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abstract

background

GB virus C (GBV-C), which is not known to be pathogenic in humans, replicates in lymphocytes, 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 Immunodeficiency Syndrome Cohort Study for GBV-C viremia (by means of a reverse-transcriptase–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 seroconversion (the late visit).
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results
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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 without 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).

Copyright © 2004 Massachusetts Medical Society.

conclusions

GBV-C viremia was significantly associated with prolonged survival among HIV-positive 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 immunodeficiency virus (HIV) disease.1,2 In crosssectional studies, HIV-infected people with GB virus 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 viremia.3-8
GBV-C is a flavivirus that is closely related to
hepatitis C virus.9 Although first detected in persons 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 transmission 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 percent of immunocompetent persons have spontaneous clearance of GBV-C, and this event usually coincides 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 infection with HIV reduces the replication of HIV, suggesting 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 progression of HIV disease is controversial.25 To clarify the relation between GBV-C infection and the
progression of HIV disease and to resolve the discrepancies 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.

methods
study population and design

The study population was selected from the participants 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-administered questionnaire is completed, and blood is obtained for analysis, including tests for HIV seropositivity and measurement of HIV RNA levels and CD4
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T-cell counts, and serum is stored as previously described.26-29 The presence of antibody against hepatitis 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, serum samples were tested for GBV-C RNA and E2
antibody 12 to 18 months after HIV seroconversion (the early visit) in order to determine the prevalence of GBV-C infection near the time of HIV seroconversion. Because two studies of HIV-positive
people with normal CD4+ T-cell counts did not
find a survival benefit associated with GBV-C infection,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 seroconversion. To avoid confounding owing to the use of
highly active antiretroviral therapy, analyses included 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 nested 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 tested a third time, and those with two positive results
were defined as positive. The results for samples obtained 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 positive 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 samples. Antibodies against GBV-C envelope glycoprotein E2 were detected by means of the µPlate antiHGenv test (Roche Diagnostics).19
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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 descriptive 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 negative 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 proportionalhazards models using the S-Plus SURVFIT function
(MathSoft) and the SAS PHREG procedure (SAS Institute), respectively. All comparisons were two-sided, with a P value of less than 0.05 used to indicate
statistical significance.

results
A total of 584 men in the Multicenter AIDS Cohort 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 after HIV seroconversion for the longitudinal analysis of GBV-C infection. The selection process is illustrated 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 percent) (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 previous 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 significantly according to the GBV-C status at the early
visit (Fig. 2B).
In contrast, GBV-C status five to six years after
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HIV seroconversion was strongly associated with
subsequent survival (Fig. 3A). Men with GBV-C viremia survived significantly longer than those without GBV-C viremia five to six years after HIV seroconversion, 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 confidence 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 exclusive categories: men with persistent GBV-C viremia; men with a prior GBV-C infection, as indicated by the absence of GBV-C viremia at both visits
and the presence of E2 antibody at one or both visits; 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 positive for E2 antibody were positive for E2 antibody at
both visits; however, three men lost E2 antibody between the early and late visits. The number of years
since HIV seroconversion and the frequency of antiretroviral therapy did not vary significantly among
the groups at either visit (Tables 1 and 2). The survival 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 compared 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 confidence interval, 1.18 to 5.60; P=0.02), 2.10 in the
group that was negative for GBV-C RNA and E2 antibody at both visits (95 percent confidence interval, 0.74 to 5.97; P=0.16), and 5.95 in the group
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584 Men with documented
HIV seroconversion

458 Remaining

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

363 Remaining

95 Excluded because they had no available data
on markers of disease progression (CD4 cell count
or HIV viral load) >1 yr after seroconversion

271 Met inclusion criteria

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

138 Had samples available
that had been obtained 5 to
6 yr after HIV seroconversion

20 Withdrew who had
been seropositive
for 5 to 6 yr

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

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

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.

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 associated with changes in these two variables.
To address this possibility, we examined several markers of HIV disease progression. The CD4+
T-cell count and HIV RNA levels did not differ significantly 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
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per year) than men with E2 antibody who were persistently negative for GBV-C RNA (¡70 cells per cubic millimeter per year, P=0.002) (Table 2) or men
with clearance of GBV-C (¡107 cells per cubic millimeter per year, P<0.001); men who were persistently 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) (Table 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-
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Table 1. Characteristics of the Men with Human Immunodeficiency Virus (HIV) Seroconversion, According to Their GB Virus C (GBV-C)
RNA Status.*

Characteristic

Men Evaluated
5 to 6 Yr after HIV
Seroconversion
(N=138)

Study Group (N=271)

Median year of seroconversion
Median time from HIV seroconversion
to early visit — yr
Median age at seroconversion — yr
Positive for GBV-C glycoprotein E2 antibody at early visit — no. (%)
Median CD4+ T-cell count at early visit
Cells/mm3
No. evaluated
Median plasma HIV RNA level at early
visit — log copies/ml
Antiretroviral therapy at early visit
Monotherapy — %
Combination therapy — %
No. evaluated
Median follow-up after early visit — yr†
Death during follow-up — no. (%)
Rate of death/100 person-yr from early
visit to study exit

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)

1985.85

1986.13

1985.97

1985.99

1985.57

1986.39

1.25

1.27

1.25

1.27

1.24

1.27

33.4

35.7

33.4

34.4

33.5

36.0

2 (2)

124 (76)

0

55 (71)

2 (4)

69 (79)

565
106

561
164

4.43

4.49

4
0
106

6
0
163

6.5

5.6

636
61
4.40

2
0
61
7.5

606
77
4.39

4
0
77
7.2

490
45
4.50

7
0
45
4.4

527
87
4.59

8
0
86
3.8

44 (41)

74 (45)

17 (28)

29 (38)

27 (59)

45 (52)

6.44

7.84

3.69

5.20

12.14

11.67

* 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.

vival rate was higher among those who were positive for E2 antibody than among those who were
negative, although this difference was not significant 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 statistically 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 survived 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

n engl j med 350;10

age at HIV seroconversion, plasma HIV RNA levels
one year after seroconversion, and the use of antiretroviral therapy were similar in the two groups
(Table 1). The subgroups were not biased with respect to exposure to GBV-C, since the prevalence
of current and past infections with GBV-C (as defined 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 viremia survived significantly longer than those with
evidence of prior GBV-C infection (those who were
positive for E2 antibody) and those with no evidence 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
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GBV-C RNA+ at 12 to 18 mo
GBV-C RNA¡, E2+ at 12 to 18 mo
GBV-C RNA¡, E2¡ at 12 to 18 mo

GBV-C RNA+ at 12 to 18 mo
GBV-C RNA¡, E2+ at 12 to 18 mo
GBV-C RNA¡, E2¡ at 12 to 18 mo

100

100

80

80

60

60

Survival (%)

Survival (%)

P=0.4
P=0.4
40
P=0.2
20

P=0.2

40

20

0

0
0

2

4

6

8

10

0

Years after Early Visit
Total
No.
GBV-C RNA+ at 12 to 18 mo
107
GBV-C RNA¡, E2+ at 12 to 18 mo 124
GBV-C RNA¡, E2¡ at 12 to 18 mo 40

2

4

6

8

10

Years after Early Visit

No. of
Deaths

Relative
Hazard (95% CI)

44
55
19

1.00
1.30 (0.87–1.93)
1.26 (0.74–2.16)

GBV-C RNA+ at 12 to 18 mo
GBV-C RNA¡, E2+ at 12 to 18 mo
GBV-C RNA¡, E2¡ at 12 to 18 mo

Total
No.

No. of
Deaths

Relative
Hazard (95% CI)

61
55
22

17
22
7

1.00
1.47 (0.78–2.77)
1.47 (0.61–3.56)

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 comparison 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.

had clearance of GBV-C before the early visit without 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–negative men. To assess the potential effect of a misclassification 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 significant differences in mortality (data not shown).
Similarly, the prevalence of heterozygosity for the
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polymorphism in the gene for CC chemokine receptor 5 (CCR5) ∆32, which is associated with delayed progression of HIV disease,33 was low in the
study group as a whole (22 of 271) and did not differ significantly according to GBV-C status (data
not shown).

discussion
This study provides strong evidence that GBV-C infection is associated with prolonged survival among
HIV-infected people. We found that the survival advantage was large and dependent on the persistence 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
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A

B
GBV-C RNA+ at both visits, E2¡
GBV-C RNA¡ at both visits, E2+
GBV-C RNA¡ at both visits, E2¡
GBV-C RNA+ at 12 to 18 mo, RNA¡
at 5 to 6 yr

100

100

80
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Survival (%)

Survival (%)

GBV-C RNA+ at 5 to 6 yr
GBV-C E2+ at 5 to 6 yr
GBV-C E2¡ at 5 to 6 yr

P=0.03
P=0.002

40

20

P=0.08

60

P=0.03
40

20

0

P=0.003

0
0

1

2

3

4

5

6

0

Years after Late Visit

GBV-C RNA+ at 5 to 6 yr
GBV-C E2+ at 5 to 6 yr
GBV-C E2¡ at 5 to 6 yr

1

2

3

4

5

6

Years after Late Visit

Total
No.

No. of
Deaths

Relative
Hazard (95% CI)

50
59
29

9
23
14

1.00
2.83 (1.10–5.15)
3.85 (1.66–8.95)

GBV-C RNA+ at both visits, E2¡
GBV-C RNA¡ at both visits, E2+
GBV-C RNA¡ at both visits, E2¡
GBV-C RNA+ at 12 to 18 mo,
RNA¡ at 5 to 6 yr

Total
No.

No. of
Deaths

Relative
Hazard (95% CI)

49
59
17
12

9
23
6
8

1.00
2.40 (1.11–5.20)
2.57 (0.91–7.24)
5.87 (2.24–15.38)

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.

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 survival benefit is greater than that reported for men in
the Multicenter AIDS Cohort Study who are heterozygous 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

n engl j med 350;10

the duration of HIV infection, to test for the persistence of GBV-C infection, to take into account the
presence of heterozygosity for the CCR5 ∆32 mutation, and to analyze specimens collected before
the initiation of highly active antiretroviral therapy. Previous studies of the effect of GBV-C coinfection on the progression of HIV disease that did not
find a survival benefit tested only samples from patients with high CD4+ T-cell counts23,24 (i.e., relatively 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 seroconversion was not predictive of survival in our cohort,
whereas the status 5 to 6 years after HIV seroconver-
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12
10

40.6 (37.5 to 43.8) 53.1 (49.6 to 56.6) 44.7 (38.9 to 50.6) 53.9 (46.7 to 61.1) 37.4 (30.7 to 44.2) 56.7 (47.1 to 66.3)
59
58
17
16
12
12

816 (740 to 893)
59

279 (118 to 439)
12

5.5 (5.3 to 5.7)

¡107 (¡148 to ¡67)
12

744 (552 to 937)
12

1.3 (1.1 to 1.4)

* Data for one man who was GBV-C–negative 12 to 18 months after HIV seroconversion and GBV-C–positive 5 to 6 years after HIV seroconversion were omitted. CI denotes confidence
interval. P values are for pairwise comparisons.
† P<0.05 for the respective comparison with men who were GBV-C RNA–negative and E2 antibody–positive at both visits.
‡ P<0.05 for the respective comparison with the men who were negative for both GBV-C RNA and E2 antibody at both visits.
§ P<0.005 for the respective comparison with the men who were GBV-C RNA–positive at 12 to 18 months and GBV-C RNA–negative 5 to 6 years after HIV seroconversion.
¶ The annual change in the CD4 cell count and plasma HIV RNA level describes the annual change per year for the period between the two visits.

Annual change in plasma
HIV RNA — log
copies/ml/yr¶
Mean (95% CI)
No. evaluated

4.38 (4.16 to 4.60)
31

50.5 (47.7 to 53.4)
49

1005 (880 to 1129)
49

338 (195 to 480)
17

5.6 (5.3 to 5.8)

¡60 (¡99 to ¡22)
17

593 (490 to 696)
17

1.4 (1.2 to 1.4)

5–6 Yr after HIV
Seroconversion

of

4.25 (4.07 to 4.43)
49

792 (690 to 894)
49

CD8+ T-cell count —
cells/mm3
Mean (95% CI)
No. evaluated

388 (318 to 458)
58

5.6 (5.5 to 5.7)

¡70 (¡87 to ¡52)
58

685 (609 to 760)
59

1.3 (1.3 to 1.4)

12–18 Mo
after HIV
Seroconversion

GBV-C RNA–Positive at 12 to 18 Mo,
GBV-C RNA–Negative at 5 to 6 Yr
(N=12)

new england journal

Plasma HIV RNA —
log copies/ml
Mean (95% CI)
No. evaluated

527 (444 to 610)†‡§
49

5.6 (5.5 to 5.7)

¡26 (¡46 to ¡6)†§
49

641 (577 to 706)
49

Annual change in CD4+
T-cell count —
cells/mm3/yr¶
Mean (95% CI)
No. evaluated

1.3 (1.2 to 1.3)

CD4+ T-cell count —
cells/mm3
Mean (95% CI)
No. evaluated

5–6 Yr after HIV
Seroconversion

12–18 Mo
after HIV
Seroconversion

5–6 Yr after HIV
Seroconversion

12–18 Mo
after HIV
Seroconversion

12–18 Mo after HIV
Seroconversion

5–6 Yr after HIV
Seroconversion

GBV-C RNA–Positive at Both Visits (N=49)

Years after HIV seroconversion
Mean (95% CI)

Characteristic

GBV-C RNA–Negative at Both Visits,
E2 Antibody–Negative (N=17)

GBV-C RNA–Negative at Both Visits,
E2 Antibody–Positive (N=59)

Table 2. Characteristics of the Men According to Their Status with Respect to GB Virus C (GBV-C) RNA and Glycoprotein E2 Antibody 12 to 18 Months and 5 to 6 Years
after Human Immunodeficiency Virus (HIV) Seroconversion.*
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sion was highly associated with survival, indicating
that the stage of HIV infection may explain the discrepancy 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 antibody, 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 infection. This study focused on men who acquired
HIV by sexual transmission before effective antiretroviral therapy became available. Therefore, it may
not apply to women, patients treated with antiretroviral therapy, or people infected parenterally. For
instance, the rate of clearance of GBV-C may be
higher among those parenterally exposed,35 raising 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 viral 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 prognosis. 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 characteristics that confer relative resistance to the progression of HIV disease. More data on the development 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.
Funded by grants (UO1-AI-35042, 5-MO1-RR-00722, UO1-AI35043, UO1-AI-37984, UO1-AI-35039, UO1-AI-35040, UO1-AI37613, and UO1-AI-35041; and AI 250478 and AI 27661 [to Dr.
Stapleton]) from the National Institute of Allergy and Infectious
Diseases, the National Cancer Institute, and a Veterans Affairs Merit
Review award (to Dr. Stapleton).
We are indebted to Dr. Alvaro Muñoz for assistance with statistical
analysis and to Beth Alden and Dr. Gary Doern (University of Iowa)
for technical assistance.

references
1. Rowland-Jones S. Long-term non-progression in HIV infection: clinico pathological issues. J Infect 1999;38:67-70.
2. Buchbinder S, Vittinghoff E. HIV-infected long-term nonprogressors: epidemiology, mechanisms of delayed progression, and
clinical and research implications. Microbes
Infect 1999;1:1113-20.
3. Heringlake S, Ockenga J, Tillmann HL,
et al. GB virus C/hepatitis G virus infection:
a favorable prognostic factor in human immunodeficiency virus-infected patients? J Infect Dis 1998;177:1723-6.
4. Toyoda H, Fukuda Y, Hayakawa T, Takamatsu J, Saito H. Effect of GB virus C/hepatitis G virus coinfection on the course of HIV
infection in hemophilia patients in Japan.
J Acquir Immune Defic Syndr Hum Retrovirol 1998;17:209-13.
5. Lefrère JJ, Roudot-Thoraval F, MorandJoubert L, et al. Carriage of GB virus C/hepatitis G virus RNA is associated with a slower

immunologic, virologic, and clinical progression of human immunodeficiency virus disease in coinfected persons. J Infect Dis 1999;
179:783-9.
6. Yeo AET, Matsumoto A, Hisada M, Shih
JW, Alter HJ, Goedert JJ. Effect of hepatitis G
virus infection on progression of HIV infection in patients with hemophilia: Multicenter
Hemophilia Cohort Study. Ann Intern Med
2000;132:959-63.
7. Xiang J, Wünschmann S, Diekema DJ, et
al. Effect of coinfection with GB virus C on
survival among patients with HIV infection.
N Engl J Med 2001;345:707-14.
8. Tillmann HL, Heiken H, Knapik-Botor
A, et al. Infection with GB virus C and reduced mortality among HIV-infected patients. N Engl J Med 2001;345:715-24.
9. Stapleton JT. GB virus type C/hepatitis G
virus. Semin Liver Dis 2003;23:137-48.
10. Alter HJ. G-pers creepers, where’d you
get those papers? A reassessment of the lit-

n engl j med 350;10

www.nejm.org

erature on the hepatitis G virus. Transfusion
1997;37:569-72.
11. Fischler B, Lara C, Chen M, Sonnerborg
A, Nemeth A, Sallberg M. Genetic evidence
for mother-to-infant transmission of hepatitis G virus. J Infect Dis 1997;176:281-5.
12. Linnen J, Wages J Jr, Zhang-Keck Z-Y, et
al. Molecular cloning and disease association of hepatitis G virus: a transfusion-transmissible agent. Science 1996;271:505-8.
13. Dawson GJ, Schlauder GG, Pilot-Matias
TJ, et al. Prevalence studies of GB virus-C
using reverse transcriptase-polymerase chain
reaction. J Med Virol 1996;50:97-103.
14. Semprini AE, Persico T, Thiers V, et al.
Absence of hepatitis C virus and detection of
hepatitis G virus/GB virus C RNA sequences
in the semen of infected men. J Infect Dis
1998;177:848-54.
15. Rubio A, Rey C, Sanchez-Quijano A, et
al. Is hepatitis G virus transmitted sexually?
JAMA 1997;277:532-3.

march 4, 2004

Downloaded from www.nejm.org by CARLOS R. YAGO GALUAN on March 10, 2004.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.

989

persistent gb virus c infection in hiv-infected men

16. Wu JC, Sheng WY, Huang YH, Hwang

23. Birk M, Lindback S, Lidman C. No influ-

SJ, Lee SD. Prevalence and risk factor analysis of GBV-C/HGV infection in prostitutes.
J Med Virol 1997;52:83-5.
17. Feucht H-H, Zollner B, Polywka S, Laufs
R. Vertical transmission of hepatitis G. Lancet 1996;347:615-6.
18. Toyoda H, Takahashi I, Fukuda Y, Hayakawa K, Takamatsu J. Comparison of characteristics between patients with GB virus C/
hepatitis G virus (GBV-C/HGV) RNA and
those with GBV-C/HGV E2-antibody in patients with hemophilia. J Med Virol 2000;60:
34-8.
19. Tacke M, Schmolke S, Schlueter V, et al.
Humoral immune response to the E2 protein
of hepatitis G virus is associated with longterm recovery from infection and reveals a
high frequency of hepatitis G virus exposure
among healthy blood donors. Hepatology
1997;26:1626-33.
20. Thomas DL, Vlahov D, Alter HJ, Marshall
R, Astemborski J, Nelson KE. Association of
antibody to GB virus C (hepatitis G virus)
with viral clearance and protection from reinfection. J Infect Dis 1998;177:539-42.
21. Xiang J, Wunschmann S, Schmidt WN,
Shao J, Stapleton JT. Full-length GB virus C
(hepatitis G virus) RNA transcripts are infectious in primary CD4-positive T cells. J Virol
2000;74:9125-33.
22. Sabin CA, Devereux H, Kinson Z, et al.
Effect of coinfection with hepatitis G virus
on HIV disease progression in hemophilic
men. J Acquir Immun Defic Syndr Hum Retrovirol 1998;19:546-8.

ence of GB virus C replication on the prognosis in a cohort of HIV-1-infected patients.
AIDS 2002;16:2482-5.
24. Brust D, Jagannatha S, Herpin B, et al.
Hepatitis G virus (HGV) infection does not
prolong survival of patients with early-stage
HIV disease: importance of baseline HIV viral load as a predictor of mortality. In: Abstracts of the 14th International AIDS Conference, Barcelona, Spain, July 7–12, 2002.
abstract.
25. Mosier DE, Chisari FV. GB virus C and
mortality from HIV infection. N Engl J Med
2002;346:377.
26. Chmiel JS, Detels R, Kaslow RA, Van
Raden M, Kingsley LA, Brookmeyer R. Factors associated with prevalent human immunodeficiency virus (HIV) infection in the
Multicenter AIDS Cohort Study. Am J Epidemiol 1987;126:568-77.
27. Kaslow RA, Ostrow DG, Detels R, Phair
J, Polk BF, Rinaldo CR Jr. The Multicenter
AIDS Cohort Study: rationale, organization,
and selected characteristics of the participants. Am J Epidemiol 1987;126:310-8.
28. Dudley J, Jin S, Hoover D, Metz S, Thackeray R, Chmiel J. The Multicenter AIDS Cohort Study: retention after 9 1/2 years. Am
J Epidemiol 1995;142:323-30.
29. Mellors JW, Munoz A, Giorgi JV, et al.
Plasma viral load and CD4+ lymphocytes as
prognostic markers of HIV-1 infection. Ann
Intern Med 1997;126:946-54.
30. Detels R, Munoz A, McFarlane G, et al.
Effectiveness of potent antiretroviral thera-

py on time to AIDS and death in men with
known HIV infection duration. JAMA 1998;
280:1497-503.
31. Xiang J, Klinzman D, McLinden J, et al.
Characterization of hepatitis G virus (GB-C
virus) particles: evidence for a nucleocapsid
and expression of sequences upstream of
the E1 protein. J Virol 1998;72:2738-44.
32. Stapleton JT, Klinzman D, Schmidt
WN, et al. Prospective comparison of wholeblood- and plasma-based hepatitis C virus
RNA detection systems: improved detection
using whole blood as the source of viral RNA.
J Clin Microbiol 1999;37:484-9.
33. Ioannidis JP, Rosenberg PS, Goedert JJ,
et al. Effects of CCR5-Delta32, CCR2-64I,
and SDF-1 3'A alleles on HIV-1 disease progression: an international meta-analysis of
individual-patient data. Ann Intern Med
2001;135:782-95.
34. Dean M, Carrington M, Winkler C, et al.
Genetic restriction of HIV-1 infection and
progression to AIDS by a deletion allele
of the CKR5 structural gene: Hemophilia
Growth and Development Study, Multicenter
AIDS Cohort Study, Multicenter Hemophilia Cohort Study, San Francisco City Cohort,
ALIVE Study. Science 1996;273:1856-62.
[Erratum, Science 1996;274:1069.]
35. Klinzman D, Katz L, George SL, et al. GB
virus C/hepatitis G virus: does clearance of viremia differ based on mode of transmission? In: Viral hepatitis and liver disease. Atlanta: International Medical Press (in press).
Copyright © 2004 Massachusetts Medical Society.

powerpoint slides of journal figures
At the Journal’ s Web site, subscribers can automatically create PowerPoint slides of
Journal figures. Click on a figure in the full-text version of any article at www.nejm.org,
and then click on PowerPoint Slide for Teaching. A PowerPoint slide containing the
image, with its title and reference citation, can then be downloaded and saved.

990

n engl j med 350;10

www.nejm.org

march 4 , 2004

Downloaded from www.nejm.org by CARLOS R. YAGO GALUAN on March 10, 2004.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.

