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Abstract

AIM: To investigate the prevalence of hepatitis G virus (HGV)
infection and to analyse the homology of different HGV strains
in Southern China.

METHODS: A total of 1993 sera from different groups in
Guangdong, Hong Kong, and Yunnan were detected by
reverse transcription polymerase chain reaction (RT-PCR).
The nucleotide sequences of 5’ untranslated region (5’UTR)
derived from 20 strains and NS5 region from 3 strains were
determined.

RESULTS: The positive rate of HGV RNA was 0.89 % in
community population, 2.57 % in blood donors, 17.86 % in
intravenous drug abusers, 14.13 % in patients with
hemodialysis, 13.66 % in those with hepatocellular
carcinoma, 25.30 % in non A-E hepatitis, 7.22 % in hepatitis
B, 12.73 % in hepatitis C, 41.67 % in patients received
bone marrow transplantation, respectively. The homology
was 90.40-100 % in 5’UTR among different strains, while
that of NS5 region was 93.3-94 % in nucleotide sequence,
and 97-99.2 % in amino acid sequence.

CONCLUSION: These results showed that there was a high
incidence of HGV infection in patients from Southern China,
being treated for bone marrow transplantation, hepatocellular
carcinoma and those on haemodialysis. Furthermore, there
was also a high frequency of co-infection of HGV with HBYV,
HCV, non A-E viral hepatitis and that among intravenous
drug abusers. The study also showed that sequence variation
in different strains was associated with geographical factors
but there was no significant difference in 5”UTR in circulating
viruses between different patient groups. Finally, by

sequential analysis of viral species present in individual
patients over a three months period there was no evidence
of sequence variation in the 5' UTR.
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INTRODUCTION

Recently, a novel RNA virus of the Flaviviridae family has
been identified by two groups of researchers working
independently and designated as GBV-C or HGV*2, These
viruses are now considered to be different isolates of the same
virus. The predominant route of transmission of HGV appears
to be parenteral by contaminated blood and blood products
although other routes, such asvertical transmission or through
salivamay also existi*, HGV containsapositive-sense, single
stranded RNA genome approximately 9.4kb in length that
encodes a single long open reading frame (ORF) coding for
two putative envelope proteins (E1 and E2), and several
nonstructural proteins (NS1-NS5) (Figure 1). The coding
region is flanked by along 5 -untranslated region (5’ UTR)
and 3' -untrandated region (3' UTR). The putative core protein
which has been described in related viruses such as HCV
appears to be truncated or even absent in different isolates of
HGV[™, 1-3 % of healthy blood donors are infected with
HGV inthe USA and in Europe and HGV infection wasfound
to be common in subjects with various forms of chronic liver
disease’®1", |t has been reported that HGV can be associated
with either acute or persistent infection!*®*. Some studies
suggested the possibility of alink between fulminant hepatitis
and HGV infection®23, However, the clinical implications of
HGYV infection have not been clearly determined since the vast
majority of infected individuals do not show liver injury!?2,
In this report, HGV prevalence in Southern China was
investigated using an RT-PCR-based survey of different patient
populations. Furthermore, sequence analysis of some PCR
productsfromthe5 UTR and NS5A regionsallowed homol ogy
comparisonsto be carried out for epidemiological analysis.

5 UTR 3 UTR
% |E1\E2\N31\N82\Ns3 \Ns4A| NS48]N85A\ NSSB}—

Figure 1 Structure of HGV genome

MATERIALS AND METHODS

Subjects

From 1994 to 1997, 1993 serum samples from 1991 subjects
were obtained from Guangdong province, Y unnan province,
and Hong Kong Special Administrative Region in Southern
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China. These serum sampleswere stored at -70 “C. HepatitisC
virusinfection was confirmed by RT-PCR and enzyme-linked
immunosorbent assay (ELISA, second-generation).
Commercidly available ELI SAswere used for immunoglobulin
M (IgM) antibodies to hepatitis A virus, for hepatitis B surface
antigen (HBsAQ) and antibodies to hepatitis B core antigen
(HBCcAD), hepatitis D virus and hepatitis E virus. Patients with
hepatocellular carcinoma were histologically confirmed.

In 2 patients serial serum samples were collected 3 months
after the first sample. In addition, 22 different samples derived
from 20 subjects were analysed by nucleotide sequencing of
either PCR fragmentsfrom the 5’ UTR (19 patients), the NS5A
region (2 patients) or both (1patient) (Table 1).

Table 1 Samples for sequencing

Sample Sex Age (yrs) Origin Diagnosis Regions _for

sequencing
GD1 F 58 Guangdong non A-E hepatitis 5°UTR
GD3027 M 47 Guangdong hepatitis B 5’UTR, NS5A
GD3040 M 76 Guangdong hepatitis B 5’UTR
GD3064 F 20 Guangdong non A-E hepatitis 5°UTR
GDCA M 26 Guangdong hepatocellular carcinoma 5’UTR
YN1 M 26 Yunnan intravenous drug user 5°UTR
YN2 M 38 Yunnan intravenous drug user 5°UTR
YN3 M 45 Yunnan intravenous drug user 5°UTR
HKC9 F 42 Hong Kong hepatitis C 5°UTR
HKC16 M 38 Hong Kong hepatitis C 5’UTR
HK8 M 56 Hong Kong recipient of bone marrow 5’UTR
HK9 M 42 Hong Kong recipient of bone marrow 5’UTR
HK10 M 38 Hong Kong recipient of bone marrow 5’UTR
HK11 M 42 Hong Kong recipient of bone marrow 5’UTR
HK12 M 42 Hong Kong recipient of bone marrow 5’UTR
HK24 F 42 Hong Kong recipient of bone marrow 5’UTR
HK80 M 40 Hong Kong recipient of bone marrow 5’UTR
HK108 M 18 Hong Kong recipient of bone marrow 5’UTR
HK116 M 42 Hong Kong recipient of bone marrow 5’UTR
HK120 M 40 Hong Kong recipient of bone marrow 5’UTR
Al132 M 20 Hong Kong blood donor NS5A
AT11 M 25 Hong Kong blood donor NS5A

HK9 and HK12 were derived from the same patient after a 3-
month interval; HK11 and HK116 were also from a patient
after a 3-month interval

Detection of HGV RNA by reverse transcriptase-polymerase
chain reaction

RNA was extracted from 100 m of serum using amodification
of the enzyme digestion and heat-denaturation method. The
serum was added to 10 ml enzyme digestive mixture (Tris
10mM pH 7.8, EDTA 5mM, proteinase K 300 ng/ml) at 55 C
for 30 min and then 98 “C for 15 min. After centrifugation,
5 m of supernatant were used for the synthesis of cDNA. The
synthesiswas performed at 42 “C for 45 min with 2.5U AMV
reverse transcriptase (Promega) in a 10 ni reaction mixture

containing 1 X buffer,0.25mM dNTPs8U RNAsn (Promega) and
100 ng specific antisense external primer (G2 or 36) (Table 2).

PCR amplification was performed using primers specific
for 5 UTR and NS5A region (Table 2). The first-round PCR
amplification of the cDNA was carried out in 20 m of reaction
mixture containing 5 m of cDNA product, 1 X PCR buffer
(Promega), 1.5mM MgClI,, 100pmoles of each sense and
antisense external primers (G1 and G2, or 35 and 36), 20 mv
each dNTP and 2U Tag DNA polymerase (Promega). PCR
was performed for 30 cycleswith the following reaction cycle:
94 °C for 40 secs, 55 °C for 40secs, 72 °C for 60secs (2 min for
NS5A amplification). 5 m of the first PCR product were
subjected to a second amplification for 35 cycles under the
same condition asfor the first PCR, using sense and antisense
inner primers (G3 and G4, or 33 and 34). The amplified
products were visualized by 2 % agarose gel electrophoresis
and ethidium bromide staining.

Table 2 Primers used in RT-PCR

Primer Polarity Position Nucleotide sequence

Gl + 117-136 57 ATGCGTGATGACAGGGTTGG 3~

G2 - 451-471 5 TAGGTGGCCCCATGCATTTCC 3”

G3 + 161-180 5” GGTAGCCACTATAGGTGGGT 3~

G4 - 379-398 5" CACTGGTCCTTGTCAACTCG 3~

33 + 6672-6697 5 GTTGAATTCGCGATGGAGCGCTACAC 3~
34 - 7267-7292 5 CTGGGATCCGTATCATGTATGGTTCT 3~
35 + 6573-6592 5 TCGATTGCTGTAGCTGAGCC 3”

36 - 7327-7346 5 GGTAAGTTCATTGCCCACCA3”

The numbering is identical to that of the PNF2161 strain of
HGVM,

Cloning of HGV NS5A PCR fragments

The PCR products of HGV NSbA were purified by phenol-
chloroform extraction, precipitated by ethanol, dissolved in
water and digested with EcoRI and BamHI (Boehringer
Mannheim). The fragments were recovered from low melting
point agarose gels and cloned into vector pUC19. Resulting
recombinants were identified by enzyme-digestion and
the same NS5A-specific second PCR procedure as that
described above.

Sequence determination and homology analysis

The 238-base pair amplification productsof HGV 5 UTR were
directly sequenced by HGV 5 UTR-specificinner primers (G3
and G4), whilethe NS5A cloneswere sequenced using puC19-
specific primers hybridizing to sequences flanking the cloned
fragment. The sequencing was performed using adouble-strand
DNA cycle sequencing system by the dye termination method
inaABI 310 automated DNA sequencer (Applied Biosystems
Inc.). Nucleotides obtained and putative amino acid sequences
were then compared with each other and with the published
HGV prototype sequences by program DNASIS, program
PROSIS and program Lasergene.

RESULTS

Prevalence of HGV in Southern China
Statistical analyses were performed using Fisher’ s exact tests
and a significance level was set at P=0.05. The prevalence of
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HGYV infection from different groups in Southern Chinawas
shown in Table 3.

The infectious rate of HGV in general population from
Southern Chinaiis 0.89 %. The following groups were highly
significantly different from both the blood donors and general
population group: recipient of bone marrow transplantation,
haemodialysis patients, intravenous drug abusers, patients
with hepatocellular carcinoma, non A-E hepatitis, hepatitis
B (P<0.0001), and hepatitis C (P<0.002). Patients with bone
marrow transplantation had the highest carrier rate of 41 %,
which was significantly higher than the other groups (P<0.05).
The following groups were not significantly different from
the blood donors or general population group: hepatitis B+A,
hepatitis B+C, hepatitis B+E, hepatitis E (P>0.05). There was
no significant difference between the blood donor and general
population groups (P=0.054).

Table 3 Prevalence of HGV infection from different groups in
Southern China

Group cases HGV RNA Positive cases(%)

Bone marrow transplantation 108 45(41.67)
Haemodialysis 92 13(14.13)
Intravenous drug users 84 15(17.86)
Hepatocellular carcinoma 161 22(13.66)
Hepatitis B 263 19(7.22)
Hepatitis C 55 7(12.73)
Hepatitis B + Hepatitis A 16 1(6.25)
Hepatitis B + Hepatitis C 6 1(16.67)
Hepatitis B + Hepatitis E 26 3(11.54)
Hepatitis E 29 2(6.90)
Non A-E hepatitis 83 21(25.30)
Blood donors 506 13(2.57)
General population 562 5(0.89)
Total 1991

Nucleotide sequence of the 5”UTR from 20 HGV isolates

An alignment of the nucleotide sequence of the 5 UTR from
the 20 HGV isolates we studied being presented in Figure 2.
Sequence analysis demonstrated that the 5 UTR was highly
conserved and the homology varied between 90.4 % and 100 %
among different isolates from Southern China. We found that
the 5’ UTR of HGV consisted of highly conserved domains
interspersed between variable domains. The most variable
domain spans 38 nucl eotides (positions 187 to 222). Molecular
evolutionary phylogenetic tree was constructed to clarify the
relationship among different HGV strains, using Clustal
method with Weighted residue weight table.

Some highly conserved regions were observed, including
No0.223 to N0.298, N0.327 to N0.345, N0.349 to N0.372, but
relative diversity regions were also observed, such as the
regions from No.187 to N0.222, N0.299 to N0.306. Some
isolates had 100 % identical sequencein 5 UTR, such as
GD3040, GD3064 from Guangdong and HKC16, HK9, HK12,
HK 108 from Hong Kong.

Geographical variability was also demonstrated: greater
homology was seen in strains obtained from Southern China,
the homology was from 95 % to 100 % among Guangdong

grains, 93 % to 100 % within Hong Kong strains, 94 %to 100 %
between Guangdong and Hong Kong strains. While a lower
level of homology compared to the strain from Northern China,
which was 90 % to 94 % between Southern Chinaand Northern
Chinagtrains, with even lower homology when compared with
those from other countries, which was 85 % to 92 % between
Southern China and the reported prototype strains from USA
and West Africa.

We also studied the HGV 5" UTR sequence in the same
patients over a period of 3 months and observed no mutation,
as shown in Figure 2. HK9 and HK 12 were from one patient,
HK11 and HK 116 from another one.

Nucleotide sequence of partial NS5A region from 3 HGV isolates
Similar to 5 UTR, 621 base pair of NS5A region from 3 HGV
isolates in Southern China are well conserved with the
homology of 93.3-94.0 % (Figure 3). While alower homology
was seen when compared to those in USA and West Africa,
which wasfrom 87.3 % to 93.5 %. Different nucleotides were
randomly distributed throughout the sequences and most
mutations were silent, with the result of deduced amino acid
homology of 97.9-98.9 % (Figure 4). The study also suggests
that the variation may be associated with geographical factor.

DISCUSSION

We studied 1993 sera from 1991 patients with various forms
of viral hepatitis, hepatocellular carcinoma, intravenous drug
abusers, recipients of bone-marrow transplantation, blood
donors and general population from 3 different regionsin
Southern China, including Guangdong, Hong Kong and Y unnan.
HGV RNA was detected in as high as 41.67 % (45/108),
14.13 % (13/92), 17.86 % (15/84), 13.66 % (22/161), 12.73 %
(7/55), 25.30 % (21/83) of patients with bone-marrow
transplantation, hemodialysis, intravenous drug abusers,
hepatocellular carcinoma, hepatitis C and non A-E hepatitis,
respectively. It is noteworthy that nearly 42 % of recipients of
bone-marrow transplantation were HGV RNA positive. This
is understandable, because these patients have usually received
many transfusions or blood products from alarge number of
donors. This also demonstrated the fact, that HGV was
transmissible via blood transfusion??.,

13 (2.57 %) out of 506 blood donors were positive for
HGV RNA, the difference of the positive rate from the general
population (0.89 %) wasstatistically not significant. In addition,
HGV RNA was found to be 7.22 % (19/263) among patients
with hepatitis B, 6.90 % (2/29) among patients with hepatitis
E, 6.25 % (1/16) among patients with coinfection of hepatitis
B and hepatitisA, 16.67 % (1/6) among coinfection of hepatitis
B and hepatitis C, and 11.54 % (3/26) among coinfection of
hepatitis B and hepatitis E. Using Fisher’ s exact teststo work
out the exact P-values in situations where the number of
positive cases was less than 5, the P-values obtained were
dependent on the magnitude of the difference in prevalence of
HGV infection between those groups, but also on the total
number of casesin each group. Hence, dthough the prevalence
of HGV infection was 16.7 % in hepatitis B+C group, we were
not able to show it was different from either blood donors or
the general population because the number was small (only 6
cases) in hepatitis B+C group. Same situations occurred in
groups of hepatitis B+A, hepatitis B+E, and hepatitis E.
However, the difference between hepatitis B and the general
population was significant even though the prevalence of HGV
infection was only 7.22 % because of large number of cases
(263 cases) in hepatitis B group.
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GD1 CTTAAGGGTT GGTCAAGGTC CCTCTAGCGC TTGTGGCGAG AAAGCGCACG GTCCACAGGT GTTGGCCCTA 25(
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YNL e . T ... A
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HK 24 e A.
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HKL08 o e e e e e e e e e e e e e A.
HKLL6 oo e e e e e e e e e e e e i C .TA. e .. GA.
HK120  .......... A e e e e e e e A.
€c964  ...... e G. A. [T GA.
PNF2161 ...... A R GA.
R10291 ...... R G. AcueGonn oL, GA.
GBV-C  voeiein e e A.. G..CT.vuA .Coviie e G. T Covee e GA.
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Figure 2 Alignment of 5”UTR cDNA sequences of 20 HGV isolates from Southern China. GD stands for Guangdong, YN for
Yunnan, HK for Hong Kong. C964 was derived from Northern China, PNF2161 and R10291 from United States™™, GBV-C from
West Africa?. Identical nucleotides are shown as dots. The numbering is according to Linnen et al®.
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A132  GCTACGCGTAAGCTCACAGTCAAGATGTCATGCTGTGTGGAGAAGAGCGTCACGCGCTTC 540
A711  ..C
GD3027 ..C
C964 ..G..
G
C
C

T
A..
T.. .-
PNF2161..G.. T
R10291 ..C.. T
GBV-C .. A
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G
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G
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GCTGATGTGGCTAGCTTGTGTGAGATGGAAATCCagaaccatacatgatacggatcccag 621
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o
o
o
>

Figure 3 Comparison of NS5 cDNA sequence of HGV A132 (HongKong strain) with the corresponding sequences from GD3027
(Guangdong strain), A711 (Hong Kong strain) and the reported isolates (C964, PNF2161, R10291, GBV-C). Dots indicate identity
with sequence of HGV A132.
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1

GD3027 ..
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R10291 ..
GBV-C ..

T

H
H

PNF2161..H...L... ..ol D s e
H
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0 b L
GD3027 e et e e aeea-
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1
PNF2161. ..o iiie e ans b i
1
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....................... e
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1
GD3027 . e e e R. .....
co64 ...... R E.Fo o L
PNF2161...... S €
R10291 ...... E.ol Gaeeeennen Lo Eoorn ceiiit R. N....

GBV-C
A132  VASLCEMEI 189
A7T11 ...
GD3027 .........
C964 .........
PNF2161.........

Figure 4 Comparison of deduced amino acid sequence of HGV A132 NS5 with the corresponding sequences from A711, GD3027

strains and C964, PNF2161, R10291, GBV-C isolates.

In this study we determined the nucleotide sequence of the
5" UTR spanned 238 nucleotideswith positions 161 to 398 from
20 HGYV isolates in Southern China. The data confirmed that
the 5" UTR of the HGV genome was well conserved among
HGYV isolates from Southern China, with homology more than
90.4 %, even 100 % identical sequence in some strains, such
as GD3040, GD3064, HKC16, HK9 and HK 108. Phylogenetic
analysis here supported the conclusion that sequence variation
in different HGV strains was associated with geographical
factors because greater homology was seen between the
Southern China strains, while a lower homology when
compared to the strains from Northern China, even lower
homology was observed in comparison with those from other
countrieg®034,

Partial sequences of NS5A gene region flanking positions
6672 to 7292 from 3 HGV strains were also determined.
Nucleotide variationsfrom each other were seenat 6.3 %10 7.1%
scattered along the genome and most of them had not caused
change in amino acid, which implied that this region might
have abiological role.

Sequencing samplesfor 5 UTR were derived from different
patient groups, including non A-E hepatitis, hepatitis B,
hepatitis C, hepatocellular carcinoma, intravenous drug
abusers, recipient of bone marrow transplantation and blood
donor. However, no apparent variation in 5" UTR was found
between different groups in Southern China, which suggested
that the heterogeneity among different HGV isolates was not
related to patient groups in the same geographical area.

HK9 and HK 12 were from one patient over a period of
three months, HK11 and HK 116 from another patient in the
sameinterval. The follow-up study of HGV 5 UTR sequence
changesin the two patients with bone-marrow transplantation
from Hong Kong suggested that the 5 UTR was not susceptible
to mutations as frequently observed in other RNA viruses
during a 3-month interval. However, thisis only within a

relatively short period and whether it hasthe potential to mutate
over alonger period remains to be seen.
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