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RESEARCH ARTICLE

Profile of clinical characteristics and serologic markers of sporadic hepatitis
E in a community cohort study
Zi-Min Tanga,b*, Gui-Ping Wena,c*, Dong Yinga,d, Si-Ling Wanga, Chang Liua, Wei-Kun Tiana, Ying-Bin Wanga,
Mu-Jin Fanga,b, Yu-Lin Zhouc, Yun-Sheng Gec, TingWua, Jun Zhang a, Shou-Jie Huanga, Zi-Zheng Zheng a

and Ning-Shao Xia a,b,d

aState Key Laboratory of Molecular Vaccinology and Molecular Diagnostics, National Institute of Diagnostics and Vaccine Development in
Infectious Diseases, School of Public Health, Xiamen University, Xiamen, PR People’s Republic of China; bNMPA Key Laboratory for
Research and Evaluation of Infectious Disease Diagnostic Technology, School of Public Health, Xiamen University, Xiamen, PR People’s
Republic of China; cUnited Diagnostic and Research Center for Clinical Genetics, Women and Children’s Hospital, School of Medicine and
School of Public Health, Xiamen University, Xiamen, PR People’s Republic of China; dSchool of Life Sciences, Xiamen University, Xiamen, PR
People’s Republic of China

ABSTRACT
Hepatitis E virus (HEV) is a pathogen of global significance, but the value of HEV-related markers in the diagnosis of
hepatitis E remains controversial. Previous studies on hepatitis E profiles have been mainly cross-sectional and
conducted among inpatients in large hospitals, and hepatitis E cases have been primarily defined by limited partial
markers. In this community-based study, 4,110 active hepatitis cases from a population of nearly 600,000 were
followed over 48 months and serial serum samples were collected. Both HEV pathogen (HEV RNA and antigen) and
anti-HEV antibody markers were used to determine HEV infection status and the relationship between hepatitis and
HEV infection. In total, 98 hepatitis E patients were identified and all available isolates from 58 patients belonged to
HEV genotype 4. The mean age of the patients was 58.14 years, with an overwhelming proportion of males (70.4%).
Hepatitis E accounted for 22.86% of active hepatitis cases with alanine aminotransferase levels ≥15.0-fold the upper
limit of normal, suggesting the need to include HEV in routine testing for these patients. Ninety-two hepatitis E
patients were positive for at least 2 of HEV antigen, anti-HEV IgM, and HEV RNA markers at presentation, and 90.22%
of them were positive for HEV antigen and anti-HEV IgM. HEV antigen, HEV RNA, and anti-HEV IgM positivity were
observed in 89.80%, 82.65%, and 93.88% of hepatitis E patients at presentation, respectively. However, only 57.14%
of anti-HEV IgM positivity occurred in hepatitis E patients. These findings will advance our understanding of hepatitis
E and improve diagnosis.
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Introduction

Hepatitis E virus (HEV) represents the most common
cause of acute viral hepatitis worldwide [1]. The inci-
dence of hepatitis E has surged considerably in recent
years in many developed and developing countries. In
Europe, the reported incidence has increased 10-fold,
from 514 cases in 2005 to 5,617 cases in 2015 [2], and
in China, the incidence of hepatitis E increased 8-fold
between 1997 and 2014 [3]. Four major genotypes of
HEV are pathogenic in humans and show notable
differences in their epidemiological characteristics,
clinical features, and hosts [1]. Genotypes 1 and 2
are associated with large-scale outbreaks in developing
countries and circulate exclusively in humans. Geno-
types 3 and 4 are zoonotic with animal reservoirs

and are linked to sporadic cases worldwide. The pres-
entation of HEV infection varies greatly [1], including
asymptomatic and symptomatic infection. In sympto-
matic HEV infection, most individuals present with
hepatitis.

Several laboratory blood tests have been developed
to diagnose hepatitis E, including detection of HEV
RNA, HEV antigen, anti-HEV IgM, anti-HEV IgG,
and a≥ 4-fold rise in anti-HEV IgG levels (abbre-
viated as anti-HEV IgG-R) [1,4,5]. However, the
value of these HEV-related markers is debatable, as
previous studies have provided conflicting conclusions
regarding the clinical application of these markers [5–
14]. Most of these studies have focused on either HEV
pathogens (HEV RNA or HEV antigen) or anti-HEV
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antibodies (anti-HEV IgM, anti-HEV IgG, or anti-
HEV IgG-R) [6–12]; additionally, some studies
focused on HEV RNA and anti-HEV antibodies but
not HEV antigen [5,13,14]. Recent studies have
shown that individual HEV-related markers,
especially HEV antigen, are valuable [6,15]. HEV anti-
gen detection mainly involves recognition of the free
secreted form of ORF2 protein, which is the major
form of ORF2 protein in the serum and is not associ-
ated with the viral genome and virions [6,15]. Such
nonvirion-associated viral antigens (e.g. hepatitis B
surface antigen, HBsAg) in the serum have also been
observed in hepatitis B virus (HBV) infection [16,17]
and play an important role in the diagnosis of hepatitis
B. Previous studies on HEV antigen have compared it
with other HEV-related markers, which served as
references [7–12] and most published data for HEV
antigen in the diagnosis of hepatitis E have been
obtained based on samples identified by HEV RNA
[8,11,18]. To date, the value of HEV antigen in
patients with hepatitis E has not been determined in
a large-scale cohort study.

Many studies on the profile of sporadic hepatitis E
have been conducted with inpatients from large hospi-
tals [13,14,19–22], with some selection bias in the
selection of study patients. Some studies conducted
in Europe and the USA have been longitudinal
[13,14], but most of the studies conducted in other
countries have been cross-sectional and conducted
in patients at presentation [19–22]. Additionally,
most of these studies used either anti-HEV antibodies
or HEV RNA as evidence for hepatitis E [13,14,19–
22]. Overall, there is a paucity of data on the profile
of hepatitis E defined using all HEV-related markers
in blood tests. Thus, the disease burden of active hepa-
titis E needs further analysis, especially in community-
based studies.

In two previous studies, we characterized the
profiles of sporadic hepatitis E cases in a rural com-
munity from 2006 to 2007 [5,23]. However, these
two studies had some limitations and did not pro-
vide sufficient evidence, as active hepatitis patients
were screened only for anti-HEV antibodies and
patients with anti-HEV antibody responses were
then tested for HEV RNA [5,23]. Furthermore,
rapid industrialization and socioeconomic develop-
ment have occurred in China in recent years, and
an HEV vaccine became commercially available in
2012. Under these circumstances, the prevalence of
HEV is likely different from that before vaccination
and is worth studying. In this study, we described
the clinical and viral profiles of hepatitis E patients
based on a community-based cohort and compre-
hensively analyzed the dynamics and value of anti-
HEV antibodies and HEV pathogen markers during
illness progression.

Materials and methods

Patients and samples

Between January 2013 and December 2016, patients
with suspected hepatitis in Dongtai, Jiangsu Province,
China, were identified and enrolled through a well-
established active hepatitis surveillance system
[23,24]. This hepatitis surveillance system encom-
passed all health care centers in the study area, includ-
ing private and village clinics as well as hospitals in
each township and in the city [23,24]. Serum samples
were obtained from patients presenting at these cen-
ters with hepatitis-like symptoms of fatigue and/or
anorexia lasting ≥3 days and alanine aminotransferase
(ALT) levels were assessed. Patients with abnormal
ALT levels (≥2.5 times the upper limit of normal
(ULN)) were followed up, and follow-up serum
samples were collected if possible. This study was
approved by the Ethics Committee of the School of
Public Health, Xiamen University. Written informed
consent was obtained from all participants.

Detection of HEV antigen, anti-HEV IgM and
anti-HEV IgG

HEV antigen, anti-HEV IgM and anti-HEV IgG in
serum samples were evaluated using commercial kits
(Wantai, Beijing, China). The antigen detection kits
were optimized as previously reported [10] and are
used for research only. Anti-HEV IgG levels in each
sample were measured using theWorld Health Organ-
ization (WHO) reference serum as previously
described [25,26]. The detection limit of the anti-
HEV IgG kit was 0.077 WHO units per milliliter
(hereafter, WU/mL) [25,26]. If serum samples were
negative for anti-HEV IgG, the anti-HEV IgG levels
of these samples were artificially set to 0.0385 WU/
mL. All serum samples were stored at −20 °C prior
to detection.

HEV RNA detection and genotype analysis

Serum samples from patients with detectable HEV
antigen, detectable anti-HEV IgM or positive anti-
HEV IgG-R were individually tested for HEV RNA
using a previously reported real-time reverse tran-
scriptase PCR (RT–PCR) method [10,27,28]. The
RT–PCR cycle threshold (Ct) value of ≤38 was con-
sidered as positive. Serum samples testing positive
for HEV RNA were further analyzed to identify the
HEV genotype via nested RT–PCR, Sanger sequen-
cing, and phylogenetic analysis as described previously
[28]. DNA sequences were aligned with corresponding
regions of sequences retrieved from the GenBank
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database and analyzed using Mega 7.0 with the neigh-
bor-joining method.

Detection of hepatitis A virus (HAV), HBV and
hepatitis C virus (HCV)

Patients with active hepatitis were tested for anti-HAV
IgM, HBsAg, anti- HBV core protein IgM (anti-HBc
IgM), and anti-HCV antibodies at presentation using
commercial kits (Wantai, Beijing, China). A diagnosis
of hepatitis A, hepatitis B, or hepatitis C was indicated
by a positive finding for anti-HAV IgM, anti-HBc
IgM, or anti-HCV antibodies, respectively.

Statistical analysis

Statistical analysis was performed using GraphPad
Prism software and SPSS. The significance of differ-
ences was determined by the Mann–Whitney U test
for continuous variables and Pearson’s chi-square
test for categorical variables. All reported p values

were two-sided, and significance was considered at a
p value <0.05.

Results

Profile of active hepatitis patients during the
observation period

A total of 4,556 active hepatitis patients were
observed over the 48-month study period; 4,110
presented within 21 days after onset and provided
at least one another follow-up serum sample, these
patients were included in the final analysis (Figure
1). The mean age of the 4,110 patients was 53.16
years and almost half (51.92%) of the patients
were male. Among these 4,110 patients, the preva-
lence of HEV antigen, HEV RNA, and anti-HEV
IgM was 2.29%, 1.97% and 4.04%, respectively.
The prevalence of HBsAg and anti-HBc IgM was
25.38% and 13.67% at presentation, respectively.
In total, 139 patients received a diagnosis of hepa-
titis A and 58 patients were considered to have
hepatitis C.

Figure 1. Profiles of active hepatitis patients during the period of observation. Hepatitis E virus (HEV)-related markers were
measured in serial serum samples from active hepatitis patients; markers of hepatitis A virus (HAV), hepatitis B virus (HBV),
and hepatitis C virus (HCV) were identified in the serum samples of patients at presentation. HBsAg: hepatitis B surface antigen.
Anti-HBc IgM: anti-hepatitis B core protein IgM. Anti-HAV IgM: anti-hepatitis A virus IgM. Anti-HCV: anti-hepatitis C virus anti-
bodies. Anti-HEV IgG-R: a≥ 4-fold rise in anti-HEV IgG levels.
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Diagnosis and exclusion of hepatitis E

Among the 4,110 active hepatitis patients, 98 were
identified as hepatitis E patients (Figure 2). Among 98
hepatitis E patients, 93 presented both the anti-HEV
antibody response (anti-HEV IgM and/or anti-HEV
IgG-R) and HEV pathogens (HEV RNA and/or HEV
antigen). Seventy-five patients were positive for HEV
RNA, HEV antigen, and anti-HEV IgM; of these, 47
displayed anti-HEV IgG-R. These 47 patients were con-
sidered typical cases of hepatitis E. Seventeen cases were
positive for either HEV RNA or HEV antigen
accompanied by anti-HEV IgM positivity. Five hepatitis
E patients exhibited an obvious anti-HEV antibody
response (positive for both anti-HEV IgM and anti-
HEV IgG-R) without HEV pathogen markers in the
serial serum samples (Table S1). Sixty-nine patients
were positive for a single anti-HEV IgM. The dynamics
of anti-HEV IgM and anti-HEV IgG in these 69
patients differed from those of the typical hepatitis E
patients (Figure S1). This indicates that these patients
may have recently been infected with HEV and that
single anti-HEV IgM positivity may be due to the
long-term persistence of anti-HEV IgM. Single-anti-
HEV IgG-R positivity was observed in 368 patients,
suggesting the presence of HEV infection in these
patients. However, the levels of anti-HEV IgG in
these patients were significantly lower than those in

the typical hepatitis E patients (Figure S2). Thus, it
was unclear whether the ALT abnormal of these
patients were associated with hepatitis E. These 368
patients were considered to have an HEV infection.

Characteristics of hepatitis E patients

Among the 98 hepatitis E patients, 81 (82.65%) had
detectable HEV RNA in one or more serum samples,
indicating viremia among these patients. Hepatitis E
patients with HEV viremia had significantly higher
ALT levels than those without viremia (p = 0.035).
HEV antigen was detectable in 88 (89.80%) patients,
and anti-HEV IgM and anti-HEV IgG-R were found
in 98.98% and 61.22% of hepatitis E patients, respect-
ively. Sixty-four viral isolates from 58 patients were
successfully sequenced. Phylogenetic analysis revealed
that all viral isolates were HEV genotype 4 (Figure 3).
A total of 53% of viral isolates were subtype 4d, and
34% were subtype 4a. Most (74.49%) hepatitis E
cases were observed in winter and spring (from Janu-
ary to April) (Figure S3).

The clinical and laboratory profiles of patients with
hepatitis E and other active hepatitis forms are sum-
marized in Table 1. Hepatitis E patients had a mean
age of 58.14 years and the majority (70.4%) of them
were male. Hepatitis E patients were significantly
older than patients with other viral hepatitis forms

Figure 2. A schematic of how different groups of active hepatitis patients were defined. Among the 4,110 active hepatitis cases,
98 were identified as cases of hepatitis E. RNA: HEV RNA; Ag: HEV antigen; IgM: anti-HEV IgM; IgG-R: a≥ 4-fold rise in anti-HEV IgG
levels.
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Figure 3. Phylogenetic tree based on partial open reading frame-1 nucleotide sequences from hepatitis E cases. Sixty-four
sequences obtained from 58 hepatitis E cases are shown as blue dots. Viral sequences were obtained from serum samples col-
lected from the 53 patients at presentation. Sequences were isolated from serum samples collected at presentation as well as
from a second collection (in 4 patients) or from three serum samples (one patient). Accession numbers for the reference sequences
are provided. The phylogenetic tree was constructed with the neighbor-joining method.

Table 1. Characteristics of hepatitis E patients, other viral hepatitis patients, and active hepatitis patients.

Characteristic All (n = 4110) Hepatitis E (n = 98)
Hepatitis E-excluded

(n = 4012)
Other viral hepatitis

(n = 724)

Days after onset at presentation 4.65 ± 2.36 5.72 ± 3.23 4.62 ± 2.33 5.38 ± 3.09
Second serum collection (days after onset) 24.00 ± 10.43 24.31 ± 12.34 23.99 ± 10.38 25.16 ± 12.19
Sex (Male:Female)# 2134:1976 69:29 2065:1947* 428:296*
Age (years)# 53.16 ± 16.24 58.14 ± 13.67 53.04 ± 16.28* 53.35 ± 14.96*
Alanine aminotransferase level at presentation (ULN)# 6.65 ± 10.19 40.83 ± 33.52 5.82 ± 7.07* 8.46 ± 11.61*
Length of symptomatic course (days)# 19.72 ± 12.68 57.66 ± 39.99 18.78 ± 9.43* 20.06 ± 11.49*
Mean (95% CI) level of anti-HEV IgM at presentation (S/CO) 0.35(0.30–0.40) 8.61(7.71–9.50) 0.15(0.13–0.17) 0.11(0.08–0.14)
Mean (95% CI) peak level of anti-HEV IgG (WU/mL) 12.10(6.27–17.92) 386.24(199.18–573.30) 2.96(−0.52–6.43) 1.13(0.70–1.56)
Positive for HEV antigen, n (%) 94 (2.29) 88 (89.80) 6 (0.15) 1 (0.14)
Positive for HEV RNA, n (%) 81 (1.97) 81 (82.65) – –
Positive for anti-HEV IgM, n (%) 166 (4.04) 97 (98.98) 69 (1.72) 9 (1.24)
Positive for anti-HEV IgG, n (%) 2606 (63.41) 98 (100.00) 2508 (62.51) 432 (59.67)
Positive for anti-HEV IgG-R, n (%) 428 (10.41) 60 (61.22) 368 (9.17) 52 (7.18)
Positive for anti-HAV IgM, n (%) 139 (3.38) 2 (2.04) 137 (3.41) 137 (18.92)
Positive for HBsAg, n (%)# 1043 (25.38) 35 (35.71) 1008 (25.12)* 482 (66.57)
Positive for anti-HBc IgM, n (%) 562 (13.67) 7 (7.14) 555 (13.83) 555 (76.66)
Positive for anti-HCV, n (%) 58 (1.41) 0 (0.00) 58 (1.41) 58 (8.01)

#Differences between hepatitis E and hepatitis E-excluded/other viral hepatitis were calculated with the Mann–Whitney U test.
*Significantly different from hepatitis E patients (P < 0.05). Data are presented as the mean ± SD unless otherwise noted. CI denotes confidence interval.
ULN: the upper limit of normal. WU/mL: WHO units per milliliter. S/CO: signal to cut off. A diagnosis of hepatitis A, hepatitis B, or hepatitis C was indicated
by a positive finding for anti-HAV IgM, anti-HBc IgM, or anti-HCV, respectively. Active hepatitis patients who were positive for hepatitis A, hepatitis B,
and/or hepatitis C and negative for hepatitis E were defined as having other viral hepatitis. Active hepatitis patients who were negative for hepatitis A,
hepatitis B, hepatitis C, and hepatitis E were defined as indeterminate. HEV: hepatitis E virus. Anti-HEV IgG-R: a≥ 4-fold rise in anti-HEV IgG level. HBsAg:
the surface antigen of hepatitis B virus. Anti-HBc IgM: anti-core protein of hepatitis B virus IgM. Anti-HAV IgM: anti-hepatitis A virus IgM. Anti-HCV: anti-
hepatitis C virus antibodies.
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(p = 0.001) and hepatitis E-excluded patients (p =
0.002). Male hepatitis E patients showed significantly
higher viral loads and longer symptomatic courses
than female hepatitis E patients (Table S2). ALT levels
in hepatitis E patients at presentation were signifi-
cantly higher than those in hepatitis E-excluded
patients and patients with other viral hepatitis forms
(both were p < 0.001). The symptomatic course of
hepatitis E cases lasted 57.66 ± 39.99 days, which was
3.10-fold and 2.87-fold longer than that observed in
hepatitis E-excluded cases and cases of other viral
hepatitis forms, respectively. Most illnesses in hepatitis
E patients involved an uneventful recovery, but one
death was recorded. Among the hepatitis E cases, 7

were comorbid with hepatitis B, and 2 were comorbid
with hepatitis A.

Dynamics of HEV-related markers during
disease progression

We further analyzed the dynamics of ALT, HEV anti-
gen, HEV RNA, anti-HEV IgM, and anti-HEV IgG
during disease progression (Figure 4). Overall, the
levels of HEV RNA, HEV antigen, and ALT peaked
within the 1st week after onset and declined thereafter.
HEV RNA was detected in 82.72% (67/81), 63.64%
(14/22), 23.53% (12/51), and 14.29% (5/35) of samples
collected in the 1st, 2nd, 3rd, and 4th weeks after

Figure 4. Dynamics of HEV-related markers in hepatitis E patients during disease progression. Serum samples were collected from
98 hepatitis E patients within the 1st week of symptom onset (n = 81) and in the following intervals after symptom onset, the 2nd
week (n = 22), 3rd week (n = 51), 4th week (n = 35), 5th week (n = 27), 6th week (n = 29), 7th week (n = 19), 8th week (n = 12), 9–
10 weeks (n = 18), 11–12 weeks (n = 14), 3–14 weeks (n = 5), 15–16 weeks (n = 8), 17–20 weeks (n = 9), 21–24 weeks (n = 9), 25–
28 weeks (n = 11), 29–32 weeks (n = 9), and ≥33 weeks (n = 20). Levels of alanine aminotransferase (ALT) (A), HEV RNA (B), anti-
HEV IgM (C), HEV antigen (D), and anti-HEV IgG (E) in the different serum sample intervals are shown in terms of the range (whis-
kers), interquartile range (boxes) and median (line within the boxes) values. The dotted lines represent the cutoff levels of ALT,
anti-HEV IgM, HEV antigen, and anti-HEV IgG. (F) The positive rates of HEV antigen, HEV RNA and anti-HEV IgM and the rate of
abnormal ALT levels in each group. ALT levels ≥2.5-fold the upper limit of normal (ULN) were considered abnormal in this study.
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onset, respectively. HEV antigen was detected in
91.36%, 81.82%, 27.45%, and 17.14% of samples col-
lected in the 1st, 2nd, 3rd, and 4th weeks after onset,
respectively. The rates of abnormal ALT levels were
100.00%, 95.45%, 58.82%, and 17.14% in the 1st,
2nd, 3rd, and 4th weeks after onset, respectively.
Anti-HEV IgM positivity was found in ≥92.59% of
samples collected within four weeks after onset;
HEV antigen and HEV RNA positivity were
≤10.53% and ≤3.57%, respectively, from 5 to 8
weeks after onset, and rates of abnormal ALT levels
were ≤8.33% after 4 weeks after onset. Anti-HEV
IgM was found in all samples collected from 5 to 8
weeks after onset and remained detectable in at least
63.64% of samples collected from 9 to 32 weeks after
onset. Therefore, the duration of anti-HEV IgM
appears to be much longer than that of HEV viremia,
antigenemia and ALT abnormalities. Anti-HEV IgG
levels presented an obvious increase within 4 weeks
and were maintained at high levels even more than
33 weeks after onset.

HEV-related markers in the first serum samples
collected from hepatitis E patients and active
hepatitis patients

In routine clinical practice, diagnosis based on a single
sample is common. Therefore, we further analyzed
HEV-related markers in patients at presentation. As
shown in Figure S4, 92 (93.88%) hepatitis E patients

had detectable anti-HEV IgM, and positivity for
anti-HEV IgM was highest among HEV-related mar-
kers. A total of 161 active hepatitis cases were positive
for anti-HEV IgM at presentation, but only 57.14% of
these patients had hepatitis E (Figure 5), revealing the
inaccuracy of using anti-HEV IgM alone for determin-
ing hepatitis E. HEV antigen positivity was observed
in 89.80% of hepatitis E patients, and 93.62% (88/94)
of patients positive for HEV antigen were hepatitis E
patients. HEV RNA was detected in 82.65% of hepa-
titis E patients at presentation. These results suggest
that if a single marker is used to determine hepatitis
E, HEV antigen is the most appropriate.

From these results, it is obvious that using HEV
RNA,HEV antigen or anti-HEV IgM alone to diagnose
hepatitis E can lead to false negative and/or false posi-
tive results. However, combining multiple HEV-
relatedmarkers might improve the accuracy of diagno-
sis. In this study, all hepatitis E patients were positive
for anti-HEV IgM or HEV RNA and all but one hepa-
titis E patient were positive for anti-HEV IgM or HEV
antigen. The first sample from 92 (93.88%) hepatitis E
patients was positive for at least 2 of the HEV antigen,
HEV RNA and anti-HEV IgM markers; 84.69% (83/
98) of patients were positive for HEV antigen and
anti-HEV IgM. Thus, given cost, expertise, and equip-
ment requirements, we recommend that anti-HEV
IgM and HEV antigen be used for first-line detection,
with HEV RNA providing additional confirmation,
for the clinical diagnosis of hepatitis E.

Figure 5. HEV RNA, HEV antigen, and anti-HEV IgM in the first serum samples collected from active hepatitis patients. # One hepa-
titis E patient showed HEV RNA positivity at presentation and anti-HEV IgM seroconversion and a≥ 4-fold increase in anti-HEV IgG
levels at follow-up. If HEV antigen and anti-HEV IgM were used as the first-line for the diagnosis of hepatitis E, this case would be
considered non-hepatitis E at presentation. * Five hepatitis E cases presenting anti-HEV IgM and a≥ 4-fold rise in anti-HEV IgG
levels were identified to have a recent HEV infection at presentation and were confirmed as hepatitis E cases during follow-
up. Ag: HEV antigen; IgM: anti-HEV IgM; RNA: HEV RNA.
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Proportion of hepatitis E cases among active
hepatitis cases

This study adopted a low ALT limit for the definition
of active hepatitis, facilitating detection of milder
forms of hepatitis E. At presentation, 3.06% of hepa-
titis E patients had ALT levels <4×ULN, and 83.67%
had ALT levels ≥10×ULN (Table S3). Nearly half of
the hepatitis A and hepatitis B patients had ALT levels

<4×ULN, and 12.23% of hepatitis A and 23.67% of
hepatitis B patients had ALT levels ≥10×ULN. The
proportion of hepatitis E cases increased drastically
in active hepatitis cases with high ALT levels
(Figure 6). Among active hepatitis cases with ALT
levels <10×ULN at presentation, hepatitis E accounted
for 0.09% to 4.76% and hepatitis B accounted for
9.39% to 20.39%. However, the proportion of hepatitis

Figure 6. Rates of hepatitis E, hepatitis A, hepatitis B, and hepatitis C among active hepatitis patients with different alanine ami-
notransferase (ALT) levels. A diagnosis of hepatitis A was indicated by samples positive for anti-HAV IgM; a diagnosis of hepatitis B
was indicated by samples positive anti-HBc IgM; and a diagnosis of hepatitis C was indicated by samples positive anti-HCV. ULN:
the upper limit of normal.
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E cases (22.86%) among patients with ALT levels
≥15.0×ULN was 5.14-fold greater that of hepatitis A
cases and comparable to that of hepatitis B cases
(28.89%). These results suggest that hepatitis E is
one of the main causes of active hepatitis in patients
with ALT levels ≥15.0×ULN.

Discussion

The dynamics of HEV-related markers during disease
progression are vital for understanding active hepatitis
cases and the selection of strategies to diagnose hepa-
titis E. However, these dynamics have not been fully
explored, as previous studies have mainly focused on
partial HEV-related markers or included only small
numbers of cases (e.g. 16, cases) [5,10,18,29,30]. The
dynamics of HEV-related markers during disease pro-
gression are described in detail in our study. Overall,
abnormal ALT levels were associated with HEV anti-
gen positivity and HEV RNA positivity. HEV antigen
and HEV RNA were detectable in 81.82–91.36% and
63.64–82.72% of hepatitis E patients in the 1st and
2nd weeks after onset, respectively. While, anti-HEV
IgM persisted for 8 months after ALT levels returned
to normal, similar to observations in previous studies
[5,10,29]. Additionally, we found that only 57.14% of
anti-HEV IgM positivity was associated with hepatitis
E patients. Therefore, we recommend that HEV RNA
and HEV antigen, but not anti-HEV IgM, be used as
markers for diagnosing hepatitis E within 2 weeks
after symptom onset. We found that 58.82% of
serum samples from hepatitis E patients displayed
abnormal ALT levels at the 3rd week after onset.
The positivity of HEV antigen, HEV RNA, and anti-
HEV IgM in hepatitis E patients at the 3rd week
after symptom onset were 27.45%, 23.53%, and
100.00%, respectively, suggesting that anti-HEV IgM
is a better indicator of hepatitis E than HEV antigen
and HEV RNA in this period. In the present study, a
drastic decrease in positivity for HEV RNA with
delayed collection of samples was observed, similar
to previous studies [5,18,30,31]. In addition, the rate
of HEV RNA positivity was lower than that of HEV
antigen positivity throughout the progression of the
disease. This finding may be due to the retrospective
nature of this study, as all patients with active hepatitis
were retrospectively tested for HEV-related markers.
As HEV RNA may degrade during the process of
transport and storage, HEV RNA positivity may
have been underestimated. Currently, HEV RNA
detection is not routinely performed in the clinic in
China. Although some commercial HEV RNA detec-
tion kits are available in Europe [32], none of these
kits are approved in China. Regardless, our results
suggest that HEV RNA is a suboptimal marker for
hepatitis E in retrospective studies and that HEV

antigen testing is a useful diagnostic in resource-lim-
ited areas.

Many studies have explored the use of HEV antigen
in the diagnosis of hepatitis E. The sensitivity of HEV
antigen varies from 16 to 100% [6–12,21]. In this
study, 89.80% of hepatitis E patients displayed HEV
antigen positivity at presentation and 93.83% of
HEV RNA-positive patients displayed detectable
HEV antigen, suggesting that HEV antigen has high
sensitivity for diagnosing hepatitis E, similar to pre-
vious studies [6,9,10]. We found that delays in speci-
men collection significantly decreased the rate of
HEV antigen positivity although the rates of anti-
HEV IgM and anti-HEV IgG positivity remained
>95% from 2 to 8 weeks after onset. The low sensitivity
of HEV antigen reported in previous studies [7,12]
may be due to utilization of anti-HEV IgM or anti-
HEV IgG positivity as the criterion for hepatitis E
diagnosis and the timing of sample collection.

In this study, hepatitis E accounted for 2.38% of
active hepatitis cases, a rate much lower than that
observed in previous studies in the study area from
2006 to 2007 [5,23]. A phase III clinical trial of the
hepatitis E vaccine was conducted in this area from
2007 to 2009, enrolling more than 100,000 participants
among a half million registered individuals, with
nearly half of participants receiving three doses of
the hepatitis E vaccine [24,25]. This vaccine showed
an efficacy of approximately 100% over a period of
19 months [25] and 93.3% over a period of 54 months
[24]. Additionally, the local government launched a
rural toilet improvement project in 2012 to improve
the rural living environment [33]; hepatitis E preva-
lence might have gradually decreased with improve-
ments in sanitary conditions. This finding is
consistent with the fact that China has reduced HEV
transmission by improving food and water hygiene
as well as by administering HEV vaccinations
[24,25,34].

Although a previous study reported no sex or age
bias in HEV infection [26], we found significantly
(p < 0.001) more hepatitis E patients were male (69/
2134, 3.23%) rather than female (29/1976, 1.47%) in
this study. A clinical feature of hepatitis E was an over-
whelming preponderance of male patients in this
study, consistent with previous studies [19,20,23].
Hepatitis E seems to be more severe in males than in
females with a higher viral load and longer sympto-
matic course. These differences regarding sex may be
associated with the lifestyle, environment or occu-
pation [35,36]. Nearly half of the hepatitis E patients
were ≥60 years old in this study, similar to previous
studies in China and Egypt [20,21,23], and differing
from findings in Italy [14] and the USA [13]. In this
study, 22.86% of active hepatitis patients with ALT
levels ≥15.0×ULN were hepatitis E cases. This empha-
sizes the need to include HEV screening in routine

Emerging microbes & infections 9



screens of active hepatitis patients with ALT levels
≥15.0×ULN. Additionally, HEV screening should
receive more attention in winter and spring as this
study and previous studies have found the most hepa-
titis E cases in these two seasons [19,23].

This study does have certain limitations. First, as all
cases recruited were who attendees of community
clinics, private clinics, or hospitals, this would result
in the loss of cases that did not seek medical help.
Second, HEV-related markers were detected in
patients with active hepatitis at different time points
with different times. In addition, HEV RNA testing
was only performed on serum samples from patients
who were positive for HEV antigen or anti-HEV
IgM in any one serum sample, or positive for anti-
HEV IgG-R in the serial serum samples, this may
result in missing those case in which the early window
may be positive for only the HEV RNA.

In summary, this study presented the demographic,
clinical and molecular features of sporadic hepatitis E
in a community cohort, providing a comprehensive
profile of HEV-related markers during disease pro-
gression. Hepatitis E was found to be a major cause
of active hepatitis in patients with severely elevated
ALT levels. These findings advance our understanding
of hepatitis E and may improve its diagnosis.
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