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Abstract

AIM: To investigate the seroprevalence and molecular
characteristics of hepatitis E virus (HEV) in the illegal
blood donors (IBDs) of central China in the early 1990s.

METHODS: A total of 546 blood samples were collect-
ed from the IBDs in Maanshan city, a questionnaire was
completed by each subject, detailing the age, sex, and
periods of blood or plasma donation. Anhui Province
and tested for the anti-HEV antibodies. The seropositive
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samples were subjected to nested reverse transcription-
polymerase chain reaction and sequencing to analyze
HEV partial genome.

RESULTS: The prevalence of IgG and IgM HEV anti-
body in IBDs was 22.7% and 1.8%, and genotype 4
was the dominant circulating HEV type in IBDs. The
prevalence of anti-HEV IgG was significantly related to
sex (OR = 4.905, P = 0.004) and increased with age
(OR = 2.78, P = 0.022), which ranged from 13.0% in
those < 40 years old to 30.6% among older persons
aged > 60 years. Moreover, frequency of blood dona-
tion was significantly associated with HEV seropositivity
(OR = 2.06, P = 0.006). HEV partial sequences of ORF2
and obtained 3 sequences in serum samples of 10 IBDs
which developed HEV specific IgM.

CONCLUSION: This study helps define one of the pos-
sible routes of transmission of sporadic HEV infection
and provides guidance to screen HEV in the blood do-
nors so as to guarantee safe blood banks in China.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis E virus (HEV) infection is an important public-
health concern as a major cause of enterically transmitted
hepatitis worldwide. Epidemiologic studies have shown
that HEV is prevalent in most developing counttries, such
as southeast Asia, northern and central Africa, India and
central America. In addition, a high incidence of sporadic
HEYV infection has been observed in several industrialized
countries, including the United States, European coun-
tries and ]apan“ﬂ. Although the ingestion of contami-
nated drinking water contributes mainly to the spread of
HEYV, other routes of transmission should be considered,
because some studies implicated that blood transfusion
was the possible route of sporadic HEV infection in non-
endemic developed countries®®,

Between 1992 and 1995, illegal blood donation (IBDs)
occurred frequently in several provinces in central China,
including Henan, Anhui and Shanxi provinces. Although
commercial blood donation was eradicated by the Chi-
nese government by the end of 1995, the practice of us-
ing contaminated blood collection equipment caused the
spread of some viruses, such as hepatitis C virus (HCV)
and human immunodeficiency virus (HIV)™"",

While many studies have reported the prevalence of
HEV infection and the HEV genome characteristics in dif-
ferent groups in China, to date, there has been no report
on the prevalence of HEV infection among the IBDs.
The aim of this study was to investigate whether HEV
can be transmitted by the blood transfusion route and
analyze the partially conserved nucleotide sequences of
HEV strains among the IBDs in Maanshan city in Anhui
Province, one of the provinces with the illegal blood col-
lection in the eatly 1990s.

MATERIALS AND METHODS
Ethics

This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical As-
sociation. The study was initiated after the study protocol
was approved by the Institutional Review Board (IRB)
of China Center for AIDS/STD Control and Prevention
and the IRB of Maanshan Center of Disease Control and
Prevention.

Study population

A total of 546 samples were collected between January
and August in 2005 from those who donated their blood
or plasma frequently from 1992 to 1995. All participants
were from Dangtu District in Maanshan city. A question-
naire was completed by each subject, detailing the age,
sex, and periods of blood or plasma donation.

Detection of antibodies against hepatitis E virus

Serum samples were tested by enzyme-liked immuno-
sorbent assay (ELISA) for IgG and IgM with anti-HEV
activity described previously "%, All serum samples were
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assayed at a 1:20 dilution. The absorbance of each sample
was read at 450 nm. The cutoff value used for the anti-
HEV IgG and IgM assay was 0.152. Then the serum posi-
tive for IgM antibody against HEV were tested for HEV
RNA. All patients were previously tested for HBsAg
(Diasorin, United States) and anti-HCV (third generation
assay, Diasorin, United States) by ELISA.

Extraction of RNA and reverse transcription-polymerase
nested chain reaction

Viral RNA was extracted from serum samples using Qia-
gen viral RNA kit (Qiagen) according to the manufacturer’s
instructions. The viral RNA was finally dissolved in 20 plL
RNase-free water. Reverse transcription-polymerase chain
reaction (RT-PCR) was performed using TalKaRa RNA
PCR kit (TaKaRa, Japan). The primers and the PCR pro-
tocol used were adapted from a previous study”. The
external primers were P1 (5-CCGACAGAATTGATTTC
GTCGGC-3) and P4 (5-CCGTAAGTCGACTGGTCG-
TACTC-3). The internal primers were P2 (5-GTTGTCTC-
GGCCAATGGCGAGCC-3) and P3 (5-TCGGCGGCG-
GTGAGAGAGCCA-3). The first-round and the second-
round amplifications were carried out according to the
following cycling program denaturation at 9 ‘C for 45 s,
annealing at 52 ‘C for 60 s, extension at 72 “C for 60 s, for
35 cycles. The size of the first-round PCR product was
307 bp, and that of the second-round PCR was 236 bp.

Sequencing and analysis of sequences

The PCR products were visualized on a 10 mL/L agarose
gel, excised and purified using a gel extraction kit (Qia-
gen) and directly sequenced on an ABI model 3730 DNA
Auto Sequencer (Shanghai, China). The 236 bp fragment
amplified from ORF2 of HEV genome was sequenced
for comparison with the corresponding regions of other
known human, porcine and avian HEV strains available in
the GenBank database (DN Astar). Sequences were aligned
using ClustalX v1.8 (http://www-igbmc.ustrasbg.fr/Bio-
Info/Clustal X /Top.html), and the phylogenetic analysis
was performed using the MEGA program, version 3.1
(Pennsylvania State University).

Statistical analysis

The Pearson ZZ test was used to evaluate the difference in
the prevalence between groups in the univariate analyses.
Odds ratios (OR) with 95% confidence intervals were
used to determine whether a variable was associated with
HEV infection.

RESULTS

Hepatitis E virus seropositivity in illegal blood donors

A total of 546 IBDs in the 1990s were enrolled to this
study. The IBDs were aged from 29 to 75 years with a
mean of 51 £ 9 years. Among them, 156 (28.6%) were
males and 390 (71.4%) were females. While 124 IBDs
developed HEV IgG antibody, only 10 IBDs developed
HEV IgM antibody, therefore, the prevalence of IgG and
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Table 1 Prevalence of hepatitis E virus IgG seropositivity in

546 commercial blood donors

HEV positive IgG n (%) OR (95% CI) P value

Sex
Female 76/390 (19.5) - 0.004
Male 48 /156 (30.8) 1.84 (1.20, 2.80)
Donation frequency
<10 47/252 (18.7) =
10-20 44/191 (23.0) 1.31(0.82,2.07) 0.258
=20 33/103 (32.0) 2.06 (1.22,3.46) 0.006
Age (y1)
<40 7/54 (13.0) =
40-50 37/192 (19.3) 1.50 (0.63, 3.60) 0.361
50-60 46/189 (24.3) 2.02 (0.85,4.80) 0.105
=60 34/111 (30.6) 2.78 (1.14, 6.79) 0.022

HEV: Hepatitis E virus; OR: Odd ratio; CI: Confidence interval.

IgM HEV antibody in this group was 22.7% and 1.8%,
respectively.

The prevalence of HEV IgG seropositivity in the 546
IBDs is showed in Table 1. In the male group, 30.8%
(48/156) were positive as against 19.5% (76/390) in the
female group. The prevalence of HEV IgG seropositiv-
ity was significantly higher in men than in women (OR =
4.905, P = 0.004). In addition, subjects over 60 years of
age had a higher prevalence of HEV IgG seropositivity
than those aged < 40 years (OR = 2.780, P = 0.022). The
frequency of plasma donation was also associated with
HEV infection. The odds ratio was 2.06 among those
who donated more than 20 times compared with those
who donated 10 or fewer times.

The sex specific prevalence of HEV IgG in IBDs
with different frequency of donation is showed in Table 2.
HEV infection prevalence was significantly correlated with
the increasing age in total participants (3 = 2.91, P = 0.004)
and female participants (3 = 1.97, P = 0.048).

We also examined the relationship between HEV in-
fection and HBV or HCV coinfection in these IBDs. The
results showed no significant difference in HBsAg posi-
tive status (3.2% o5 3.1%) and HCV positive status (11.3%
s 11.1%) between HEV IgG positive and negative IBDs
(Table 3).

Phylogenetic analysis of hepatitis E virus strains
We detected HEV partial sequences of ORF2 and ob-
tained 3 sequences in serum samples of 10 IBDs which
developed HEV specific IgM. Sequence analysis demon-
strated that these 3 strains were 83.3%-93.6% identical
to each other. When compared with the HEV reference
isolates, the strains were closely related to Chinese strain
T1 with an 82.6%-89.4% nucleotide homology, and
demonstrated a 91.1% sequence homology to a Japanese
strain JAK-Sai. The nucleotide homology of other Japa-
nese HEV strains with the strains from IBDs ranged from
78.6% to 85.4%. The homology of strains from Burma,
Mexico and the United States was 79.2%-80.2%, 80.5%-
81.4% and 77.1%-78.0%, respectively.

In the phylogenetic tree generated, the Bur82 strain
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Table 2 Sex specific prevalence of hepatitis E virus IgG se-

ropositivity in commercial blood donors with different fre-
quency of donation 7 (%)

Frequency Hepatitis E virus positive 1gG P value
Male Female

<10 15/54 (27.8) 32/198 (16.2) 0.052

10-20 18/57 (31.5) 28/137 (20.4) 0.097

=20 15/45 (33.3) 16/55 (29.1) 0.648

Table 3 Relationship between hepatitis E virus infection and

hepatitis B virus or hepatitis C virus co-infection in commer-
cial blood donors 7 (%)

Characteristics HEV positive IgG  HEV negative IgG P
n = 124) (n = 422) value

HBsAg positive 432 13 (3.1) 0.935

HCYV antibody positive 14 (11.3) 47 (11.1) 0.962

HEV: Hepatitis E virus.

(genotype 1), the Mexican strain (genotype 2), the US1/
swine strain (genotype 3), and the Chinese strain T1 (gen-
otype 4) represent major branches. Phylogenetic analyses
clearly illustrate that all HEV sequences except avian strain
can be divided into these four distinct genotypes and the
three HEV sequences isolated in our study were geno-
type 4. The IBDs 1 sequence we analyzed formed an
exclusive cluster, and was bound to a new subgenotype
within genotype 4, which was supported by the bootstrap
values obtained from 1000 replicates resampling analysis

(Figure 1).

DISCUSSION

HCV and HIV infections were prevalent among the IBDs
who donated blood in the early 1990s in China. How-
ever, data on HEV infection in this population have been
unavailable so far. To our knowledge, the present study
is the first seroepidemiological and molecular study on
HEV infection in this unique population. Our results de-
monstrated that HEV infection had been introduced into
this population in this area and that the prevalence was
much higher (22.5%) than that in the normal population
(4.76%) in this area".

Our data indicated that 30.7% of males were HEV
positive compared to 19.5% of females and the differ-
ence was statistically significant (OR = 1.84, P = 0.004).
In addition, we found that males with a history of blood
transfusion had a high HEV seropositivity than females,
suggesting that male IBDs are more likely to get infected
by HEV than female donors. Our study also showed that
HEV seropositivity increased with age of the first donat-
ing blood, consistent with previous studies demonstrating
that age may be an important risk associated with HEV
in other populations'>",

Although no statistically significant association was ob-
served between HEV seropositivity and blood-borne hep-
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A China FBDs 2/China/human

A China FBDs 3/China/human
China-T1 (AJ272108)/China/human
JAK-Sai (AB074915)/Japan/human
Ind-SwO01 (AY723745)/India/porcine
A China FBDs 1/China/human
ChangChun (AB108537)/China/human
JSN-Sap (AB091395)/Japan/human
HE-JI4 (AB080575)/Japan/human
HEJA-1 (AB097812)/Japan/human
SwJ13-1 (AB097811)/Japan/porcine
Mexican (M74505)/Mexico/human | Genotype II
SwJ]570 (AB073912)/Japan/porcine
Swine (AF082843)/USA/porcine
JKN-Sap (AB074918)/Japan/human
US1 (AF060668)/USA/human
HE-JA10 (AB099347)/Japan/human
Morocco (AY230202)/Morocco/human —
Bur82 (M73218)/Burma/human
Hetian (L08816)/China/human
Hetian (D11092)/China/human
KS@-87 (L25595)/China/human
Avina HEV (AY535004)/USA/chicken

Genotype IV

Genotype 1T

Genotype [

0.05

Figure 1 A phylogenetic tree is constructed using the neighbor-joining
method based on the 236-nt ORF2 sequences of four genotypes hepatitis
E virus isolates. The isolates were named by the accession number in paren-
theses, the name of the country of origin and species from which it was iso-
lated. Bootstrap values were indicated for the major nodes as a percentage of
the data obtained from 300 replicates. Bar, 0.05 substitutions per site. Percent
bootstrap support was indicated at the respective nodes. An avian hepatitis E
virus strain is included as outgroup. The isolates identified in this study were
marked with solid triangle.

atitis viruses such as HBV and HCV, our findings show
that more frequent blood/plasma donation increased the
risk of HEV infection, providing evidence that HEV can
be transmitted by viremic blood units and have similar or
ovetlapping routes of transmission with HCV!"”,

HEV IgM antibody is known as a marker of the early
seroconversion period. In this study, HEV IgM antibody
was detected in 10 samples in the population. We also
tested the presence of serum HEV RNA in the IBDs.
HEV has been classified into four genotypes based on
the full sequence heterogeneity. These include genotypes
1 (mainly prevalent in Asia and Africa), 2 (mainly preva-
lent in Mexico, Nigeria), 3 (mainly prevalent in the US,
Japan, Argentina, and BEurope), and 4 (mainly prevalent
in Taiwan, Japan, and mainland China)m]. More re-
cently, HEV genotype 4 has been isolated from various
regions of China, ranging from the south (Guangzhou
and Shanghai), the centre (Henan province) to the north
(Liaoning Province and Beijing), and has been found to
be responsible for a significant proportion of cases of
sporadic acute hepatitis in China"?". Schlauder e# a/* re-
ported that the analysis of small regions of HEV genome
yields evolutionary distances similar to those produced
from the full-length HEV genome. Therefore, we ampli-
fied and sequenced three HEV partial sequences in the
serum samples of 10 IBDs positive for HEV IgM anti-
body. The three sequences share an 81.4%-88.1% identity
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at the nucleotide level with each other, and 79.2%-80.2%,
80.5%-81.4%, 77.1%-78.0% and 83.3%-93.6% identity
with HEV genotypes 1-4, respectively. Clearly, they belong
to genotype 4 and resemble HEV genotype 4 sequences
but form some new subgenotypes. These results indicate
that there is great genetic variability in HEV genome of
genotype 4, even within a certain region or population in-
vestigated in China. Previous data showed that a substan-
tal proportion of voluntary blood donors (3/200 ot 1.5%)
was positive for HEV RNA and the isolates all had a high
nucleotide sequence identity (> 90%) with swine HEV,
which means that HEV may be zoonotically transmitted
from viremic animals to humans™, however, in the pres-
ent study, three isolates only shared a 77.5%-86.0% iden-
tity with swine HEV.

In conclusion, we report the first molecular and sero-
epidemiological study on HEV infection in the IBDs in
China in the 1990s. The results demonstrate that HEV is
widely spread in this population and confined to geno-
type 4. Males, individuals aged beyond 60 years, and
people who donated blood more than 20 times showed
a higher rate of previous HEV infection. Our study may
help define one of the possible routes of transmission of
sporadic HEV infection in this population and provide
guidance to screen HEV in the donors to guarantee safe
blood banks in China.

COMMENTS

Background

Hepatitis E virus (HEV) infection is an important public-health concern as a
major cause of enterically transmitted hepatitis worldwide. Epidemiologic stud-
ies have shown that HEV is prevalent in most developing countries and some
industrialized countries. Although commercial blood donation was eradicated
by Chinese government by the end of 1995, the practice of using contaminated
blood collection equipment caused the spread of some viruses such as hepati-
tis C virus and hepatitis | virus, but there has been no report on the prevalence
of HEV infection in the illegal blood donors (IBDs).

Innovations and breakthroughs

This is a first serological and molecular study on HEV infection in IBDs. The
results showed that the prevalence of HEV IgG antibody was higher (22.5%) in
the IBDs than in general population, and the risks of HEV infection in IBDs were
age, gender and times of donation. Additionally, phylogenetic analysis showed
that 3 HEV strains isolated from IBDs belong to genotype 4. Therefore, the pres-
ent study indicated that HEV is widely spread in the IBDs and the new possible
modes of transmission of sporadic HEV infection in IBDs should be defined.

Applications

As it was indicated in this study that HEV is wildly spread among the IBDs, and
age, gender and times of blood donation are the risk factors of HEV infection.
Therefore, HEV should be detected regularly among the IBDs for the safety of
transfusion.

Terminology

Hepatitis E virus (HEV): Hepatitis E Virus 1 has a particle diameter of 32-34 nm,
a buoyant density of 1.29 g/mL in KTar/Gly gradient, and is very labile. Serologi-
cally related smaller (27-30 nm) particles are often found in feces of patients
with hepatitis E and are presumed to represent degraded viral particles. HEV
has a single-stranded polyadenylated RNA genome of approximately 8 kb.
Based on its physicochemical properties, it is presumed to be a calici2-like virus.
Peer review

The molecular and sero-epidemiological study on HEV infection is presented in
a proper way and this study could help in defining one of the possible modes
of transmission of sporadic HEV infection in Chinese population and guide the
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screening of HEV in the donors to guarantee safe blood banks. The manuscript
is well presented and of interest and the design of this study is appropriate. The
study was done well and their results can contribute to knowledge of this topic.
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