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background

 

GB virus C (GBV-C), which is not known to be pathogenic in humans, replicates in lym-
phocytes, inhibits the replication of human immunodeficiency virus (HIV) in vitro, and
has been associated with a decreased risk of death among HIV-positive persons in some,
but not all, studies. Previous studies did not control for differences in the duration of
HIV or GBV-C infection.

 

methods

 

We evaluated 271 men who were participants in the Multicenter Acquired Immunode-
ficiency Syndrome Cohort Study for GBV-C viremia (by means of a reverse-transcrip-
tase–polymerase-chain-reaction assay) or E2 antibody (by means of an enzyme-linked
immunosorbent assay) 12 to 18 months after seroconversion to positivity for HIV (the
early visit); a subgroup of 138 patients was also evaluated 5 to 6 years after HIV sero-
conversion (the late visit).

 

results

 

GBV-C infection was detected in 85 percent of men with HIV seroconversion on the
basis of the presence of E2 antibody (46 percent) or GBV-C RNA (39 percent). Only one
man acquired GBV-C viremia between the early and the late visit, but 9 percent of men
had clearance of GBV-C RNA between these visits. GBV-C status 12 to 18 months after
HIV seroconversion was not significantly associated with survival; however, men with-
out GBV-C RNA 5 to 6 years after HIV seroconversion were 2.78 times as likely to die
as men with persistent GBV-C viremia (95 percent confidence interval, 1.34 to 5.76;
P=0.006). The poorest prognosis was associated with the loss of GBV-C RNA (relative
hazard for death as compared with men with persistent GBV-C RNA, 5.87; P=0.003).

 

conclusions

 

GBV-C viremia was significantly associated with prolonged survival among HIV-posi-
tive men 5 to 6 years after HIV seroconversion, but not at 12 to 18 months, and the loss
of GBV-C RNA by 5 to 6 years after HIV seroconversion was associated with the poorest
prognosis. Understanding the mechanisms of interaction between GBV-C and HIV may
provide insight into the progression of HIV disease.
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ost and viral factors influence

 

the progression of human immunode-
ficiency virus (HIV) disease.

 

1,2

 

 In cross-
sectional studies, HIV-infected people with GB vi-
rus C (GBV-C) viremia had lower mortality rates,
higher base-line CD4+ T-cell counts, a slower rate
of decline in the number of CD4+ T cells, and in
some studies, lower plasma HIV RNA levels than
HIV-positive people who did not have GBV-C vi-
remia.

 

3-8

 

GBV-C is a flavivirus that is closely related to
hepatitis C virus.

 

9

 

 Although first detected in per-
sons with non-A, non-B hepatitis, GBV-C has not
been associated with hepatitis or any other disease
in humans.

 

10

 

 Parenteral, sexual, and vertical trans-
mission of GBV-C have all been documented, and
infection is common in many populations.

 

7,11-17

 

Viremia may persist for years; however, 60 to 75 per-
cent of immunocompetent persons have sponta-
neous clearance of GBV-C, and this event usually co-
incides with the development of antibody against
the GBV-C surface envelope glycoprotein E2.

 

18-20

 

GBV-C replicates in CD4+ T cells,

 

21

 

 and in vitro
infection of lymphocytes with GBV-C before infec-
tion with HIV reduces the replication of HIV, sug-
gesting a direct inhibitory effect of GBV-C on HIV.

 

7

 

Although six studies of HIV-positive people found
a survival benefit of coinfection with GBV-C,

 

3-8

 

three studies did not find this effect,

 

22-24

 

 and the
nature of the relation between GBV-C and the pro-
gression of HIV disease is controversial.

 

25

 

 To clari-
fy the relation between GBV-C infection and the
progression of HIV disease and to resolve the dis-
crepancies in previous studies, we analyzed GBV-C
status in participants in the Multicenter Acquired
Immunodeficiency Syndrome (AIDS) Cohort Study
whose dates of seroconversion to positivity for HIV
were known.

 

study population and design

 

The study population was selected from the partic-
ipants in the Multicenter AIDS Cohort Study, which
is ongoing in Baltimore, Chicago, Pittsburgh, and
Los Angeles and consists of 5622 men who have
sex with men and who were enrolled between 1984
and 1990.

 

26-28

 

 At six-month intervals, HIV-related
clinical status is assessed, an interviewer-adminis-
tered questionnaire is completed, and blood is ob-
tained for analysis, including tests for HIV seropos-
itivity and measurement of HIV RNA levels and CD4

T-cell counts, and serum is stored as previously de-
scribed.

 

26-29

 

 The presence of antibody against hep-
atitis C virus and hepatitis B surface antigen was
determined by immunoassay (Abbott Laboratories).
Written informed consent was obtained from all
participants, and this substudy was approved by the
institutional review board of the University of Iowa.

To investigate the putative protective effect of
GBV-C status among HIV-seropositive subjects, se-
rum samples were tested for GBV-C RNA and E2
antibody 12 to 18 months after HIV seroconver-
sion (the early visit) in order to determine the preva-
lence of GBV-C infection near the time of HIV se-
roconversion. Because two studies of HIV-positive
people with normal CD4+ T-cell counts did not
find a survival benefit associated with GBV-C infec-
tion,

 

23,24

 

 we also studied serum samples obtained
five to six years after HIV seroconversion (the late
visit). To be included in this study, the date of HIV
seroconversion (estimated as the midpoint between
the last visit at which a subject was seronegative
and the first visit at which he was seropositive) had
to be known within a window of one year, and data
on markers of HIV disease progression (the CD4+
T-cell count and plasma HIV RNA levels) had to
be available from at least two visits after serocon-
version. To avoid confounding owing to the use of
highly active antiretroviral therapy, analyses includ-
ed only data collected before January 1, 1996.

 

30

 

detection of gbv-c

 

All serum samples were assigned coded identifiers
to which laboratory personnel were blinded. RNA
was extracted from serum, a GBV-C–specific nest-
ed reverse-transcriptase–polymerase-chain-reaction
assay was performed, and products were identified
as previously described.

 

21,31,32

 

 Positive samples
were confirmed by the analysis of a second aliquot
of serum obtained on the same day from the same
subject. Samples with discordant results were test-
ed a third time, and those with two positive results
were defined as positive. The results for samples ob-
tained 12 to 18 months after HIV seroconversion in
2 of 109 men were discordant (both were defined
as negative), whereas none of the 50 men with pos-
itive samples 5 to 6 years after seroconversion had
discordant results. For quality control, duplicate
samples from 15 men were analyzed, and the same
result was obtained for 14 of these duplicate sam-
ples. Antibodies against GBV-C envelope glycopro-
tein E2 were detected by means of the µPlate anti-
HGenv test (Roche Diagnostics).

 

19

h

methods
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statistical analysis

 

Men were defined as having viremia if GBV-C RNA
was detected. Prior GBV-C infection was defined by
the presence of antibody against GBV-C E2 protein
in the absence of viral RNA. We used univariate de-
scriptive statistics to investigate differences between
men who were included in the analysis of samples
obtained five to six years after seroconversion and
those who were excluded. We compared known
predictors of the risk of HIV disease progression
among men with persistent GBV-C viremia, those
with clearance of GBV-C, and those who were neg-
ative for GBV-C (stratified according to E2-antibody
status) at both visits. We compared differences in
survival rates with the use of Kaplan–Meier curves
and univariate or multivariate Cox proportional-
hazards models using the S-Plus SURVFIT function
(MathSoft) and the SAS PHREG procedure (SAS In-
stitute), respectively. All comparisons were two-sid-
ed, with a P value of less than 0.05 used to indicate
statistical significance.

A total of 584 men in the Multicenter AIDS Co-
hort Study had documented HIV seroconversion.
Of these, 271 men met the inclusion criteria for our
study, and a subgroup of 138 men also had samples
available that had been obtained five to six years af-
ter HIV seroconversion for the longitudinal analy-
sis of GBV-C infection. The selection process is il-
lustrated in Figure 1.

Active GBV-C infection (defined by the presence
of GBV-C RNA without E2 antibody) was detected
in 107 of the 271 men (39 percent), and past GBV-C
infection (defined by the presence of E2 antibody
without GBV-C RNA) was detected in 124 (46 per-
cent) (Table 1). Two of the RNA-positive men were
also positive for E2 antibody. Thus, a total of 231
men (85 percent) had evidence of current or previ-
ous infection with GBV-C.

Survival rates after the early visit did not differ
significantly between the men with GBV-C viremia
and those without GBV-C viremia, whether or not
they had evidence of previous GBV-C infection at
the early visit (Fig. 2A). Similarly, when the analysis
was restricted to the men evaluated both 12 to 18
months and 5 to 6 years after HIV seroconversion,
rates of survival after the late visit did not differ sig-
nificantly according to the GBV-C status at the early
visit (Fig. 2B).

In contrast, GBV-C status five to six years after

HIV seroconversion was strongly associated with
subsequent survival (Fig. 3A). Men with GBV-C vire-
mia survived significantly longer than those with-
out GBV-C viremia five to six years after HIV sero-
conversion, regardless of whether or not the latter
group had E2 antibody (Fig. 3A). The risk of death
among those who were negative for GBV-C RNA five
to six years after HIV seroconversion (with those
who were positive for E2 antibody combined with
those who were negative) was 2.78 times that
among men with GBV-C viremia (95 percent confi-
dence interval, 1.34 to 5.76; P=0.006).

To examine the effect of longitudinal changes
in GBV-C status on survival, we classified the 137
men with data for both visits into four mutually ex-
clusive categories: men with persistent GBV-C vi-
remia; men with a prior GBV-C infection, as indi-
cated by the absence of GBV-C viremia at both visits
and the presence of E2 antibody at one or both vis-
its; men who did not have GBV-C viremia or E2
antibody at either visit; and men who had GBV-C
viremia at the early but not the late visit (i.e., those
in whom GBV-C had cleared). One man acquired
GBV-C RNA between the early and late visits and
was excluded from the analysis. The majority of
men who were negative for GBV-C RNA and posi-
tive for E2 antibody were positive for E2 antibody at
both visits; however, three men lost E2 antibody be-
tween the early and late visits. The number of years
since HIV seroconversion and the frequency of an-
tiretroviral therapy did not vary significantly among
the groups at either visit (Tables 1 and 2). The sur-
vival rate among those who had GBV-C viremia at
the late visit was higher than that among the men
in the other three groups (Fig. 3B).

Because we knew the duration of HIV infection,
we did not need to control the primary survival
analyses for the CD4+ T-cell count or the HIV RNA
level. However, we performed multivariate analyses
to determine how much of the association between
GBV-C status and survival was mediated by these
two variables. When the CD4+ T-cell count and
HIV RNA values from the early visit were included
in the analysis, the relative risks of death, as com-
pared with the group that was positive for GBV-C
RNA at both visits, were 2.57 in the group that was
consistently negative for GBV-C RNA but positive
for E2 antibody at either visit (95 percent confi-
dence interval, 1.18 to 5.60; P=0.02), 2.10 in the
group that was negative for GBV-C RNA and E2 an-
tibody at both visits (95 percent confidence inter-
val, 0.74 to 5.97; P=0.16), and 5.95 in the group

results
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with clearance of GBV-C (95 percent confidence
interval, 2.25 to 15.74; P<0.001). The effect of
GBV-C status on survival was not independent of
the CD4+ T-cell count and HIV RNA levels at the late
visit, suggesting that GBV-C infection was associ-
ated with changes in these two variables.

To address this possibility, we examined sever-
al markers of HIV disease progression. The CD4+
T-cell count and HIV RNA levels did not differ sig-
nificantly among the groups at the early visit, but
did differ significantly at the late visit (Table 2). Men
who were persistently positive for GBV-C RNA had
a significantly slower mean rate of decline in the
CD4+ T-cell count (¡26 cells per cubic millimeter

per year) than men with E2 antibody who were per-
sistently negative for GBV-C RNA (¡70 cells per cu-
bic millimeter per year, P=0.002) (Table 2) or men
with clearance of GBV-C (¡107 cells per cubic mil-
limeter per year, P<0.001); men who were persis-
tently negative for GBV-C RNA and E2 antibody also
had a greater decline in the CD4 cell count between
visits, although this difference was not significant
(¡60 cells per cubic millimeter per year, P=0.09) (Ta-
ble 2). Early plasma HIV RNA values did not differ
significantly among the groups, but the viral load
increased less in the group with persistent viremia
than in the other three groups.

Among the men without GBV-C RNA, the sur-

 

Figure 1. Selection Process of Subjects with Human Immunodeficiency Virus Seroconversion for the Evaluation of GB Virus C Status.

 

The cutoff date of January 1, 1996, was used to avoid confounding resulting from the use of highly active antiretroviral therapy.

584 Men with documented 
HIV seroconversion

20 Withdrew who had
been seropositive

for 5 to 6 yr 

27 Had samples that 
were obtained after 

the cutoff date 
of January 1, 1996 

19 Did not have samples 
available 5 to 6 yr after

HIV seroconversion

34 Had no sample 
remaining for analysis

33 Had died

92 Excluded because seroconversion occurred
near cutoff date of January 1, 1996

133 Did not have samples available that had been 
obtained 5 to 6 yr after HIV seroconversion 

126 Excluded because their last HIV-negative 
and first HIV-positive visits were >1 yr apart 

95 Excluded because they had no available data 
on markers of disease progression (CD4 cell count 

or HIV viral load) >1 yr after seroconversion  

458 Remaining

363 Remaining

271 Met inclusion criteria

138 Had samples available 
that had been obtained 5 to

 6 yr after HIV seroconversion
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vival rate was higher among those who were posi-
tive for E2 antibody than among those who were
negative, although this difference was not signifi-
cant and waned nine years after HIV seroconversion
(i.e., three to four years after the late visit) (Fig. 3).
E2 antibody developed in only 3 of the 12 men with
clearance of GBV-C RNA between the early and late
visits. The development of E2 antibody may have
been predictive of a higher likelihood of survival in
these men, since seven of the nine men in whom E2
antibodies did not develop died, as compared with
only one of the three men in whom E2 antibody did
develop; however, this comparison was not statis-
tically significant.

We assessed the robustness of our findings in
several ways. Inherent in the study design was the
fact that the subgroup with data for both visits sur-
vived longer than the subgroup that did not meet
this criterion. CD4+ T-cell counts were higher and
the mortality rate before 1996 was lower in the
former subgroup than in the latter. However, the

age at HIV seroconversion, plasma HIV RNA levels
one year after seroconversion, and the use of anti-
retroviral therapy were similar in the two groups
(Table 1). The subgroups were not biased with re-
spect to exposure to GBV-C, since the prevalence
of current and past infections with GBV-C (as de-
fined by the presence of GBV-C RNA, E2 antibody,
or both) were similar in the two subgroups (Table
1). In addition, men with persistent GBV-C vire-
mia survived significantly longer than those with
evidence of prior GBV-C infection (those who were
positive for E2 antibody) and those with no evi-
dence of prior infection (those who were negative
for GBV-C RNA and E2 antibody) (Fig. 3A). Thus,
GBV-C viremia was associated with a beneficial
effect, and the difference in survival was not solely
due to a detrimental effect associated with the loss
of GBV-C RNA.

In a second analysis of this point, we considered
the possibility that men who had neither GBV-C
RNA nor E2 antibody at the early visit might have

 

* The GBV-C RNA test results were from the sample obtained at the early visit, 12 to 18 months after HIV seroconversion. 

 

† Analyses were stopped January 1, 1996, to avoid confounding resulting from the use of highly active antiretroviral therapy.

 

Table 1. Characteristics of the Men with Human Immunodeficiency Virus (HIV) Seroconversion, According to Their GB Virus C (GBV-C) 
RNA Status.*

Characteristic Study Group (N=271)

Men Evaluated 
5 to 6 Yr after HIV 
Seroconversion 

(N=138)

Men Not Evaluated 
5 to 6 Yr after HIV 
Seroconversion 

(N=133)

 

GBV-C RNA–
Positive 
(N=107)

GBV-C RNA–
Negative 
(N=164)

GBV-C RNA–
Positive 
(N=61)

GBV-C RNA–
Negative 
(N=77)

GBV-C RNA–
Positive 
(N=46)

GBV-C RNA–
Negative 
(N=87)

Median year of seroconversion 1985.85 1986.13 1985.97 1985.99 1985.57 1986.39

Median time from HIV seroconversion 
to early visit — yr

1.25 1.27 1.25 1.27 1.24 1.27

Median age at seroconversion — yr 33.4 35.7 33.4 34.4 33.5 36.0

Positive for GBV-C glycoprotein E2 anti-
body at early visit — no. (%)

2 (2) 124 (76) 0 55 (71) 2 (4) 69 (79)

Median CD4+ T-cell count at early visit
Cells/mm

 

3

 

No. evaluated
565
106

561
164

636
61

606
77

490
45

527
87

Median plasma HIV RNA level at early 
visit — log copies/ml

4.43 4.49 4.40 4.39 4.50 4.59

Antiretroviral therapy at early visit
Monotherapy — %
Combination therapy — %
No. evaluated

4
0

106

6
0

163

2
0

61

4
0

77

7
0

45

8
0

86

Median follow-up after early visit — yr† 6.5 5.6 7.5 7.2 4.4 3.8

Death during follow-up — no. (%) 44 (41) 74 (45) 17 (28) 29 (38) 27 (59) 45 (52)

Rate of death/100 person-yr from early 
visit to study exit

6.44 7.84 3.69 5.20 12.14 11.67
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had clearance of GBV-C before the early visit with-
out the development of GBV-C E2 antibody and thus
might have been misclassified. This event might
have biased our results by spuriously lowering the
relative likelihood of survival among GBV-C–nega-
tive men. To assess the potential effect of a mis-
classification of this type, we repeated the analysis
and classified the men who were negative for both
GBV-C RNA and E2 antibody as positive for GBV-C
RNA. This did not change the relative risk of death
(data not shown).

We also explored other markers associated with
the progression of HIV disease. Antibody against
hepatitis C virus and hepatitis B surface antigen were
infrequent in this cohort (6 percent and 4 percent,
respectively) and were not associated with signif-
icant differences in mortality (data not shown).
Similarly, the prevalence of heterozygosity for the

polymorphism in the gene for CC chemokine re-
ceptor 5 (

 

CCR5

 

) 

 

∆

 

32, which is associated with de-
layed progression of HIV disease,

 

33

 

 was low in the
study group as a whole (22 of 271) and did not dif-
fer significantly according to GBV-C status (data
not shown).

This study provides strong evidence that GBV-C in-
fection is associated with prolonged survival among
HIV-infected people. We found that the survival ad-
vantage was large and dependent on the persis-
tence of GBV-C viremia. Men who were positive for
GBV-C RNA both 12 to 18 months and 5 to 6 years
after HIV seroconversion were significantly less
likely to die than men who were negative for GBV-C
RNA 5 to 6 years after HIV seroconversion. Loss of

discussion

 

Figure 2. Kaplan–Meier Estimates of Survival According to the GB Virus C (GBV-C) RNA and E2 Antibody Status 12 to 18 Months after Human 
Immunodeficiency Virus (HIV) Seroconversion (the Early Visit) among All 271 Men (Panel A) and the 138 Men Evaluated at Both 12
to 18 Months and 5 to 6 Years after HIV Seroconversion (Panel B).

 

Survival curves shown in Panel B start at the time of the late visit, five to six years after HIV seroconversion. P values are for the compari-
son with the group that was positive for GBV-C RNA, which served as the reference group in the calculations of the relative hazard of death. 
CI denotes confidence interval.
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Figure 3. Kaplan–Meier Estimates of Survival among 137 Men According to the GB Virus C (GBV-C) RNA and E2 Antibody Status Measured 
Five to Six Years after Human Immunodeficiency Virus (HIV) Seroconversion (the Late Visit) (Panel A) and Longitudinal GBV-C RNA 
and E2 Antibody Status Measured at Both Visits (Panel B).

 

In Panel B, the group that was deemed negative for GBV-C RNA and positive for E2 at both visits had E2 antibody detected at either visit. 
Among the 12 who were positive for GBV-C RNA 12 to 18 months after HIV seroconversion but who were negative for GBV-C RNA by the late 
visit, 3 had E2 antibody at the late visit. The one man who was negative for GBV-C RNA at the early visit and positive for RNA at the late visit 
was excluded from this analysis. P values are for the comparison with the group that was persistently positive for GBV-C RNA, which served 
as the reference group in the calculations of the relative hazard of death. CI denotes confidence interval.
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GBV-C RNA was a strong predictor of death. The
survival rate 10 to 11 years after HIV seroconversion
in men who were positive for GBV-C RNA at both
12 to 18 months and 5 to 6 years was 75 percent, as
compared with 39 percent among those who were
persistently negative for GBV-C RNA and 16 percent
for those with clearance of GBV-C RNA. The sur-
vival benefit is greater than that reported for men in
the Multicenter AIDS Cohort Study who are hetero-
zygous for the 

 

CCR5

 

 

 

∆

 

32 mutation.

 

34

 

 Furthermore,
this mutation is rare, particularly among members
of minority groups in the United States and among
Africans, thus reducing its attributable benefit.

Our results are strengthened by the longitudinal
design of the study, which allowed us to control for

the duration of HIV infection, to test for the persis-
tence of GBV-C infection, to take into account the
presence of heterozygosity for the 

 

CCR5

 

 

 

∆

 

32 muta-
tion, and to analyze specimens collected before
the initiation of highly active antiretroviral thera-
py. Previous studies of the effect of GBV-C coinfec-
tion on the progression of HIV disease that did not
find a survival benefit tested only samples from pa-
tients with high CD4+ T-cell counts

 

23,24

 

 (i.e., rela-
tively early in their HIV infection), whereas studies
that did find a survival benefit involved subjects
with a broad range of CD4+ T-cell counts.

 

3-8

 

 The
GBV-C status 12 to 18 months after HIV serocon-
version was not predictive of survival in our cohort,
whereas the status 5 to 6 years after HIV seroconver-
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sion was highly associated with survival, indicating
that the stage of HIV infection may explain the dis-
crepancy between the earlier studies.

Our study has also provided information on the
natural history of GBV-C in HIV-positive men. First,
prior or current infection with GBV-C was nearly
universal in this cohort 12 to 18 months after HIV
seroconversion (85 percent had viremia, E2 anti-
body, or both). Since E2 antibody did not always
develop in men who lost GBV-C RNA, our figure
probably underestimates the lifetime prevalence of
GBV-C infection. Second, clearance of GBV-C was
common in this cohort, occurring in 9 percent of
the HIV-positive men (12 of 138) between one and
six years after HIV seroconversion. E2 antibody did
not develop in most of these men. The particularly
poor outcome in these men may reflect the loss of a
protective effect of GBV-C and suggests that losing
GBV-C may also be a marker of advanced HIV in-
fection. This study focused on men who acquired
HIV by sexual transmission before effective antiret-
roviral therapy became available. Therefore, it may
not apply to women, patients treated with antiret-
roviral therapy, or people infected parenterally. For
instance, the rate of clearance of GBV-C may be
higher among those parenterally exposed,

 

35

 

 rais-
ing questions about the possible benefit of GBV-C
in this group of HIV-positive people.

The reason for the association between GBV-C
and survival in HIV-positive persons is not known.
Our in vitro studies indicate that there is a direct vi-
ral interference,

 

7

 

 although persistence or clearance

of GBV-C infection may represent markers of other
host or HIV factors that influence the progression
of HIV disease. We do not know why some of the
men had clearance of GBV-C after HIV infection
or why this was associated with a worse progno-
sis. Since our analysis was based on only two time
points, we do not know when GBV-C was cleared
relative to the decline in immune function. It would
be of interest to know whether GBV-C clearance
was associated with HIV-mediated destruction of
host cells necessary for the production of GBV-C
or whether clearance of GBV-C preceded the loss
of CD4+ T cells. 

Alternatively, persistent coinfection with GBV-C
may be a marker of immunologic or other host char-
acteristics that confer relative resistance to the pro-
gression of HIV disease. More data on the develop-
ment of E2 antibody are needed for us to understand
the effect of previous exposure to GBV-C and the
implications of a failure to form antibodies when
GBV-C is cleared. Determination of the precise in
vivo interactions between GBV-C and HIV infections
may provide new insights into the progression of
HIV disease and may identify new approaches to
disease-modifying treatment or vaccines.
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