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Abstract. The full-length cDNA of a new Chinese strain (KS2-87) of Hepatitis E virus (HEV) has been 
constructed and sequenced. The 5' noncoding region of KS2-87 is 26 nucleotides in length, which is 
one nucleotide shorter than that of HEV (BI) (Burma) and 23 nucleotides longer than that of HEV 
(Mexico). Comparison of the nucleotide and amino acid sequences of KS2-87 with all other published 
HEV sequences showed that KS2-87 was closer to two other Chinese strains (CHT-88, CHT-87) and 
SAR-55 (Pakistan) than to HEV (B1) and HEV (B2) (Burma) or HEV (Mexico). Comparisons of 
partial sequences of genes encoding a nonstructural and a structural protein revealed the existence of 
genetically related groups of HEV within geographical regions, whereas larger nucleotide differences 
were seen among isolates that were more geographically and epidemiologically distant. 
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Introduction 

Viral hepatitis E, formerly called epidemic or en- 
terically transmitted non-A, non-B hepatitis, is 
prevalent in many developing countries in Asia 
and Africa, and has been found in Mexico (1,2). 
In Asia and Africa, hepatitis E epidemics occur 
frequently and sporadic hepatitis E has been 
found in the period between outbreaks. Hepatitis 
E is sporadically seen also in industrialized coun- 
tries as an "imported hepatitis" via immigrants 
and tourists (3). Hepatitis E virus (HEV), the 
major etiologic agent of enterically transmitted 
non-A, non-B hepatitis is a 27-34 nm diameter, 
nonenveloped virus with physicochemical prop- 
erties similar to caliciviruses. Cynomolgus and 
rhesus macaques have been infected with HEV 
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of human origin and have been extensively used 
for the generation of virus-positive source mate- 
rials (4,5). 

The full-length genome of a Burmese strain 
[HEV(B1)] (Rangoon, Burma, 1982) was the first 
to be identified and sequenced (6). There was 
little similarity between the predicted amino acid 
sequences of HEV and calciviruses, Norwalk vi- 
rus, or other human viruses. The HEV genome 
consists of a positive-sense, single-stranded, poly- 
adenylated RNA molecule of approximately 7.5 
kb and encodes three open reading frames 
(ORFI, ORF2, and ORF3) (7). The 5' ORF 
(ORF1) of the HEV genome appears to encode 
the nonstructural proteins and the 3' ORF 
(ORF2) encodes the viral structural proteins (8). 

More recently, strains of HEV from Pakistan 
(SAR-55; Sargohda, Pakistan, 1987) (9,10) and 
Mexico [HEV (M); Telixtac, Mexico, 1986] 
(11,12) and an additional strain from Burma 
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[HEV (B2); Rangoon, Burma, 1986] (13,14) have 
been molecularly cloned and sequenced, and two 
strains of HEV from China (CHT-88; Hetian, 
China, 1988) (15) and (CHT-87; Hetian, China, 
1987) (16) have been directly sequenced from 
PCR products. Limited sequence comparison of 
eight new Chinese HEV isolates previously sug- 
gested significant homology of all eight to 
SAR-55 (17). However, sequence comparisons 
among three strains of HEV had identified a po- 
tential hypervariable region in ORFI that exhib- 
ited only 58% and 54% similarity of nucleic acid 
sequence between HEV (M) and HEV (B1) and 
SAR-55, respectively. Furthermore, there was 
only 13% similarity of amino acid sequence be- 
tween HEV (M) and the other two strains. 

Strain variation in HEV could impose some 
problems in the diagnosis of hepatitis E and in 
the development of vaccines. It is therefore of 
biological and epidemiological importance to an- 
alyze the extent of sequence diversity of HEV 
from multiple sources. In the work described 
here, the complete nucleotide sequence of a new 
Chinese strain of HEV (KS2-87; Kashi, China, 
1987) was determined. This sequence was then 
compared with the published complete se- 
quences of the other hepatitis E viruses in order 
to identify areas of conservation and diversity 
that exist in the hepatitis E viruses in order to 
identify areas of conversation and diversity that 
exist in the hepatitis E virus pool. We also ana- 
lyzed the genetic relatedness of selected regions 
of ORF1 and ORF2 of 10 Chinese isolates, HEV 
(B1), HEV (B2), SAR-55, and HEV (M). 

Materials and Methods 

Virus 

The virus used in this experiment was from a bile 
specimen collected by autopsy from an HEV- 
infected rhesus monkey representing the second 
rhesus passage of virus. The virus was originally 
obtained from the feces of a patient who was 
infected during a hepatitis E epidemic in Kashi 
prefecture in the Xinjiang Uighur Autonomous 
Region (XUAR) in China in 1987. When we be- 
gan this work sequence data for other Chinese 
strains were not available. 

Synthesis of cDNA Clones 

Eleven overlapping cDNA clones spanning the 
entire HEV genome were generated by the inser- 
tion of reverse transcription-polymerase chain 
reaction (RT-PCR)-derived products into 
pGEM-3Z vectors (Promega). The information 
required for the synthesis of the oligonucleotide 
primers used in the generation of individual 
cDNA clones was obtained from the nucleotide 
sequence of the SAR-55 and CHT-88 strains of 
HEV. Conditions for RNA extraction and RT- 
PCR have been described (17). Amplification 
was performed for 35 cycles in an automatic ther- 
mocycler (Perkin-Elmer Cetus) using unique 
conditions for each region to be amplified. Two 
rounds of PCR were used with the same condi- 
tions except that a 5 ~1 aliquot of the first PCR 
reaction was amplified in the second PCR reac- 
tion using internal sense and antisense primers. 

The PCR products were phenol:chloroform 
extracted and ethanol precipitated, digested with 
the appropriate restriction endonucleases (New 
England Biolabs, Beverly, MA), separated by 
electrophoresis of an 0.8% agarose gel, and puri- 
fied using Geneclean (Biol01, La Jolla, CA). Pu- 
rified cDNA fragments were iigated into the 
appropriate sites of the pGEM-3Z vector. Dou- 
ble-stranded cDNA clones were sequenced with 
the Sequenase version 2.0 kit (United States Bio- 
chemicals, Cleveland, OH) following alkali dena- 
turation. 

Cloning of 3' and 5' Termini 

The 3' end of the HEV genome was isolated 
by using oligo(dT) with a 5' artificial restric- 
tion site (XbaI) as the reverse primer and the 
forward primers 5'-GGTCACTCGACTGGATC- 
CAGGTCACAC-Y. At positions 6680-6706 and 5'- 
CAGGAATTCCTAAAGCCGGGTACC-3' at po- 
sitions 6794-6817 for RT-PCR. The 5' end of the 
HEV genome was isolated by using a 5' RACE 
system kit (Gibco BRL, Gaithersburg, MD). A 
540 nucleotide fragment of the 5' end of the virus 
genome was reverse transcribed from RNA ex- 
tracted from 50 p~i of bile. After removal of RNA 
templates with RNase H and purification of the 
first strand products with the Glassmax car- 
tridge, poly(dC), poly(dG), or poly(dA) tails 



were added using terminal deoxy nucleotidyl 
transferase according to the instruction manual 
of the 5' Race system kit. The tailed product was 
amplified by PCR with anchor primer G (supplied 
in the kit), anchor primer C, or anchor primer T 
(synthesized in our laboratory). The second 
round of PCR amplification was conducted as al- 
ready described. PCR products were cloned into 
the pGEM-3Z vector, and at least 10 cDNA 
clones from each homopolymeric tailing were 
then sequenced. 

Computer Analysis 

Computer analysis was through the BIONET 
National Computer Resource for Molecular Biol- 
ogy. The data for nucleotide sequences of HEV 
(B1), HEV (B2), HEV (M), CHT-88, and 
CHT-87 were from GenBank nucleotide data- 
bases. The nucleotide sequence of SAR-55 was 
provided by Dr. S. Tsarev. PCGENE was used 
to study genetic relationships, cDNA sequences 
were aligned in all pairwise combinations, and 
the respective number of identical nucleotides 
was calculated. A dendrogram was then con- 
structed using the CLUSTAL program. 

Results 

Nucleotide Sequence of the KS2-87 
Strain of HEV 

Eleven overlapping cDNA clones that spanned 
the entire HEV genome were obtained by RT- 
PCR amplification of bile from RHE-2 infected 
with the KS2-87 strain of HEV (17) (Fig. 1). The 
clones, which ranged in size from 263 to 1658 
base pairs, were sequenced. The final nucleotide 
sequence was based on information derived from 
at least two independent cDNA clones. Differ- 
ences between two clones were resolved by se- 
quencing a third clone. The region between nu- 
cleotides 5081 and 5829 was amplified by two 
independent RT-PCR with different primer sets 
and cloned and sequenced. The consensus se- 
quence of some fragments was confirmed by the 
direct sequencing of the PCR products. A total 
of 7193 nucleotides, except adenosine residues 
located at the very 3' end, comprised the KS2-87 
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genome, compared to 7194 nucleotides for the 
genome of HEV (B1) and 7170 nucleotides for 
that of HEV (M). The nucleotide composition of 
the KS2-87 genomic RNA was 17% A, 32% C, 
26% G and 25% U, conferring an overall G + C 
content of 58%. Comparison of nucleotide se- 
quences of the entire genome showed that 
KS2-87 was much more closely related to 
CHT-88, CHT-87, and SAR-55 (98.7%, 98.7%, 
and 98.9% homology, respectively) than to HEV 
(B1), HEV (B2), and HEV (M) (93.6%, 93.0%, 
and 71.3%). 

Analysis of the Noncoding Regions of the 
Virus Genomes 

The 5' noncoding region of KS2-87 strain was 
obtained using three different nucleotides (A, C, 
or G) for homopolymeric tailing in order to con- 
firm the identity of the first nucleotide. With all 
three homopolymers, a 5' noncoding region 26 
nucteotides in length was identified, which is I 
nucleotide shorter than that of HEV (BI) and 23 
nucleotides longer than that reported for HEV 
(M) (Fig. 2). 

There were 65 nucleotides in addition to the 
poly(A) tail in the 3' noncoding region of KS2-87. 
There were three nucleotide differences between 
KS2-87 and HEV (BI) at positions 7151 (U > C), 
7t64 (U > A), and 7183 (U > C). There were no 
deletions or insertions in KS2-87 when compared 
with HEV (B1), but there were 15 nucleotide 
substitutions and 9 nucleotide insertions in the 
3' noncoding region of HEV (M) compared to 
KS2-87 and HEV (BI) (Fig. 2). The complete 
sequence of these regions was not available for 
HEV (B2), SAR-55, or the other two Chinese 
strains. 

Analysis of the Three Open Reading Frames 

Computer analysis identified the same three 
ORFs in KS2-87 as were found in all six of the 
other HEV strains that have been almost totally 
sequenced. All of the translation start and stop 
signals were conserved. The percent nucleotide 
and amino acid identities in each of three open 
reading frames among KS2-87, CHT-88, 
CHT-87, HEV (B1), HEV (B2), SAR-55, and 
HEV (M) are given in Table 1. The ORF1 of 
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Fig. 1. Map of HEV genome and clones of PCR fragments that include the length of oligonucleotide primers. The putative 
RNA-dependent RNA polymerase and helicase domains are located between nt 3645 and 5105 and nt 2903 and 3602, respec- 
tively. The putative hypervariable region described by Tsarev et al. (9) is located between nt 2010 and 2330. 

HEV appears to encode an RNA-dependent 
RNA polymerase, since it contains the canonical 
gly-asp-asp (GDD) tripeptide found in all posi- 
tive-stranded animal and plant RNA viruses (18). 
In addition, ORF1 also contains conserved mo- 
tifs (GVPGSGKS and DEAP) associated with 
purine NTPase activity found in a variety of cel- 
lular and viral helicases (19). 

Comparison of the sequences of ORF1 of the 
seven HEV strains listed in Table 1 showed that 
the cDNA nucleotide (nt) sequences differed by 
1.0-25.7%. However,  the degree of sequence 
variation was not uniform throughout the whole 
open reading frame, and the highest degree of 
relatedness was at the extreme 5' end. The high- 
est degree of sequence diversity was between nt 
2010 and 2330 of KS2-87; between nt 2011 and 

2331 of HEV (B1), HEV (B2), SAR-55, CHT-88, 
and CHT-87; and between nt 2121 and 2329 of 
HEV (M) (11). The alignment for ORF1 showed 
that the KS2-87 sequence was very similar to 
that of CHT-88 and, CHT-87, and closer to that 
of SAR-55 than to that of HEV (B 1), HEV (B2), 
or HEV (M). There were 10 (0.6%), 15 (0.9%), 
7 (0.4%), 26 (1.5%), 38 (2.2%), or 280 (16.5%) 
predicted amino acid differences in ORFI be- 
tween KS2-87 and CHT-88, CHT-87, SAR-55, 
HEV (B1), HEV (B2), or HEV (M), respec- 
tively. Many of these differences [2 for CHT-87, 
4 for SAR-55, 13 for HEV (B1), 16 for HEV (B2) 
and 61 for HEV (M)] clustered in the region pre- 
viously termed hypervariable [between nt 2011 
and 2331 of Asian strains and between nt 1987 
and 2307 of HEV (M)] to give predicted amino 

5' noncoding region 

HEV (B) : 
KS2-87 : 
HEV (M) : 

AGGCAGAC CACATATGTGGTCGATGCC 
GGCAGACCACATATGTGGTCGATGCC 

GCC 

3' noncoding region 

HEV (BI) TTTATTTGCTTGTGCCC CCCTTCTTTCTG TTGCTTATTTCTCATTTCTGCGTTCC 

KS2-87 ...................... T ............ T .................. T 
HEY (M) ........ GC ....... ACCTA...A.A .... CTGATT.CCT ....... CTT ..... CG..C.. 

HEV (BI) GCGCTCCCTGAAAAA 

KS-87 ............... 
HEV (M) ............... 

Fig. 2. Comparison of nucleotide sequence in 5' and 3' noncoding regions of HEV (B1), KS2-87, and HEV (M). 



New Chinese Isolate of Hepatitis E Virus 27 

Table 1. eercent amino acid and nucleotide identity 

Length 

nt aa Sar-55 HEV (BI) HEV (B2) CHT-88 CHT-87 KS2-87 HEV (M) 

Sar-55 
ORFI 5079 1693 98.4 
ORF2 1980 660 99.4 
ORF3 369 123 100.0 

HEV (B1) 
ORF 1 5079 1693 93. I 
ORF2 1980 660 93.8 
ORF3 369 123 98.9 

HEV (B2) 
ORFI 5079 1693 92.6 98.5 
ORF2 1980 660 93.1 98.5 
ORF3 369 123 98.1 99.2 

CHT-88 
ORFI 5079 1693 98.2 93.5 
ORF2 1980 660 98.2 94.4 
ORF3 369 123 99.7 99.2 

CHT-87 
ORF1 5079 1693 98.4 93.3 
ORF2 1980 660 98.1 94.4 
ORF3 369 123 99.2 98. I 

KS2-87 
ORF 1 5079 1693 99.0 93.1 
ORF2 1980 660 98.3 94.3 
ORF3 369 123 99.2 98. I 

HEV (M) 
ORF1 5073 1691 74.5 74,4 
ORF2 1977 659 81.5 81.2 
ORF3 369 123 90.8 89.7 

Amino Acids 

97.7 99.2 99.1 99.6 83.8 
98.6 99.7 99.1 99.4 93.3 
98.4 100.0 98.4 98.4 87.0 

98.6 98,2 98.0 98.5 83.8 
98.9 99.7 99.1 99. I 93.2 
98.4 100.0 98.4 98.4 87.0 

93.1 
93,7 
98.4 

92.8 
93.5 
97.3 

92.7 
93.6 
97,3 

74.3 
81.l 
90, l 

97.5 97.2 97.8 83.2 
98.9 98.3 98.3 92.4 
98.4 96.7 96.7 87.0 

98.8 99.4 83.4 
99. I 99.4 93.3 
98.4 98.4 87.0 

98.1 99. t 83.6 
98.6 98.8 92.9 
98.9 96.7 85.4 

98.6 98.7 83.6 
98.8 98.7 93.0 
98.9 98.4 85.4 

74.4 74.6 74.5 
81.3 81.1 81.4 
90.5 90.1 89.9 

Nucleotides 

acid differences from KS2-87 of 1.9% for 
CHT-87, 3.7% for SAR-55, 12.1% for HEV (B1), 
15.0% for HEV (B2), and 57.0% for HEV (M). 
In contrast, there were no differences predicted 
in this region between KS2-87 and CHT-88. Of 
interest is that the nucleotide sequence of the 
region between nt 2681 and 2981 of the CHT-88 
strain was almost the same as that of  HEV (B I) 
and HEV (B2) and very different from those of 
other Chinese strains and the SAR-55 strain, al- 
though the rest of the genome of the CHT-88 
strain was very similar to that of CHT-87, 
KS2-87, and SAR-55 (Fig. 3; Table 1). 

The computed translation of ORF2 of HEV 
previously predicted a novel polypeptide not 
identified in the PIR protein database (7). Since 

this polypeptide contains a high basic amino acid 
content, similar to that seen with other viral cap- 
sid proteins, it is thought to be involved in the 
encapsidation of the genomic RNA (20). The 
complete open reading frame (ORF2) for 
KS2-87, CHT-88, CHT-87, SAR-55, HEV (B1), 
and HEV (B2) consists of 1980 bases encoding 
660 amino acids, while that for the HEV (M) con- 
sists of 1977 bases encoding 659 amino acids. 
The alignment of  the nucleotide sequences of 
ORF2 shows that although there were similar nu- 
cleotide identities in ORF2 and ORFI between 
KS2-87 and the other strains, there were fewer 
changes of predicted amino acids in ORF2 com- 
pared to ORF1 (Table 1). 

ORF3 partially overlaps ORFI and ORF2, and 
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SAR-55 

HEV (BI) 

HEV ( B2 ) 

CHT-88 

CHT-87 

KS2-87 

HEV (M) 

SAR-55 

HEV ( B1 ) 

HEV (B2) 

CHT-88 

CHT-87 

KS2-87 

HEV (M) 

SAR-55 

HEV (B1) 

HEV (B2) 

CHT-88 

CHT-87 

KS2-87 

HEV (M) 

SAR-55 

HBV (BI) 

HBV (B2) 

CHT-88 

CHT-87 

KS2-87 

HEV (M) 

SAR-55 

HEV (BI) 

HEV (B2) 

CHT-88 

CHT-87 

KS2-87 

HEV (M) 

CTCCTCGGGACCGGCATATACCAGGTGCCGATCGGTCCCAGTTTTGACGCCTGGGAGCGG 

................................... C ........................ 

................................... C ........................ 

................................... C ........................ 

• ..T.A..C..T ..... T ........... TG.TA..TTG ........ T ............ 

AATCACCGCCCC~CGAGTTGTACCTTCCTGAGCT TGCTGCCAGATGGT TCGAGGCC 

• .C .............. T ................................... T ...... 

• .C .............. T ................................... T ....... 

• .C ..... T ........ T ......... A ......................... T ...... 

................. T .......................................... 

• .C ........ GTTT ...... C.T ..... AA.A ..... G..G..TC.G ..... T..AT.. 

AATAGGCCGACCTGCCCAACTCTCACTATAACTGAC-GATGT TGCGCGGACAGCAAATCTG 

............ C .... G .......................... A ........ G ...... 

............ C .... G .......................... A ........ G ...... 

............ C .... G .......................... A ........ G ...... 

............................................ A ............... 

............................................ A ............... 

• .CC.C. .CGGTCAG. .C. .GT.G.AC ............ ACC. .C. .TG.G. .C. .C. . . 

GCTATCGAACTTGACTCAGCCACAGACGTCGGCCGGGCCTGTGCCGGCTGTCGAGTCACC 

• .C ..... G ................. T .......................... G ...... 

• .C ..... G ........ T ........ T .............. C ........... G ...... 

• .C ..... G ................. T .......................... G ...... 

.CCC.G. .G ........ C.GG.GT. .A. .A ..... C. .A ........ G. . .AA .... GAG 

CCCGGCGT TGTGCAGTACCAGT TTACCGCAGGTGTGCCTGGATCCGC-CAAGTCCCGCTCTAT 

........... T .............. T ................................... 

........... r .............. T ................................... 

........... T .............. T ................................... 

ii~::i:i:::ilG:ii~i:i}:i::£11:Ziiii:i}::i:iiii:i:Zili:i:ii~ill 
Fig. 3. Comparison of the nucleotide sequence of nt 2680-2981 [Sar-55, HEV (Bl), HEV (B2), CHT-88, CHT-87, and KS2- 
87] and nt 2650-2951 of HEV (M). 

is the smallest (369 bp) and most highly con- 
served open reading frame. Several experiments 
confirmed the substitution of T for C at position 
5384 of KS2-87. This change, which was not 
present in any of the other strains, including 
CHT-88 and CHT-87, should induce amino acid 
changes in both ORF2 (A > V) and ORF3 (P > 
S). A large 246 bp deletion in ORF3 has been 
reported for some Indian strains of HEV (21). 
However, Sergei Tsarev had found that PCR ar- 
tifacts were common in this region but that DNA 
products of the predicted length could be ob- 
tained for the SAR-55 strain if 10% glycerol or 
DMSO was incorporated into the PCR reaction 
(Tsarev, personal communication). When stan- 
dard PCR conditions were used, we detected 
short PCR products from this region consistent 
with a deletion, but we found that inclusion of 
5% (final concentration) formamide (Fluka, Swit- 
zerland) in the PCR reaction resulted in longer 
PCR products that did not contain a deletion or 
insertion of nucleotides in ORF3 for KS2-87 

compared to HEV (B1), HEV (B2), SAR-55, 
CHT-88, CHT-87, and HEV (M) (Fig. 4). 

Genetic Relatedness of HEV Strains 

RNA sequences in a nonstructural region (nt 
2001-2420) and in a structural region (nt 5651- 
6190) of the viruses isolated during the epidemics 
in the XUAR in China in 1987 and 1990 (12) were 
compared with those of independent isolates 
from the XUAR of China (CHT-88 and CHT-87) 
and with those of strains isolated in other coun- 
tries [HEV (B1), HEV (B2), SAR-55, and HEV 
(M)] (Fig. 5). In general, isolates from a distinct 
geographic region clustered together with <2.0% 
genetic divergence between isolates irrespective 
of the year of isolation, whereas much larger nu- 
cleotide differences were seen between epidemi- 
ologically unrelated strains. The intraepidemic 
variation of nucleotides among KS1-87, KS2-87, 
CHT-88, and CHT-87 in these two regions of the 
genome was from 0.7% to 1.4%, and that be- 



Fig.4. Agarose gel showing that formamide was required 
for accurate amplification of  ORF-3 PCR products. RT was 
performed with ( + ) or without ( - ) prior denaturation of 
RNA at 94°C, and PCR was performed as usual with ( + ) 
or without ( - )  the addition of  formamide to a 5% final con- 
centration. One set of  primers was designed to amplify the 
413 base long region of  ORF-3 between nt 5081 and 5493 
(upper panel), and the other  set was designed to amplify 
the 749 base long region of  ORF-3 between nt 5081 and 
5829 (lower panel). RNA was from KS2-87 virus (lanes 
1-4) or Sar-55 (lanes 7, 8). Viral RNA was not added to 
the control (lanes 5, 6). 

tween TU1-90, TU2-90, TU3-90, TU4-90, 
TU5-90, and TU6-90 was from 0% to 1.7%. The 
sequence of the non-Chinese strains differed 
from the consensus sequence of the nine Chinese 
isolates in the nonstructurai region and in the 
structural region, respectively, by 2.1% and 
2.6% in SAR-55, by 7.9% and 7.4% in HEV (BI), 
by 8.3% and 8.1% in HEV (B2), and by 36.5% 
and 20.1% in HEV (M). 

Two dendrograms were constructed using the 
CLUSTAL program based on the absolute num- 
ber of nucleotide substitutions in these two re- 
gions (Fig. 6). We identified three distinct 
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branches within the dendrogram of the structural 
region (Fig. 6b). One branch consisted of SAR-55 
and the Chinese strains of HEV, among which 
there was - 3 %  genetic difference. Within this 
branch there were three clusters: one contained 
the six TU strains isolated from the sera col- 
lected from six patients with acute hepatitis E in 
Turfan prefecture in XUAR of China in 1990, 
the second contained the CHT-88, KS1-87, and 
KS2-87 strains; and the third contained the 
SAR-55 and CHT-87 strains. The general struc- 
ture of the dendrogram based on the sequence 
data from the putative hypervariable region (Fig. 
6a) of the HEV genome was somewhat different 
from that constructed for the structural region 
(Fig. 6b) and did not show distinct sub-branch 
formation, HEV (B1) and HEV (B2), which dif- 
fered by 1.7%, comprised a branch differing from 
the Chinese strains and SAR-55 by -8.0%. The 
third branch, HEV (M), differed from the other 
groups of HEV isolates by -35% in the non- 
structural region and by -20% in the structural 
region. Previous sequence analysis showed that 
the Mexican strain belonged to another genetic 
group of HEV characterized by a short 5' non- 
coding region and many deletions and insertions 
when compared to the Asian strains of HEV (22). 

Discussion 

We have cloned and sequenced the full-length 
genome of a Chinese strain of HEV (KS2-87) re- 
covered from a patient during a hepatitis epi- 
demic in the Kashi prefecture of the XUAR of 
China. Although the genomic coding regions of 
five other HEV strains have been sequenced, the 
sequence of the 5' noncoding region has been 
reported only for the HEV (B1) and HEV (M) 
strains. The ninefold difference reported in the 
length of the 5' noncoding region of these two 
strains [27 vs. 3 nucleotides for HEV (BI) and 
HEV (M), respectively] is highly unusual, since 
the 5' terminus of related single-strand RNA vi- 
rus strains is generally conserved. For this rea- 
son, particular effort was expended to confirm 
the sequence of the 5' noncoding region of 
KS2-87. Several experiments confirmed that the 
5' noncoding region of KS2-87 was identical to 
that of HEV (BI), except for containing 26 rather 
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Fig. 5. Map of China where the samples studied were collected. The Sar-55 strain was isolated in Sargodha in Pakistan. HEV 
(BI) and HEV (B2) were isolated in Rangoon, Burma. The Mexican strain, HEV (M), is not shown. 

than 27 nucleotides (Fig. 2). Since the nucleotide HEV (B1) - -  

sequence of HEV (B1) and KS2-87 differ by H E V ( B 2 ) -  
SAR-55 - -  

6.9% in ORF1 (Table 1), the viruses have accu- C H T - 8 7 -  
mulated sufficient numbers of mutations in the CHT-88 -  

TU1-90 - -  

coding region to exhibit divergence, and the TU2-90 
TU4-90 - -  

strict sequence conservation of the 5' noncoding TU5-90 

region most likely reflects strong selective pres- TU6-90 
KS1-87 

sures for translation or replication functions. KS2-87 
TU3-90 - -  This 5' noncoding sequence conservation also HEV(M) 

extends to the three nucleotides identified for 
HEV (M). These comparisons provide a basis for 
suspecting that a large portion of the 5' terminus 
of HEV (M) was missed during the cDNA clon- HEV (BI) - -  

HEV (B2) 
ing procedure and that the 5' noncoding region SAR-55 - -  

CHT-88 of all HEV strains is similar in length and se- KSl-87 
quence to that of HEV (B1). KS2-87 

TU 1-90 
The sequence analysis showed that the TUS-90 

KS2-87 strain was more closely related to the TU2-90- 
TU3-90 

CHT-88, CHT-87, and SAR-55 strains of HEV TU4-90 
TU6-90 

than to H E V  (B I ) ,  H E V  (B2), and H E V  (M). C H T - 8 7 -  
The comparison of partial nucleic acid sequences HEV (M) 
of 12 HEV isolates demonstrated the existence 
of genetically related groups of HEV strains 
within certain geographical regions. Although 
isolates KS1-87, KS2-87, CHT-88, CHT-87, 

1000 950 900 850 800 75 0 70 0 65,0 60.0 

identity (%) 

b 

1 0 0 0  9 5 0  9 0 0  8 5 0  8 0 0  
i L = i L i i = i 

Identity (%) 

Fig. 6. Percent identity between the HEV nucleotide se- 
quences, a: Hypervariable region (nt 2001-2420). b: Struc- 
tural region (nt 5651-6190). 



TU1-90, TU2-90, TU3-90, TU4-90, TU5-90, and 
TU6-90 were all recovered in the XUAR in 
China, the TU isolates were all from an area of 
the Turfan Prefecture that is far from the regions 
where the other four Chinese strains were iso- 
lated (Fig. 5). KSI-87 and KS2-87 viruses were 
isolated in the same area in the Kashi prefecture 
in 1987, so it is not surprising that they are simi- 
lar. Although CHT-88 and CHT-87 were isolated 
in the Hetian prefecture in 1988 and 1987, they 
have been epidemiologically linked to strains 
KS1-87 and KS2-87 (23), so their similarity is 
also not surprising. 

The SAR-55 strain that was isolated in Paki- 
stan appears by sequence analysis to be more 
closely related to the Chinese strains than to ei- 
ther of the Burmese strains or the Mexican 
strain. The geographical region where the 
SAR-55 strain was isolated is much closer to the 
Chinese sites (Hetian prefecture in the XUAR) 
of large HEV epidemics (24) than to those where 
HEV (B1), HEV (B2), or HEV (M) were iso- 
lated. There are some religious and business rela- 
tionships between the Pakistanis and the Uighur 
Tribe in the XUAR, which may explain why the 
SAR-55 and Chinese strains are so closely re- 
lated. A similar genetic analysis of poliovirus iso- 
lates has shown that poliovirus could be segre- 
gated into epidemiologically distinct groupings 
that paralleled the geographic distribution of the 
isolates (25). Additional sequence data for HEV 
strains from other continents such as Africa and 
Europe may reveal more subtle evolutionary 
changes. Data such as these will be useful in de- 
termining the epidemiology of this newly defined 
virus. 

Previously we had suggested that the HEV vi- 
ral genome is relatively stable, since there were 
no nucleotide changes introduced into three large 
portions of the KS2-87 genome during three se- 
rial passages in rhesus monkeys (17). In addition, 
there were only 1.5% nucleotide and 1.3% amino 
acid differences found between the entire coding 
regions of the two Burmese strains that were iso- 
lated 4 years apart (7,13), and the three Chinese 
strains also displayed low levels of differences 
among themselves. Exceptions to this sequence 
conservation in the coding region were noted in 
two cases. The region designated a hypervariable 
region by Tsarev et al. (9) did show moderate 
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amino acid divergence between strains of the 
Burmese branch compared to those of the Sar-55 
branch, although the sequence of viruses within 
a branch was relatively well conserved. How- 
ever, the amino acid sequence of the HEV (M) 
strain in this region was so different that there 
was only 43.0% homology in a 107 amino acid 
long sequence [nt 2010-2330 for KS2-87, nt 
1987-2307 for HEV (M)] between KS2-87 and 
HEV (M). 

Overall the data suggest that the HEV (M) 
strain diverged from the others a long time ago 
and indicate that this region may be exception- 
ally plastic~ It will be interesting to determine 
whether this region of the genome encodes a 
functional protein. A second limited area of se- 
quence heterogeneity was noted when compar- 
ing the coding sequences of CHT-88 with those 
of CHT-87 or KS2-87 (Fig. 3). For the majority 
of the genome, the sequence of all three viruses 
was closer to that of Sat-55 than to that of either 
Burmese strain. However, while the CHT-87 and 
KS2-87 strains were almost identical to Sar-55 in 
the region between nucleotides 2680 and 2981, 
the CHT-88 strain contained 16 nucleotide differ- 
ences from Sar-55, and 14 of the 16 were also in 
both Burmese strains. The same mutations might 
have been selected in the Burmese and CHT-88 
strains if those mutated sites could tolerate only 
the Sat-55 or the Burmese sequence. However, 
the sequence comparison with the HEV (M) 
strain (Fig. 3) shows that for four of the sites at 
least, a third nucleotide could be incorporated. 
Therefore, the data are most suggestive of ge- 
netic recombination between a Chinese and Bur- 
mese strain. Recombination is quite frequent for 
RNA viruses such as poliovirus (26), but addi- 
tional studies will be required to determine 
whether HEV genomes undergo recombination. 

The sequence comparisons to date have 
yielded valuable information about the distribu- 
tion and diversity of HEV. The data are impor- 
tant for vaccine development but also may be 
useful for analyzing the molecular biology of 
HEV. Since attempts to grow HEV in cell cul- 
ture have met with limited success (27), it may 
be that an infectious cDNA clone such as was 
used for hepatitis A virus (28) could be used to 
bypass a cell culture step and to directly 
transfect an animal. The sequence comparisons 
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of  mul t ip le  s t ra ins  p rov ide  a ra t ional  basis  for  

des ign ing  such  a ful l - length c lone.  
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