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Abstract
The study aimed to describe the epidemiological, virological and clinical features of sporadic HEV infection in eastern

China. A total of 6112 patient sera were tested for anti-HEV IgG or anti-HEV IgM during one consecutive year (between

August 2018 and July 2019). HEV RNA presence was evaluated by RT-PCR and HEV sequences were phylogenetically

analyzed. Clinical features of confirmed HEV-infected patients were delineated. The sero-positivity rate of anti-HEV IgG

maintained stable around 40%, while an obvious winter spike of anti-HEV IgM prevalence was observed. A total of 111

patients were confirmed of HEV viremia by molecular diagnosis. Subtype 4d was predominant. Phylogenetic analyses

suggest that certain strains circulate across species and around the country. Subjects with confirmed current HEV infection

had a high median age (58 years) and males were predominant (62.2%). Most patients presented with jaundice (75.7%) and

anorexia (68.0%). Significantly elevated levels of liver enzymes and bilirubin were observed. Remarkably, the baseline

bilirubin level was positively correlated with illness severity. Pre-existing HBV carriage may deteriorate illness. The

clinical burden caused by locally acquired HEV infection is increasing. Surveillance should be enforced especially during

the transition period from winter to spring. Patients with higher level of bilirubin at disease onset had slower recovery from

HEV infection.
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Introduction

Hepatitis E virus (HEV) infection is the major cause of

acute hepatitis and was thought to be restricted in devel-

oping countries with poor sanitation (Khuroo 2011). In

recent years, sporadic cases of hepatitis E have been

reported in developed countries (Capai et al. 2018). It was

initially attributed to travelling to endemic regions

(Schwartz et al. 1999). Later, consumption of or close

contact with HEV-contaminated meat (Yazaki et al. 2003)

and blood transfusion (Khuroo et al. 2004) were found to

cause HEV infection. As a zoonosis pathogen, HEV is hard

to eliminate due to the existence of animal reservoir

(Lanini et al. 2018).

Exposure to HEV can lead to subclinical infection, self-

limiting hepatitis, and fulminant hepatitis in immunocom-

petent individuals. The prognosis of hepatitis E is generally

good except in pregnant woman (Khuroo et al. 1981) and in

patientswith pre-existing chronic liver diseases (Hamid et al.

2002). HEV can establish chronic infection in immunosup-

pressed patients (Kamar et al. 2008; Dalton et al. 2009).

HEV is a positive-stranded RNA virus (Tam et al. 1991).

It consists of a short 50-untranslated region (UTR), three open
reading frames (ORF1,ORF2 andORF3) and a short 30-UTR
terminated by a poly (A) tail. ORF1, located at the 50 end of
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the genome, encodes a large nonstructural protein with

multiple functional domains (Kenney and Meng 2019).

ORF2 is located at the 30 end and encodes the capsid protein.
ORF3 partially overlaps ORF2 and encodes an ion channel

(Ding et al. 2017).

HEV has extensive genetic diversity. Genotype 1 and 2

can infect only human, while genotype 3 and 4 can infect

both human and swine (Schlauder and Mushahwar 2001).

Geographically, genotype 1 was isolated from Asia and

Africa. Genotype 2 was found from a few regions,

including Mexico, Nigeria, and Chad. Genotype 3 was

identified worldwide. Genotype 4 was first identified in

Asia (Wang et al. 1999) and emerging indigenous cases

have been reported in Europe lately (Hakze-van der Hon-

ing et al. 2011; Tessé et al. 2012). The majority of endemic

HEV infection in developing countries was caused by

genotype 1 or 2, while isolated cases of infection in

industrialized countries were usually caused by genotype 3

or 4 (Khuroo et al. 2016). Recently, it was reported that

camelid and rat HEV could infect human, indicating the

virus has the potential to jump over the species barrier (Lee

et al. 2016; Sridhar et al. 2018; Andonov et al. 2019).

The information of actual incidence of HEV at a global

level is missing, partly because it can be overlooked or

misdiagnosed (Webb andDalton 2019). Routine diagnosis of

HEV infection is dependent on the detection ofHEV-specific

immunoglobulin (Ig) G and M. Anti-HEV IgG is considered

the best marker of past infection, whereas positivity of anti-

HEV IgM indicates current infection (Dawson et al. 1992).

However, since anti-HEV IgM may persist for 6–9 months

(Huang et al. 2010), judgement of acute infection solely

based on serological and biochemical evidences may lead to

misdiagnosis. Thus, a combination of serology and nucleic

acid amplification techniques has been recommended for

diagnosis of HEV infection (EASL 2018).

In China, HEV has been the most common cause of

acute viral hepatitis (Zhang et al. 2019). Genotype 4 has

overtaken genotype 1 to be the dominant genotype in China

since 2000 (Aye et al. 1992; Wang et al. 1999; Liu et al.

2012). Although studies have documented the distribution

of HEV genotypes in eastern China (Zhang et al. 2010; Dai

et al. 2013), there is a paucity of data regarding the clinical

profiles of human HEV infection, probably because the

majority of infections are unrecognized or misdiagnosed.

The current study is dedicated to characterize the epi-

demiological and clinical phenotypes of HEV infection in

eastern China. The prevalence of anti-HEV IgG and anti-

HEV IgMwas measured consecutively over one year, which

depicts an overall demographic and temporal feature of HEV

infection. Then, the genetic diversity of HEV strains circu-

lating regionally was determined. Finally, the clinical fea-

tures of laboratory-confirmed cases of HEV infection were

described.

Materials and Methods

Study Design

A total of 6112 serum samples from subjects who under-

went serological tests for anti-HEV antibodies between

August 2018 and July 2019 were included in the study,

including those presenting with symptoms of hepatitis and

also those coming for disease screening purpose. Biologi-

cal materials and clinical data were obtained only via

standard viral diagnostics following a physician’s order.

Information regarding sample collection date, age, and

gender was retrieved from hospital information system.

Subjects were defined as laboratory-confirmed HEV

infection if positive HEV RNA was detected in serum.

Medical records of confirmed HEV-infected patients,

including age, gender, liver function test (LFT) results, other

hepatitis viruses (hepatitis A, B and C viruses, or HAV,HBV

and HCV) infection status, epidemiological risk factors,

symptoms and pre-existing liver diseases were recorded.

Biochemical parameters including alanine aminotrans-

ferase (ALT), aspartate aminotransferase (AST), alkaline

phosphatase (ALP), gamma-glutamyl transferase (GGT),

total bilirubin (TBIL) were measured by a multichannel

Auto Analyzer (Beckman, USA) at Ruijin Hospital, with

normal range of 10–64 IU/L (ALT), 8–40 IU/L (AST),

38–126 IU/L (ALP), 7–64 IU/L (GGT) and 4.7–24 lmol/L

(TBIL), respectively. The anti-HAV IgM, serum hepatitis

B surface antigen (HBsAg) and anti-HCV antibodies were

tested using the enzyme-linked immunosorbent assay

(ELISA) from Abbott Laboratories (Chicago, IL).

HEV Serologic Assays

HEV antibodies were detected in 50 lL of serum samples

using Chemiluminescence Microparticle Immuno Assay

(CMIA) developed by Wantai BioPharm (Beijing, China).

Patient serum was sent to the laboratory for routine testing

on a daily basis. The assay uses a recombinant antigen

corresponding to ORF2 of the HEV genome (Zhang et al.

2003). The results were expressed as cut-off index (COI).

Positivity was defined as COI[ 1.1, while negativity was

defined as COI\ 0.9, and COI between 0.9 and 1.1 was

considered as gray zone result, or ( ±).

HEV RNA Detection

HEV RNA was detected with Promotor� HEV RNA

detection kit (ACON, Hangzhou, China). Briefly, viral

nucleic acids were extracted from 100 lL of serum and

eluted with 50 lL of TE buffer. The reverse transcription

polymerase chain reaction (RT-PCR) included 20 lL of
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elute product, 18 lL of RT-PCR mix, 1.4 lL of enzyme,

0.6 lL of primers and fluorescence probe mixture. RT-PCR

condition included a RT step of 50 �C for 20 min and

70 �C for 15 min, followed by 45 cycles of pre-denatura-

tion step at 94 �C for 15 s and extension at 60 �C for 30 s.

The amplification was carried on a ViiA 7 Real-Time PCR

System (Thermo Fisher, USA) according to the manufac-

turer’s instructions. The lower detection limit is 500 copies/

mL.

HEV Genome Amplification and Sequencing

HEV genotyping was done on all PCR-positive samples.

After nucleic acids extraction, cDNA was synthesized from

10 lL of purified RNA using PrimeScript RT Reagent Kit

(Takara Bio, China) with random hexamers. The C-termi-

nal region of HEV ORF2 was amplified in the 1st round

with external forward primer HEV-LJF1 (50-CCGACA
GAATTGATTTCGTCGGC-30) and external reverse pri-

mer HEV-LJR (50-CCGGGTTTTACCCACCTTCA-30),
then amplified in the nested round with internal forward

primer HEV-LJF2 (50-GTCTCAGCCAATGGCGAGC-30)
and HEV-LJR (same as the external reverse primer) to

generate a 770-bp DNA fragment. Another set of primers

published previously were also applied to increase the

detection rate (Dai et al. 2013). PCR reaction was cat-

alyzed by PrimeSTAR GXL DNA polymerase (Takara

Bio, China). PCR conditions included a pre-denaturation

step at 94 �C for 3 min, followed by 35 cycles of denatu-

ration at 98 �C for 10 s, annealing at 57 �C for 15 s, and

extension at 68 �C for 45 s. PCR products with the

expected size were purified and sequenced from both

directions with the internal primers. Chromatograms were

analyzed using Vector NTI Software (Thermo Fisher Sci-

entific, US).

Phylogenetic Analysis

The phylogenetic analysis was performed using 83 unique

partial HEV ORF2 sequences determined from the present

study and genotype reference sequences as proposed previ-

ously (Smith and Simmonds 2018): 1_FJ457024,

2a_M74506, 3a_AF082843, 3b_AP003430, 3c_FJ705359,

3e_AB248521, 3f_AB369687, 3g_AF455784, 3h_JQ01

3794, 3i_FJ998008, 3j_AY115488, 3ra_FJ906895,

4a_AB197673, 4b_DQ279091, 4c_AB074915, 4d_AJ2721

08, 4e_AY723745, 4f_AB220974, 4g_AB108537,

4h_GU119961, and 4i_DQ450072. These sequences align

with ORF2 at nucleotides 6403–7047 (4d_AJ272108 was

used as the reference strain for numbering). Another set of

randomly selected references sequences with available

information of isolation regions (mainly from China) and

host information was also included, with details provided in

the respective figure legends. The evolutionary history was

inferred by using the maximum likelihood (ML) method

based on the Tamura-Nei model with MEGA, version 7.0

(Tamura and Nei 1993; Kumar et al. 2016).

Data Access

All 83 HEV partial ORF2 sequences determined by Sanger

dideoxynucleotides sequencing were deposited in GenBank

with accession numbers MN581748-581830.

Statistical Analysis

Statistical analyses were performed using GraphPad Prism

software version 7.0 (GraphPad Software Inc., San Diego,

CA) or Statistical Analysis System (SAS) software package

version 9.4 (SAS Institute Inc., Cary, NC). Categorical

variables were described as frequencies and percentages

(%), and continuous variables were described as

mean ± standard error (SEM) or median (range). Compar-

isons among multiple groups or between two groups were

performed using Chi-square test or t-test as appropriate.

Univariate analyses were performed to identify variables

significantly associated with the length of hospitalization

stay. A multivariate linear regression model was built using

the LASSO (least absolute shrinkage and selection operator)

selection with Schwarz Bayesian information criterion by

step further performed to select and eliminate variables. For

all statistical tests, a two-sided P value of less than 0.05 was

considered statistically significant.

Results

Seroprevalence of anti-HEV IgG and anti-HEV
IgM

A total of 6112 consecutive serum sampleswere tested for anti-

HEV IgG or anti-HEV IgM at Department of Infectious Dis-

eases, Ruijin Hospital between August 2018 and July 2019.

Samples with missing information of age or gender were

excluded from further analysis. For the patient who was tested

repeatedly and showed no change of result category (positivity/

negativity/gray zone result), the earliest result was kept and the

following repeated result was excluded. Finally, 4956 results of

anti-HEV IgG test and 5289 results of anti-HEV IgM test were

analyzed, respectively (Fig. 1).Most of the sampleswere tested

for anti-HEV IgG and anti-HEV IgM simultaneously

(n = 4838). The median age of subjects tested for anti-HEV

IgG and anti-HEV IgMwas both 45 years, and around 53% of

them were males (Table 1).

Among the samples tested for anti-HEV IgG, 40.2%

(1994/4956) was positive, 57.6% (2856/4956) was

J. Lu et al.: High Incidence of Sporadic HEV Infection in Eastern China

123



negative, and the remaining 2.1% (106/4956) had gray

zone results. The sero-positivity rate of anti-HEV IgG

increased with age (Fig. 2A), from 0% in age group

[0–10 years] to 61.4% in subjects older than 80 years.

Males had higher sero-positivity rate than females

throughout the age groups. Males over the age of 20 had

higher mean level of anti-HEV IgG (represented by COI)

than females and the differences gradually expanded with

age (Fig. 2B).

Among the samples tested for anti-HEV IgM, 6.0% (319/

5289) was positive, 93.2% (4931/5289) was negative, and

the remaining 0.7% (39/5289) had gray zone results. The

prevalence of anti-HEV IgM increased until age of 70 years

and dropped subsequently, which peaked in the age group of

[61–70] among males and [71–80] among females, respec-

tively (Fig. 2C). The mean level of anti-HEV IgM in males

increased with age and peaked in the age group of

[61–70 years]. Females showed a parallel pattern to males

except thatwomen older than 70 years had highermean level

of anti-HEV IgM than counterparts (Fig. 2D). Both anti-

HEV IgG and anti-HEV IgM levels were significantly higher

in males than in females (Fig. 2E).

The prevalence of anti-HEV IgG maintained

stable around 40% perennially, while potential hetero-

geneity was observed in anti-HEV IgM. The sero-positivity

rate of anti-HEV IgM bottomed in November (3.9%) and

June (3.6%), but peaked in February (8.6%) (Fig. 2F).

HEV RNA Prevalence and Genotype Variability

HEV RNA presence was tested in patients with evidence of

active or recent HEV infection (defined by positivity of

anti-HEV IgM) and patients who could not be ruled out of

HEV infection (with unexplained elevated LFT results). A

total of 632 samples were tested, including 243 available

anti-HEV IgM-positive samples, 375 anti-HEV IgM-neg-

ative samples, 9 samples with gray zone results and 5

samples that were not tested for anti-HEV IgM (Fig. 3A).

These anti-HEV IgM non-positive samples came from

patients with unknown reason of hepatitis, reflected by

their abnormal ALT levels (Table 2). Totally, one anti-

HEV IgM-negative sample and 126 anti-HEV IgM-positive

samples were positive for HEV RNA.

The 127 HEV RNA-positive samples came from 111

patients, 15 of whom had sera collected at sequential time

points. Partial ORF2 region was successfully amplified

from 83 unique patients. Sequence analysis showed 82

(98.8%) patients were infected with HEV genotype 4 and

one (1.2%) patient was infected with genotype 3. Subtypes

were determined by creating a Maximum likelihood phy-

logenetic tree from all patient sequences and reference

sequences obtained from GenBank (Fig. 3B). Subtype 4d

was the most frequently detected (67.5%), followed by

subtypes 4b (24.1%). Subtypes of 4a, 4 h, 4i and 3b were

rarely detected (Fig. 3C).

There existed close phylogenetic relation between HEV

sequences isolated from distant areas. For example, geno-

type 4b sequences identified from the current study were

clustered with sequences isolated from Jiangsu

(JX997647), Guangxi (EU676172) and Guangdong

(JX855794) provinces, the latter two of which are more

than 1200 km from Shanghai. We only detected one patient

of genotype 3b infection (E122), who had travel history to

Japan ten days before illness onset, but denied

Fig. 1 The flowchart of HEV antibodies examination.
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Table 1 Characteristics of study

population tested for anti-HEV

IgG or anti-HEV IgM.

Anti-HEV IgG (n = 4956) Anti-HEV IgM (n = 5289)

Age, median (range) 45 (0–99) 45 (0–99)

Male, n (%) 2666 (53.8) 2788 (52.7)

COI, median (range) 0.28 (0–24.92) 0.1 (0.01–68.49)

Fig. 2 The seroprevalence and distribution of HEV antibodies in

study population. The prevalence and level of anti-HEV IgG (A, B) or
anti-HEV IgM (C, D) by age and gender. M, male. F, female.

Subjects were divided into 10-year age groups. E The overall level of

anti-HEV IgG or anti-HEV IgM by gender. M, male. F, female.

****P\ 0.0001. ***P\ 0.001. F The prevalence of anti-HEV IgG

and anti-HEV IgM across the year. The prevalence was calculated by

dividing the number of seropositive subjects by the total number of

subjects tested in each age or time group. The level of HEV

antibodies was shown as mean ± SEM.
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consumption of undercooked meat or seafood there. The

identification of homologous swine sequence (FJ527832)

to E122 argues the indigenous circulation of this subtype in

Shanghai.

Clinical Features of Laboratory-Confirmed cases
of HEV Infection

Subjects with positive HEV RNA were defined as labora-

tory-confirmed cases of HEV infection. Distinguishing

features were addressed between confirmed HEV-infected

subjects and subjects with positive anti-HEV IgM but

undetected HEV RNA. The latter group may consist of

subjects who recovered from recent infection or had viral

load below detection limit. Overall, subjects with low level

of anti-HEV IgM were often PCR-negative. Anti-HEV

IgM, ALT and AST levels (P\ 0.0001), as well as ALP,

GGT and TBIL levels (P\ 0.05), were significantly higher

in double positive group (Table 3). This suggests that

clearance or lowering of HEV viremia was accompanied

by alleviation of symptoms and recovery of liver function.

Understanding demographic and clinical features of

cases with HEV infection may help us identify patients at

high risk in the future. Confirmed cases of HEV infection

included 8 outpatients and 103 inpatients. The majority of

them were males (62.2%). None of the females were

pregnant at infection. About 77% were aged[ 40 years.

Thirty-nine cases (35%) occurred in January and February.

Among patients who had available LFT results at presen-

tation, 100 out of 106 had elevated ALT, AST or GGT

above normal range; 78 out of 106 had elevated ALP; 90

out of 105 had elevated TBIL. The median level and range

of LFT were listed in Table 4. As for outcome, 45 patients

had normal ALT level at discharge, 33 patients had ALT

level restored during follow up, 10 patients had improve-

ment of ALT level at discharge, 15 patients had negative

HEV RNA detected during follow up, 1 patient died during

treatment and 7 outpatients were lost to follow-up.

Comprehensive analyses based on detailed medical

records of the 103 inpatients were carried out (Table 4).

Patients presented within one day to one month after

symptom onset. Ten patients recalled consumption of

aquatic products, six patients reported eating takeout or

dining out, one patient had definite history of consuming

pork liver, one patient had close contact with swine, one

patient traveled outside China within a month, and two

patients’ spouses were infected by HEV recently. Jaundice

was the most reported clinical symptom, followed by

anorexia, malaise, nausea, fever, vomiting, and abdominal

pain. No case of extrahepatic manifestation was recorded.

Pre-existing liver diseases were recorded in 13 patients

with HBV carriage (represented by HBsAg presence), five

patients with alcoholic fatty liver disease (AFLD) and 17

patients with non-alcoholic fatty liver disease (NAFLD).

Eight patients had liver cirrhosis and three of them had

decompensated cirrhosis due to HBV infection.

Next, we want to address the major factors correlated to

patients’ severity of illness, indicated by the length of

hospital stays. All patients were discharged from hospital

after improvement in LFT except that a 62-year-old male

patient with late stage lung cancer died from renal failure

29 days after admission. The median hospital stay of the

remaining 102 inpatients was 14 days, with a range

between 5 and 128 days. Univariate analysis showed that

the length of hospital stay was significantly correlated with

bFig. 3 The flowchart of HEV RNA detection and genotyping of HEV

sequences. A The composition of samples tested for HEV RNA. N/A:

not available. B The subtype composition of HEV sequences

determined from the study. C The phylogenetic tree inferred using

the Maximum likelihood method. The analysis involved 146

nucleotide sequences, including 21 genotype references, 42 regional

references and 83 unique sequences determined from this study. The

vertical scale bar represents 0.05 nucleotide substitutions per site.

Available information of isolation host, year and region were

provided beside the 42 regional references. ‘‘hu’’ means the strain

was isolated from human, while ‘‘sw’’ means swine. For the strains

isolated from China, the information of isolating province or

municipality was provided if available. The tree with the highest

log likelihood (-17,368.42) was shown. Initial tree(s) for the

heuristic search were obtained automatically by applying Neighbor-

Join and BioNJ algorithms to a matrix of pairwise distances estimated

using the Maximum Composite Likelihood (MCL) approach, and

then selecting the topology with superior log likelihood value. The

tree was drawn to scale, with branch lengths measured in the number

of substitutions per site. All positions containing gaps and missing

data were eliminated. There were a total of 630 positions in the final

dataset. The subtype reference strains (3b_AP003430, 4a_AB197673,

4b_DQ279091, 4d_AJ272108, 4h_GU119961 and 4i_DQ450072)

were labeled with red triangular symbols next to the isolate, and the

clusters of 3b, 4a, 4b, 4d, 4 h and 4i were circled for easy

identification.

Table 2 Characteristics of

samples tested for HEV RNA

by real time RT-PCR.

Anti-HEV IgM category (n) HEV RNA detected, n (%) ALT, 9 ULN1

Positive (243) 126 (51.9) 11.2 ± 1.1

Negative (375) 1 (0.3) 8.4 ± 0.5

Gray zone (9) 0 (0.0) 1.0 ± 0.5

Not available (5) 0 (0.0) 5.3 ± 2.2

1 Results are presented as mean ± SEM.
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age (P = 0.0384), anti-HEV IgG (P = 0.0408), ALP/ULN

(P = 0.0166) and TBIL/ULN (P\ 0.0001) level at

admission. After adjusting the confounding factors, the

length of hospital stay was significantly correlated with

anti-HEV IgM (P = 0.0062) and TBIL/ULN (P\ 0.0001)

level, but not with age, HBsAg status, anti-HEV IgG, ALT,

AST, ALP or GGT level by multivariate linear regression

analysis. Remarkably, the association between hospital-

ization duration and TBIL/ULN level at admission was

strongly positive (Table 5). No significant differences were

found for age or any of the LFT results among patients with

or without pre-existing HBV carriage (Table 6). Notably,

patients co-infected with HBV had longer hospital stay

(P = 0.0318) and higher level of TBIL, although not

reaching statistical significance. No significant difference

was found among patients with or without fatty liver dis-

eases (data not shown).

Discussion

In the present study, we undertook a sero-epidemiologic

study to determine the prevalence of HEV infection in

Shanghai, which is the most populated city in eastern

China. The annual anti-HEV IgG positive rate was around

40%. Though the current study was a hospital-based

investigation, the prevalence of anti-HEV IgG is similar to

other studies conducted in general Chinese population. A

cross-sectional study conducted in 8 rural communities in

southern China showed the anti-HEV IgG prevalence was

43.5% (Li et al. 2006). The seroprevalence of HEV in a

community-based surveillance in rural eastern China was

38% (Zhu et al. 2014).

With comparable anti-HEV IgG prevalence, the number

of HEV infected cases identified in our study is surpris-

ingly high. A study conducted in Nanjing, a neighboring

city of Shanghai, identified 210 HEV RNA-positive sam-

ples between January 2001 and April 2011 (Dai et al.

2013). That’s roughly 20 cases annually. Another study

conducted more recently in Shenzhen, also a metropolitan

city as Shanghai, identified 20 patients with acute hepatitis

E over a 55-month period (between July 2012 and January

2017) (Sridhar et al. 2017). The potential causes for the far

more cases of HEV infection identified in our study were

analyzed. First, technical progress has improved the

detection rate. Compared to nested RT-PCR method

employed by (Dai et al. 2013), probe-based real time one-

step RT-PCR has higher sensitivity. Second, more serum

samples were screened. Around 5000 patients were tested

for anti-HEV IgM in the 1-year study period. All available

anti-HEV IgM-positive samples were evaluated for HEV

Table 3 Comparison of anti-

HEV IgM (?) patients with or

without HEV RNA detected1.

HEV RNA (?) (n = 126) HEV RNA (-) (n = 117) P value

Anti-HEV IgG (COI) 10.3 ± 0.4 11.7 ± 0.6 0.0674

Anti-HEV IgM (COI) 31.9 ± 1.5 11.1 ± 1.3 \ 0.0001

ALT, 9 ULN 18.2 ± 1.8 2.1 ± 0.4 \ 0.0001

AST, 9 ULN 18.4 ± 2.7 2.4 ± 0.3 \ 0.0001

ALP, 9 ULN 1.5 ± 0.1 1.1 ± 0.1 0.0133

GGT, 9 ULN 3.5 ± 0.2 2.2 ± 0.5 0.0052

TBIL, 9 ULN 5.6 ± 0.5 3.8 ± 0.7 0.0243

1Results are presented as mean ± SEM; 2ULV: Upper limit of normal value.

Table 4 Characteristics of laboratory-confirmed cases of HEV

infection.

Parameter Value

Male, n (%) 69 (62.2)

Age (years), median (range) 58 (25–86)

Baseline laboratory tests1, median (range)

ALT, 9 ULN 13.6 (0.6–96.8)

AST, 9 ULN 8.3 (0.6–185.7)

ALP, 9 ULN 1.4 (0.5–4.2)

GGT, 9 ULN 3 (0.5–12.5)

TBIL, 9 ULN 4.2 (0.3–26.8)

Symptoms2, n (%)

Abdominal pain 21 (20.4)

Anorexia 70 (68.0)

Fever 29 (28.2)

Jaundice 78 (75.7)

Malaise 49 (47.6)

Nausea 44 (42.7)

Vomiting 29 (28.2)

Concomitant liver disease2, n (%)

Alcoholic fatty liver disease 5 (4.9)

Non-alcoholic fatty liver disease 17 (16.5)

HBV carriage 13 (12.6)

1106 patients had available ALT, AST, ALP and GGT test results and

105 patients had available TBIL result at presentation to our hospital
2Information of symptoms and concomitant liver disease was avail-

able for 103 inpatients.
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RNA presence. Third, modern life styles may increase the

risk of HEV infection. People are more likely to eat takeout

currently, partly because people could afford less time to

prepare food at home due to increased work pressure, and

also because taking out can be ordered much more con-

veniently than before. Compared to cooking at home, it is

more difficult to guarantee the dietary hygiene of takeout

restaurants. Interestingly, we noticed a winter spike of anti-

HEV IgM prevalence, which was reported previously (Liu

et al. 2016; Sridhar et al. 2017). In our speculation, it may

be related to the tradition of celebrating Chinese New Year,

also around January to February, when people usually have

more chances of dining out together during this holiday

season.

Although the number of confirmed HEV-infected

patients is far more than expected, we still notice a great

gap between the number of anti-HEV IgG-positive and

anti-HEV IgM-positive samples. Few of the anti-HEV IgG-

positive subjects recalled past occurrence of hepatitis,

which suggests that they may be exposed to HEV but no

obvious symptoms developed. The high incidence of hep-

atitis E among middle-aged or elderly men suggests the

immune surveillance of HEV among these subjects is

probably suppressed and needs to be further explored.

All except one HEV isolates obtained in this study

belonged to genotype 4, which was previously shown to be

the most common genotype in eastern China (Zhang et al.

2010; Dai et al. 2013). Our data suggest that subtype 4d is

currently the dominant cause of human HEV infection in

Shanghai. Phylogenetic analysis showed HEV isolates

prevalent in the human and swine populations were clas-

sified into the same subtypes, suggesting that cross-species

transmission between swine and humans had taken place.

Clustering of HEV sequences isolated from distant regions

suggests certain strains are circulating across the country

and hard to eliminate. Interestingly, one HEV sequence

(E122) belonging to genotype 3b was identified. Genotype

3 HEV strains were thought to be imported from Japan (Liu

et al. 2012) and are now common in eastern China (Ning

et al. 2007; Si et al. 2009; Shuai et al. 2017; Wang et al.

2020). The patient carrying E122 indeed had travel history

to Japan before illness onset. However, the nucleotide

homology between E122 to sequence FJ527832, which was

amplified from local swine specimen in 2008 (Si et al.

2009), suggests that indigenous infection is also possible.

The high degree of genetic diversity of human-pathogenic

HEV strains in this area may contribute to the adaptation of

HEV to other hosts.

Table 5 Univariate and

multivariate linear regression

analysis for variables

associating with the length of

hospital stay.

Variables Length of hospital stay

Univariate Multivariate

b Coefficient P value b Coefficient P value

Age 4.40 0.0384

Anti-HEV IgG 4.30 0.0408

Anti-HEV IgM 0.22 0.6389 7.83 0.0062

HBsAg ( ±) 1.41 0.2383

ALT/ULN 0.01 0.9391

AST/ULN 0.00 0.9628

ALP/ULN 5.94 0.0166

GGT/ULN 2.16 0.1447

TBIL/ULN 74.80 \ 0.0001 87.33 \ 0.0001

Table 6 Demographic and

baseline clinical parameters

comparison of inpatients with or

without HBV carriage1.

Parameter HBsAg (?) (n = 13) HBsAg (-)(n = 89) P value

Age (years) 54.4 ± 3. 5 55.5 ± 1.5 0.7526

Discharge days 24.2 ± 4.0 18.4 ± 1.8 0.0318

ALT, 9 ULN 16.6 ± 5.6 21.3 ± 2.1 0.3099

AST, 9 ULN 25.1 ± 9.5 20.8 ± 3.3 0.7191

ALP, 9 ULN 1.7 ± 0.2 1.5 ± 0.1 0.5041

GGT, 9 ULN 3.2 ± 0.5 3.8 ± 0.3 0.6391

TBIL, 9 ULN 8.0 ± 2.0 5.4 ± 0.4 0.2403

1Results are presented as mean ± SEM.

J. Lu et al.: High Incidence of Sporadic HEV Infection in Eastern China

123



Diagnosis of acute HEV infection used to depend on the

detection of anti-HEV IgM or increase of anti-HEV IgG

titers retrospectively. In the current study, we noticed that

about half of the anti-HEV IgM-positive samples were

negative for HEV RNA. There are several possibilities:

subjects were infected by HEV recently and in the con-

valescent period at the time of sample collection; or sub-

jects were reactive to anti-HEV antibodies non-specifically

due to unknown reasons. Our study of clinical phenotypes

of sporadic HEV infection is based on the laboratory-

confirmed patients with HEV viremia, which makes the

data more reliable. Only one patient had close contact with

swine sewage, and 10 patients recalled consumption of

aquatic products, indicating transmission is mainly through

foodborne route and contaminated seafood remains a risk

factor of HEV infection in Shanghai. High levels of serum

bilirubin and liver enzymes were common (Wang et al.

2016; Sridhar et al. 2017), indicating severe virulence of

certain HEV strains. The hospitalization duration was

positively correlated with TBIL level at admission

(P\ 0.0001). Why patients with more severe hepatitis E

had higher baseline level of TBIL is intriguing. During

HEV infection, inflammation of hepatocytes may lead to

their inability to remove and process bilirubin from the

bloodstream, leading to a buildup of bilirubin in the blood.

Meanwhile, blockage or inflammation of bile ducts, which

help to drain bilirubin, can also lead to an increased level of

bilirubin. HEV was detected in bile duct epithelia by

immunohistochemistry (Beer et al. 2019), which suggests

that cholangiocytes may be the target cell of HEV infec-

tion. Therefore, increased level of TBIL may be caused by

the damage of HEV to hepatocytes and cholangiocytes as

well. Moreover, it could be a reflection of the concomitant

liver disease(s) of the patient (Sridhar et al. 2017). HBV

carriage was not shown to affect TBIL level significantly

but associated with longer hospital stay (P\ 0.05). In

clinical practice, special attention should be paid to patients

with extremely high level of TBIL and/or HBV superin-

fection. Multiple factors may contribute collectively to the

severity of HEV infection and need further investigation.

The study has some limitations. First, all cases were

collected from one hospital and selection bias may be

present. A full-scale investigation with more hospitals

involved is helpful to understand the local prevalence of

HEV infection. Second, follow-up data were missing for

some patients. Only 15 patients were confirmed negative of

HEV RNA during follow-up, while other patients had

merely LFT results available or loss to follow-up. Thus, the

possibility of chronic infection in some patients could not

be ruled out. Third, HEV RNA was detected retrospec-

tively. It may degrade in stored sera over time and the

accuracy of detection may be impaired. Forth, the inclusion

criterion of HEV infection and corresponding studies of

clinical profile are based on HEV RNA presence, which

may lead to missing of some real HEV infection cases,

since it is widely accepted that serum HEV RNA lasts very

short during the natural history of acute HEV infection.

With that said, we still believe this study has provided

insight into sporadic HEV infection in Shanghai. HEV

infection poses increasing challenge to public health and

continuous surveillance is necessary in China.
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