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Abstract

Hepatitis virus infections are frequent in patients suffering from HIV infection due to similar transmission routes
of these viruses. In addition, hepatitis virus infections lead to impaired survival in HIV positive patients. The recently
discovered flavivirus GB virus C (alias Hepatitis G Virus) was initially believed to be another hepatitis virus. While
there is still some minor discussion whether GB virus C (GBV-C) plays a role in fulminant hepatic failure, there is
no evidence that this virus is responsible for chronic liver disease. Thus this ‘orphan virus’ still seeks its disease. In
this review we concentrate on the published data concerning the co-infection of GBV-C and HIV. By summarizing
the studies available, we show evidence for a beneficial influence of GBV-C on HIV infection. Many studies
demonstrated a high prevalence of GBV-C infection in HIV positive patients due to its parenteral and sexual
transmission. However, in contrast to the expectations, GBV-C does not aggravate the course of patients suffering
from HIV infection. Even though not uniformly found, one often sees higher CD4 counts in patients with ongoing
GBV-C viral replication. Likewise, a lower viral load appears to be accompanied by the presence of GBV-C RNA in
the serum. In addition, longitudinal studies indicate that GBV-C infection slows down the progression to AIDS and
eventually to death. GBV-C probably influences HIV infection associated disease by either directly inhibiting HIV
replication or enhancing the immune competence to cope with HIV. Still the definitive mechanism how GBV-C could
inhibit the progression to AIDS and eventually death needs to be identified. © 2001 Published by Elsevier Science
B.V.
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Recently, a group of new flavi-like viruses (GB
viruses A, B, C and hepatitis G virus) were iden-
tified (Simons et al., 1995a,b; Linnen et al., 1996).

While GBV A and B were only detected in non-
human primates with hepatitis (Schlauder et al.,
1995), GB virus C (GBV-C) and hepatitis G virus

Abbre�iations: ALT, alanine transaminase; anti-E2, antibody against the envelope 2 protein of GBV-C/HGV; bDNA, branched
chain DNA assay; HBV, hepatitis B virus; HCV, hepatitis C virus; anti-HCV, antibody against the hepatitis C virus; GBV-C, GB
virus-C/hepatitis G virus (synonymous in this manuscript); HIV, human immunodeficiency virus; PBMC, peripheral blood
mononuclear cells; RT-PCR, reverse transcriptase-polymerase chain reaction.
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(HGV) were identified in humans with posttrans-
fusion hepatitis, cryptogenic or acute indetermi-
nate hepatitis (Simons et al., 1995b; Linnen et al.,
1996; Fiordalisi et al., 1996) GB virus-C and
hepatitis G virus (GBV-C/HGV) are closely re-
lated isolates of the same virus with more than
95% sequence homology (Alter, 1996) and high
homology with the hepatitis C virus. Still GBV-C/
HGV form a distinct group within the flaviviridae
family (Linnen et al., 1996), we will subsequently
refer in the text to GBV-C. GBV-C is thus a novel
flavivirus with a single stranded positive orien-
tated genome of approximately 9400 nucleotides
in length (Leary et al., 1996). A striking difference
to HCV is the absence of a core within the coding
sequence of the GBV-C/HGV genome. However,
the absence of a core protein is still a matter of
debate, as recent data indicated to presence of a
coding sequence upstream of the E1 protein (Xi-
ang et al., 1998).

The initial description of GBV-C led to an
enormous enthusiasm to elucidate the association
of GBV-C with certain diseases, resulting in over
700 publications. However, although GBV-C was
originally identified in patients with documented
hepatitis (Simons et al., 1995b; Linnen et al.,
1996; Fiordalisi et al., 1996), subsequent studies
were unable to prove any influence of GBV-C on
chronic liver damage. In a meta-analysis investi-
gating the influence of GBV-C on chronic hepati-
tis C, including some thousands of patients, we
showed that there is no aggravation of the course
of hepatitis C by GBV-C co-infection, nor any
influence on the response to interferon therapy
(Rambusch et al., 1998). Likewise, the course
after liver transplantation is not altered by GBV-
C infection (Tillmann et al., 1998; Berenguer et
al., 1996)

Cases of fulminant hepatic failure have been
associated with GBV-C/HGV (Yoshiba et al.,
1995; Heringlake et al., 1996), but even this aspect
is very much under debate, as many investigators
failed to associate GBV-C with a fulminant hep-
atic failure. As the clinical implication of GBV-C
in liver disease is very minor if evident at all
(Mushahwar and Zuckerman, 1998), renaming of
hepatitis G virus appears appropriate (Lefrere et
al., 1999a). Thus referring to the name GB virus
C appears appropriate.

An interesting disease to look at for a role of
GBV-C is the infection with the human im-
munodeficiency virus (HIV). First, HIV infections
are world wide emerging health problems with an
estimated 40 million infected persons. Second,
HIV infections are acquired by the parenteral or
sexual route, thus co-infections with hepatitis
viruses are a common complication of HIV infec-
tion (McNair et al., 1992). The prevalence of
hepatitis B (up to 90%) (Scharschmidt et al., 1992;
Hadler et al., 1991) and hepatitis C (4–94%)
(Wright et al., 1994; Quaranta et al., 1994; Dor-
ruci et al., 1992) have been reported to be depen-
dent on individual transmission risk factors in
HIV infected patients. Third, the impact of co-in-
fection with hepatitis B or C virus on the outcome
of AIDS patients is, although still controversial
(Scharschmidt et al., 1992; Wright et al., 1994;
Ockenga et al., 1997), associated with an impaired
survival. Interestingly, these patients often die
from liver failure instead of AIDS. Thus when
GBV-C was assumed to be a hepatitis virus, one
would expect similar results for the interaction of
GBV-C and HIV.

The presence of GBV-C is determined by RT-
PCR or a bDNA assay (Nolte, 1998) Past GBV-C
infection can be determined by detection of an
antibody against the envelope 2 region of GBV-C
(anti-E2) (Tacke et al., 1997; Dille et al., 1997).
GBV-C RNA and anti-E2 are almost exclusively
present in the serum (Nubling et al., 1997)

The prevalence of GBV-C infection in patients
with HIV infection has been assessed but few
studies have performed a detailed analysis of the
clinical influence of GBV-C on the course of HIV
infection. Prevalence ranges from as low as 14%
(Puig-Basagoiti et al., 2000) to 37% in a study
including mainly homosexual men (Lau et al.,
1999), and even 45% in a subgroup of 56 i.v. drug
addicts (Rey et al., 1999). We and others have
previously determined that anti-E2 protects from
GBV-C infection (Tillmann et al., 1998). This
usually is also true for HIV infected patients,
although one case of reinfection or reactivation
after loss of anti-E2 has been reported (Devereux
et al., 1998). It is important to differentiate such
patients with past exposure from those who have
ongoing GBV-C infection. In our previous study
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on the relevance of GBV-C for HIV infected
patients, we find a threefold increased prevalence
of anti-E2 (56.8%) compared to GBV-C RNA
(16.8%) (Heringlake et al., 1998) in agreement
with data in other patient groups (Tillmann et al.,
1998). However, other studies in HIV infected
patients found anti-E2 approximately only twice
(Lefrere et al., 1999b) or a similar frequency
(Tassies et al., 1999), although in the overall
population GBV-C anti-E2 are approximately
two to threefold as frequent as GBV-C RNA.
One study even found five times higher prevalence
of anti-E2 compared to GBV-C RNA (Tanaka et
al., 1998).

Thus, it is evident from the prevalence of GBV-
C in the patient population suffering from HIV
infection, that it is important to know the conse-
quences of the GBV-C co-infection for HIV in-
fected patients.

Only a few studies have looked at the clinical
consequences of GBV-C co-infection in HIV posi-
tives. Uniformly, they all confirm the absence of
liver disease in relation to GBV-C. GBV-C neither
induces nor aggravates hepatitis in these patients
(Stark et al., 1999; Lau et al., 1999), similar to
what has been reported in hepatitis C virus in-
fected immunocompetent patients (Lau et al.,
1999)

When we started analyzing GBV-C in HIV
infected patients, we wanted to prove that GBV-C
aggravates the course of hepatitis or at least im-
pairs survival. Surprisingly, besides no evidence
for hepatitis associated with GBV-C, CD4 counts
turned out to be higher in GBV-C positive pa-
tients. Even more astonishing was the fact of the
prolonged survival of GBV-C positive patients
compared to patients with past GBV-C infection
or no exposure to GBV-C infection (Heringlake et
al., 1998) In agreement with our data a Japanese
study demonstrated a significantly lower HIV vi-
ral load in GBV-C RNA positive patients com-
pared to GBV-C RNA negatives, and at least a
trend for improved survival (Toyoda et al., 1998).
Similar data have recently been confirmed by
French (Lefrere et al., 1999b), and American col-
leagues (Yeo et al., 2000). They demonstrated a
significantly improved survival, a slower disease
progression, slower increase of HIV viral load and

a slower drop of CD4 cells in HIV-GBV-C co-in-
fected patients compared to those without GBV-C
RNA in their sera. This led us to re-analyze the
published data on GBV-C co-infection in HIV
infected patients with special attention to studies
which include information on CD4 counts in ad-
dition to GBV-C RNA status.

Lau et al. (1999) retrospectively analyzed a
cohort of 180 mainly male homosexuals, who
participated in a trial on zidovudine and inter-
feron in HIV infection, and showed a CD4 cell
count of at least 500 cells/�l. They found no
influence on liver disease or on HIV progression.
However, CD4 cells at follow-up were insignifi-
cantly lower in those who lost their GBV-C co-in-
fection compared to those who remained GBV-C
RNA positive on the treatment (615 vs. 700 cells/
ml; P=0.13, see Table 1). Another study which
gave information on CD4 counts, but failed to
show significantly different CD4 counts for GBV-
C RNA positive and GBV-C RNA negative pa-
tients was reported by Woolley et al. (1998) from
Chicago IL. In addition, CD8 cells were signifi-
cantly higher in GBV-C RNA positive patients
compared to GBV-C RNA negatives. However,
both these studies had selected their patients on
the basis of CD4 counts of either above 500 (Lau
et al., 1999) or below 200 cells/�l (Yeo et al.,
2000). A third study by Goubau et al. (1999) also
did not show a significant higher CD4 count in
GBV-C RNA positive patients even though they
had no specific inclusion criteria apart from being
HIV positive.

Three studies show support for a beneficial
influence of GBV-C by demonstrating significant
association of GBV-C RNA presence in the serum
and higher CD4 counts. A study by
Hollingsworth et al. (1998) concentrating on the
presence of GBV-C in seminal fluid, found GBV-
C RNA in the blood of 8/21 patients. Interest-
ingly, they found a CD4 level below 200 cells/�l in
only 25% of the GBV-C positives compared to
71% in the GBV-C negative patients (P=0.0382),
even though the difference of the mean CD4
values just failed to be significant (P=0.067). In
addition, the HIV viral load tended to be lower,
but without any evidence for significance. Simi-
larly, a Spanish study by Ibáñez et al. (1998)
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found that 51% (30/51) of HIV infected patients
with HCV (without other co-infections) had a
CD4 count below 200 compared to only 6% (1/17)
of HIV infected patients with GBV-C co-infection
(P=0.002). Another study was reported by
Bonacini et al. (1998) They investigated GBV-C in
patients referred for evaluation of hepatitis. They

showed that CD4 counts were higher in GBV-C
RNA positive patients. This was especially pro-
nounced in those patients without concurrent
HBV or HCV infection (see Table 1).

However, there is also conflicting data by a
French study, the largest of all, conducted
prospectively between December 1996 and May

Table 1
Cross-sectional studies on GBV-C and HIV

N CD4 counts HIV load Reference
10(3) copies/ml

Studies showing no significant association of GBV-C and CD4 counts in HIV infection
Lau et al. (1999)CD4 at follow-up180 CD4 at entry

GBV-C+723 GBV-C+700 (mean) 17.53
(mean)
GBV-C-753 (mean) Lost GBV-C 615 (mean) 16.3

117CD8 853 Woolley et al. (1998)G+160 (mean)192
G-120 (mean) CD8 682 P=0.03 89
No GBV-C 277.1 Goubau et al. (1999)137, 27

excluded (mean)
GBV-C RNA 301.2
(mean)
anti-E2 360.5
(mean)

Studies showing a significant association of GBV-C and CD4 counts in HIV infection
CD4�20054 Mean CD4 Hollingsworth et al.Not given but

(1998)
G+75% approx. 250 tented to be
G−29% P=0.038 approx. 170, P=0.067 lower in

GBV-C ‘+’
CD4�200 Ibáñez et al. (1998)168
HCV+51% 30/59
HGV+6% 1/17
P=0.002

Bonacini et al. (1998)without HCV, HBV157 All patients
GBV-C+277GBV-C+159

GBV-C-87, P=0.03 GBV-C-29

Studies showing no significant association of GBV-C and CD4 counts in HIV
GBV-C RNA prevalence according to
HIV-stage

397, 18 CD4
excluded

Rey et al. (1999)�500 G 29.2% A: 48/136 (35.3%)
(40/137)
�200 G 45.4% B: 76/196 (38.8%)
(79/174)

C: 19/47 (40.4%)�200 G 35.3%
(24/68)
P=0.012a P=0.75

a CD�200: 119/311 (38.3%) vs. 35.3%. CD500�40/137 vs. 103/242 (42.6%).
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1997 including 397 HIV positive consecutive HIV
infected patients. They showed a slightly higher
frequency of GBV-C in patients with AIDS com-
pared to those without AIDS. In addition they
found the lowest rate of GBV-C RNA in the
group of patients with a CD4 count above 500
cells/�l (Rey et al., 1999). However, one can eval-
uate the given data differently. If patients with
CD4 cells above 200 are compared to those with
CD4 cells below 200 cells/�l the rate of GBV-C
infection is slightly higher in those with a CD4
count above 200 cells/�l (CD�200 119/311
(38.3%) vs. 24/68 (35.3%) if CD4�200 cells/�l.
Furthermore, that study was performed between
1996 and 1997, when highly active retroviral ther-
apy (HAART) was already introduced.

Thus interpreting the given studies indicates, as
highlighted by the longitudinal studies, that GBV-
C leads to an improved survival (Heringlake et
al., 1998; Lefrere et al., 1999b; Toyoda et al.,
1998). One study from Sabin et al. (1998), not
cited above, showed no such improved survival,
but they studied GBV-C RNA and anti-E2 posi-
tive patients as one group. This appears inade-
quate as the influence of ongoing GBV-C
infection would probably be different from past
infection.

Also the cross-sectional studies evaluating only
CD4 values from one visit without survival analy-
sis tend to indicate a beneficial effect of GB virus
C on HIV associated disease.

One possible explanation would be a direct
viral interaction between GBV-C and HIV. This
aspect is supported by three findings. First, a
study analyzing the HIV load in hemophiliacs
showed a significantly lower HIV viral load in
patients with GBV-C RNA, compared to those
without GBV-C RNA presence in the blood (Toy-
oda et al., 1998). This is further supported by our
finding of a reciprocal correlation of GBV-C viral
load and HIV viral load (Tillmann et al., 2001).
Second, one longitudinal study showed a slower
increase of HIV viral load during the course of
infection in GBV-C RNA positive patients com-
pared to those without GBV-C RNA (Lefrere et
al., 1999b). A third argument depends on a few
assumptions. These would be that GBV-C really
has a core protein, as recently stated (Xiang et al.,

1998), and that this core protein displays similar
features like the HCV core protein, which was
shown to repress the HIV long terminal repeat
(LTR) induced basal transcription (Ray et al.,
1995; Srinivas et al., 1996) With respect to the
structural homology of HCV and GBV-C, the
existence of a similar molecular interaction be-
tween GBV-C and HIV has to be investigated. To
understand the observed phenomena, further in
vitro studies as well as further in vivo studies with
analysis of sequential serum samples should be
performed.

Besides the improved survival of GBV-C RNA
positive patients, another argument for a benefi-
cial effect of GBV-C for patients with HIV infec-
tion comes from the data indicating that the
presence of GBV-C usually correlates with higher
CD4 counts. Thus, assuming that CD4 cells
counts are positively correlated with the presence
of GBV-C, a possible mechanism of how GBV-C
influences HIV disease might be due to an en-
hanced generation of CD4 cells without leading to
an exhaustion of the CD4 cell pool. Similar effects
have been reported in patients under highly active
anti-retroviral therapy (HAART) (Hellerstein et
al., 1999)

However, we shall exclude that the correlation
of GBV-C and CD4 counts is just due to major
replication of GBV-C in CD4 cells, as this would
explain the significant depletion of GBV-C posi-
tive patients in AIDS patients. In this case we
would estimate to frequently detect viral negative
strand RNA as a replication intermediate in
lymphocytes of GBV-C positive patients. We have
investigated three available PBMC samples of
GBV-C positive patients and detected genomic
but not minus-stranded viral RNA in the isolated
PBMCs by RT-PCR using gene-specific antisense
or sense primer for cDNA synthesis (Heringlake
et al., 1998) similar to other data (Seipp et al.,
1996). Additionally, we were able to detect GBV-
C in the serum of a patient with less than 10 CD4
cells/�l. However, presence of GBV-C minus-
strand RNA was recently shown in PBMCs from
immunosuppressed patients (Kobyashi et al.,
1999). In addition it has been shown, that an
effective infection of cultivated lymphocytes is
possible, and it was even possible to detect the
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minus strand for up to 30 days (Fogeda et al.,
1999).

A recent study excluded down-regulation of
CD4, CCR5 or CXCR4 receptor expression on
the cell surface as a factor for reduced susceptibil-
ity for HIV infection (Xiang et al., 2001).

Even though the definitive mechanism remains
to be elucidated, there is strong evidence for a
beneficial influence of GBV-C infection on HIV
infection. Still, one can currently not rule out that
GBV-C is just an innocent bystander for another
yet unidentified agent influencing the outcome of
HIV infection.
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