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ABSTRACT

Hepatitis E virus (HEV) is an important cause of acute hepatitis, however, is highly neglected and largely underreported.
This study aimed to describe the detailed epidemiology of hepatitis E (HE) through a 10-year surveillance. A community-
based active hepatitis surveillance was conducted between November 2007 and October 2017 in 11 townships of
Dongtai City in China, involving 355,673 residents. Serum samples were obtained from patients presenting with
hepatitis symptoms for more than 3 days. Serum alanine aminotransferase (ALT) levels greater than 2.5 times the
upper limit of normal (ULN) were considered acute hepatitis. Samples were subsequently tested for IgG and IgM anti-
HEV antibodies, HEV RNA, and hepatitis B surface antigen (HBsAg). The data indicated the incidence of HE fluctuated
downward from 2007 to 2017, with an average annual age-standardized incidence of 17.50 per 100,000, exceeding
the 10.26 per 100,000 in the National Notifiable Disease Report System (NNDRS). The incidence was notably higher
among males (20.95 per 100,000) and individuals aged 50-69 years (37.47 per 100,000). Genotype 4 (HEV-4) was the
predominantly circulating genotype during the study period. Furthermore, the study revealed the incidence of
hepatitis with HEV and hepatitis B virus (HBV) co-infection was 4.99 per 100,000. The active surveillance system
identified a higher incidence of HE compared to NNDRS, with a decreased prevalence over a 10-year period. While
efforts are still needed to prevent HE in high-risk populations, including individuals with hepatitis B and the elderly.
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Background
9 and Africa, often related to large waterborne outbreaks

The hepatitis E virus (HEV) represents an important
public health concern globally, especially as a leading
cause of acute viral hepatitis in developing countries
[1]. An estimated 20 million HEV infections occur
annually worldwide, resulting in more than 3 million
clinical cases [2]. While most patients with hepatitis
E (HE) are asymptomatic and have self-limited dis-
ease, a minority can develop liver failure, which is
associated with high morbidity and mortality [3, 4].
Individuals at increased risk for severe outcomes
include pregnant women and individuals with chronic
liver disease [5, 6].

HEV genotype 1 (HEV-1) and genotype 2 (HEV-2)
primarily infect humans, and are predominantly cir-
culating in developing countries, particularly in Asia

[7, 8]. Recently, a study found that HEV-1 can also
experimentally infect Mongolian gerbils [9]. While
genotype 3 (HEV-3) and genotype 4 (HEV-4) infect
mammals but occasionally transmit to humans, and
are prevalent in industrialized and high-income
countries [10, 11].

Hepatitis E was first recognized during an epidemic
of hepatitis, which occurred in India in 1978, invol-
ving an estimated 52,000 cases of icteric hepatitis
and 1700 deaths [12]. Since then, the outbreaks have
been identified in numerous developing countries,
among which the largest one occurring in Xinjiang,
China, in the 1980s. This outbreak, driven by
HEV-1, resulted in approximately 119,280 reported
cases and 705 deaths [13]. Current understanding of
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hepatitis E largely originates from data collected
during outbreak situations. Despite decades having
passed, hepatitis E continues to be largely overlooked
in daily clinical practice. There are still limited efforts
to comprehensively assess the true burden of the dis-
ease and its evolving epidemiology dynamics.
Although the epidemiology of hepatitis E has been
partially reported through the National Notifiable Dis-
ease Report System (NNDRS) in China, it is believed
that these figures do not reflect the true extent of the
issue due to significant underreporting [14]. Over
the past years, substantial improvements in public
health conditions and licensure of HEV vaccine in
China have likely altered the epidemiological patterns
and trends of hepatitis E [15]. Continuous epidemio-
logical studies are essential to understand the dynamic
characteristics of hepatitis E and to develop evidence-
based preventive strategies for the future.

Method

From 2007 to 2009, a randomized, controlled Phase III
clinical trial of the hepatitis E vaccine (Hecolin') was
conducted in 11 rural townships in Dongtai City
[16]. To evaluate the efficacy of the vaccine, a symp-
tom-based active hepatitis surveillance system was
established from November 2007 to October 2017.
The system comprised virtually all village clinic
centres, the township hospitals, and public and private
clinics, covering the 355,673 residents of the 11 rural
townships. This comprehensive surveillance system
provided an invaluable opportunity to analyse and
understand the epidemiological trends and character-
istics of hepatitis E. Approval of the study by the Inde-
pendent Ethics Committee was obtained from the
Ethics Committee of the Jiangsu Provincial Center
for Disease Control and Prevention.

In the symptom-driven surveillance, serum samples
were obtained from patients presenting hepatitis
symptoms such as fatigue and/or loss of appetite for
more than 3 days, and tested for alanine aminotrans-
ferase (ALT) levels. For patients with ALT levels
higher than 2.5 times the upper limit of the normal
range (ULN), the serum samples were subsequently
tested for IgG and IgM anti-HEV antibodies and
hepatitis B surface antigen (HBsAg).

All serologic marker assays were obtained from
Wantai Biological Pharmacy Enterprise Co. (Beijing,
China). Samples tested positive for IgG anti-HEV
were further calibrated with WHO reference serum
(WHO 95/584) to determine the IgG anti-HEV con-
centration. The detection limit of assay was
0.077Wu/ml. Patients with detectable IgM anti-HEV
in any sample and/or with >2-fold increase of IgG
anti-HEV levels in paired samples were selected and
tested for HEV RNA using reverse-transcription
PCR as previously described [17]. An RT-PCR cycle

threshold (Ct) value of <38 was considered positive.
Serum samples tested positive for HEV RNA were
further analysed to identify the HEV genotype via
nested RT-PCR. After sequencing, the sequences
were aligned with corresponding regions of available
reference sequences in the GenBank database. Phylo-
genetic analysis of the partial ORF1 gene (YK) and
OREF2 gene (YE) of HEV was conducted constructed
using the neighbour-joining method using MEGA 11
[18].

A positive finding for HBsAg indicated a diagnosis
of HBV infection. Acute hepatitis E was diagnosed if
any two of following three criteria were met: (1) posi-
tive testing for IgM anti-HEV; (2) >4-fold increase in
IgG anti-HEV levels in serial serum; (3) the presence
of HEV RNA [16, 19].

Statistical analyses

Participants immunized with HE vaccine during the
phase III clinical trial were excluded from the analysis.
Hepatitis E cases reported to the NNDRS from 11
rural townships in Dongtai City were collected
between November 2007 and October 2017. The
age-standardized incidence was calculated based on
Dongtai population.

Normally distributed quantitative variables were
compared by Student’s ¢ test and expressed as the
mean * standard deviation (SD). Variables that did
not follow a normal distribution were described
using the median along with the first and third quar-
tiles (Q1, Q3). Differences in characteristics were com-
pared using either the chi-square test for categorical
variables or the Mann-Whitney U test for non-normal
variables. Cochran-Armitage Trend Test was used to
test the association between age group and incidence
of hepatitis E. Odds ratios (OR) and 95% confidence
intervals (CIs) were calculated. All analyses were con-
ducted using SAS software (version 9.3). All reported
P values will be two-sided, and P values < .05 were
considered significant.

Result

During the study period from November 2007 to
October 2017, a total of 11,432 cases presented with
hepatitis symptoms and abnormal alanine amino-
transferase (ALT) levels. Of these, 523 cases were diag-
nosed as hepatitis E, resulting in an average annual
age-standardized incidence of 17.50 per 100,000 across
the 11 rural townships (Figure 1). Based on surveil-
lance data, the incidence of hepatitis E exhibited an
upward trend from 2007 to 2010, followed by a fluctu-
ating downward trend from 2010 to 2017, and similar
trend was also observed in the NNDRS data. In 2009-
2010, the surveillance system reported the peak inci-
dence, with 79 cases and an age-standardized
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2007-2008  2008-2009  2009-2010 2010-2011 2011-2012 2012-2013  2013-2014 2014-2015 2015-2016 2016-2017

Surveillance system
Number (Age-Standardized
incidence, /10°)

NNDRS 34 53 51
Number (Incidence, /10%) (9.56) (14.90) (14.34)

63 63 79 65
(20.73) (21.35) (26.40) (21.63)

42
(11.81)

0.00
Year
52 46 56 35 35 29
(17.39) (15.79) (18.80) (11.90) (11.67) (9.35)
43 36 40 20 30 16
(12.09) (10.12) (11.25) (5.62) (8.43) (4.50)

* NNDRS: National Notifiable Disease Report System

Figure 1. Number and incidence of hepatitis E from 2007 to 2017.

incidence of 26.40 per 100,000. The lowest incidence
occurred in 2016-2017, with an age-standardized inci-
dence of 9.35 per 100,000. Data from NNDRS pre-
sented an average annual age-standardized incidence
of 10.26 per 100,000.

From 2007 to 2017, of all hepatitis E cases, 353 were
males, and 170 were females (Table 1). A higher risk of
incidence was observed in males (OR =1.61, 95% CI
1.36~1.91), with an average annual age-standardized
incidence of 20.95 per 100,000 compared to 13.02
per 100,000 for females. Overall, the incidence
increased with age and tended to decline after 70
years, a trend observed in both males and females
(Pirend < .0001). Among males, the highest prevalence
was in the 50-59 age group (46.88 per 100,000),
while among females, it was in the 60~69 age group
(32.21 per 100,000). Of 235 samples sequenced, 75
were negative for hepatitis E by sequencing and 160
were positive. All viral isolates were HEV genotypes
1 and 4. A total of 46.88% (75/160) were subtype 4a,

31.88% (51/160) were subtype 4d and 3.13% (5/160)
were genotype 1. Notably, HEV-1 has not been
detected since November 2012. Phylogenetic analyses
of the YE fragments from 38 patients and YK frag-
ments from 58 patients are presented in Figure 2.

Among patients with symptomatic hepatitis, 2,617
were diagnosed with hepatitis B, including 97
(3.71%) who were co-infected with hepatitis E
(Table 2). From 2007 to 2017, the average annual
age-standardized incidence of hepatitis with HBV-
HEV co-infection was 4.99 per 100,000. Patients
with HBV-HEV co-infection were relatively younger
than those with solely hepatitis E, with an average
ages of 53.82 and 58.88 respectively (P=.004).
Additionally, patients with hepatitis E and those
with HBV-HEV co-infection presented significantly
higher ALT levels [22.53 (5.94, 42.61) ULN, and
11.57 (3.83, 30.53) ULN, respectively] compared to
those with HBV infection alone [4.38 (3.11, 8.13)
ULN], with P <.001.

Table 1. Average-annual Incidence rate of hepatitis E from 2007-2017 by age and gender in the surveillance.

Gender

Age group Male Female OR (95%Cl) Totally
0~ 0 0 - 0

10~ 3(0.89) 0 3 (0.45)
20~ 8 (5.90) 9 (8.21) 0.73 (0 30, 1.79) 17 (6.93)
30~ 23 (9.79) 15 (11.43 0.85 (0.48, 1.52) 38 (10.38)
40~ 62 (24.17) 24 (13.35 1.83 (1.21, 2.77) 86 (19.71)
50~ 102 (46.88) 38 (22.07 2.13 (1.54, 2.94) 140 (35.92)
60~ 89 (45.56) 53 (32.21 1.42 (1.03, 1.96) 142 (39.46)
70~ 54 (32.15) 24 (17.10 1.88 (1.16, 3.05) 78 (25.30)
>80 12 (13.81) 7 (8.35) 1.65 (0.65, 4.20) 19 (11.13)
Totally 353 (20.95) 170 (13.02) 1.61 (1.36,1.91) 523 (17.50)
Puend” <0.0001 <0.0001 - <0.0001

Note: Average-annual incidence rate from November 2007 to October 2017 was age-standardized based on Dongtai population.
Cochran-Armitage Trend Test was used to test the association between age group and incidence of hepatitis E.
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Figure 2. Phylogenetic tree based on YE (A) and YK (B) fragments from hepatitis E cases. Thirty-eight ORF2 gene fragments (YE)
and 58 ORF1 gene fragments (YK) obtained from 96 hepatitis E cases and reference sequences are shown. The phylogenetic tree

was constructed with the neighbor-joining method.

Table 2. Features of hepatitis in the surveillance.

HEV-HBV HEV HBV All patients with hepatitis symptoms

Number (rate?, 10°) 97 (4.99) 338 (16.82) 2520 (134.10) 11342 (3853.26)
Gender, N (%)

Male 60 (61.86) 236 (69.82) 1481 (58.77) 5878 (51.83)

Female 37 (38.14) 102 (30.18) 1039 (41.23) 5554 (48.97)
Age (y ts, year) 53.82+15.06 58.88 + 14.02** 49.74 + 15.94** 52.33+16.54
Age group, N (%)

0-18 0 (0.00) 3(0.89) 17 (0.67) 171 (1.50)

19-60 63 (64.95) 172 (50.89) 1857 (73.69) 7586 (66.36)

>60 34 (35.05) 163 (48.22) 646 (25.64) 3675 (32.15)

Peak ALT [XULN, Median (Q1,Q3)] 11.57 (3.83, 30.53)

22.53 (5.94, 42.61)**

4.38 (3.11, 8.13)** 3.88 (3.00, 6.53)**

Note: P-values were calculated to compare HBV-HEV group with each of other groups (HEV group, HBV group, group of all patients with hepatitis symp-

toms).

?Average-annual Incidence rate from November 2007 to October 2017 was age-standardized based on Dongtai population. HBV infection was indicated by

positive HBsAg.
Significantly different from HBV-HEV group (*P <.05; **P < .01).

Discussion

Data derived from a community-based surveillance in
Dongtai City revealed the average annual age-standar-
dized incidence of symptomatic hepatitis E from 2007
to 2017 was 17.50 per 100,000, which was higher than
that reported in the NNDRS (10.26 per 100,000). The
incidence exhibited a short-term upward trend fol-
lowed by a fluctuating downward trend. Considerable
higher prevalence occurred in the 50-69 age group,
with a notable male preponderance. During the
study period, the predominant strain was genotype
4. In addition, the average annual age-standardized
incidence of symptomatic HBV-HEV co-infection
was 4.99 per 100,000, with 3.71% of symptomatic
hepatitis B cases presenting co-infection with HEV.
Fluctuations in the sensitivity of surveillance sys-
tem are always a concern in long-term studies. The
community-based surveillance conducted in this
study was designed for the phase III clinical trial of a

hepatitis E vaccine. This system encompassed 11
rural townships, covering the majority of residents
in Dongtai [16]. The incidence of abnormal ALT
increases remained stable throughout the study
period, which mirrored the steady status of the surveil-
lance [20]. Consequently, fluctuations in outcome
measurement did not significantly bias the analysis.
To better reflect the epidemiological characteristics
of HEV infection in the natural environment, individ-
uals immunized with the HE vaccine during the clini-
cal trial were excluded from the analysis.

Through the symptom-driven and community-
based surveillance, this study revealed the epidemiolo-
gical trend of HE from 2007 to 2017 in eastern China.
Each patient presenting with suspected hepatitis
symptoms underwent well-established testing and
strict diagnostic criteria, ensuring high sensitivity
and specificity in diagnosis. The average annual age-
standardized incidence of hepatitis E in the



surveillance system was higher than that reported in
the NNDRS (17.50 per 100,000 vs 10.26 per
100,000), suggesting a significant proportion of HE
cases were underdiagnosed or underreported in pri-
mary health institutions. In addition, the HEV detec-
tion indicators and diagnostic criteria for hepatitis E
have varied and remained inconsistent across clinics
over a long-time span. This inconsistency could
potentially introduce bias in case reporting within
the NNDRS, contributing to the disparity when com-
pared with the surveillance system. Age- and sex—
specific incidence were further reported in the present
study, revealing a higher average annual age-standar-
dized incidence among males (20.95 per 100,000)
and individuals aged 50-69 years (37.47 per
100,000). In general, the elderly are more susceptible
to hepatitis E due to their decreased immunity, while
adult males are engaged in more social activities,
may have more exposure opportunities [21]. Overall,
a decrease in the prevalence of hepatitis E was
observed. However, the potential disease burden and
the elevated risk for men and individuals aged 50-69
years remain concerning.

Although HEV-1 infection caused waterborne out-
breaks in China decades ago, HEV-4 has been the pre-
dominant genotype in Dongtai during the surveillance
period, and has been the only circulating genotype
since November 2012. Improvements in sanitation
and water supply are considered to be one of the
reasons for the change in genotypes [22]. Nevertheless,
there is uncertainty in the genotype prevalence trends
in this study because some cases could not be
sequenced due to low viral loads. Although HEV-4
appears to be less virulent than HEV-1 in humans,
recent studies indicate that HEV-4 is emerging as a
significant disease burden among immunocompro-
mised individuals, patients with chronic liver disease,
and the elderly [23].

This study provided valuable data on the average
annual age-standardized incidence of hepatitis with
HBV-HEV co-infection (4.99 per 100,000). Patients
with HBV-HEV co-infection exhibited higher peak
ALT levels compared to those with only HBV infec-
tion, suggesting that HEV co-infection may accelerate
disease progression in HBV patients. Considering the
significantly higher risks of liver failure (OR = 5.5, 95%
CI: 1.5-20.1) and mortality (OR=5.0, 95% CI: 1.9-
13.3) in hepatitis B patients with HEV superinfection
compared to those without HEV superinfection [24],
the hepatitis E vaccine should be highly recommended
for the population to provide long-term protection
[25, 26].

By this robust community-based hepatitis surveil-
lance system, the detailed epidemiological trend and
characteristics of hepatitis E were revealed in a large-
scale rural population in eastern China. However, sev-
eral limitations should be considered. First, the study
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was conducted in a single region in eastern China,
which limits the generalizability of the conclusion.
Second, the study focused on the symptomatic cases,
which limited our ability to capture the full spectrum
of the HE, including asymptomatic cases. Third, we
were unable to follow the long-term clinical outcomes
of all patients with HE in this community-based
surveillance.
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