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Infection with putative non-A to E hepatitis virus,

designated GB virus C (GBV-C), was surveyed in

286 patients with chronic liver disease in Japan.

RNA of GBV-C was detected, by reverse-

transcription polymerase chain reaction with

nested primers from the 58-noncoding region, in

19 patients (6.6%) at a frequency higher (P <

0.001) than in three of 275 (1.1%) normal con-

trols. It was detected in three of 83 (4%) patients

with hepatitis B virus infection, 15 of 188 (8%)

patients with hepatitis C virus infection, and one

of 12 (8%) patients without evidence of ongoing

infection with hepatitis B or C virus. GBV-C RNA

was detected in nine of 186 (5%) patients with

chronic hepatitis aged 51.2 ± 13.3 years, six of 64

(9%) with liver cirrhosis aged 62.9 ± 11.4 years,

and four of 36 (11%) with hepatocellular carci-

noma aged 62.0 ± 11.1 years. Nucleotide se-

quences of 100 base pairs in the helicase region

of GBV-C isolates from the 19 patients varied up

to 21%, while sequences of 33 deduced amino

acids were conserved and differed only by up to

6%. These results indicate that infection with

GBV-C in patients with non-B, non-C chronic

liver disease would not be frequent, although

the sensitivity of the detection method could be

improved. Coinfection of GBV-C with hepatitis B

or C virus, as well as the duration of infection,

might accelerate the progression of chronic liver

disease. J. Med. Virol. 51:175–181, 1997.
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INTRODUCTION

The discovery of hepatitis C virus (HCV) is the major
breakthrough in the history of non-A, non-B (NANB)
hepatitis [Choo et al., 1989]. HCV is responsible for the
majority of patients with blood-borne NANB hepatitis
[Alter et al., 1989; Kuo et al., 1989]. As serological tests
for HCV infection became routine in clinical practice
and for screening blood units, however, it has become
increasingly evident that there may be an additional
viral agent(s) which causes community-acquired or
posttransfusion NANB hepatitis [Alter and Bradley,
1995]. This category of hepatitis is referred to as non-A
to E on the premise that it is also not related to hepa-
titis D or E virus.

Deinhardt et al. [1967] reported that the sera from a
surgeon (GB) with hepatitis and a retrospective diag-
nosis of acute non-A to E hepatitis induced hepatocel-
lular injury in primates. The GB serum has been prop-
agated in tamarins, and viral agents were cloned and
characterized as GB viruses A and B [Simons et al.,
1995b]. Recently, Simons et al. [1995a] have detected
and partially sequenced a virus, which has sequence
similarity to GB viruses A and B, and named it GB
virus C (GBV-C). They detected GBV-C in sera from
eight individuals living in various districts of the
world, three of whom had acute or chronic non-A to E
hepatitis. Further, Leary et al. [1996] established the
genomic sequence and organization of GBV-C. Re-
cently, Linnen et al. [1996] reported two isolates of
hepatitis G virus. GBV-C and hepatitis G virus share
86% of nucleotide and 96–97% of amino acid sequences;
therefore, they would be the same virus of possibly dis-
tinct genotypes.

The genomic organization of GBV-C is similar to that
of the Flaviviridae family [Simons et al., 1995a]. Its
sequence resembles that of HCV, in particular, al-
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though with too wide a divergence to be classified as
genotypes of HCV. An early disclosure of a partial se-
quence of the GBV-C genome by Simons et al. [1995a]
enabled the detection of this virus by means of reverse-
transcription polymerase chain reaction (RT-PCR)
with primers deduced from the helicase region [Simons
et al., 1995a; Yoshiba et al., 1995].

Since GBV-C RNA has been identified in some pa-
tients with fulminant hepatitis or chronic hepatitis
without any evidence for known hepatitis virus infec-
tion [Simons et al., 1995a; Yoshiba et al., 1995], it
would qualify as a non-ABC hepatitis virus. It is yet to
be seen, however, how GBV-C accounts for chronic
hepatitis in patients who are without serological mark-
ers of infection with known hepatitis viruses. For the
purpose of evaluating the contribution of GBV-C to
chronic hepatitis and its sequelae, patients who re-
ceived care in a city hospital in Japan were surveyed
for the viral RNA. The results were compared with the
serological markers of hepatitis B virus (HBV) and
HCV infections so as to evaluate the contribution of
GBV-C to chronic non-ABC hepatitis and the effect of
its coinfection on patients infected with defined hepa-
titis viruses.

MATERIALS AND METHODS
Patients

During 7 months, from January to July 1995, 286
consecutive patients with chronic liver disease of a de-
fined or suspected viral etiology received care at the
Department of Internal Medicine, Iwaki Kyoritsu Gen-
eral Hospital. They were aged 55.2 ± 13.8 years and
included 165 males and 121 females. None had evi-
dence of metabolic, autoimmune, or toxic liver disease,
nor were they positive for antibody to human immuno-
deficiency virus type 1. Chronic hepatitis was diag-
nosed in 186 patients, liver cirrhosis in 64, and hepa-
tocellular carcinoma in the remaining 36. The diagno-
sis of liver disease was based on clinical, chemical, and
ultrasonographic findings, which was confirmed by
liver biopsy in the majority of patients. They were in-
terviewed for known risk factors for blood-borne viral
infections in the past, such as a history of transfusion
and illicit intravenous drugs; and their sera were
tested for serological markers of hepatitis viruses and
RNA of GBV-C. The study was approved by the Ethics
Committee of the institution, and informed consent
was obtained from every patient.

Detection of GBV-C RNA

Total nucleic acids were extracted from serum
(100 ml) with guanidinium isothiocyanate and phenol
(ISOGEN-LS; Nippon Gene Co., Tokyo, Japan) and dis-
solved in 5.3 ml of distilled water treated with diethyl-
pyrocarbonate. They were heated at 70°C for 1 min,
chilled quickly on ice, and subjected to cDNA synthesis
with reverse transcriptase (Superscript II; GIBCO-
BRL, Gaithersburg, MD) and antisense primer [G75

with a sequence of 58-CCTATTGGTCAAGAGAGACAT-
38. Reverse-transcribed cDNAs were heated at 95°C for
15 min, and a half-portion was subjected to first-round
PCR with sense primers [G58, sequenced 58-
CAGGGTTGGTAGGTCGTAAATCC-38, and [G75 for
35 cycles (94°C, 30 sec; 55°C, 30 sec; 72°C, 60 sec [8 min
in the last cycle]). One-tenth amplification products of
the first round of PCR, with a size of 242 base pairs,
was subjected to the second round of PCR with nested
primers, sense [G134, sequenced 58-GGTCAYCYTG-
GTAGCCACTATAGG-38 (Y 4 C or T), and antisense
[G131, sequenced 58-AAGAGAGACATTGWAGGG-
CGACGT-38 (W 4 A or T), for 25 cycles (94°C, 30 sec;
55°C, 30 sec; 72°C, 60 sec [8 min in that last cycle]) to
amplify a fragment of 208 base pairs. All primers were
deduced from conserved areas in the 58-noncoding re-
gions of GBV-C or hepatitis G virus (GenBank/EMBL/
DDBJ accession numbers: U36380, U44402, U45966,
D90600, and D90601). PCR was carried out in accor-
dance with the guidelines of Kwok and Higuchi [1989]
to avoid contamination, with one positive and two
negative controls inserted every 20 samples.

Sequence Analysis

A nucleotide sequence spanning 100 base pairs in the
helicase region was determined for sera containing
GBV-C RNA. cDNA of GBV-C amplified by PCR with
heminested primers [G8 (sense) and [G11 (antisense)
deduced from the helicase region [Yoshiba et al., 1995;
Masuko et al., 1996] was treated with T4 DNA poly-
merase (TaKaRa Biochemicals, Kyoto, Japan) and T4
polynucleotide kinase (New England Biolabs, Beverly,
MA), cloned into M13 phage vectors that had been
cleaved with HincII (TaKaRa Biochemicals) and de-
phosphorylated. The sequence of GBV-C cDNA was
then determined by the dideoxy-chain termination
method with an ALF AutoRead DNA sequencing kit
(Pharmacia LKB Biotechnology, Uppsala, Sweden).

Serological Tests

Hepatitis B surface antigen (HBsAg) was deter-
mined by passive hemagglutination using commercial
kits (MyCell, Institute of Immunology Co., Tokyo, Ja-
pan). Antibody to hepatitis B core (anti-HBc) was de-
termined by hemagglutination inhibition after the
method described previously [Iizuka et al., 1992]. HBV
DNA was determined in nucleic acids extracted from
100 ml of serum by PCR with nested primers deduced
from the S gene by the method described elsewhere
[Iizuka et al., 1992]. Antibody to HCV (anti-HCV) was
determined by enzyme immunoassay of the second gen-
eration (EIA-II; Ortho Diagnostic Systems, Tokyo, Ja-
pan), with A492 readings >0.63 considered reactive. Se-
rum samples positive by EIA-II were tested for HCV
RNA by RT-PCR with primers deduced from conserved
areas in the 58-noncoding region of HCV [Okamoto et
al., 1994].
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Statistical Analyses

The frequency between groups was compared using
the x2 test and Fisher’s exact test. Group means were
compared by Student’s t test.

RESULTS
Etiology of Chronic Liver Disease in the

286 Patients

The 286 patients were classified by the etiology of
liver disease. They were considered to have ongoing
HBV infection if HBsAg was present in their sera. If
HBsAg was not detected in serum, the diagnosis of on-
going HBV infection was indicated by high-titered anti-
HBc accompanied by HBV DNA. Ongoing HCV infec-
tion was defined by the detection of HCV RNA in serum
along with anti-HCV in high titers. The absence of cur-
rent HBV infection was judged in the patients who
were negative for HBsAg or anti-HBc or when they had
anti-HBc (usually in low titers) by the failure to detect
HBV DNA in serum. The absence of concurrent HCV
infection was deduced by negative HCV RNA in serum.
Thus, 83 of the 286 (29%) patients were positive for
HBV infection, 188 (66%) were positive for HCV infec-
tion, and three (1%) had both HBV and HCV infections.
The remaining 12 (4%) patients had no evidence for
ongoing infection with HBV or HCV, and they were
estimated to have non-B, non-C liver disease.

GBV-C Infection in Patients With Chronic
Liver Disease

Table I compares demographic features, previous
transfusions, and the detection of GBV-C RNA in sera
from patients with chronic liver disease of four etiolo-
gies, i.e., HBV, HCV, both (HBV and HCV), and neither
(non-B, non-C). None of them reported use of illicit in-
travenous drugs in the past. GBV-C RNA was detected
in three patients (4%) with HBV infection, 15 (8%) with
HCV infection, and one (8%) without evidence for on-
going HBV or HCV infection (non-B, non-C); it was not
detected in any of three patients with both HBV and
HCV infections. Overall, GBV-C RNA was detected in
19 of the 286 (6.6%) patients with chronic liver disease,
more frequently than in three of 275 (1.1%) apparently
healthy blood donors without elevated transaminase
levels (P < 0.001). Patients with HCV infection were
older (P < 0.001) and had a history of transfusion more
frequently (P < 0.001) than those with HBV infection.

Table II compares the detection of GBV-C RNA in
sera from patients with chronic hepatitis, liver cirrho-
sis, and hepatocellular carcinoma. GBV-C RNA was de-
tected somewhat less frequently in patients with
chronic hepatitis (nine of 186 or 5%) than in patients
with liver cirrhosis or hepatocellular carcinoma (10 of
100 or 10%). However, patients with chronic hepatitis
were significantly younger than those with liver cirrho-
sis or hepatocellular carcinoma (51.2 ± 13.3 vs. 62.6 ±
11.2 years, P < 0.001).

Features of the 19 patients with GBV-C RNA in se-
rum and the 267 patients without it are compared in
Table III. There were no appreciable differences in de-
mographics, liver function, history of transfusion, eti-
ology, or severity of liver disease between the two
groups of patients.

Nucleotide and Deduced Amino Acid Sequences
of GBV-C

Sequences of 100 base pairs in the helicase region of
GBV-C isolates from the 19 patients are shown in Fig-
ure 1 in comparison with those from eight inhabitants
of Africa, Canada, and the United States, including
three patients with acute or chronic non-ABC hepatitis
originally reported by Simons et al. [1995a], as well as
three Japanese patients with fulminant non-ABC
hepatitis [Yoshiba et al., 1995].

Similarities of 79–98% (mean 86.7 ± 3.2%) were ob-
served among GBV-C isolates from the 19 patients, 77–
99% (83.4 ± 4.9%) among eight isolates reported by
Simons et al. [1995a], and 80–86% (83.3 ± 3.1%) among
isolates from three Japanese patients with fulminant
hepatitis [Yoshiba et al., 1995]. Sequences of GBV-C
isolates from the 19 patients were similar to those of
the three Japanese isolates in 85.1 ± 2.6% (range 78–
89%), more closely (P < 0.001) than to those reported by
Simons et al. [1995a] in 81.6 ± 3.1% (75–90%).

Sequences of the 33 deduced amino acids in the hel-
icase region are compared in Figure 2. Sequences of
GBV-C isolates from 14 patients (cases 1–14) were
identical to the three Japanese isolates [Yoshiba et al.,
1995] and a single isolate (GBV-C.2) reported by Si-
mons et al. [1995a]. The sequence from one patient
(case 17) was identical to four isolates of Simons et al.
[1995a] (GBV-C, GBV-C.1, GBV-C.3, and GBV-C.5).
Sequences from the remaining three patients were dis-
tinct from those previously reported; they differed from

TABLE I. RNA of GB Virus C in Sera From Patients With Chronic Liver Disease Infected With HBV, HCV, Both,
or Neither

Etiology N
Age

(years) Male
Trans-
fusion

GBV-Ca

RNA

HBV 83 45.8 ± 12.5 57 (69%) 9 (11%) 3 (4%)
HCV 188 58.9 ± 12.1 98 (52%) 84 (45%) 15 (8%)
HBV and HCV 3 64.0 ± 7.9 3 (100%) 0 0
Non-B, non-C 12 58.8 ± 16.9 7 (58%) 0 1 (8%)
Total 286 55.2 ± 13.8 165 (57.7%) 93 (32.5%) 19 (6.6%)
aRNA of GB virus C was determined by reverse-transcription polymerase chain reaction with nested primers deduced from the 58-noncoding
region (see ‘‘Materials and Methods’’).
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those of the other 16 patients studied or the three Japa-
nese patients with fulminant hepatitis by one amino
acid and from those of eight isolates reported by Si-
mons et al. [1995a] by up to three amino acids.

DISCUSSION

Although HCV is the major etiologic agent for
chronic NANB hepatitis, there are patients with this
disease who are without serological or molecular bio-
logical markers of HCV infection. Chemello et al.
[1993] could not detect anti-HCV by the second-
generation EIA in 26 (9.3%) biopsy-proven chronic
NANB hepatitis. Kodali et al. [1994] could not deter-
mine a definite etiology in 28 of 567 (4.9%) patients
with chronic liver disease and categorized them as
cryptogenic. In the present series of 286 patients with
chronic liver disease who were without evidence of a
toxic, metabolic, or autoimmune cause, 12 (4.2%) did
not have serological or molecular biological evidence of
HBV or HCV infection.

When sera from the 286 patients were tested for
GBV-C RNA by RT-PCR with nested primers from the
58-noncoding region, it was detected in 19 (6.6%), sig-
nificantly more frequently (P < 0.001) than in three of

275 (1.1%) blood donors. However, 18 of the 19 patients
with GBV-C RNA were infected with HBV or HCV,
leaving only one (8%) among 12 patients with chronic
non-ABC liver disease who was infected with GBV-C.
Our results stand at variance with those of Fiordalisi et
al. [1996], who detected GBV-C RNA by RT-PCR with
helicase region primers in seven of 18 (39%) patients
with chronic non-A to E hepatitis in Italy, much more
frequently than in only one of 100 (1%) blood donors
there.

Taken at face value, the contribution of GBV-C to
non-ABC hepatitis would not be high, although there
may be some regional differences. We used primers de-
duced from the 58-noncoding region in PCR for the de-
tection of GBV-C RNA. This region is expected to be
highly conserved in GBV-C; primers deduced from the
58-noncoding region are sensitive in the detection of
HCV RNA [Okamoto et al., 1990]. Within the sequence
of 100 base pairs in the helicase region, divergences of
1–23% is observed among GBV-C isolates from differ-
ent countries and 16–20% even among those from Ja-
pan. In the patients studied herein, GBV-C sequences
differed by up to 21%, although they were more close to
the isolates from Japan [Yoshiba et al., 1995] than to
those from Africa, Canada, and the United States [Si-
mons et al., 1995a]. Despite such marked divergence in
the nucleotide sequence, the sequence of 33 amino ac-
ids deduced from 100 nucleotides in the helicase region
was very well conserved. Sequences of GBV-C isolates
from 15 of the 19 patients were the same and differed
only by one or two (3–6%) amino acids from those of
carriers from different countries.

There were no appreciable differences in liver func-
tion between the 19 patients with GBV-C RNA in se-
rum and the 267 without. Since the majority (95%) of
patients with GBV-C RNA were coinfected with HBV
or HCV, the effect of GBV-C per se could not be evalu-
ated in them. Non-A to E hepatitis tends to run a mild
course regardless of its development, either sporadi-
cally or after transfusions [Alter and Bradley, 1995].
This view would be in line with no elevation in serum
transaminases in the three individuals with GBV-C
identified among 275 Japanese blood donors. However,
non-A to E hepatitis viruses are incriminated in most
cases of fulminant hepatitis nowadays [Fagan and
Harrison, 1994; Mutimer et al., 1995; Wright et al.,
1991]. In actuality, GBV-C RNA has been detected in
some patients with fulminant hepatitis of unknown eti-

TABLE II. RNA of GB Virus C in Sera From Patients With Chronic Hepatitis, Liver Cirrhosis, or
Hepatocellular Carcinoma

Disease N
Age

(years) Male
Trans-
fusion

GBV-C
RNA

Chronic hepatitis 186 51.2 ± 13.3 104 (56%) 56 (30%) 9 (5%)
Liver cirrhosis 64 62.9 ± 11.4 35 (55%) 28 (44%) 6 (9%)
Hepatocellular

carcinoma 36 62.0 ± 11.1 26 (72%) 9 (25%) 4 (11%)
Total 286 55.2 ± 13.8 165 (57.7%) 93 (32.5%) 19 (6.6%)

TABLE III. Demographic, Clinical, and Viral Features of
Patients With Chronic Liver Disease Infected and Not

Infected With GB Virus C

Features

GBV-C RNA

Differences
Positive
(n 4 19)

Negative
(n 4 267)

Age (years) 57.2 ± 15.7 55.0 ± 13.6 NSa

Male 11 (58%) 154 (58%) NS
Disease

Hepatitis 9 (47%) 175 (66%) NS
Cirrhosis 6 (32%) 58 (22%) NS
Carcinoma 4 (21%) 32 (12%) NS

Liver functionb

ALT (IU/L) 31.8 ± 24.1 38.1 ± 43.3 NS
AST (IU/L) 38.9 ± 18.1 46.6 ± 34.3 NS
ZTT (Kunkel U) 17.0 ± 4.7 17.0 ± 7.7 NS

Transfusion 7 (37%) 86 (32%) NS
Etiology

HBV 3 (16%) 80 (30%) NS
HCV 15 (79%) 173 (65%) NS
B and C 0 3 (1%) NS
Non-B, non-C 1 (5%) 11 (4%) NS

aNot significant.
bALT, alanine aminotransferase (normal 3–20 IU/l); AST, aspartate
aminotransferase (8–25 IU/l); ZTT, zinc turbidity tests (3–13 Kunkel
units).
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ology [Yoshiba et al., 1995]. Hence, most GBV-C strains
may induce mild or subclinical liver injuries, while rare
GBV-C variants might have mutations for active rep-
lication and high disease-inducing activity, or there
could be additional factor(s) for the development of se-
vere hepatic injuries in persons infected with GBV-C.

The past 20 years have witnessed the discovery of
five hepatitis viruses, from A to E, and more may yet be
added to the list. The time has come when many hepa-
titis viruses have to be considered in dealing with the
disease in a single patient. Due to the blood-borne na-
ture of HBV, HCV, and GBV-C, they may coinfect in
certain populations at increased risk. Infection with
multiple hepatitis viruses would not be rare [Purcell,
1994], and more than 10% of HBV carriers in the world
are estimated to be coinfected with HCV [Liaw, 1995].
This view is corroborated by the detection of GBV-C
RNA in 15 of 188 (8%) patients with HCV infection and
three of 83 (4%) patients with HBV infection in the
present study.

Hepatitis viruses may interact with each other,
which can be synergetic, antagonistic, or additive, to
modify the clinical picture. Infection with HCV is re-
ported to suppress the replication of HBV and vice
versa to a lesser extent [Koike et al., 1995; Liaw et al.,
1994; Pontisso et al., 1993]. Despite this viral interfer-
ence, coinfection with HBV and HCV aggravates liver
disease [Colombari et al., 1993; Crespo et al., 1994;
Fong et al., 1991], increases the risk for developing
hepatocellular carcinoma [Benvegnu et al., 1994; Kak-
lamani et al., 1991] as well as fulminant hepatitis [Chu
et al., 1994; Wu et al., 1994], and leads to a poor re-
sponse to interferon [Weltman et al., 1995]. GBV-C
RNA was detected more frequently in patients with
liver cirrhosis or hepatocellular carcinoma than in

Fig. 2. Amino acid sequence of a part of the helicase region of GB
virus C (GBV-C). Sequences of 33 amino acids of GBV-C isolates from
the 19 patients are compared with those reported by Simons et al.
[1995a] and those from Japanese patients with fulminant hepatitis of
unknown etiology reported by Yoshiba et al. [1995]. Single letter codes
for amino acids are: A, alanine; C, cysteine; E, glutamic acid; F, phe-
nylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine;
M, methionine; N, asparagine; P, proline; Q, glutamine; R, arginine;
S, serine, T, threonine; V, valine.

Fig. 1. Nucleotide sequence of 100 base pairs in the helicase region of GB virus C (GBV-C). Sequences of GBV-C isolates from Africa (GBV-C,
GBV-C.1–4), Canada (GBV-C.5), and the United States (GBV-C.6 and 7), as reported by Simons et al. [1995a], are indicated above and those
from three Japanese patients with fulminant hepatitis of unknown etiology (FH[1–3), as reported by Yoshiba et al. [1995], in the middle. The
consensus sequences of three GBV-C clones from each of the 19 patients with chronic liver disease are indicated below.
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those with chronic hepatitis in the present study. This
could reflect a possible role of GBV-C in aggravating
liver disease in cooperation with the other hepatitis
viruses. The studied patients with chronic hepatitis
were younger than those with liver cirrhosis or hepa-
tocellular carcinoma, however, leaving the duration of
disease as another contributing factor for the progres-
sion of liver disease.

In Western countries, HCV infection is detected
rarely, if ever, in patients with NANB fulminant hepa-
titis [Fagan and Harrison, 1994; Mutimer et al., 1995;
Wright et al., 1991]. This is in sharp contrast to the
detection of anti-HCV and HCV RNA in a significant
proportion of the patients with this disease among the
Japanese [Yanagi et al., 1991; Yoshiba et al., 1994] and
Americans of Hispanic ancestry [Villamil et al., 1995].
It remains to be seen whether or not GBV-C aggravates
liver disease in individuals who are infected with HCV
toward the development of fulminant hepatitis. De-
spite the initial expectation that HCV would be respon-
sible for aplastic anemia in patients with hepatitis, the
virus is not implicated in later studies [Hibbs et al.,
1992; Pol et al., 1990]. It would be worthwhile to see if
GBV-C is accountable for aplastic anemia of a non-ABC
etiology, as it has been reported in some patients re-
cently [Byrnes et al., 1996; Zaidi et al., 1996].
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