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Background and Objectives. To investigate the preva-
lence and evolution of hepatitis G virus (HGV) infec-
tion in hemophiliacs and to correlate evolution of HGV
infection markers with immunologic parameters in
those patients co-infected with HIV.

Design and Methods. HGV RNA and anti-E2 antibod-
ies were studied in 124 patients. Serial samples
were drawn every 4 months from 1992 to 1996. Lym-
phocyte subsets including T-helper lymphocytes, T-
suppressor lymphocytes, T-cytotoxic lymphocytes,
activated T-lymphocytes and natural killer cells were
analyzed.

Results. Prevalences were 22.6% for HGV RNA and
18.5% for anti-E2. Four patients had both HGV RNA
and anti E2, so the overall prevalence of HGV infection
in hemophiliacs was 37.9% (11.5% in 200 controls,
p<0.0001). After a median follow-up of 36.6 months
20 patients remained HGV RNA positive, whereas HGV
RNA had cleared in 8, with an actuarial probability of
clearance at 36 months of 34.6%. Only 2 patients
developed anti-E2 antibodies. Four patients cleared
anti-E2, with an actuarial probability at 36 months of
24.8%. In patients with HIV infection, both lower CD4+

lymphocyte count (p=0.01) or higher CD8+ lympho-
cyte count (p=0.03) showed predictive value for prob-
ability of clearing HGV-RNA. CD4+/CD8+ ratio
(p=0.002) was the only variable included in the best
model for HGV-RNA disappearance.

Interpretation and Conclusions. A more accurate
estimation of the prevalence of HGV infection can
be achieved with the determination of both HGV RNA
and anti-E2. Anti-E2 response can be undetectable
or transitory after disappearance of HGV-RNA, giv-
ing therefore rise to the possibility of underestimat-
ing HGV prevalence with currently diagnostic meth-
ods. In HIV-positive patients, cellular immune func-
tion seems to be involved in the resolution of HGV
infection, following the significant correlation found
between clearance of HGV-RNA and CD4+/CD8+ lym-
phocyte populations.
©1999, Ferrata Storti Foundation
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Transfusion of plasma derivatives is a vital thera-
peutic intervention in hemophiliacs, but it carries
the risk of  transmitting viral infections.1-3 Many

hemophilia A patients treated in the past with non-
virus-inactivated factor VIII concentrates became
infected with human immunodeficiency virus (HIV),
and almost all have been infected with hepatitis C
virus (HCV).1,2 Recently, a new parenterally trans-
mitted agent potentially responsible for some cases
of non A-E hepatitis has been reported by two inde-
pendent groups and named as the hepatitis GB virus
C (GBV-C)4 and hepatitis G virus (HGV).5 Sequence
analysis data have demonstrated that GBC-C and
HGV are independent isolates of the same virus,
showing 86% nucleotide and 96% amino acid simi-
larity. The HGV genome is a positive single stranded
RNA molecule containing approximately 9,400
nucleotides and has a genomic organization resem-
bling that of Flaviviridae with 25% nucleotide homol-
ogy to hepatitis C virus. 

Studies of viral RNA have demonstrated a world-
wide distribution of HGV. It has been reported to
infect blood donors,4-6 recipients of either transfu-
sions or organs,7,8 and populations with risk factors
for blood-borne viral infections such as intravenous
drug users,5,8,9 patients on hemodialysis,10 and
hemophiliacs.5 Initially HGV was implicated in acute
or chronic hepatitis of non A-E etiology,11 and in
some cases of fulminant hepatitis,12,13 although there
is growing evidence of the scarce pathogenic role of
HGV in hepatitis.14 In addition, viral RNA has been
detected in plasma pools, intravenous immunoglob-
ulins15 and non-virus-inactivated factor VIII concen-
trates.16 Parenteral transmission of HGV is widely
documented and seems to be the most common
route of infection,5,6,17 although vertical transmission
of HGV has also been reported.18,19 On the other
hand, the high frequency of HGV infection in
patients co-infected with hepatitis B virus (HBV) or
with HCV suggests that they might have common
routes of transmission.10,20

Analysis of HGV prevalence has been based to date
on detection of viral genome by nucleic  acid ampli-
fication techniques and, recently, a test for antibody
detection to the E2 envelope region of HGV (anti-E2



antibodies) has been developed.21-23 Studies of the
prevalence of anti-E2 antibodies suggest that anti-E2
are recovery-phase antibodies frequently associated
with clearance of HGV RNA and resolution of infec-
tion.22 Such observations indicate that detection of
HGV RNA may underestimate the total rate of HGV
exposure since patients could have had HGV infec-
tion that had resolved. However, anti-E2 antibodies
may not be the only factor implicated in HGV infec-
tion resolution since some patients seem to resolve
infection without developing anti-E2 antibodies.24

In hemophiliacs, multiple substitutive-therapy trans-
fusions and the high prevalence of HIV infection have
a detrimental impact on immune function that may
influence the course of other viral co-infections. Little
information is currently available on the natural course
of HGV infection in hemophiliacs;25, 26 moreover, the
potential influence of host factors such as lymphocyte
subpopulations on the outcome of HGV infection has
not been established. The aim of the present study
was to analyze the prevalence of HGV RNA and anti-
E2 antibodies in a cohort of Spanish hemophiliacs, to
evaluate their evolution over follow-up and to corre-
late evolution with lymphocyte subsets in those
patients co-infected with HIV.

Design and Methods

Patients and controls
One hundred and twenty-four hemophilia A

patients from four Hemophilia Units in Spain were
evaluated. The patients were included in a prospective
study of cellular immunity, carried out in previously
transfused hemophiliacs, which began in 1992. The
serial serum samples collected for the study were used
to investigate HGV infection markers. The study was
approved by the Human Experimental Committee of
the participant Hospitals and was carried out accord-
ing to the principles of the declaration of Helsinki.
Informed consent was obtained from each of the par-
ticipants. The median age of the patients was 22 years
(range: 5-60 years). Thirty-eight were children (≤16
years). Of the 124 patients, 117 had severe hemo-
philia (factor VIII:C ≤2 U/dL), 4 moderate (factor
VIII:C 2-5 U/dL) and 3 mild (factor VIII:C ≥5 U/dL).
Patients were categorized in CDC groups I to IV
according to the CDC classification.27 Prior to inclu-
sion in the study the patients had been treated with
non-viral-inactivated factor VIII concentrates until
1985 and with viral-inactivated concentrates there-
after. From inclusion in the study the patients were
treated only with affinity chromatography-purified
factor VIII (n=70), ion exchange chromatography-
purified factor VIII (n=51), or intermediate purity fac-
tor VIII (n=3). The average units/year transfused of
affinity chromatography-purified factor VIII were
79,278, of ion exchange chromatography-purified
factor VIII 75,938, and of intermediate purity factor
VIII 87,554. 

A total of 200 consecutive non-renumerated
healthy blood donors (114 men, 86 women, mean
age 39 years, range 18-65 years) were also studied as
the control group.  

Sampling
Blood samples were obtained from patients every

four months from 1992 to 1996, whereas a single
sample from blood donors was evaluated. For viral
studies, serum was separated from whole blood and
immediately frozen at –70°C until tested. Samples
were carefully handled and aliquoted to avoid cont-
amination and degradation of viral nucleic acid.
Samples were not thawed more than once. For deter-
mination of lymphocyte subsets, EDTA anticoagu-
lated whole blood was obtained and immediately
analyzed. 

HIV and HCV serology
Anti-HIV and anti-HCV antibodies were detected in

serum by third generation ELISA methods (Ortho
HIV-1/HIV-2 Ab-Capture ELISA /Ortho HCV 3.0
ELISA, Ortho Diagnostic Systems Inc., Raritan, NJ,
USA) and confirmed by Western Blot (Bioblot HIV-
1 plus, Biokit SA, Barcelona, Spain) and RIBA (Chi-
ron RIBA HCV 3.0 SIA, Emeryville, CA, USA), respec-
tively.

HGV RNA PCR
RNA was extracted from 140 µL of serum using sil-

ica-gel-based membrane columns (QIAamp® viral
RNA, Qiagen, Hilden, Germany) and eluted in a final
volume of 50 mL of RNase-free water. Complementary
DNA was synthesized from 10 µL of RNA by 45 min
incubation at 42°C with 25U of Expand™ reverse tran-
scriptase, 50 nM of random primers, 1 U of ribonu-
clease inhibitor, and 200 µM of each deoxynucleotide
in a final volume of 20 µL (all from Boehringer
Mannheim, Mannheim, Germany). The primers select-
ed for HGV cDNA amplification were deduced from
the 5’ non-coding region (5’NCR), due to the high
conservation of the 5’NCR sequence postulated for
HGV.4,5,16 The following primers were used: 5’-CGG
CCA AAA GGT GGT GGA TG-3’, sense primer, posi-
tion 101-120 and 5’-CGA CGA GCC TGA CGT CGG
G-3’ antisense primer, position 285-267 and digoxi-
genin labeled deoxynucleotides (Boehringer Mann-
heim). PCR was performed in a Techne Progene ther-
mal cycler (Techne, Cambridge, UK) by 40 cycles at
94°C for 45 sec, 55°C for 1 min, and 72°C for 1 min,
and a final extension cycle of 5 min at 72°C. Digoxi-
genin-labeled PCR products were detected by solution
hybridization to a biotin-labeled 5’NCR specific cap-
ture probe (sequence 5’-GGT AGC CAC TAT AGG
TGG G-3’, position 161-179) that is complementary
to the inner part of the amplicon. Hybrids were immo-
bilized to a streptavidin-coated microtiter plate sur-
face. Unspecific amplification products do not
hybridize to the capture probe and are removed dur-
ing the following washing steps. The bound hybrid
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was detected by an anti-digoxigenin peroxidase con-
jugate (PCR ELISA DIG detection, Boehringer Mann-
heim). Absorbance was measured at 405 nm. The
mean optical density (O.D.) of positive controls was
1.204 (range: 1.021-1.427) and the mean O.D. of
negative controls was 0.046 (range: 0.038-0.057).
Samples giving a signal five times above the mean O.D.
of negative controls were considered positive. Positive
results were accepted upon agreement on repeated
testing. The sensitivity of the assay has been reported
to be of 83102 genome equivalents per mL.28 The rec-
ommendations from Kwok and Higuchi29 were fol-
lowed  strictly in order to avoid false positive results.
Appropriate positive and negative controls were used
for extraction, retrotranscription, amplification, and
detection steps. Positive controls included serum sam-
ples known to contain HGV RNA in high and low con-
centrations, and amplification and detection of a con-
trol human gene (tissue plasminogen activator gene).
Negative controls included sera negative for HGV
RNA, as well as reagents without template.

Detection of antibodies to the E2-protein of HGV
Antibodies to the E2 envelope protein of HGV were

determined by an ELISA method (mPlate anti-HGenv,
Boehringer Mannheim) as described elsewhere.30

The mean opical density (O.D.) of the positive con-
trols was 1.015 (range: 0.896-1.188) and the mean
O.D. of the negative controls was 0.061 (range:
0.053-0.069). The cut-off value was calculated as
recommended by the manufacturer. A sample was
considered negative if the absorbance was lower than
the cut-off value. A sample was considered positive if
the absorbance was higher than the cut-off value and
was confirmed by repeated testing. 

Lymphocyte subsets
Mononuclear cells were first isolated from whole

blood by standard Ficoll-Hypaque density gradient
centrifugation. The cells were washed twice in phos-
phate-buffered saline (pH 7.2, Bio-Mérieux, Marcy-
l’Etoile, France) containing bovine serum albumin
(Sigma, St. Louis, MO, USA) and human decomple-
mented AB group serum. Lymphocyte subsets were
analyzed by double direct immunofluorescence flow
cytometry on a FACScan (Becton Dickinson, Moun-
tain View, CA, USA) using Lysis II software. Mono-
clonal antibodies conjugated with phycoerythrin or
fluorescein (all from Becton Dickinson) were used to
analyze the following cell subsets: total T-lymphocytes
(CD2+/CD3+), total B-lymphocytes (CD19+), T-helper
lymphocytes (CD4+), T-suppressor lymphocytes
(CD8+), natural killer cells (including CD57+/CD8–;
CD16 (Leu-11c)+; CD56+/CD3–), T-cytotoxic lym-
phocytes (CD3+/ CD56+), and activated T-lympho-
cytes (CD3+/CD25+; CD3+/CD71+; CD3+/HLA-DR+).
A total of 10,000 lymphocytes were acquired for each
sample. Positivity for each monoclonal antibody was
established using isotype controls with the same flu-
orochrome.

Statistical methods
Results are expressed as mean, median or propor-

tions. Ranges, standard deviations, standard errors
or two-tailed 95% confidence intervals (CI) are report-
ed as dispersion measurements. Comparisons were
made by t-tests for independent or for paired data or
by the Chi-square test. The decay of CD4+ lymphocyte
counts over follow-up was evaluated in each HIV pos-
itive patient by the slope of the regression line calcu-
lated using the least square method by plotting CD4+

absolute counts vs. follow-up time for all of the
patient’s samples. Actuarial probabilities for HGV
RNA and anti-E2 clearance were evaluated using actu-
arial curves calculated by the Kaplan-Meier method31

and actuarial probabilities at 36 months (including
CI) are reported. Actuarial curves were compared by
the log-rank test.32 Multivariate analysis of the prob-
ability of clearing HGV virus was performed using the
proportional hazard model with covariates;33 relative
risk (RR) was taken as the ratio of the risk of death per
unit time for a patient with a given set of high risk
variables to the risk for a patient without these high
risk variables.33 Statistical analyses were performed
using the BMDP statistical package.34

Results
The median follow-up of the cohort was 36.6

months (range: 6.1 to 44.3). Four patients died at
6.1, 7.2, 8.2 and 26.0 months of follow-up. Anti-
bodies to HCV were detected in 114 patients (92.0%,
CI: 87.2-96.8%) and antibodies to HIV in 105
patients (84.6%, CI: 78.2-91.0%). Fifty-seven patients
were classified in CDC group II, 7 patients in CDC
group III, and 41 patients in CDC group IV.

Lymphocyte subsets counts in HIV-positive patients
and in controls are depicted in Table 1. Statistically
significant differences were observed between
patients and controls for almost all the lymphocyte
subsets analyzed. However, no significant differences
were found  in total T-lymphocytes, total B-lympho-
cytes, T-helper lymphocytes, T-suppressor lympho-
cytes, natural killer cells, T-cytotoxic lymphocytes or
activated T-lymphocytes counts at the end of follow
up in comparison to the recruitment values (Table
1). CD4+ lymphocyte count decay slopes ranged from
+0.91 to –0.80 with a median of -0.01.

HGV infection on recruitment
At the time of inclusion in the study, HGV RNA was

detected in 28 patients (22.6%, CI: 15.2-30.0%) and
anti-E2 antibodies were detected in 23 patients
(18.5%, CI: 11.7-25.3%). Only 4 patients had HGV
RNA and anti-E2 antibody simultaneously (Table 2).
The whole prevalence of HGV infection in hemophil-
iacs was, therefore, 37.9% (CI: 29.3-46.5%). In the
control group HGV RNA was detected in 3% (CI: 0.6-
5.4%) and anti-E2 antibodies in 8.5% (CI: 4.6-
12.4%). The total prevalence in the control group was
thus 11.5% (CI: 7.1%-15.9%) (p <0.0001 compared
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with hemophiliacs). No significant differences were
found in serum aminotransferase levels between
patients with or without HGV infection (AST mean
±SD: 76.1±134.2 U/L vs 70.1±118.4 U/L; ALT mean
±SD: 72.8±143.4 U/L vs 63.2±102.1 U/L).

In HIV positive patients, no differences were found
in the lymphocyte subsets analyzed among patients
with or without HGV infection. We did not find sig-
nificant differences in the O.D. of the anti-E2 test in
anti-E2 positive and anti-E2 negative samples between
patients infected or not by HIV.

The prevalence of HGV infection increased with age
in hemophiliacs. Pediatric patients had a significant-
ly lower prevalence of HGV infection than adults
(23.6% vs. 44.2%, p <0.05). The prevalences of HIV
and HCV infection were also lower in the children
(65.8% vs. 93% for HIV, p<0.001 and 73.6% vs. 98.8%
for HCV, p <0.001). 

HGV infection through follow-up
Of 28 initially viremic patients, 20 (71.4%) remained

HGV RNA positive throughout the study. In 8 patients
(28.6%) HGV RNA became undetectable at 5.5, 5.7,
10.6, 11.1, 17.5, 26.0, 32.0, and 36.0 months of fol-
low-up. The actuarial probability for HGV RNA clear-
ance at 36 months was 34.6% (CI: 30.6-38.6%) (Fig-
ure 1). Two of these patients showed an anti-E2 anti-
body response while 6 remained anti-E2 antibody neg-
ative and HGV RNA negative in repeated samples
(median follow-up after HGV RNA clearance: 27.6
months, range: 14.3- 36.4 months). Of the 4 patients
with simultaneous positivity for HGV RNA and anti-E2
antibody at recruitment, 3 remained positive for both
markers at 40.4, 41.3 and 44.3 months of follow-up,
while one patient cleared HGV RNA at 26.6 months
(Table 2). In patients with HIV infection, lower CD4+

lymphocyte counts (p=0.01), and higher CD8+ lym-
phocyte counts (p=0.03) showed predictive value for
the probability of clearing HGV-RNA. No relationship
was found between HGV-RNA clearance and the
remainding lymphocyte subsets or CD4+ lymphocyte
count decay. In the multivariate analysis the predictive
model for HGV-RNA clearance included both CD4+

(considering <3003106/L=1, 300-6003106/L=2,
>6003106/L=3; p=0.01, coefficient=1.6695, standard
error=0.8055, RR=5.31) and CD8+ lymphocyte counts
(considering <7003106/L=1, 700-1,0003106/L=2,
>1,0003106/L=3; p=0.03, coefficient=-0.9030, stan-
dard error=0.5119, RR=0.41) (Figure 2). When
CD4+/CD8+ ratio was considered in the analysis,
CD4+/CD8+ ratio was the only variable included in the
best model for HGV-RNA clearance (considering
<0.25=1, 0.25-0.50=2, >0.50=3; p=0.002, coefficient=
1.5764, standard error=0.5917, RR=4.84) (Figure 2).

Of 19 patients anti-E2 antibody positive at recruit-
ment, 15 (78.9%) remained positive while in 4
patients (21%) the anti-E2 antibody became unde-
tectable and persisted negative for a median follow-
up of 15.8 months (range: 8.7-21.5 months). The
actuarial probability of becoming anti-E2 antibody
negative at 36 months was 24.8% (CI: 19.6-30.0%)
(Figure 1). No significant relationship was found
between the studied variables and anti-E2 clearance.

In an 11-year old HIV and HCV positive patient,
HGV RNA became positive at 18.2 months of follow-
up. Anti-E2 antibody response was observed follow-
ing HGV RNA positivization and HGV RNA became
undetectable 25.5 months later. He had not received
packed red cells, plasma, platelet concentrates or cry-
oprecipitates during the study.

Discussion
The prevalence of HGV viremia found in our series

(22.6%) is consistent with previous reports on hemo-
philiacs from other geographical areas, ranging from
15% to 24%.5,16,35,36 The prevalence of anti-E2 anti-
bodies was 18.5%, indicating that overall exposure to
HGV in hemophiliacs is higher than expected from the
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Table 1. Lymphocyte subset counts in 105 HIV-infected
hemophiliacs at baseline and at the end of the follow-up
period, and in the control group. 

First sample Last sample Controls

Total T-lymphocytes
CD2+/CD3+ 1280.3±639.9* 1288.5±671.4* 1691.2±406.1

Total B-lymphocytes
CD19+ 123.1±99.6* 130.0±102.3* 246.2±101.2

T-helper lymphocytes 
CD4+ 235.7±186.1* 228.9±206.6* 766.4±263.0 

T-suppressor lymphocytes
CD8+ 851.2±520.1* 837.2±541.1* 526.5±188.6

Natural killer cells
CD57+/CD8– 42.8±45.6* 43.1±46.2* 69.3±53.7 
Cd16+ 79.2±82.9* 83.2±90.7* 196.6±138.1 
Cd56+/CD3– 60.4±43.5* 65.9±61.8* 179.7±78.7 

T-cytotoxic  lymphocytes
CD3+/CD56+ 41.8±45.7 41.2±39.8 38.1±23.4 

Activated t-lymphocytes
CD3+/CD25+ 32.2±25.6* 29.8±26.2* 59.4±26.7 
CD3+/CD71+ 51.6±56.4* 46.2±61.3* 21.7±22.6 
CD3+/HLADR+ 426.4±311.8* 386.2±328.6* 86.9±50.6 

Mean±standard deviation (x106/L);*p<0.001 compared with controls.

Table 2. Results of HGV RNA and anti-E2 antibodies deter-
mination at baseline and at the end of the follow-up period
in 124 hemophiliacs. 

First sample Last sample

HGV RNA+ HGV RNA– HGV RNA+ HGV RNA–

Anti-E2 + 4 (3.2%) 19 (15.3%) 3 (2.4%) 18 (14.5%)

Anti-E2 – 24 (19.4%) 77 (62.1%) 17 (13.7%) 86 (69.4%)

Number of patients (percentage).
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sole determination of HGV RNA. This prevalence is
significantly higher in hemophiliacs than in the healthy
population with no known risk for blood-borne viral
infections; overall prevalence of HGV in our blood
donor population (11.5%) is similar to that reported
for German blood donors (10%).37 In our series, preva-
lence of HGV infection increased with age; the group
of patients under 16 years had a significantly lower
prevalence of HGV infection than adults. This obser-
vation could be related to the lesser exposure to non-
virus-inactivated factor VIII concentrates in the pedi-
atric group and mirrors the lower prevalence of HIV
and HCV infection in pediatric hemophiliacs than
adult ones.

We found that most of the initially viremic hemo-
philiacs remained viremic during follow-up with an
actuarial probability of clearing HGV RNA of only
34.6% at three years. Long-term HGV viremia has
been reported to occur in hemodialysis patients10 and
in a high proportion of non-immunosuppressed
patients infected with HGV.38 It is noteworthy that, in
a proportion of our patients (6/28), HGV RNA
became undetectable during follow-up without an
anti-E2 antibody response being observed, and, in
addition, of 19 patients initially anti-E2 antibody pos-
itive, 4 (21%) became anti-E2 negative during follow-
up, indicating that anti-E2 antibody response may be
transitory.36,39,40 Although the development of anti-

E2 antibodies has generally been associated with
clearance of the HGV RNA and resolution of infec-
tion,22 the coexistence of both markers has also been
observed in some patients for a limited time.41 In a
recent publication, failure to clear HGV RNA despite
the presence of specific antibodies was reported to
occur in patients co-infected with HIV and/or HCV
and this fact has been attributed to the immunosup-
pressive effects of HIV infection.37 In our series, simul-
taneous positivity for both markers was observed at
recruitment in 4 patients (3.2%)  but we found that
HGV RNA and anti-E2 antibodies can overlap for a
prolonged period. Furthermore, in two patients HGV
RNA cleared after many months of overlapping of

Figure 1. Top, actuarial probability of persistence of HGV
RNA in patients HGV RNA positive at recruitment (n=28);
bottom, actuarial probability of persistence of anti-E2 anti-
body in patients with anti-E2 antibodies at recruitment
(n=23).

Figure  2. Actuarial probability of persistence of HGV-RNA in HIV
positive hemophiliacs subdivided by CD4+ lymphocyte count
(<3003106/L, 300-6003106/L, >6003106/L; p=0.01), CD8+

lymphocyte count (<7003106/L, 700-1,0003106/L, >1,000
3106/L; p=0.03), and CD4+/CD8+ ratio (<0.25, 0.25-0.50,
>0.50; p=0.002).



both markers, suggesting that, despite HIV related
immunosuppression, some patients are finally able
to clear the virus. The exact mechanisms of persis-
tence of or recovery from HGV infection are, howev-
er, still not well known. In this context, it has been
recently reported that anti-E2 antibodies protect
against de novo HGV infection in liver transplant recip-
ients, suggesting that these antibodies have a neu-
tralizing action.42 Nevertheless, the development of
anti-E2 may not be the only factor implicated in HGV
infection resolution, since we observed, in agreement
with a recent report from Prati et al.,24 that some
patients seem to clear their infection without devel-
oping anti-E2. Thus, there is the possibility of under-
estimating the true incidence of HGV infection (and
also the true incidence of reinfection). However, we
did not identify any reappearance of HGV RNA, sug-
gesting HGV reinfection, during the follow up.

In contrast to HCV, the ability of HGV to evade the
immune system does not appear to rely on hyper-
variable regions within E2,41 suggesting that other
mechanisms involving interference of HGV with cel-
lular T-cell response may be implicated.41 An addi-
tional finding of our study is that in HIV positive
patients CD4+ and CD8+ lymphocyte counts have
predictive value for the disappearance of HGV-RNA
whereas natural killer cell counts did not show a sig-
nificant relationship. This indicates that in HIV-infect-
ed hemophiliacs mechanisms associated with the cel-
lular immune response may be involved in the reso-
lution of HGV infection, independently of the devel-
opment of the anti-E2 antibody. In HIV-infected
patients, natural killer activity can be reduced despite
a normal cell number. This effect, in addition to CD4+

T-lymphocytes depletion and disturbances in
cytokine balance, may represent a key pathogenic fac-
tor which facilitates the persistence of HGV infection
in these patients. However, it must be noted that in
these patients the possibility of co-infection with
known or unknown viruses could influence the per-
sistence of infections.

Finally, one patient became HGV RNA positive dur-
ing the study at 18.2 months of follow-up. Most trans-
fusion recipients convert to HGV RNA positivity 7 days
after transfusion17 but conversion times of 21 to 140
days have been reported in hemodialysis patients.10 In
this patient, acquisition of HGV prior to inclusion in
the study is the most plausible explanation, since he
was only treated with high purity factor VIII concen-
trates, and current methods of inactivating HCV are
thought to be equally effective against HGV.16 How-
ever, reactivation of a low-level infection in which
serum levels of the virus were below the limit of detec-
tion, or HGV infection acquired by another route can-
not be excluded. 

In conclusion, overall prevalence of HGV infection
(HGV-RNA and anti-E2) in hemophiliacs is higher
than would be deduced from the sole determination
of HGV-RNA. In our series HGV-RNA tends to persist

in a high proportion of patients, and the disappear-
ance of HGV-RNA is not necessarily associated with
anti-E2 response but is correlated to a lower impair-
ment of CD4/CD8 lymphocyte subsets in HIV co-
infected patients.
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