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Background

 

Previous studies have suggested that
people with human immunodeficiency virus (HIV) in-
fection who are coinfected with GB virus C (GBV-C,
or hepatitis G virus) have delayed progression of HIV
disease. GBV-C is related to hepatitis C virus but does
not appear to cause liver disease.

 

Methods

 

We examined the effect of coinfection
with GBV-C on the survival of patients with HIV in-
fection. We also evaluated cultures of peripheral-blood
mononuclear cells infected with both viruses to de-
termine whether GBV-C infection alters replication in
vitro.

 

Results

 

Of 362 HIV-infected patients, 144 (39.8
percent) had GBV-C viremia in two tests. Forty-one of
the patients with GBV-C viremia (28.5 percent) died
during the follow-up period, as compared with 123 of
the 218 patients who tested negative for GBV-C RNA
(56.4 percent; P<0.001). The mean duration of follow-
up for the entire cohort was 4.1 years. In a Cox re-
gression analysis adjusted for HIV treatment, base-
line CD4+ T-cell count, age, sex, race, and mode of
transmission of HIV, the mortality rate among the 218
HIV-infected patients without GBV-C coinfection was
significantly higher than that among the 144 patients
with GBV-C coinfection (relative risk, 3.7; 95 percent
confidence interval, 2.5 to 5.4). HIV replication, as
measured by the detection of p24 antigen in culture
supernatants, was reproducibly inhibited in cultures
of peripheral-blood mononuclear cells by GBV-C co-
infection. Coinfection did not alter the surface ex-
pression of HIV cellular receptors on peripheral-blood
mononuclear cells, as determined by flow cytometry.

 

Conclusions

 

GBV-C infection is common in peo-
ple with HIV infection and is associated with signifi-
cantly improved survival. (N Engl J Med 2001;345:
707-14.)
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HE course of human immunodeficiency
virus (HIV) infection is extremely variable
among infected persons, although the rea-
sons are incompletely understood. Recent

reports suggest that persons with HIV infection who
are coinfected with GB virus C (GBV-C, also called
hepatitis G virus) have delayed progression of HIV
disease.

 

1-4

 

 GBV-C, a member of the Flaviviridae fam-
ily, is the human virus most closely related to hepa-
titis C virus (HCV).

 

5,6

 

GBV-C was first identified in persons with non-A,
non-B, non-C hepatitis

 

5,6

 

; however, in subsequent
studies it did not appear to replicate primarily in hep-
atocytes or to cause acute or chronic liver disease.

 

7-9

 

In fact, no specific disease has been convincingly as-
sociated with this virus. Infection with GBV-C can
persist for decades with no apparent clinical illness
or death.
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 Persistent GBV-C infection is common,
with rates of infection of approximately 1.8 percent
in healthy blood donors, 15 percent in HCV-positive
persons, and up to 35 percent in HIV-positive per-
sons.

 

11-13

 

 Clearance of infection occurs in approxi-
mately 60 to 75 percent of immunocompetent GBV-
C–infected persons, along with the development of
antibodies to the envelope glycoprotein E2.

 

14

 

 Plasma-
derived GBV-C has been propagated in vitro with
the use of cultures of peripheral-blood mononuclear
cells.

 

15

 

 In addition, we recently demonstrated that vi-
rus derived from an infectious molecular clone repli-
cated in the CD4+ cells in cultures of peripheral-
blood mononuclear cells.

 

16

 

In 1998, Heringlake et al. described an associa-
tion between GBV-C viremia and prolonged survival
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in a study involving 33 subjects who were coinfected
with HIV and GBV-C and 164 HIV-infected sub-
jects without GBV-C infection.

 

1

 

 Subsequently, three
other studies also demonstrated better survival among
69 persons coinfected with GBV-C and HIV (46 sub-
jects with hemophilia and 23 subjects without hemo-
philia) than among 404 HIV-infected persons without
GBV-C infection.

 

2-4

 

 In one study, these results were
found to be independent of age, HIV load, HCV load,
CD4+ and CD8+ T-cell counts, and CC chemokine
receptor 5 (CCR5) (HIV-coreceptor) genotype.

 

4

 

We sought to determine whether GBV-C infection
was associated with prolonged survival in a large pop-
ulation of HIV-infected persons who had acquired
HIV through a variety of modes of transmission. In
addition, we evaluated cultures of peripheral-blood
mononuclear cells infected with both HIV and GBV-
C to determine whether GBV-C infection altered HIV
replication in vitro.

 

METHODS

 

Clinical Evaluation

 

We evaluated consecutive patients who were treated in our HIV
clinic between April 1988 and June 1999 if they gave written in-
formed consent and provided blood samples sufficient for the pur-
poses of the study. All serum and plasma specimens were prepared
within two hours after the blood was sampled and were stored at
¡80°C until use. Demographic and clinical data for the patients
were prospectively entered into a relational data base (Paradox, Bor-
land International, Scotts Valley, Calif.), and data on deaths were ob-
tained from medical and state health department records. Data on
mortality were not available for subjects who left the state of Iowa.

Information about prescribed HIV treatment and prophylaxis
against 

 

Pneumocystis carinii

 

 pneumonia was abstracted from clinic
records. The standard of care was defined for three periods — before
1993, 1993 to 1996, and after 1996. Before 1993, treatment with
a single nucleoside reverse-transcriptase inhibitor was considered to
be the standard of care. Between 1993 and 1996, the standard was
considered either cycling of more than one nucleoside reverse-
transcriptase inhibitor, or treatment with two simultaneous nucle-
oside reverse-transcriptase inhibitors. After 1996, three-drug regi-
mens that included two nucleoside reverse-transcriptase inhibitors
and either a nonnucleoside reverse-transcriptase inhibitor or an
HIV-protease inhibitor were considered standard. 

If the CD4+ cell count was 500 or higher, the standard of care
was to prescribe no therapy, and if the plasma HIV RNA level was
less than 400 copies per milliliter, any therapy prescribed was con-
sidered standard. Before 1989, trimethoprim–sulfamethoxazole,
dapsone, or aerosolized pentamidine was considered standard for
patients with a history of 

 

P. carinii

 

 pneumonia. After 1988, the
standard of care included treatment with trimethoprim–sulfameth-
oxazole, dapsone, aerosolized pentamidine, or atovaquone for all
patients with fewer than 200 CD4+ cells per cubic millimeter.

 

17

 

Documentation of the prescribed anti-HIV therapy and prophy-
laxis against 

 

P. carinii

 

 pneumonia was available for 96.4 percent
and 98 percent of the patients, respectively. The study was approved
by the institutional review board of the University of Iowa, and
all patients provided written informed consent.

RNA was extracted from serum or plasma (200 µl) with the
use of a previously described guanidinium-isothiocyanate extrac-
tion method

 

18

 

; one quarter of the RNA preparation was used in a
nested reverse-transcriptase polymerase chain reaction (RT-PCR)
to amplify GBV-C RNA (with the use of primers from the 5' un-
translated region).

 

18,19

 

 PCR products were identified by agarose-gel
electrophoresis and ethidium bromide staining.

 

18

 

 Negative control
samples and positive control samples were included with each

sample undergoing PCR testing. To be considered positive, the
sample had to test positive on two separate occasions or two sam-
ples obtained on different dates had to test positive. Laboratory
personnel were not aware of the clinical status of the patients whose
samples they tested.

 

Cells and Viruses

 

Peripheral-blood mononuclear cells were isolated from healthy
blood donors and incubated in RPMI 1640 medium containing
phytohemagglutinin and interleukin-2 for 48 hours before being
infected with GBV-C, HIV, or both, as previously described.
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 Cell
viability was measured by trypan-blue exclusion studies. We deter-
mined the extent of protein synthesis in mock-infected (control)
and GBV-C–infected peripheral-blood mononuclear cells by met-
abolically labeling cellular proteins with [

 

35

 

S]methionine and de-
termining the counts per minute of their incorporation by acid
precipitation, as previously described.
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 The GBV-C isolate used in
this study was derived from supernatant fluids from cell cultures that
had previously been transfected with full-length RNA transcripts
of GBV-C and passed three to six times in cultures of peripheral-
blood mononuclear cells.
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 Similarly, mock-infected control prep-
arations were derived from the supernatant fluids from uninfected
cultures of peripheral-blood mononuclear cells.

 

16

 

 The volume of
mock-infected supernatant was normalized to equal that of the
GBV-C–infected supernatant. 

The HIV isolate used in these studies was a nonsyncytium-
inducing strain (National Institutes of Health AIDS Research and
Reference Reagent Program strain 92UG031; catalogue no. 1741).
The preparations of HIV were propagated as previously described.

 

21

 

After activation in phytohemagglutinin and interleukin-2 for two
days, 1¬10

 

6

 

 peripheral-blood mononuclear cells were washed and
then resuspended in 100 µl of a preparation containing HIV,

 

*Plus–minus values are means ±SD. P>0.05 for all comparisons be-
tween the GBV-C–positive group and the GBV-C–negative group; Pear-
son’s chi-square test was used for the comparison of categorical variables,
and a t-test was used for the comparison of continuous variables.

†The standards of care for anti-HIV therapy and prophylaxis against

 

P. carinii

 

 pneumonia are defined in the Methods section.

‡P=0.07 for the comparison with the GBV-C–positive group.

§Men who had sex with men accounted for 80 percent of the patients
who had acquired HIV by sexual transmission. There was no significant
difference between the GBV-C–positive group and the GBV-C–negative
group in the distribution of modes of transmission.
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V

 

ARIABLE

 

GBV-C S

 

TATUS

 

POSITIVE

 

 (

 

N

 

=144)

 

NEGATIVE

 

 (

 

N

 

=218)

Mean age — yr 34.5 35.1

Female sex — no. (%) 17 (11.8) 26 (11.9)

White race — no. (%) 128 (88.9) 189 (86.7)

Received standard of care — 
no./no. with data (%)†

Anti-HIV therapy 
Prophylaxis against 

 

P. carinii

 

 
pneumonia

131/142 (92.3)
144/144 (100.0)

183/201 (91.0)
210/211 (99.5)

Mean base-line CD4+ cell
count — per mm

 

3

 

313.5±252.2 263.5±258.5‡

Mode of HIV transmission —
no. (%)

Intravenous drug use
Sexual contact§
Blood or blood products

23 (16.0)
113 (78.5)

8 (5.6)

36 (16.5)
162 (74.3)
20 (9.2)
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