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Abstract

AIM To detect infection rate of GBV-C/HGV in
hepatitis C patients, to determine the methods
of higher sensitivity and the primers of higher
efficiency for GBV-C/HGV RNA detection and to
study the dominant subtype and mutation of
GBV-C/HGV.

METHODS Quantitative RT-PCR for detection
pf HCV RNA concentration in serum samples, RT-
nested PCR with two sets of primers for
detection of GBV-C RNA, RT-PCR ELISA with
two sets of primers for detection of HGV RNA,
nucleotide sequence and putative amino acid
sequence analysis.

RESULTSThe positive rates of GBV-C RNA at the
5’-NCR and NS3 region in 211 serums amples
from the patients with HCV infection were 31.
8% and 22.8% respectively. The positive rates
of HGV RNA at the 5'-NCR and NS5 region in
the same samples were 47.9% and 31.8%
respectively. The total positive rate of GBV-C/
HGV RNA was as high as 55.5%. HCV copy
numbers in the patients without GBV-C/HGV
coinfection were statistically higher than that in
the patients with GBV-C/HGV coinfection
(P<0.01). Frequent mutation of nucleotide
residue was present in the amplification
products. Frameshift mutation was found in two
samples with GBV-C NS3 region nucleotide
sequences. All nucleotide sequences from
amplification products showed higher homology
to HGV genome than to GBV-C genome even
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though part of the sequences were amplified
with GBV-C primers.

CONCLUSION A high frequency of GBV-C/HGV
coinfection existed in the hepatitis C patients.
RT-PCR ELISA was more sensitive than RT-
nested PCR for detection of GBV-C/HGV RNA.
The primers derived from the 5'-NCR was more
efficient than those derived from the NS3 and
NS5 regions. A reverse relationship was found to
exist between HCV RNA concentration and GBV-
C/HGV infection frequency. HGV was the
dominant subtype of the virus in the local area.
The major mutations of GBV-C/HGV genomes
were random mutation of nucleotide residue.

INTRODUCTION

Hepatitis GV virus C (GBV-C) and hepatitis G
virus (HGV) were recently identified as novel
member of Flaviviridae family associated with
human non A-E hepatitis*®. The two vira agents
are different isolates of the same virus because of
their high homology in nucleotide sequences and
putative amino acid sequences®’. GBV-C/HGV
can be transmitted parenterally through transfusions
of blood, blood products, intravenous drug user,
hemodiaysis and vertica transmission’®*?, Although
GBV-C/HGV were considered to be the major
causative agent of human non A-E hepatitis, many
later investigative data revealed that GBV-C/HGV
infection rates in non A-E hepatitis patients were
lower than 15%%>%, GBV-C genome does not have
the gene responsible for encoding core protein®27,
HGV capsd protein is absent or defective and the
capsid may be provided by another virus?l,
Therefore, coinfection of GBV-C/HGV with other
viruses is an interesting and important subject for
investigation. The reported GBV-C/ GV infection
rates in hepatitis C patients were approximate
20%>*3 but a quite lower coinfection rate of HGV
and HCV (5.6%) was aso reported®. Contradictory
data about the clinica importance of GBV-C/HGV
infection and nucleotide sequence mutation of the
viral isolates indicated that the pathogenes is
and variability of the virus are not fully
understood®+44,

In this study, GBV-C/HGV RNAs in the 211
serum samples of hepatitis C patients were detected
by RT-nested PCR and RT-PCR ELISA with four
different sets of primers. The GBV-C/HGV RNA
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positive amplification products from part of the
serum samples were cloned and then sequenced. The
results of this study may contribute to the
determination of GBV-C/HGV coinfection
frequency in hepatitis C patients, choice of the
methods with high sensitivity and the primers with
high efficiency for GBV-C/HGV RNA detection
and understanding the mutation of GBV-C/HGV
genomes.

MATERIALS AND METHODS

Materials

211 serum samples of hepatitis C patients were
obtained from the hospitals in Leubeck and in Koln
of Germany. The 211 samples were confirmed to
be HCV RNA positive by usng HCV Monitor-TM
Test Kit (Hoffmann LaRoche). This test is a routine
work in our laboratory for quantitative detection of
HCV RNA. HCV RNA concentration in the 211
samples ranged from 200 to 4 166 000 copies per
milliliter of serum. All serum samples were HBV
negative by using EIA and PCR. T-A Cloning Kit
was purchased from Invitrogen. All other materials
used in this study were purchased from Boehringer
Mannheim.

Methods
Total serum RNA isolation Highly Pure RNA
Isolation Kit was used to prepare total RNA from
the samples according to the manufacturer’s
ingruction.

Reverse transcription (RT) reaction Tenpl tota
RNA preparation was mixed with 10uL RT master
mixture containing 0.2mmol/L dNTP, 50nmol/L
hexanucleotide, 20U M-MuLV-reverse transcr-
iptase, 20U RNA inhibitor and 4uL 5xRT buffer
(pH 8.3), and incubated at 37°C for 45min.

RT-nested PCR for GBV-C RNA detection Two sets
of primers derived from GBV-C 5NCR and NS3
region were used in the RT-nested PCR ¥, 5'-NCR
external primers. 5 -ATGACAGGGTTGGTAG
GTCGTAAATC-3' (sense), 5-CCCCACTGGTC
CTTGTCAACTCGCCG-3' (antisense). 5-NCR
internal primers; 5'-TGGTAGCCACTATAGGTGG-
GTCTTAA-3 (sense), -5 -ACATTGAAGGGCGACG-
TGGACCGTAC-3 (antisense). NS3 region external
primers: 5'-GCT CGCCTATGACTCAGCAT-3
(sense), 5'-GTCACCTCAACGACCTCCTC-3
(antisense). NS3 region internal primers: 5'-
ATCCATAATTGAGAC AAAGCTGGA-3 (sense),
5-CCACCAACCCACAGTCGGTG-3 (antisense).
For the first PCR round, 10pL- RT product was
mixed with PCR master mixture containing
20pmol/L primers, 0.2mmol/L dNTP, 3U Tag
polymerase and 10puL 10xPCR buffer (pH 9.1)
and 25mmol/L MgCl,. For the second PCR round,
5uL product from the first PCR round was used as
template and the other reaction reagents were the
same as that in the first PCR round except the

primers. The volume per reaction in the two rounds
was 100pL. The PCR parameters were described as
the following : 94°C 3min(x1); 94°C 30s, 56°C 30s,
72°C 30s, (x10); 94°C 30s, 56°C 30s, 72°C 35s,
(x25, 5s in addition for each of the following
cycle); and 72°C 7 min (x1). The products of RT-
nested PCR were detected by 2% ethidium bromide
stained agarose gel electrophoresis.

RT-PCR ELISA for HGV RNA detection HGV RNA
in the samples was detected by Hepatitis G Virus
Primer and Capture Probe Set Kit according to the
manufacturer’s instruction. This kit contains two
sets of primers for detection of HGV 5'-NCR and
NS5 RNA and two sets of capture probes for
detecting PCR products. 5 -NCR primers. 5'-
CGGCCAAAAGGTGGTGGATG-3' (sense), 5'-
CGACGAGCCTGACGTCGGG-3' (antisense). NS5
region primers. 5-CTCTTTGTGGTAGTAGC-
CGAGAGAT-3 (sense), 5'-CGAATGAGTCAG-
AGGACG GGGTAT-3' (antisense). 5'-NCR capture
probe: 5'-Biotin-GGTAGCCA CTATAGGTGGG-3'.
NS5 region capture probe: 5'-Biotin
GTTACTGAGAGCAGCTCAGAT-3'. Taq and two
polymerase mix in this kit was used in PCR to
alow DIG-11-dUTP incorporating the products during
amplification process. The PCR parameters were
described as the following: 94°C 3min (1x); 94°C
30s, 55°C 30s, 72°C 30s (10x); 94°C 30s, 55C 30s,
72°C 35s (5s in addition for each of the following
cycle, 30x); 72°C 7min (1x).

The RT-PCR products were detected by using
PCR ELISA DIG Detection Kit according to the
manufacturer’s instruction. The PCR ELISA is a
liquid phase hybridization/DIG detection system. It
was found that DNA fragments amplified from
HGV RNA could also be seen in 2% ethidium
bromide stained agarose gel if the OD value at
405nm by RT-PCR ELISA was higher than 1.0.

Analyss of nudeotide sequences and putative amino
acid sequences The target DNA fragments in GBV-
C RT-nested PCR products or HGV RT-PCR products
(DIG-11-dUTP replaced by dTTP) were cloned into
PCR2.1 plasmid by using T-A Cloning Kit according
to the manufacturer’s instruction. The plasmid was
amplified in E.coli and then recovered by the
Sambrook’s method“?l. The inserted sequences
were analyzed by MWG-BIOTECH. The
homology of the nucleotide sequences and putative
amino acid sequences was compared with the those
thow reported*4.

RESULTS

GBV-C and HGV RNA detection rates Seventy-four
of the 211 serum samples (35.1%) were GBV-C
RNA positive, 41 of the 74 samples (55.4%) were
GBV-C RNA postive for both the 5-NCR and NS3
region, 26 of the 74 samples (35.1%) were only 5'-
NCR RNA positive and only 7 of the 74 samples
(9.5%) detected NS3 region RNA. A dtatiticaly
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significant difference (x*=4.32, P<0.05) was found
to exigt between the postive rates of GBV-C 5-NCR
(67/211) and those of NS3 region (48/211).

One hundred and five (49.8%) of the 211
serum samples were HCV RNA positive, 63 of 105
samples (60.0%) were HGV RNA positive for both
the 5'-NCR and NS5 regions, 38 of the 105 samples
(36.2%) were only 5'-NCR RNA positive and 4 of
the 105 samples (3.8%) were only detectable for
NS5 region RNA. A statistic ally significant
difference (x*=11.43, P<0.01)was also found
between the positive rates of HGV 5'-NCR (10V/
211) and NS5 region (67/211). The respective target
fragments amplified from GBV-C 5- NCR,
NS3 region and HGV 5-NCR, NS5 region are
shown in Figures 1, 2.

Total pogtiverateof GBV-C/HGV and digribution of
the positive samples One hundred and seventeen
(55.5%) of the 211 serum samples were GBV-C
and/or HGV RNA positive and 94 of the 211
samples (44.5%) were negative for both viral
RNAs, 62, 12 and 43 of the 117 samples were
positive for both vird RNAs, GBV-C RNA positive
and detectable HGV RNA respectively. The
digtribution of the 117 samples is shown in Table 1.

Relationship between HCV RNA concentration and
GBV-C/HGYV infection frequency The range of HCV
RNA concentrations of the 211 serum samples was
200-4 166 000 copies/mL. A statistically signif-

IIJ:||||| —

icant difference (t'=2.559,P<0.01) was present in
the HCV RNA copy numbers of the group with
GBV-C and/or HGV RNA positive samples (mean
=344 000- HCV RNA copies/mL) and the group
with both viral RNA negative samples (mean=
556000 HCV RNA copies/mL). In addition, HCV
RNA concentration in each of 21 cases of the 211
samples was higher than 1 000 000 copies/mL. Six
of the 21 cases distributed in GBV-C and/or HGV
RNA positive group and the other 15 cases belonged
to the negative group. In comparison with the two
percentages (6/211 and 15/211), a statistically
significant difference was dso found (x*=4.06,
P<0.05).

Table 1 Distribution of 117 GBV-C and/or HGV positive
samples

GBV-C HGV Positive  Positive rate

5'-NCR NS5 5'-NCR NS5 cases (%)
+ + + + 26 12.3

+ + + - 7 33

+ + - + 3 1.4

+ - + + 9 4.3

- + + + 3 1.4

+ - + - 11 5.2

- + + - 3 1.4

+ + - - 5 24

- - + + 25 11.9

+ - - 6 2.8

- - + - 17 8.1

+ - 1 0.5

- - + 1 0.5
Total 117 55.5

- the viral RNA was

" +: the viral RNA was detectable. ™
undetectable.

_— '_1:';_"||||

Figure 1 Target amplification fragments from GBV-C 5’-NCR and NS3 region. (1 and 14: markers; 2 and 8: negative serum samples; 7
and 13: blanks; 3-6: four GBV-C 5’-NCR RNA positive serum samples; 9-12: four GBV-C NS3 region RNA positive serum samples)

Bbbp —

I 2 ] 4 5 fi 7
Figure 2 Target amplification fragments from HGV 5’-NCR and NS5 region. (1 and 14: markers; 2 and 8: negative serum samples; 7
and 13: blanks; 3-6: four HGV 5’-NCR RNA positive serum samples; 9-12: four HGV NS5 region RNA positive serum samples)

1 56bp
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Nucleotide sequence analysis The homology of the
nucleotide sequences of GBV-C 5-NCR RT-nested
PCR products from 3 serum samples compared with
the reported GBV-C sequence” and the reported
HGV sequence? was 81.8%, 81.1%, 82.5% and
97.6%, 97.2%, 99.3% respectively. The homology
of the two reported sequences at the 5'-
NCR was 81.8%. The homology of the nucleotide
sequences of GBV-C NS3 region RT-nested PCR
products from 6 samples compared with the reported
GBV-C sequence¥ and the reported HGV
sequencel? was 80.2%, 82.3%, 81.5%, 84.4%,
85.6%, 85.2% and 86.8%, 88.1%, 88.1%,
88.1%, 86.8%, 87.7% respectively. The homology
of the two reported nucleotide sequences at the
NS3 region was 84.4%. Although the primers
used in the RT-nested PCR derived from GBV-C
genome, each of the 9 nucleotide sequences showed
a higher homology to HGV than to GBV-C. These
nucleotide sequences are shown in Figures 3, 4.

The homology of the nucleotide sequences of
HGV 5-NCR RT-PCR products from 3 samples
compared with the reported HGV sequence? and

the reported GB V-C sequence” was 95.2%, 99.3%,
98.6% and 86.4%, 87.1%, 87.8%
respectively. The homology of the two reported
sequences at the 5'-NCR was 86.4%, whereas the
homology of the nucleotide sequences of HGV NSb
region RT-P CR products from 3 serum samples
compared with the reported HGV@ sequence and
the reported GBV-C sequence” was 95.3%,
96.3%, 96.3% and 94.4%, 94.4%, 93.4%
respectively. The homology of the two reported
sequences at the NS5 region was 93.4%. These
nucleotide sequences are shown in Figures 5, 6.

The homology in comparison of these sequences
mentioned above did not contain the primer
Sequences.

Theputativeamino acid sequenceanalysis Putative
amino acid sequences translated from the 6
nucleotide sequences from GBV-C NS3 region and
the 3 nucleotide sequences from HGV NS5 region
were respectively compared with the reported HGV
and GBV-C sequences®?. These putative amino
acid sequences were shown in Figures 7, 8.

(1) 1 IGGTAGCCACTATAGGTGGGTCTTAAGGGGAGGCTACGGTCCCTCTTGCG
(2) 1 ...ieean... e eenn ceceeccess AA..T..AA.T.......T.
(3) 1 AA,,.T..AAT.......T.
(4) 1 AA...T..AA.T..... ..T.
(5) 1 AA...T..A.A.T..... ..T.
(1) 51 CATATGGAGGAAAAGCGCACGGT CCACAGGTGTTGGTCCTACCGGTGT
(2) 51 .C.GC..C.AG.CC...cceeee scnnssnceesssCoincaan.n GG
(3) 51 .G.GC..G.AG.CC.........CeeivvrreeeesCitiinces.sG
(4) 51 .C.GC..C.AC.CC..vvvnnns sasssssssseesliiiienccecssl
(5) 51 .C.GC..C.AG.CC..ivvvene senvnonnesessliuninncaseG
(1) 99 AATAAGGACCCGGCGCTAGGCACGCCGTTAAACCGAGCCCGTTACTCCCC
(2)100 .......G....A..TC....T..T. et eeeencenenss...C.A,,
(3)101 .......G....A. . TC....T..Tevveeoeeveeeeases..A..C.A..
(4100 .......G.... A, . TC. ... AC.T. vt eesesCuinocnen C.A..
(5)100 .. ¢.ee.G... A, TC. ... T.. T eeeeeeeneacaneneaa.C.ALL
(1) 149 TGGGCAARCGACGCCCACGTIACGGICCACGTCGCCCTTCAATGT
(2)150 vt eeeneeenceeoccenoncannens cecesesseeseneann
(3)151 LI I I A B R I B I B R S S S S 0 S I S e e O e
(4)150 O-vo-T---o--°°-oo-“_._n_n.‘.M_H_n_l-a-&-n-l-l-a-l—A4—M
(5)150 LA SR 2R IR B AT AE B NR BN I S WP W W W WS S WS S S R e

Figure 3 Homology of the nucleotide sequences from GBV-C 5’-NCR RT-nested PCR products from 3 serum samples as compared with the

reported sequences.

(1) the reported GBV-C 5-NCR sequence, (2) the reported HGV 5’-NCR sequence, (3)-(5) the sequences of GBV-C 5’-NCR RT-nested
PCR product from 3 samples. Underlined areas indicated the primers’position.
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(1) 1 AICCATAATTGAGACAAAGCTGGACGTTGGTGAGATCCCCTTTTATGGGC
{2} -1 T-I-ll-l-q-tr#‘-ll-l-ll-l.ll-.nT- ----- -I-EIl-:ll-i-iiT'f!Il-Il-lll-lii

(3) 1 e e PRI, JA - T
{Jl} 1 --.-;---aa------..-l--*.T..G..ﬁ.-.-ana--q.-”-----a-
{5} 1. --------------------- ile*.G.-}AlirlitiiiI!-!JI-I"I
{E] ) e S R s A s Ak e ks Tt.GII{IIilllll*ii--'F-I'F'I'l-
17} 1 il e e il B R R R TdntG -------------- C!!!I'F'II-
(B) 1 eeienaeceneninennaaneaaTeuBuevueneesCorenenensnnens

(1) 51 ATGGTATCCCCCTCGAGCGTATGAGGACTGGTCGCCACCTTGTATTCTGS
IEI 51 -Ill'l!-i!l-'!lll-lliliiiG!IfC!hliCllutG.II-ICIIGI-II-iI-I-
(3) 51 ....C..A..... p P G...C.A..C..GA.G..T..CA...0vuus
(4) 51 ....C..A.....T.....G...C.A..C..GA.G..T..CA..00v...
(5) 51 ....C..A.....T..... G...C.A..C..GA.G..T..CA........
{E} 5‘1 -'-icniﬁliti-pG"--|+IGi-l-lCt1--t-c--M-G--T-r-Ei_tG-v—qv!
(7) 51 .......A..c..TeuueAeeCuusCu BA.G.. T Cuvvnnnnnn
IE} 51 —-*-‘:-+ﬂ-fn+-+-----E»--C-E-.C..Cﬁ.ﬁ.....c..ﬁ......

(1)101 CATTCCAAGGCGGAGTGCGAGAGATTGGCCGGCCAGTTCTCCGCGCGGGG
(2)10]1 ..ceeluviuaTocnnnsasaCellluaTesTeinsnnssrnasncaThisss
(3)101 .....0.ceeeluceceeTeuaCalC i Pansannannsnnaal ...,
(4)101 .....T..0eeTeen TG0 Tuceevennecnnse T TA...
(50101 ..0oeTuvreeTleruieeleecCalCiTauernnrnnrnnseTesTAevss
(6)101 ..C..A.....covun. T...C.0C....... Tevssns T..T..CA....
(T)101 ..evenvneesTonnoenssssCiBC AL eesTovessTe T ChALLss
(8)101 ..C.covuvcnnnnnasTeaeCiPC T aTeuuanseaTeaTu . Tha..,

(1)151 GGTTAATGCCATCGCCTATTATAGGGGTAAGGACAGTTCCATCA TCAAA
(2)15] ...C..vuveaaluicavnnncncnsnsacallecanennalocee 2ue.
{(3)151 ...G..... TeeTeeanaas N o T..GTG
(4)15]1 ...GG....TeeTuvrnesesCrusesCocBucenrenrenss C.TGTG
{5)151 ...Guoos TeuTuvanusns CiesssCodBivivinns sssss «.GIG
(6)151 ...A,.Ci.cveTincvssnssssssssssssssssssshecc. TG
(71151 ...GusevsveeTunenesascnanesBucBAencnsaesTunns oG
(B)151 ...ovevvecaaTusanscncrsonssBensnsasancannase aeadld

(1) 200 GACGGAGACCTGGTGGTTTGTGCGACAGACGCGCTCTCTACCGGETACAC
(2)200 ..T..G..ovunnennn Connsce Pecasacascaas TeeCosTovavonss
L L1 1 R < T T Y . T 1 I
(4)201 ..cciverenncnnssaBisecelTecenennessadhesCiaTannnnsas
{E}EDU !!!-!!!'!!IA!!!'IG!'!!!-!!!--iﬁiili-ihlfcliTiflIilil
(6)200 ...vvvvvscncnnsnaBeneeeTonnnncnnans ReeCevnconcnnes
(T)200 ..uvsvssssncsnsssGraCosessnssnnsnasBesConncnnannes
(B)200 ....ivunrennnnnn eBeeCeeTecaccnnnns eBesCovivenvannas

(1}250 AGGAAACTTCGATTCTGTCACCGACTGIGGGTTGGTGG
{2}25“ TiliiiTiifllcilciiiliillllilIILI‘HI‘I‘I*

‘3]251 TIIGIIT'II-!-!‘-!-!-I-!-II

t“izsl Tl-GCETlifllfllfllw

(5)250 T..G..T.....cuv...

161250 Tfl!frTi—ilIcvifriw
1?1250 TGIE‘IIGIII!I-IIJ---W
{E}ZEG Tl!TlIiIi!Ii"*"'-l—l—l—l—l—l—l—l—l—l—l—l—l—“—l—l—l—ﬁ-lh

Figure 4 Homology of the sequences from GBV-C NS3 RT-nested PCR products from 6 serum samples compared with the reported
sequences.

(1) the reported GBV-C NS3 region sequence, (2) the reported HGV NS3 region sequence, (3)-(8) the sequences from GBV-C NS3
region RT-nested PCR products from 6 serum samples. Underlined areas indicated the primers’position.
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(1) 1 CGGCCAARAGGTGGTGGATGGGTGATGACAGGGTTGGTAGGTCGTARATC
(2) 1 ooooooo LR A A R N I R B N I R B I R L R N R A A A IR R Y A Y
(3) 1 ® 4 ¢ 89060 0500000000 ® o 6 0 060 00 088
(4) l oooooooo ® 60 0 00060088000 * e e e e
(5) 1 Ceteseecenaanaa creecccnsacsenne
(1) 51 CCGGTCACCTTGGTAGCCACTATAGGTGGGTCTTAAGAGAAGGTTAAGAT
(2) 51 ....... T.C...... ssesrscssssesssesne ..G.G...C..C.G.
(3) 51 ....... T.Covvvennn ceeesaseeesasGiiiiiian., ceo oo
(4) 51 L L I I A A A A A A ooootooooo’oo-o--ooo--.uoooooooGo
(5) 51 LR R I B AN K IR R Y B I Y NN B IR N N R R N I I I ) L L R B R S S 3

(1)101 TCCTCTTGTGCCTGCGGCGAGACCGCGCACGGTCCACAGGTGTTGGCCCT

(2)101 c.......C..A,AT..A.GA.AA....cccvu. ceeessesssealaL,
(3)101 ..... € P
(4)101 ....civuivinnnn Cetestsetesrsstaerennene cetresenn
0 T 8 |

(1)151 ACCGGTGGGAATAAGGGCCCGACGTCAGGCTCGTCG
(2)151 .......T .......A....G..CT....A..C..

(3)151 .......T..... e
(4)151 ...... B
(5)151 ....... T,

Figure 5 Homology of the nucleotide sequences of HGV 5’- NCR RT-PCR products from 3 serum samples compared to the reported
sequences.

(1) the reported HGV 5-NCR sequence, (2) the reported GBV-C 5’-NCR sequence, (3)-(5) the sequences of HGV 5-NCR RT-PCR
products from 3 samples. Underlined indicated the primers’position.

(1) 1 CICTTTGTGGTAGTAGCCGAGAGATGCCTGTATGGGGAGAAGACATCCCC
7 S R N Y S
(3) 1 O
(4) 1 N
(5) 1 B ¢
(1) 51 CGTACTCCATCGCCAGCACTTATCTCGGTTACTGAGAGCAGCTCAGATGA
(2) 51 ..Civvvnnnnn Tttt ieeieneennns Geveenenooseonnans
(3) 51 ..C.ovvana ceeeesens A...oe... B e
(4) 51 ..Ciiuiveiininnnnnnn T cecesscecseansaane
(5) 51 ..Coeviiinnnannn ceereseercsseslGeciecececosscnncens
(1)101 GAAGACCCCGTCGGTGTCCTCCTCGCAGGAGGATACCCCGTCCTICTGACT
(2)101 ........ P PN eeeCovinnnnnnn, A....
00 N ceeonn

(4)101 ...... Ceseeeetresaterseseesonnrs

(5)101 ........ et eeeseresetecconanans

(1)151 CATITCG
(2)151 ....T.
(3)151 u.as
(4)13]1 wuunws

(5)151

Figure 6 Homology of the nucleotide sequences from HGV NS5 RT-PCR products from 3 serum samples compared to the reported
sequences.

(1) the reported HGV NS5 region sequence, (2) the reported GBV-C NS5 region sequence, (3)-(5) the sequences from HGV NS5
region RT-PCR products from 3 serum samples. Underlined areas indicated the primers’position.
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(1) 1 SIIETKLDVGEIPFYGHGIPLERMRTGRHLVFCHSKAECERLAGQFSARG
(2) 1 tiiieeeeeneooeeeacneenneooonannoonsnaennns Cereeens
< T A e ireneononeonnnnnn
() 1 mhidaaaseccceseeecannasacennsn Teeenennononenonnans
63 T ) (A
03 T R Ceteeeetnaceeann
(7) 1 ieiaaesaeccronecennnns C et eeeereeeeaaae e
(8) 1 R Ceaeeecteseeennacenseanaan
(1)51 VNAIAYYRGKDSSIIKDGDLVVCATDALSTGYTGNFDSYTDCGLV
3 -
{3151 tovirrnnnnnenn Rempsevcymmwnwzmmmm
{(4)51 .D.....c......TCGRRPGGVCYRRAIHWVHWAFRFCHRLWVG
(651 tevececesennannncccnnnnnnas Cereverees ranaaans
(7151 teeeerensaceconncanconan Ceeseceaenn ceecmasnans
(B)5Ll vuivveeensooconcacnnnns teesseesseeenveanassan

Figure 7 Comparison of the putative amino acid sequences from GBV-C NS3 RT-nested PCR products from 9 serum samples with the
reported sequences.

(1) the reported GBV-C sequence, (2) the reported HGV sequence, (3)-(8) putative amino acid sequences translated from the 6
nucleotide sequences from GBV-C NS3 region. Underlined are indicated the primers’position.

(1) 1 LCGSSREMPVWGEDIPRTPSPALISVTESSSDEKTPSVSSSQEDIPSSDS
0 S . L..Teueeereeennn
(3) 1 it e e taa e seseesoecanesnesansasssnssnsssnnnns aeasaaa
) aaaaeaa
(5) 1 aiiaaaaaeeeeenneennnnannns At i e M.

Figure 8 Comparison of the putative amino acid sequences from HGV NS5 RT-PCR products from 3 serum samples with the
reported sequences.
(1) the reported HGV sequence, (2) the reported GBV-C sequence, (3)-(5) putative amino acid sequences translated from the

3 nucleotide sequences from HGV NS5 region. Underlined areas indicated the primers’position.

DISCUSSION

As mentioned in the introduction, the reported
GBV-C/HGV infection rates in non A-E hepatitis
patients were lower than 15% and the reported
GBV-C/HGV and HCV coinfection rates were
approximate 20%. In this study, a high total
positive rate (55.5%) of GBV-C and/or HGV RNA
in hepatitis C patients was found. Such a high
frequency of GBV-C and/or HGV and HCV
coinfection including most of the reported
coinfection rates, suggested that GBV-C/HGV
coinfected with HCV may be one of the features of
its prevalence.

GBV-C RNA podtive rae in the 211 samples by
using RT-nested PCR was 35.1%. HGV RNA
podgitive rate in the same samples by RT-PCR ELISA
was as high as 49.8%. Statisticd analysis of the two
positive rates indicated that RT-PCR ELISA is more
sensitive than RT-nested PCR (x* = 9.32,
P<0.01).

In the 211 serum samples, the positive rate

(31.8%) of GBV-C 5'-NCR was higher than that
(22.8%) of GBV-C NS3 region (x?=4.32,
P<0.05) and the positive rate (47.9%) of HGV 5'-
NCR was also higher than that (31.8%) of HGV
NS5 region (x?=11.43, P<0.01).These data led
to the conclusion that the primers derived from the
5-NCRs were more efficient than those derived
from the NS regiong*1. According to the results of
nucleotide sequence analysis, this efficiency
difference of primers was probably due to the higher
conservation of sequences within the 5 -NCRs. In
addition, only 26 of the 117 GBV-C and/or HGV
RNA positive samples were positive for al the four
viral genomic regions. It suggested that application
of multiple primers is helpful to increase positive
rate of GBV-C/HGV RNA detection.

A reverse relationship of HCV RNA
concentration and GBV-C/HGV infection
frequency was found in this study. This finding
suggested that GBV-C/HGV and HCV might
suppress each other in vivo. This reverse
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relationship seemed to be contradictory to the high
GBV-C/HGV and HCV coinfection rate. However,
this kind of situation of cocurrence and competition
is a normal phenomenon among microorganisms.
For example, HBV and HCV coinfection is frequent
in Asia but HCV was found to suppress the

replication of HBV and vice versa to a lesser extent
[48-50]

In this study, the homology of nucleotide
sequences in the products amplified with the primers
derived from HGV genome was higher in the
reported HGV sequence than in the reported GBV-
C sequence. Such results could be expected,
however, al nuclectide sequences in the products
amplified with the primers derived from GBV-C
genome aso showed higher homology with the
reported HGV sequence. These data reveal the fact
that: HGV and not the GBV-C, is the dominant
subtype in the local area. Besides, these existed
random mutations in a large number of nucleotide
resdue in al amplification products and two showed
frameshift mutation which indicate that mutation of
GBV-C/HGV genomic sequences occurs easily at
the subtype level.
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