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Although the median time from human immunodeficiency
virus (HIV) infection to the development of malignancies or
opportunistic infections defined as AIDS is 7 to 10 years (4),
AIDS may develop within a year of infection or it may not
develop for more than 20 years following documented HIV
seroconversion. Numerous studies have identified host and
viral factors that are associated with the HIV disease course,
including host HLA types and genetic polymorphisms of genes
encoding HIV coreceptor or coreceptor ligands (reviewed in
reference 8). Recently, studies found that HIV-positive people
who are coinfected with a common, nonpathogenic human
flavivirus referred to as GB virus type C (GBV-C) survive
significantly longer than do HIV-positive individuals without
GBV-C infection (10).

HISTORY AND VIROLOGY

In 1995, researchers from Genelabs, Inc., reported the dis-
covery of a new virus that they called hepatitis G virus (HGV),
as it was isolated from the blood of subjects with chronic
hepatitis who did not have evidence of other types of viral
hepatitis (3). Shortly thereafter, researchers from Abbott Lab-
oratories reported the discovery of a new virus that they called
GBV-C (9), because it was closely related to two previously
identified primate viruses (GBV-A and GBV-B) linked to the
passage of an infectious agent in the serum of a surgeon with
the initials G.B. Characterization of HGV and GBV-C found
them to be members of the family Flaviviridae and to contain
a positive-polarity, single-strand RNA genome predicted to
encode a polyprotein of approximately 3,000 amino acids. A
sequence comparison demonstrated that HGV and GBV-C
are actually different isolates of the same virus. Because sub-
sequent studies did not find an association between these vi-
ruses and hepatitis, most researchers do not use the term HGV
but refer to the virus as GBV-C. Phylogenetically, GBV-C is
the human virus most closely related to hepatitis C virus
(HCV), and there is approximately 30% amino acid homology
between HCV and GBV-C (2). Based on limited experimental
data and sequence comparisons between HCV and other fla-
viviruses, the viral polyprotein is thought to be processed by

cellular and viral proteases into at least eight proteins (Fig. 1)
(reviewed in references 8 and 10).

Although there are many similarities between GBV-C and
HCV, distinct differences exist (reviewed in reference 10).
HCV replicates primarily, if not exclusively, in hepatocytes,
whereas GBV-C appears to replicate in both T (CD4� and
CD8�) and B lymphocytes (14; S. L. George, L. Katz, and J. T.
Stapleton, Prog. Abstr. 10th Conf. Retrovir. Opportun. Infect.,
abstr. 847, 2003). Another difference is that the coding region
for the core protein of GBV-C has not yet been identified, and
the GBV-C major envelope glycoprotein (E2) is not glycosy-
lated as extensively as is HCV (there are three potential sites
for N-linked glycosylation for GBV-C compared to 11 for
HCV E2). Unlike HCV, GBV-C E2 does not contain a hyper-
variable region, and people with active GBV-C viremia usually
do not have detectable antibodies to viral proteins. Antibody
against the GBV-C E2 protein is usually found after clearance
of infection, and anti-E2 antibody is associated with some,
although not complete, protection against reinfection with
GBV-C (reviewed in reference 10). From a clinical standpoint,
the majority of immunocompetent individuals who become
infected with GBV-C clear the virus, while fewer than 25% of
HCV-infected people spontaneously clear infection.

INFECTION AND TRANSMISSION

As noted above, the detection of GBV-C RNA in serum is
indicative of active GBV-C infection, and the detection of E2
antibody is usually associated with prior GBV-C infection. It
appears that GBV-C is more efficiently transmitted by sexual
and vertical exposure than is HCV (reviewed in references 6
and 10). Because GBV-C is transmitted sexually, vertically, and
by exposure to contaminated blood, populations with high
rates of sexually transmitted or blood-borne infections have
high prevalence rates of active or prior GBV-C infection. For
example, 15 to 20% of individuals with chronic HCV infection
have active GBV-C infection, and another 25 to 70% have
evidence of prior GBV-C (E2 antibody) (reviewed in refer-
ences 1, 6, 7, and 10). Also, due to shared modes of transmis-
sion, the rate of GBV-C infection among HIV-positive people
is extremely high, with 86% of men in the Multicenter AIDS
Cohort Study (MACS) group having active (40%) or prior
(46%) GBV-C infection (12).

Evidence of GBV-C is also found among people who have
no acknowledged risk of blood-borne infections (e.g., healthy
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blood donors). Infection rates among Iowa blood donors who
passed all donor screening procedures and tests reflect this
finding, as 1.8% of Iowa blood donors had GBV-C viremia and
anti-GBV-C E2 antibody was detected in the sera of 12.8% of
the donors (J. T. Stapleton and L. Katz, unpublished data).
This rate of viremia is similar to that seen in other blood donor
populations (1 to 3%; reviewed in references 1, 3, 7, and 9). It
is likely that this background level of GBV-C infection is due
to sexual transmission, although GBV-C RNA is found in
saliva, and alternative routes of transmission may exist.

GBV-C, HUMAN DISEASE, AND HIV

To determine if GBV-C infection is associated with hepatitis
or other diseases, numerous studies of blood recipients, hep-
atitis patients, transplant recipients, and individuals with a
variety of clinical diseases were undertaken in the first several
years following discovery (1). All prospective studies failed to
identify an association between GBV-C with either acute or
chronic hepatitis, and no carefully controlled study has dem-
onstrated an association between GBV-C and any human dis-
ease (reviewed in reference 1). Because GBV-C is not associ-
ated with a disease, blood products are not screened for this
virus (1), and approximately 1 of 70 units of blood products in
the United States contains GBV-C RNA.

Because GBV-C was not found to be pathogenic, research
interest in the virus waned significantly in the late 1990s. How-
ever, studies of the pathogenesis of GBV-C in HIV-infected
patients yielded surprising results. Ten separate studies pub-
lished or presented since 1998 found that GBV-C infection in
HIV-positive people was associated with either a decrease in
mortality or improved clinical outcomes (i.e., increase in CD4,
decreased need for antiretrovirals, etc.) compared to mortality
or clinical outcomes for HIV-positive people without GBV-C
infection (reviewed in reference 10). Nevertheless, four studies
did not demonstrate a beneficial association between GBV-C
and HIV disease, and the idea of a potential beneficial role for
GBV-C in HIV-infected people has not been widely accepted
(10). A common flaw of the initial studies of GBV-C’s impact
on HIV progression was that they were conducted with popu-
lations with unknown dates of HIV acquisition. This shortcom-
ing made it impossible to account for the potential differences
in survival prior to entry into the GBV-C–HIV study. To ad-
dress this issue, we analyzed GBV-C infection in men with
known dates of HIV acquisition who participated in the ongo-
ing MACS. The MACS was established in 1983 to study the
emerging epidemic of immune suppression in men self-identi-
fied as men who have sex with men. Individuals from four cities
(Baltimore, Md., Pittsburgh, Pa., Chicago, Ill., and Los Ange-
les, Calif.) were recruited and have been evaluated at 6-month

intervals for the past 20 years. Detailed clinical, laboratory, and
behavioral data are collected at each visit. Serum is obtained at
each visit, and samples are stored for future analysis. To study
people with a known duration of HIV infection, we studied
individuals who were HIV antibody negative when they en-
rolled in the MACS and for whom the time of HIV serocon-
version was known within 1 year. The median date of HIV
seroconversion was 1985 for the men studied in this subanaly-
sis.

Sera obtained at an early (12 to 18 months; n � 271) and a
late (5 to 6 years; n � 138) visit following HIV seroconversion
were tested for the presence of GBV-C viremia (RNA detec-
tion) and E2 antibody (12). At the early visit, GBV-C viremia
was detected in 39.6% of the HIV seroconverters, and 46%
had E2 antibody (two individuals had both GBV-C viremia and
E2 antibody). Clinical data, including survival, were analyzed,
and it was found that the GBV-C status at the early visit did
not predict survival (12). However, MACS participants who
were GBV-C RNA positive at the late visit were 2.78 times
more likely to survive than those who were GBV-C RNA
negative (P � 0.006) (12). When results from the GBV-C
RNA-negative subjects were stratified by E2 antibody status,
those subjects with E2 antibody appeared to have improved
survival rates compared to those with neither GBV-C RNA
nor E2 antibody, although this benefit waned 9 years after HIV
seroconversion (12). All analyses were censored on 1 January
1996 to avoid confounding the data by the introduction of
effective, combination antiretroviral therapy.

The natural history of GBV-C infection among these HIV-
positive men revealed that acquisition of GBV-C infection
between the early and late visits occurred with only one sub-
ject; however, 12 of 61 subjects (20%) lost GBV-C viremia
(RNA) between the early and late visits. Taking into account
the GBV-C RNA and E2 antibody status at both visits, the
group of men who were persistently GBV-C RNA positive
survived significantly longer than those who were persistently
GBV-C RNA negative. Surprisingly, the group that cleared
GBV-C viremia fared the worst, and 8 of those 12 men died.
Only 3 of the 12 men who cleared viremia developed E2
antibody, suggesting that clearance of GBV-C was not immu-
nologically mediated but that it may reflect the loss of critical
lymphocytic cells (or a cellular milieu) necessary to maintain
GBV-C replication. Only one of eight men who cleared
GBV-C RNA without E2 antibody survived, compared to two
of three men who cleared GBV-C with E2 antibody, again
suggesting that there may be a difference in survival for men
who clear GBV-C via an immune response versus those who
do not form antibodies at the time of GBV-C clearance.

Among MACS HIV seroconverters who were studied for
more than 5 years following HIV seroconversion, 75% of the

FIG. 1. The GBV-C genome is composed of a single-stranded, positive-polarity RNA molecule that encodes a long polyprotein. A nontrans-
lated region at the 5� end of the open reading frame (5�ntr) contains an internal ribosomal entry site, and there is another nontranslated region
at the 3� end of the genome (3�ntr). It is believed that the predicted viral envelope proteins (E1 and E2) are cleaved by cellular proteases but that
the nonstructural proteins NS2, NS3, NS4A (�4A), NS4B (�4B), NS5A, and NS5B are cleaved by the viral protease (NS3) in reactions involving
a protease cofactor (NS4A). The coding region for the nucleocapsid protein has not yet been identified.
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men who were positive for GBV-C RNA at the late visit sur-
vived at the 11-year time point, compared to 39% of those
negative for GBV-C RNA at both visits and 16% of those who
cleared viremia. This result was in the absence of highly active,
combination antiretroviral therapy. Not surprisingly, changes
in other markers of HIV disease progression among GBV-C-
positive and -negative individuals were consistent with the
mortality findings. Specifically, CD4 cell counts fell by 26 cells/
mm3 per year between early and late visits for the persistently
GBV-C RNA positive group, compared to an annual fall of 60
cells/mm3 (E2 antibody negative) or 70 cells/mm3 (E2 antibody
positive) per year in the persistently RNA-negative group and
107 cells/mm3 per year for the group that cleared viremia.
Similarly, the extent of increase in HIV RNA between early
and late visits was approximately 0.5 log10 greater among in-
dividuals without GBV-C RNA at the late visit than among
those with GBV-C viremia (12). In summary, the MACS se-
roconverters study confirmed that prolonged viremia with
GBV-C is highly predictive of prolonged survival among HIV-
positive individuals. To put these findings in context with other
known predictors of HIV survival, the relative benefit of per-
sistent GBV-C infection was slightly greater than that found in
MACS participants who were heterozygous for the �32 muta-
tion of their CCR5 receptor gene (Fig. 2).

Although the frequency of GBV-C viremia in HIV-positive
people is high, which argues against a protective effect, the
potential role of GBV-C viremia or E2 antibody for protecting
people exposed to HIV via sexual or parenteral exposure has
not been reported, although there are several studies under
way to address this question. However, GBV-C viremia does
not appear to decrease vertical transmission of HIV, as neither
GBV-C viremia nor GBV-C E2 antibody detection was asso-
ciated with a lower rate of vertical HIV transmission in a group
of HIV-positive Tanzanian mothers (11).

CAUSE OR EFFECT?

The epidemiological studies summarized above clearly dem-
onstrate an association between GBV-C infection and delayed
mortality among HIV-positive individuals. However, these
studies do not provide evidence that GBV-C is causally related
to improved survival, and it is possible that GBV-C infection is
not the reason that HIV-positive people live longer but, rather,
that it serves as a marker of another factor related to HIV
disease progression. The epidemiological research has demon-
strated a temporal relationship between GBV-C infection and
improved survival. Future, ongoing research will determine if
there are plausible biological mechanisms by which GBV-C
interacts with the host or virus to slow progression.

Because both GBV-C and HIV replicate in CD4� T lym-
phocytes (15), it is reasonable to speculate that viral interfer-
ence between GBV-C and HIV might occur. To address this
question, an in vitro model of GBV-C and HIV coinfection
using primary phytohemagglutinin–interleukin-2 (IL-2)-stimu-
lated human peripheral blood mononuclear cells (PBMCs) was
developed (14). In that coinfection model, GBV-C infection
did not cause toxicity to PBMCs but reproducibly led to inhi-
bition of HIV replication (13, 14). The inhibition of HIV rep-
lication was increased when the cells were infected with
GBV-C �24 h prior to HIV infection, suggesting that GBV-C

replication induces cellular factors that might inhibit HIV (14).
An evaluation of PBMCs infected with GBV-C compared to
mock-infected controls revealed an increase in the cellular
mRNA levels and protein levels in cell culture supernatants for
the natural ligands for the two major HIV coreceptors (13).
Specifically, levels of the chemokines RANTES, MIP-1�,
MIP-1� (CCR5), and SDF-1 (CXCR4) all increased in GBV-
C-infected cells compared to levels in mock-infected cells. The
inhibitory effect of GBV-C on HIV was completely abolished
when cells were incubated with antibodies that neutralize the
binding of these four chemokines to their receptors, confirm-
ing that, at least in vitro, GBV-C inhibits HIV by inducing
these chemokines (13).

In addition, the HIV coreceptor CCR5 was down-regulated
during in vitro infection (13), a finding supported by Natter-
mann and colleagues, who demonstrated that CCR5 levels on
CD4� T cells in vivo were significantly lower in GBV-C RNA-
positive (HIV-positive) individuals than in those from the
GBV-C RNA-negative (HIV-positive) control group (5). Sev-

FIG. 2. Comparison of the relative impacts of different predictors
of HIV disease progression. Different mortality indexes of death for
persons with HIV are compared for those persons with and without
GBV-C, those persons with and without the protective CCR5 allele,
and by stage of HIV disease, CD4 cell counts, and HIV RNA levels.
An index value of greater than 1 indicates a higher risk of death, and
an index value of less than 1 demonstrates a protective effect. As
described in the text, men who were GBV-C RNA positive at both the
early and late visits (� �) were more than twice as likely to survive
compared to those who were GBV-C RNA negative on both visits (�
�) (index � 0.41), whereas those who cleared viremia between visits
were more than twice as likely to die (index � 2.39). By comparison,
those heterozygous for the CCR5 HIV coreceptor gene (�32) were
also protected from death, but this protection was less than that seen
for individuals with persistent GBV-C infection (index � 0.63). An-
other way to conceptualize the magnitude of this protection is to note
that it is as large as the difference between a patient having a CD4 cell
count of 500 to 750 (�high) and a patient with only a mid-range CD4
count (mid; 200 to 350 cells; mortality index � 0.47). Conversely, the
negative impact of losing GBV-C infection is the same as the risk of
death among persons with mid-range CD4 cell counts compared to
those with high CD4 cell counts (index � 2.1). It is of note that while
these protective effects are strong, HIV viral load (HIV RNA) is one
of the strongest predictors of survival and that when those with low
(3,000 to 10,000 [3-10 K] genome equivalents per milliliter) versus high
(�100,000) viral loads are compared, the effect is considerably greater
than that of the presence of GBV-C or CCR5 polymorphisms or a high
versus a moderate CD4 count. wt, wild type.
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eral previous studies of HIV-positive, long-term nonprogres-
sors found elevated levels of RANTES and SDF-1 and de-
creased surface expression of CCR5 on PBMCs; thus, the
effects of GBV-C on PBMCs are consistent with results of
other studies of HIV disease progression. It is possible that the
chemokine and receptor effects are mediated at least in part by
the GBV-C E2 protein, as Nattermann et al. (5) found that
CD4� T cells incubated with a cell lysate containing GBV-C
E2 protein resulted in increased levels of RANTES produc-
tion. Incubation of CD4 cells with E2 also led to down-regu-
lation of CCR5 and decreased detection of CD81, suggesting
that CD81 may serve as a cell attachment molecule. This is of
interest since CD81 has been shown to bind HCV E2 protein.

GBV-C might also influence HIV disease by causing alter-
ations in cytokine production by PBMCs. It was found that
GBV-C infection of PBMCs in vitro led to a reduction in the
levels of mRNA for several Th2 cytokines (J. Xiang, S. L.
George, S. Wuenschmann, D. Klinzman, and J. T. Stapleton,
Prog. Abstr. 10th Conf. Retrovir. Opportun. Infect., abstr. 156,
2003). Consistent with this finding, Nunnari et al. demon-
strated that HIV-positive people with GBV-C viremia main-
tained serum Th1 and Th2 cytokine levels during longitudinal
follow-up but that HIV-positive, GBV-C-negative subjects had
a fall in serum Th1 cytokine concentrations (IL-2 and IL-12)
and a rise in serum Th2 cytokine concentrations (IL-4 and
IL-10) over time (6). Thus, GBV-C may help maintain cyto-
kine profiles associated with long-term nonprogression among
HIV-positive people. Also, since Th cytokines are involved in
the pathogenesis of a variety of diseases, GBV-C potentially
may influence other comorbid conditions. In summary, GBV-C
may influence HIV disease by inhibiting HIV by inducing che-
mokines, down-regulating an HIV coreceptor(s), influencing
cytokine profiles, and having other yet-undefined effects on the
host lymphocytes (summarized in Fig. 3).

REMAINING QUESTIONS

Numerous questions related to GBV-C and HIV interac-
tions remain to be studied. The epidemiology of GBV-C in-
fection in HIV-positive populations with different ethnicity,
gender, and HIV transmission profiles needs to be studied.
Further analysis of the characteristics associated with the clear-
ance of GBV-C infection is also needed. Careful characteriza-
tion of the temporal relationship between GBV-C clearance
and HIV disease progression is necessary in order to under-
stand whether GBV-C clearance (with or without E2 antibody)
precedes the immunological decline or if the clearance of
GBV-C occurs as a result of an HIV-mediated functional and
quantitative decline in CD4� T cells. Is GBV-C RNA replica-
tion required for the effects of GBV-C on chemokine and
cytokines? Is a viral protein responsible for the cellular effects
of GBV-C that lead to improved HIV outcomes? If so, which
viral protein(s)? Why do some individuals with GBV-C E2
antibody (but without active infection) appear to progress
more slowly than those without E2 antibody? Much remains to
be learned about this common, nonpathogenic virus, and iden-
tification of the mechanism(s) by which GBV-C influences
HIV disease progression may lead to novel therapeutic strat-
egies in the fight against HIV infection. However, an increas-
ing number of studies indicate that this previously unrecog-

nized virus is associated with prolonged survival, a delay in
CD4 decline, and lower HIV RNA levels in HIV-positive in-
dividuals.
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15. Xiang, J., S. Wünschmann, W. Schmidt, J. Shao, and J. T. Stapleton. 2000.
Full-length GB virus C (hepatitis G virus) RNA transcripts are infectious in
primary CD4-positive T cells. J. Virol. 74:9125–9133.

VOL. 42, 2004 MINIREVIEW 3919


