, the
APC from 2007 to 2012 was 15.9% (95% CI 13.6 to 18.2,
p<0.05), indicating a significant but slow increase, and
from 2012 to 2016, the APC was 0.1% (95% CI -1.5 to
1.7, p=0.9), indicating a stable trend. Overall, the APC
was 14.5% (95% CI 13.1 to 15.9, p<0.05), indicating an
increased trend (online supplementary appendix figure
1.3).

For HAV, the reporting incidence decreased from 2004
(6.94/100 000) to 2016 (1.55/100 000). The APC for the
entire period was -13.1% (95% CI -15.1 to -11.0, p<0.05)
(online supplementary appendix figure 1.4). For HEV,
the reporting incidence increased from 1.22/100 000 in
2004 to 2.18,/100 000 in 2011, with an APC of 8.1% (95%
CI 5.2 to 11.0, p<0.05). From 2011 to 2016, the reporting
incidence decreased to 2.04/100 000, and the APC was
stable (0.3%; 95% CI -3.4 to 4.1, p=0.9). Overall, the APC
for HEV was 4.7% (95% CI 2.8 to 6.7, p<0.05), indicating
an increasing trend (online supplementary appendix
figure 1.5).

Detailed information of the joinpoint analysis results
are provided in online supplementary appendix table 4.

Reporting incidence in relation to age

Marked differences in the reporting incidence of HBV
were evident among the various age groups. Overall,
the HBV reporting incidence was highest in the
20-29year old age group. When subdivided into 20-25
and 26-29year old age groups, the highest incidence
was in the 26-29year old group. The lowest reporting
incidence of viral hepatitis occurred in the age group
between 1 and 9 years old. In terms of trends from 2004
to 2013, the age groups<l, 30-39 and 40-49 were stable,
while the age groups 1-9, 10-19 and 20-29 decreased.
The reporting incidence for all subjects over the age of
50 increased. More recently (beyond 2007), most age
groups showed a significant decrease or stable trend;
however, the trend increased in the ‘50-59’ age group.
(figure 2)

For HCV, aside from the <lyear old age group, the
reporting incidence in the different age groups increased
with age. The highest reporting incidence was in
those >80 years old and the lowest was in those between
1 and 19 years old. From 2004 to 2013, each age group
showed an increasing trend, but more recently (beyond
2011) rates were stable in the 10-19, 30-39 and 30-49 age
groups. (figure 3)

For HAV, the highest reporting incidence was in the
1-9age group, with incidence in the 5-9 age group higher
than that in the 1-4 age group. The lowest reporting inci-
dence was in the <lage group. In terms of trends, inci-
dence in the 5-9age group was stable, as was that in the
10-29age group after 2007. All other age groups showed
decreasing trends during this period. (figure 4)

For HEV, the highest reporting incidence was in the
relatively older age group (60-79 years). Aside from
the 1-9age group, where the incidence was stable, and
the 280age group, where the incidence decreased after
2011, the other age groups showed increasing trends
during this period. (figure 5)
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Figure 2 Reported incidence of hepatitis B from 2003 to 2013.
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Figure 3 Reported incidence of hepatitis C from 2003 to 2013.

More detailed information is provided in online supple-
mentary appendix table 5.

Provincial incidence

In 2015, an analysis of the reporting incidence for viral
hepatitis demonstrated that Xinjiang was the province
with the highest rates (>200/100 000). Qinghai, Hainan,
Guangdong, Shanxi, Fujian, Hubei, Inner Mongolia,
Guangxi, and Hunan provinces had intermediate rates
(>100and<200,/100,000), while Shanghai, Heilongjiang,
Zhejiang, Jiangsu, Tianjin, Beijing had the lowest rates
(<50/100,000). Specific analyses for HBV and HCV by
province are provided in online supplementary appendix
figure 2.

To document trends in the reporting incidence for
viral hepatitis from 2004 to 2015 by province, data and
a heatmap of reporting incidence for viral hepatitis in
general as well as for the different viruses are provided
in online supplementary appendix figure 3,4. For most
provinces, reporting incidence for HAV decreased, while

2010 2011 2012 2013

those for HCV increased. Most northern areas of China
(Beijing, Tianjin, Hebei, Liaoning, Jilin, Heilongjiang)
had a decreasing incidence of HEV, while the other
provinces (Jiangxi, Shandong, Hubei, Guangxi, Hainan,
Chongqing, Sichuan, Guizhou, Yunnan) revealed
increasing trends.

DISCUSSION

Viral hepatitis is a significant global public health issue,
and it is responsible for an estimated 1.4million deaths
per year from acute infection, hepatitis-related liver
cirrhosis and cancer. Of those deaths, approximately 47%
are attributable to HBV, 48% to HCV and the remainder
to HAV and HEV infections.! In 2015, an estimated
257 million people were living with chronic HBV infec-
tions and 71 million with chronic HCV infections.® China’s
hepatitis burden is the highest in the world. According
to the WHO, one-third of the world’s 240 million people
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Figure 4 Reported incidence of hepatitis A from 2003 to 2013.
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Figure 5 Reported incidence of hepatitis E from 2003 to 2013.

living with chronic HBV live in China, while approxi-
mately 7% of the world’s 130-150 million people living
with HCV live in China.”

In this study, HBV reporting incidence was lowest in chil-
dren under 10 years of age and highest in the 20~29 age
group. Similar results have been reported previously.”
Further analysis of the 20-29 age group revealed that
those 25-29 years of age (ie, born in 1975-1988) had a
significantly higher reporting incidence than the 20-24
age group, suggesting a possible vaccine effect (online
supplementary appendix table 6). Indeed, the HBV
vaccine was first introduced into China in 1985 and inte-
grated into the National Expanded Program on Immuni-
zation (EPI) in 1992."° Thus, the majority of individuals
in the 25-29 age group were born in a period without
HBV vaccine protection and were thus susceptible to
transmission via the maternal-infant route. Of note, HBV
reporting in individuals older than 50 years old showed
an increase from 2004 to 2013. This could be explained
by the following: (1) elderly individuals may be more
likely to establish contact with the healthcare system.
(2) There is a higher prevalence of chronic HBV and
therefore a greater likelihood of presenting with compli-
cations, such as portal-hypertensive bleeding, enceph-
alopathy, ascites, jaundice or hepatocellular carcinoma
(HCCQ), leading to a diagnosis of HBV-related disease. (3)
Elderly individuals engage in high-risk behaviours such as
sexual contact, invasive medical procedures and sharing
shavers and towels, which are all important HBV transmis-
sion routes in adults. (4) Older individuals do not have
vaccine protection when they were young, and they are
be more easily infected with HBV compared with success-
fully vaccinated children. To decrease the prevalence of
HBYV, vaccination among people aged 15-59 years should
also be conducted."!

Regarding HCV, the reporting incidence increased
with age; the lowest incidence occurred in children and
adolescents, while the highest incidence was documented

2010 2011 2012 2013

in the >80age group. However, from 2004 to 2013, the
reporting incidence increased in all age groups, which
likely reflects increasing disease awareness, an increase in
older individuals seeking medical care, increases in new
infections, progression to complications of cirrhosis and
providing HCV testing to a new generation.® '*'* Notably,
in China, the implementation of HCV screening for
blood donors and blood products occurred in 1993, and
a decline in transfusion-related HCV, from 72% to 47%,
was associated with this intervention."” However, relatively
high rates of HCV infections among patients undergoing
haemodialysis and other invasive therapies and engaging
in high-risk sexual behaviours remain a potential source
for HCV transmission.'” While the success achieved with
recent directing antiviral agents for chronic HCV predict
further declines in HCV reporting, complete eradica-
tion of HCV might not be possible without an effective
vaccine.'®

Provincial analyses demonstrated large differences in
the reporting incidence for viral hepatitis in various prov-
inces. Specifically, Xinjiang and Qinghai provinces had
the highest incidence of viral hepatitis in general and
HBV and HCV in particular, while incidence was lowest in
Shanghai, Zhejiang, Jiangsu, Tianjin and Beijing. These
findings suggest that viral hepatitis is more prevalent
in less economically developed areas, where healthcare
resources and awareness of public health are suboptimal.

During this period, for HAV, the highest reported
incidence was found in the 1-9age group. For HEV, the
highest reported incidence was in the older age groups
(age between 60 and 79 years), similar to Ren’s research.'”
A heatmap analysis of changing trends within the prov-
inces documented that HAV reporting decreased. This
finding likely reflects the impact of effective HAV vacci-
nation (a live attenuated HAV vaccine was introduced in
1992 and incorporated into the EPI in 2008)."® Regarding
the reporting incidence for HCV and HEV in most prov-
inces, the increased trends might be ascribed to a lack of
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effective vaccines, more widespread application of HCV
testing, and more sensitive and specific HEV diagnos-
tics.'” Also potentially important is the increased insur-
ance coverage and patient reimbursement programme
in China, resulting in the increased exposure of large
segments of the population to the healthcare system.”
Indeed, between 2003 and 2011, insurance coverage
increased from 30% to 96%, and physical access to health
services was achieved for 83% of the general population.

There are certain limitations to this study that warrant
emphasis. First, protocols were not in place to evaluate
data quality and consistency across reporting centres.
Second, it is unknown which and when certain diag-
nostic tests were introduced into the various laboratories
throughout the country. Third, the distinction between
acute and recently identified chronic infections was diffi-
cult and, in some cases, not possible. Fourth, certain
demographic characteristics were not provided in the
electronic system; therefore, trends in sex reporting
could not be ascertained.

In conclusion, this study underscores the magnitude of
viral hepatitis reporting in China. Overall, the reporting
of new cases of viral hepatitis and HBV has been stable.
HBYV continues to be the most commonly reported hepa-
totropic virus, but the minimal reporting in the young
underscores the value of the HBV vaccine. Similarly,
HAYV, which mainly occurred in children and adoles-
cents, decreased with the introduction of the HAV vacci-
nation. HCV and HEV cases was relatively higher among
elderly individuals and increased during the study period.
Thus, for these viruses, increased awareness and effective
vaccines are urgently needed.
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