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n INTRODUCTION

A
novel RNA-virus designated GB virus-C
(GBV-C), and then hepatitis G virus or
HGV [1-2] was recently cloned and se-

quenced. The virus belongs to a new genus, dis-
tinct from HCV, with analogies with the Fla-
viviridae family [3]. The diagnosis of HGV in-
fection currently depends on the use of the
polymerase chain reaction (PCR) to detect viral
RNA in serum or other infected fluid or tissue.
A serologic test based on the detection of anti-
bodies to the envelope E2 protein (anti-E2 anti-
bodies) was recently introduced [4].
HGV infection has been found using PCR in 1-
3% of volunteer blood donors, while higher
prevalences have been recorded in patients
with a history of parenteral exposure, i.e. intra-
venous drug users, blood transfused patients,
haemodialysis patients and in patients with dif-
ferent forms of chronic hepatitis [5-11].
However, the pathogenic role of HGV seems to
be negligible and recently its hepatotropism has
been questioned [12-13].
Most of the studies deal with patients with
known parenteral exposure and report preva-
lences of HGV of up to 30%. However, HGV
may also be acquired through other routes, such
as sexual or perinatal [14-15]. In our area hepati-
tis C infection has also spread mainly through
non-classic parenteral routes [16-17].
In the present study we determined the preva-
lence and incidence of HGV infection in a cohort
of patients with non-parenteral chronic hepatitis
C. Furthermore, we evaluated the influence of
HGV infection on the clinical, histological and
virological characteristics of the patients.

n PATIENTS AND METHODS

We examined 65 consecutive patients with
chronic HCV infection first seen in 1993. Pa-
tients with a history of drug addiction, blood
transfusion or alcohol abuse were excluded.
All patients were anti-HCV positive (EIA 3, Or-
tho Diagnostics) and had HCV-RNA in serum.
None of the patients had markers of HIV infec-
tion or carried HBsAg. Liver biopsy was per-
formed in all cases and blindly evaluated by a
single observer using the Knodell scoring sys-
tem [18] for necroinflammation (HAI: hepatic
activity index; scores from 0 to 18) and the
Scheuer scoring system [19] for fibrosis (scores
from 0 to 4). For all patients a basal serum sam-
ple was stored at -40°C.
For 34 patients a long-term follow-up was
available and an end-point serum sample was
obtained in 1997.
RNA extraction and reverse transcription (RT)
were carried out on 100 µl of serum extracted by
the guanidinium thiocyanate method. Viral
RNAs were detected by single step RT-PCR
with primers targeting the 5’ non-coding region
for HCV or HGV. In each PCR assay, two nega-
tive controls and one positive control were
tested in addition to the samples in question.
HCV-RNA quantitation was obtained using an
external standard calibration curve and a PCR
on the sample (Limiting Dilution RT-PCR) [20].
The PCR products were separated by Capillary
Electrophoresis and detected by Laser Induced
Fluorescence (LIF). Figure 1 reports the calibra-
tion curve obtained between 0.16 and 6.4 MEq
HCV-RNA/ml. cDNAPCR was carried out in
the following conditions: 5 Units of AMV re-
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verse transcriptase (Promega) in the presence of
200 µM deoxyribonucleoside triphosphates
(dNTPs, Pharmacia), 15 µmoles of the antisense
primer (nucleotide 282-301 for HCV and 267-287
for HGV) and 5 mM MgCl2 at 42°C, were used
for Reverse Transcription (RT) of RNA samples.
The amplification step was carried out in the
presence of the sense primer (nucleotide 60-82
for HCV and 101-119 for HGV) and 2.5 U of
GOLD-TaqDNA polymerase (Perkin-Elmer).
The Capillary Electrophoresis assay was per-
formed using a PACE 5510 (Beckman Palo
Alto) in the reverse polarity mode. Detection
was achieved by UV absorption at 254 nm; LIF
detection was carried out by an off-board Ar
ion laser source, with excitation at 488 nm and
emission at 530 nm [21-22]. Separations were
performed on a 100 micron I.D. (27 cm total
length) deactivated (home made silanization)
fused silica capillary. The basic running buffer
was TBE (tris-borate-EDTA) containing a siev-
ing cellulose matrix, ethidium bromide (10
µg/ml for UV detection) and thiazole orange (3
µg/ml for LIF detection).
Genotyping of HCV was carried out by nested
PCR using specific primers targeting the core
region, according to Okamoto [23]. Antibodies
to the E2 Protein of HGV were determined by
the “µPLATE Anti-HGenv” enzyme im-
munoassay (Boheringer Mannheim).
All patients received standard IFN alfa treat-
ment at 3-6 MU t.i.w. for 6-12 months.

Statistical analysis
Dichotomous variables were compared using a
chi-square test or a Fisher exact test for small

samples. Quantitative variables were compared
using the Student t test.

n RESULTS

The mean age of the patients was 47 ± 10
years, 72% were males. Basal ALT was 100 ±
55 and γGT 42 ± 25; liver biopsies showed a
mean HAI value of 5.1 ± 2.3 and a fibrosis
score of 1.5 ± 0.9; cirrhosis was present in 6.1%
of the cases.
HCV genotypes were determined for all pa-
tients: 4 (6.1%) were genotype 1a, 31 (47.6%)
were genotype 1b, 5 (7.6%) were genotype 2
and 2 (3.2%) were genotype 3a; for 23 (35.5%)
the genotype was indeterminate (Table 1).
HGV-RNA in serum was found in 12 of the 65
patients (18.4%) and antibodies to the E2 pro-
tein of HGV were found in 4 (6.1%) of the 65
cases. Follow-up was available in 34 cases. Of 6
patients found to be HGV-RNA positive in
1993, only 2 were still positive four years later;
of the 4 who became HGV-RNA negative, only
1 seroconverted to anti-E2 antibodies.
In contrast, of 28 HGV negative cases in 1993
none presented HGV infection during the fol-
low-up period; none of them received blood
transfusion or used intravenous illicit drugs
during the study period. No difference in age,
sex, liver histology, basal ALT or γGT was
found between HGV negative and positive
cases (Table 2).
In HGV positive patients, HCV genotype 2c
was present in 16.6% vs. 3.8 % in HGV negative
patients (p = 0.08).

Figure 1 - Calibra-
tion curve of HCV-
RNA obtained by li-
miting dilution-PCR
followed by capil-
lary electrophore-
sis and detection
by LIF (see text for
details).
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Basal HCV viremia (MEq/ml) was 10.1 ± 11.7
in HGV negative vs. 9.7 ± 8.1 in HGV positive
patients.
A sustained clearance of HCV infection (i.e. loss
of serum HCV-RNA) after IFN therapy was
achieved in 18% of HGV negative vs. 26% of
HGV positive patients (ns).
Moreover, a persistence of HGV-RNA was
found in similar proportions between respon-
ders and non-responders to IFN (50% vs 33%
respectively).

n DISCUSSION

The prevalence of HGV infection among pa-
tients with chronic hepatitis C ranges from 4 to
24% in different studies [5, 11-13]; however,
most of the cases occurred in subjects with
overt parenteral exposure, i.e. drug addicts or
the blood transfused.
In our setting patients with a known parenteral
exposure were not included.
Therefore, the prevalence of HGV infection re-
flects the spread of the virus through unappar-
ent parenteral routes.
It has been shown that HGV may be transmit-
ted through sexual, perinatal or intrafamily
routes [12-13].
In our geographical area HCV also is generally
acquired in the absence of overt parenteral ex-
posure [14-15]; surgical procedures have also
contributed substantially to the spread of HCV
in our country [24].
Thus, finding a relatively high proportion of
HCV/HGV coinfections is proof of their com-
mon pathway of transmission.
Nowadays, a better control at the source of in-
fection has led to a reduction in the spread of
parenterally transmitted viruses.
Indeed, despite the high prevalence of HGV in-
fection recorded in our cases, the attack rate of
HGV seems to be negligible since none of the
patients acquired a de novo infection during
the follow-up period.
We can hypothesize that HGV was introduced
to our area in past decades and its endemia is
now in decline.
HGV-RNA and anti-E2 antibodies were mutu-
ally exclusive, but not all patients who cleared
serum HGV-RNA developed anti-E2 antibod-
ies. This might be due to an inadequate sensi-
tivity of the research methods, to a window
phase or to a short half-life of anti-E2 antibod-
ies; however, it suggests that the circulation of
HGV infection might be even higher than that
inferred from cross-sectional studies which de-
tected HGV-RNA and anti-E2 antibodies.
Our data confirm the weak impact, if any, of
HGV infection on the clinical picture of HCV-
induced chronic liver disease.
Indeed, there was no difference in the liver his-
tology between HGV positive and negative pa-
tients; moreover, the presence of HGV infection
did not influence the viral load of HCV, which
makes an interaction between the two viruses
unlikely.
HGV infection was time-limited in most cases;

Table 1 - Main characteristics of the patients at en-
rolment. Data are expressed as mean ± S.D.

Cases no. 65
Males % 72.3
Age years 46.9±10.4
Genotype of HCV no.(%)
1a 4 (6.1%)
1b 31 (47.6%)
2b 1 (1.5%)
2c 4 (6.1%)
3a 2 (3.2%)
ND 23 (35.5%)
HCV-RNA MEq/ml 9.9 ± 10.7
ALT U/I 100.6 ± 55.1
γGT U/I 42.3 ± 25.2
Liver histology
HAI 5.1 ± 2.3
Fibrosis 1.5 ± 0.9
% with cirrhosis 6.1
HGV-RNA pos.ve (%) 12 (18.4%)
anti-E2 pos.ve (%) 4 (6.1%)

Table 2 - Clinical, virological and histological data of
patients with or without HGV infection. Data are ex-
pressed as mean ± S.D.

HGV neg.ve HGV pos.ve

Cases (no.) 53 12
Males no. (%) 38 (71.6) 9 (75.4)
Age (years) 47.0±10.3 46.3 ± 11.5
Genotype of HCV no.(%)
1a 3 (5.6%) 1(8.4%)
1b 27 (51%) 4 (33.3%)
2b - 1 (8.4%)
2c 2 (3.8%) 2 (16.6%)
3a 2(3.8%)
ND 19 (35.8%) 4 (33.3%)
HCV-RNA MEq/ml 10.1 ± 11.7 9.7 ± 8.1
ALT U/I 99.7 ± 59.3 102.8 ± 43.2
γGT U/I 43.5 ± 23.7 37.8 ± 29.8
Liver histology
HAI 5.2 ± 2.5 4.8 ± 2.1
Fibrosis 1.7 ± 1.0 1.3 ± 0.8
% with cirrhosis 5.6 8.3



the clearance of HGV was independent of the
response of HCV infection to IFN treatment;
neither was the response of HCV to IFN therapy
influenced by the presence of HGV infection.
In conclusion, this study demonstrated that
HGV had an intense circulation through non-
classic parenteral routes but its incidence is
probably in decline.
Finally, the results confirm that the impact of
HGV infection on HCV replication, liver dis-
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Lo scopo del lavoro era di determinare la pre-
valenza e l’incidenza delle infezione da HGV
in una coorte di 65 pazienti affetti da epatite
cronica C senza storia di esposizioni parente-
rali maggiori, seguiti per circa 4 anni. L’ infe-
zione da HGV era diagnosticata mediante la
ricerca nel siero di HGV-RNA ricercato con
RT-PCR e di anticorpi verso la proteina E2 di
HGV.
All’inizio della osservazione, HGV-RNA era
presente in 12 pazienti (18.4%) e gli anticorpi
anti-E2 in 4 (6.1%). Non vi erano differenze
tra i pazienti HGV-RNA positivi e i negativi
per quanto riguardava età, sesso, valori di
ALT e γGT ed istologia epatica.

In 34 pazienti (6 dei quali HGV-RNA posi-
tivi) era disponibile un controllo 4 anni
dopo. L’HGV-RNA era scomparso in 4 dei 6
positivi, con sieroconversione ad anti-E2 in
uno solo di essi. Per contro, nessuno dei 28
pazienti HGV-RNA negativi aveva acquisito
l’infezione nell’intervallo tra le due osserva-
zioni. La presenza della infezione da HGV
non influenzava i livelli viremici di HCV nè
la risposta alla terapia con IFN. Lo studio
mostra che l’HGV ha avuto una intensa cir-
colazione per vie non classiche parenterali,
ma il suo impatto sulla infezione cronica da
HCV e sulla malattia epatica da essa indotta
trascurabile.

RIASSUNTO

ease and the response of HCV to IFN is negli-
gible.
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Objectives  To determine 1. The prevalence and
incidence of HGV infection in patients with
chronic hepatitis C and 2. Its influence on the clin-
ical outcome of chronic hepatitis C.
Patients and methods  Sixty-five patients with
non-parenteral chronic hepatitis C virus infection
were investigated for HGV infection using the
polymerase chain reaction for HGV-RNA and by
detecting serum antibodies against the E2 protein
of HGV (anti-E2 antibodies).
Results HGV-RNA in serum was found in 12
patients (18.4%) and anti-E2 antibodies in 4
(6.1%). No difference in age, sex, liver histology,

basal ALT or γGT was found between HGV posi-
tive and negative cases. Thirty-four patients (6
with HGV-RNA) were followed-up for 4 years; 4
of the 6 lost HGV-RNA, one of whom serocon-
verted to anti-E2. None of the 28 HGV-RNA neg-
ative cases presented HGV infection during the
follow-up period. The presence of HGV infection
did not influence either basal HCV viremia or the
response of HCV to IFN therapy.
Conclusions  The study demonstrated that HGV
had an intense circulation through non-classic
parenteral routes, but its impact on HCV replica-
tion and liver disease is negligible.

SUMMARY

n REFERENCES

[1] Simmons J.N., Leary T.P., Dawson G.J., et al. Isola-
tion of novel virus-like sequences associated with hu-
man hepatitis. Nat. Med. 1, 564-569, 1995.
[2] Linnen J., Wages J. Jr., Zhang Keck Z.Y. et al. Molec-
ular cloning and disease association of hepatitis G virus:
a transfusion on-transmissible agent. Science 271, 505-
508, 1996.

[3] Leary T.P., Muerhoff A.S., Simons J.N. et al. Se-
quence and genomic organization of GBV-C: a novel
member of the Flaviviridae associated with human non-
A-E hepatitis. J. Med. Virol. 48, 60-67, 1996.
[4] Tacke M., Kiyosawa K., Stark K. et al. Detection of
antibodies to a putative hepatitis G virus envelope pro-
tein. Lancet 349, 318-320, 1997.
[5] Alter H., Nakatsuji Y., Melpolder J. et al. The inci-
dence of transfusion associated hepatitis G virus infec-



105
2000

tion and its relation to liver disease. N. Engl. J. Med. 336,
747-754, 1997.
[6] Stark K., Bienzle U., Hess G., Engel AM., Hegenscheid
B., Schluter V. Detection of the hepatitis G virus genoma
among injecting drug users homosexual and bisexual
men, and blood donors. J. Infect. Dis. 174, 1320-1323, 1996.
[7] Nubling C.M., Lower J. GB-C genomes in a high-risk
group, in plasma pools and in intravenous im-
munoglobulin (Letter). Lancet 347, 68, 1996.
[8] Masuko K., Mitsui T., Iwano K. et al. Infection with
hepatitis GB virus in patients on maintenance he-
modialysis. N. Engl. Med. 334, 1485-1490, 1996.
[9] Berenguer M., Terrault NA., Piatak M. et al. Hepati-
tis G virus infection in patients with hepatitis C infec-
tion undergoing liver transplantation. Gastroenterology
11, 1569-75, 1996.
[10] Fiordalisi G., Zanella I., Mantero G. et al. High
prevalence of GBV virus C infection in a group of Italian
patients with hepatitis of unknown etiology. J. Infect.
Dis. 174, 181-183, 1996.
[11] Martinot M., Marcellin P., Boyer N. et al. Influence
of hepatitis virus infection on severity of liver disease
and response to interferon-alfa in patients with chronic
hepatitis C. Ann. Inter. Med. 126, 874-881, 1997.
[12] Tanaka E., Alter HJ., Nakatasuji Y. et al. Effect of he-
patitis G virus infection on chronic hepatitis C. Ann. In-
ter. Med. 125, 740-743, 1996.
[13] Pessoa MG., Terrault NA., Detmer J. et al. Quanti-
tation of hepatitis G and C virus in the liver: evidence
that hepatitis G virus is not hepatotropic. Hepatology 27,
877-880, 1998.
[l4] Tanaka T., Takeuchi T., Inoue K., Tanaka S., Kohara
M.: Acute hepatitis caused by sexual or household
transmission of GBV-C. J. Hepatol. 27, 1110-1112, 1997.
[15] Zanetti AR., Tanzi E., Romanò L. et al. Multicentric
trial on mother-to-infant transmission of GBV-C virus. J.
Med. Virol. 54, 107-112, 1998.
[16] Gaeta GB., Rapicetta M., Sardaro C. et al. Preva-
lence of anti-HCV antibodies in patients with chronic

liver disease and its relationship to HBV and HDV in-
fections. Infection 18, 277-279, 1990.
[17] Sagnelli E., Gaeta GB., Felaco FM. et al. Hepatitis C
virus infection in households of anti-HCV chronic carri-
ers in Italy: a multicentre case-control study. Infection 25,
346-349, 1997.
[18] Knodell RG., IshaK KG., Black WC et al. Formula-
tion and application of a numerical scoring system for
assessing histological activity in asymptomatic chronic
active hepatitis. Hepatology 1, 431-435, 1981.
[19] Scheuer P.J. Classification of chronic viral hepatitis:
a need for reassesment. J. Hepatol. 13, 372-374, 1991.
[20] Hawkins A., Davidson F., Simmonds P. Compari-
son of plasma virus load among individuals infected
with hepatitis C yirus (HCV) genotypes 1,2 and 3 by
Quantiplex HCV-RNA Assay version 1 and 2, Roche
Monitor Assay, and in House Limiting Dilution
Method. J. Clin. Microbiol. 35, 187-192, 1997.
[21] K. Srinivasan, J.E. Girard, P. Williams, R.K. Roby,
V.W. Weedn, S.C. Morris, M.C. Kline, D.J. Reeder. Elec-
trophoretic separation of polymerase chain reaction-am-
plified DNA fragments in DNA typing using a capillary
electrophoresis-laser induced fluorescence system. J.
Chromatogr. 652, 83-91, 1993.
[22] T.A. Felmelee, P.S. Mitchell, K. Ufelder, D.H. Pers-
ing, J.P. Landers: Capillary electrophoresis for the post-
amplification detection of a hepatitis C virus specific
DNA product in human serum. J. Cap. Elec. 002, 125-13,
1995.
[23] Okamoto H., Sugiyama Y., Okada S. et al. Typing
hepatitis C virus by polymerase chain reaction with
type-specific primers: application to clinical surveys
and tracing infectious sources. J. Gen. Virol. 73, 673-679,
1992.
[24] Gaeta GB., Stroffolini T., Taliani G., Ippolito-Men-
niti F., Giusti G., De Bac C.: Surgical procedures as a ma-
jor risk factors for chronic hepatitis C virus infection in
Italy. Evidence from a case-control study. Int. J. Infect.
Dis. 3,207-210, 1999.




