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The Incidence and Natural Course of Transfusion-Associated GB Virus
C/Hepatitis G Virus Infection in a Cohort of Thalassemic Patients

By Daniele Prati, Alberto Zanella, Patrizia Bosoni, Paolo Rebulla, Elena Farma, Claudia De Mattei, Carmen
Capelli, Fulvio Mozzi, Domenico Gallisai, Carmelo Magnano, Caterina Melevendi, and Girolamo Sirchia for the
Cooleycare Cooperative Group

To evaluate the risk of transmitting blood-borne GB virus
C/hepatitis G virus (GBV-C/HGV) and to define the natural
course of infection, we performed a prospective study in a
cohort of multitransfused B-thalassemics during a 6-year
follow-up period. We analyzed serum samples of 150 pa-
tients collected at 3-year intervals from 1990 to 1996. GBV-C/
HGV RNA was determined by reverse transcriptase-polymer-
ase chain reaction and antibodies to E2-protein by an enzyme
immunoassay. At baseline, 14.5% of patients had viremia
and 18.5% anti-E2. None of the patients with anti-E2 in 1990
subsequently became viremic. Of the 100 GBV-C/HGV RNA-,
anti-E2~ patients, 10 acquired infection during follow-up, as

(n = 7), or both markers (n = 1) in 1996. The incidence was
1.7 per 100 person-years (95% confidence interval [CI], 0.8 to
3). Since approximately 19,000 blood units were transfused
to these patients during follow-up, the risk of infection was
5.3in 10,000 units (95% Cl, 2 to 8.5). Six of 22 viremic patients
cleared the virus during follow-up; 4 of them became anti-
E2*. Twelve of 28 patients lost anti-E2 reactivity during
follow-up. In conclusion, more than 25% of infections resolve
within 6 years; the presence of anti-E2 seems to be protec-
tive against infection. Anti-E2 reactivity may decrease with
time.

© 1998 by The American Society of Hematology.

indicated by positivity of GBV-C/HGV RNA (n = 2), anti-E2

B VIRUS C (GBV-C) is a recently discovered RNA virus RNA by reverse transcription-polymerase chain reaction (RT-
belonging to theFlaviviridae family.! Its genomic se- PCR), which could identify subjects with active viral replica-

quence is very similar to that of another newly cloned viral tion, but not those with past exposure to the virus.
agent, hepatitis G virus (HG\Ahence, the two are currently To overcome these problems, we chose to base our study on
considered different isolates of the same vitiBpecific viral ~ multiply transfused patients, such as homozygptthalasse-
RNA has been detected in patients affected from hepatic andics, who represent a very informative population because they
hematologic diseases, including fulmindrecute, and chronic  have regularly received blood transfusion every 2 to 4 weeks
non A-C hepatitis;>°and aplastic anemief’The evidence that from early childhood. We analyzed the sera collected in the
GBV-C/HGV is a transfusion-transmissible vikfsand that  period 1990-1996 from 150 patients at centers of the Cooley-
viremia is persistently present in 1% to 2% of repeat bloodcare Cooperative Group, where large numbers of Italians with
donors worldwidé®1° contributed to some concern about the thalassemia are treatét!? In addition to GBV-C/HGV RNA
safety of the current blood supply. Therefore, longitudinal determination, we used a recently described immunoassay to
surveys are deemed necessary to evaluate the risk of acquirirdptect antibodies against the envelope protein E2 of GBV-C/
blood-borne GBV-C/HGV and to better define the natural HGV (anti-E2), which seem to be useful markers for past
history of transfusion-associated infection. Thus far, prospecexposure to GBV-C/HGV14
tive epidemiological and clinical investigations on GBV-C/ In this paper we report the current risk of acquiring blood-
HGV in blood recipients have been hampered by two mainborne GBV-C/HGV infection among transfusion-dependent
difficulties. First, large numbers of patients need to be repeatf-thalassemic patients of our country. Moreover, the virologi-
edly tested to reach reliable conclusions. Second, the onlgal, serological, and biochemical features of transfusion-
available assay was the determination of serum GBV-C/HGWransmitted GBV-C/HGYV infection are prospectively described.

20z dunr 20 Uo 1s8Nb AQ Jpd'y2 2/ L€ L LIy L2/€/16/Pd-8l01E/POO|G/RU"SUONEDlIgNdYSE//:dNY WOy papeojumod

From Centro Trasfusionale e di Immunologia dei Trapianti, and MATERIALS AND METHODS

Divisione di Ematologia, IRCCS Ospedale Maggiore, Milan; Clinica  Patients. In 1989, centers of the Cooleycare program were invited
Pediatrica A. Filia, Universitadi Sassari, Sassari; Divisione di to participate in a prospective longitudinal survey aimed at assessing the
Pediatria, Ospedale Garibaldi, Catania; and Divisione di Pediatria, risk of blood-borne infection¥ Thirty-six centers agreed to participate,
Ospedale Galliera, Genova, Italy. and all 1,384 patients regularly receiving transfusions at these centers

Submitted June 19, 1997; accepted November 14, 1997. were enrolled (716 males, 668 females; median age, 16 years; range, 0

A list of members of the Cooleycare Cooperative Group appears into 45). For each patient, a serum sample collected in December
the Acknowledgment. 1989-March 1990 (baseline sample) and a record including demo-

Supported in part by a grant from the Italian National Institute of graphic data and information on the transfusion regimen were sent to
Health (“Progetto Sangue,” Istituto Superiore di Sav)ita Milan, where the reference laboratory of the Cooleycare group is

Address reprint requests to Daniele Prati, MD, Centro Trasfusionale located. Additional samples of the same patients were collected at the
e di Immunologia dei Trapianti, IRCCS Ospedale Maggiore, Via centers during the subsequent 6 years of follow-up, at 3-year intervals
Francesco Sforza, 35, 20122 Milano, ltaly. (in 1992-1993 and in 1995-1996).

The publication costs of this article were defrayed in part by page At the time of the present study, the samples of 1,001 subjects
charge payment. This article must therefore be hereby marked “advercompleting the follow-up program were available in the repository. For
tisement”in accordance with 18 U.S.C. section 1734 solely to indicatethe purpose of this investigation, we decided to study a cohort of 150
this fact. patients attending 3 centers of the 26 which completed the program. The

© 1998 by The American Society of Hematology. 3 participating centers were chosen according to the following criteria:

0006-4971/98/9103-0050$3.00/0 (1) being in charge of at least 30 patients each; (2) being located in three

774 Blood, Vol 91, No 3 (February 1), 1998: pp 774-777


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V91.3.774&domain=pdf&date_stamp=1998-02-01

TRANSFUSION-ASSOCIATED GBV-C/HGV INFECTION 775

different regions of the country (one each from Northern, Central-temperature for 2 hours, and 100 pL of a solution containing peroxidase-
Insular, and Southern Italy). The patients included in the study were 8konjugated anti-human 1gG antibody was added. After incubation for 1
males and 69 females, randomly selected, with a median age dtour at room temperature and the addition of 100 pL of ABTS
enrollment of 14 years (range, 1 to 30). Of them, 133 (88.7%) werechromogen substrate, the optical density was measured at 405 nm
positive for antibodies to hepatitis C virus (HCV) at enroliment, and 1 within 10 minutes. All the incubation steps were performed using a
(0.7%) acquired HCV infection during the study period, as indicated byshaker. Results were interpreted according to the manufacturer’s
seroconversion; the remaining 16 (10.6%) were persistently antiinstruction. As recommended, reactive samples were submitted to a
HCV~. All patients remained negative for antibodies to human immuno-confirmatory test procedure, in which the incubation solution did not
deficiency virus throughout the follow-up. The number of blood units contain the GBV-C/HGV-E2 antigen.
transfused to the patient group was measured on the basis of the Statistical analysis. The incidence of infection was expressed as the
Cooleycare databadé. number of new infections per 100 person-years. The risk of acquiring
Patients’ sera were screened as follows: GBV-C/HGV RNA and infection was computed by the ratio between the number of serocon-
anti-E2 were initially determined on samples collected in 1989-1990verting patients and the total number of red blood cell (RBC) units
and in 1995-1996. If a discrepancy of results was observed between thgansfused to the patient cohort during the study period. The upper
two specimens, the sample collected in 1992-1993 was also examine@ound of 95% confidence interval (CI) of incidence and risk was
Liver function tests, including levels of alanine aminotransferasecalculated. The chi-squared test was used to compare proportions. The
(ALT), aspartate aminotransferase (AST), apdlutamyl transpepti- ~ Student'st-test was used when appropriatePAvalue of less than .05

dase (GGT), were determined in the three specimens. was considered statistically significant.
Methods. Enzyme immunoassays (EIAs) were used for anti-HCV
(EIA-3; Ortho Diagnostic Systems, Raritan, NJ) and anti-HIV (Murex, RESULTS

Dartford, UK) determinations. A recombinant immunoblot assay The results of GBV-C/HGV RNA and anti-E2 determination

(RIBA-3; Ortho Diagnostic Systems) was used to confirm anti-HCV ghserved at the baseline and at the end of the 6-year follow-up
reactivity. Liver function enzymes were determined using an Olympusperiod are reported in Table 1. In 1989-1990, 22 patients
AU510 analyzer (Eppendorf-Netheler, Hamburg, Germany). The pat- ) .

0 A 0
terns of ALT, AST, and GGT were considered altered when the result(14'5A)) were GBV-C/HGV RNA, and 28 (18.5%) had

was greater than the upper reference limit (for ALT, 40 U/L in males, ‘3>0detect"jlble anti-E2 reactivity, accounting for an overall preva-

U/L in females; for AST, 20 U/L in males, 18 U/L in females; for GGT, lence of infection of 33%. . .
40 U/L in males, 21 U/L in females) in at least one of the three ~Of the 100 GBV-C/HGV RNA and anti-E2 patients, 10

determinations. acquired GBV-C/HGV infection during the 6 years of follow-
Serum GBV-C/HGV-RNA was determined by RT-PCR using primers up, as documented by either conversion to viremia (2 subjects;
derived from the 5 noncoding region (5NCR) of the viral ge- age at enrollment, 3 and 19 years), to anti-E2 (7 subjects;
nome!®15Positive results were confirmed with primers specific for the median age, 15; range, 6 to 21 years), or to both markers (1
nonstructural region 5a (NS5a). Only concordant results were CO“Sidsubject, age 17 years) in the sample collected in 1995-1996. The
ered. In detail, RNA was extracted from 100 pyL serum using theanalysis of the samples collected in 1992-1993 showed a

Purescript RNA Isolation Kit (Gentra Systems Inc, Minneapolis, MN) . e ] - .
and resuspended in 20 pL of diethyl pyrocarbonate—treated water(.:Oncomltant positivity for GBV-C/HGV RNA and anti-E2 in

Complementary DNA (cDNA) synthesis was performed on 10 piL one qf the_seroconverting patients. The incidence of GBV-C/
purified RNA using 10 U of Moloney murine leukemia virus RT (BRL, H_GV lnfectlon. was 1.7 per 100 person?years (95% 9':_0-8 to 3).
Gaithersburg, MD)1 U of ribonuclease inhibitor (Promega, Madison, Since approximately 19,000 RBC units were administered to
WI), 0.2 mmol/L deoxyribonucleoside triphosphates (Promega), and ithe GBV-C/HGV RNA and anti-E2 patients during the study
pmol/L random hexamers (Pharmacia, Uppsala, Sweden) in commer-

cial buffer for 30 minutes at 42°C. For the PCR, the Hepatitis G

Virus-Primers and Capture Probe Set and the PCR DIG Labeling Mix

(Boehringer‘ Mannheim’ Germany)’ were used to obtain digoxigenin_ Table 1. Results of GBV-C/HGV RNA and Anti-E2 Determination
labeled amplified products. Briefly, 10 uL of cDNA was amplified ina Observed at the Baseline and at the End of the Six-Year Follow-up

9600 thermal cycler (Perkin-Elmer, Emeryville, CA) according to the Period in 150 Homozygous B-Thalassemic Patients
following protocol: 40 cycles at 94°C for 30 seconds, 55°C for 30 At Baseline (1989-1990) End of Follow-up (1995-1996)
secondg 72°C for 30.seconds. The reaction buffer cont.alned 10 pmolof o= n No.of  GBV.OMGY No.of
each primer (NCR primer 1 and 2 fof-BICR or NS5a primer 1 and 2 RNA Anti-E2  Subjects RNA AntiE2  Subjects
for NS5a region), 0.2 mmol/L Labeling Mix; 2.5 U of Expand High

Fidelity DNA polymerase [Boehringer] in commercial buffer (50 uL neg neg 100~ neg neg 90
reaction volume). The labeled PCR products were analyzed by hybrid- pos neg 2
ization to 3-NCR or NS5a Capture Probes (Boehringer), using an EIA neg pos 7
system (PCR ELISA; Boehringer). Probes are biotin-labeled to allow pos pos 1
immobilization of hybrids to a streptavidin-coated microtiter plate pos neg 22 pos neg 14
surface. The bound hybrids were detected by anti-digoxigenin peroxi- neg neg 2
dase conjugate and a colorimetric substrate. Results were interpreted gzg Ezz ;

according to the manufacturer’s instructions.

Antibodies to the E2-protein of GBV-C/HGV were detected by a neg pos 28 neg pos 16
two-step sandwich enzyme immunoassay, the uPLATE Anti-HGenv. neg neg 12
(Boehringer)t3 Ten-microliter serum samples or controls were diluted  *Including 5 patients testing GBV-C/HGV RNA- using primers from
in 200 pL of sample buffer. Twenty microliters of the diluted sample NS5a region, and GBV-C/HGV RNA* with those from 5’-NCR. They
was added to streptavidin-coated microtiter wells, together with 80 pLwere all negative with both primer pairs in the sample collected at the
of incubation solution, consisting of biotinylated mouse antibody linked end of follow-up (1995-1996). Anti-E2 determination was persistently
to GBV-C/HGV-E2 antigen. The microplate was incubated at room negative.
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period, the risk of blood-borne GBV-C/HGYV infection was 5.3 investigation, we found that the presence of viral RNA and
in 10,000 units (95% Cl, 2 to 8.5). anti-E2 antibodies was mutually exclusive, as already described
Sixteen of the 22 patients with active infection at the baselineby others!317 Moreover, we observed that none of the 28
(73%) remained viremic throughout the study period. Two of patients with detectable anti-E2 reactivity became GBV-C/
them developed concomitant anti-E2 reactivity between 1993HGV RNA positive in the following 6 years, although during
and 1996. The remaining 6 GBV-C/HGV RN#patients (27%) this time they received several thousands of blood units
became nonviremic during follow-up; in 4 of them, the unscreened for GBV-C/HGV. These results apparently suggest
appearance of anti-E2 accompanied the clearance of viremia. that anti-EZ patients are protected against GBV-C/HGV infec-
Of the 28 patients with anti-E2 reactivity at the baseline tion. However, definitive conclusions on this issue can not be
evaluation, none developed GBV-C/HGV infection during drawn given the low conversion to viremia rate of patients
follow-up; 12 (43%) became anti-E2 negative. Six of them lostlacking antibody. In addition, it remains to be elucidated
reactivity between 1990 and 1993, the remaining 6 betweervhether the protective immunity observed in our series is
1993 and 1996. actually caused by the anti-E2 antibodies, or by other humoral
Patients with GBV-C/HGV viremia were younger (age, and/or cellular factors. More than 25% of the GBV-C/HGV
10 = 5 years) than the patients with anti-E2 reactivity (£  RNA* subjects cleared the virus during a 6-year period, which
years,P <.005) and than those negative for both markersindicates that, at least in some individuals, GBV-C/HGV
(15 = 6 yearsP < .005). The prevalence of HCV infection was infection may have a natural progression toward recovery. This
76% in patients with GBV-C/HGV viremia, and 92% in those s also supported by the evidence that viremic patients were

GBV-C/HGV RNA and anti E2 (P = .056). The patterns of younger than those with anti-E2 reactivity. Moreover, one
ALT, AST, and GGT were altered in 20%, 68%, and 28% of the patient showed a concomitant positivity of anti-E2 and GBV-C/
GBV-C/HGV RNA' patients, as compared with 25%, 61%, and HGV RNA before achieving a complete suppression of viral
35% of those GBV-C/HGV RNA, without significant associa- - replication. This provides the experimental evidence that a time
tions. overlap may exist between anti-E2 seroconversion and seronega-
During the study period, 7 of the 150 patients receivedtivity for viral RNA, as recently hypothesized by othépd417
interferone: treatment for chronic HCV infection, at a dose of 3 Interestingly, we found that two of the six patients who
to 6 MU thrice weekly for 3 to 12 months. Five were cleared the virus during the study period did not develop
persistently GBV-C/HGV RNA and anti-E2 and 2 remained  detectable humoral response to the E2 region. In these cases,
anti-E2" throughout the follow-up. GBV-C/HGV RNA and/or anti-E2 antibodies could be present
at titers that are below the limit of detection of the tests used for
this investigation. Alternatively, neutralizing antibodies might
GBV-C/HGV is a transfusion transmissible agent, which is recognize viral antigens not included in the current anti-E2
endemic among the blood donor population worldwA&a® assay. According to the latter hypothesis, the sequence studies
In this article we report the results of a multicenter, prospec-performed so far indicate that significant genetic diversity exists
tive study performed in a large cohort of transfusion-dependenbetween different isolates of GBV-C/HGY.
B-thalassemic patients, to evaluate the risk of acquiring blood- Another striking finding of our study was that more than one
borne GBV-C/HGV in 1990-1996, and to describe the naturalthird of the patients who were anti-E2at the baseline
course of infection. At the baseline evaluation in 1989-1990, theevaluation in 1989-1990 lost anti-E2 reactivity during the study
frequency of GBV-C/HGV viremia was 14.5%, a figure not period. Moreover, we observed that the age of GBV-C/HGV
dissimilar to that reported by others in transfusion recipientsRNA and anti-E2 thalassemics was similar to that of anti-E2
who underwent cardiac surgerfonsidering also the subjects subjects, and that the former patients were older than those with
with anti-E2 reactivity, the prevalence of infection increased toactive infection.
33%, which is remarkably lower than the 90% observed for Taken together, these data seem to indicate that a proportion
HCV in the same population di-thalassemic patients. This of patients with past, resolved GBV-C/HGV infection test
finding was unexpected, because the prevalence rate of GBV-Glegative for both markers. The relatively low incidence rate
HGYV viremia in the blood donors of our area is higher than thatobserved in our investigation could be justified considering that
of HCV (1.5% v 0.7%)1%16 Moreover, during the 6-year these subjects might still have a protective immunity against
follow-up period we observed that the incidence of GBV-C/ reinfection. In the light of these considerations, our estimate of
HGV infection was approximately 1.7 per 100 person-years.the current risk of transfusion-associated GBV-C/HGV infec-
which accounts for a risk of infection of 5.3 per 10,000 tion applies only to chronic transfusion-dependent patients, and
transfused blood units. The latter is about 10-fold lower thannot necessarily to first-time recipients of blood transfusion.
that recently estimated, using GBV-C/HGV RNA as the only We found that the presence of active GBV-C/HGV infection
marker of infection, among first-time blood recipients from does not significantly contribute to hepatocellular injury in
Taiwan® As discussed below, the natural course of GBV-C/ patients affected from homozygoissthalassemia. This adds
HGV infection provides a useful background for the interpreta-more data to the growing literature indicating that GBV-C/HGV
tion of these data. does not cause classic hepatitis in most c&88%1°In our
Whether the presence of specific anti-E2 antibodies has apinion, the evidence that GBV-C/HGV is not a major cause of
protective role against GBV-C/HGV infection is still an open chronic liver disease should not lead to exclude a potential
guestion, as pointed out by Tacke et3ah a recent report pathogenetic role of this agent in inducing clinical disease in
describing the immunoassay used in this study. At the baselingansfusion recipients. In fact, it should be taken into account

DISCUSSION
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that GBV-C/HGV sequences have been identified in patientgransmission of hepatitis G virus by blood transfusion. Lancet 347:909,
with life-threatening condition*67 In addition, some viral 1996 (letter)

agents which generally cause mild, self-limiting infections in 6 Zaidi Y, Chapman CS, Myint S: Aplastic anemia after HGV
healthy individuals, may sometimes induce serious sequelae jfffection. Lancet 348:471, 1996 (letter)

blood recipients with compromised immune response or abnor- 7 B.ymes J‘].’ Banks AT, P',ataCk M, Kim JP: Hepatitis G-associated
2022 aplastic anaemia. Lancet 348:472, 1996 (letter)
mal hematopoiesi¥:

. . . . . . 8. Wang JT, Tsai FC, Lee CZ, Chen PJ, Sheu JC, Wang TH, Chen
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pressed, even after several years of chronic infection. The 9. Alter HJ: The cloning and clinical implications of HGV and
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anti-E2 antibodies, which seem to have a protective role against 10. Prati D, Capelli C, Zanella A, Bosoni P, De Mattei C, Mozzi F,
reinfection. However, anti-E2 reactivity may decrease with Ponato MF, Colombo M, Milani S, Sirchia G: Asymptomatic hepatitis
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