HEPATITIS GBV-C INFECTION IN INTRAVENOUS DRUG USERS
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Abstract. Our group has investigated 204 intravenous drug users for the presence of GBV-C-RNA by
means of reverse transcriptase polymerase chain reaction (RT-PCR). The majority of the individuals tested
were male, their age ranging from 16 to 63 years, and the duration of intravenous drug use from one to 40
years. We detected GBV-C-RNA in 46 of the 204 IVDUs (22.5%) with its prevalence peaking in the age
group between 21 to 30 years while decreasing with advancing age. Similarly, its frequency was found in
inverted relation to the duration of drug use. The present findings strongly hint at the host’s immune
system’s capacity to clear hepatitis GBV-C as opposed to the other blood-borne hepatitis viruses. From the
liver function tests performed we could not detect any statistically significant difference regarding ALT
elevation observed in GBV-C-positive as compared to GBV-C-negative individuals. To date, GBV-C in
most cases does not appear to cause any serious liver disease.

INTRODUCTION

On the grounds of epidemiological and clinical
studies, the existence of as yet undiscovered
hepatotropic viruses as the causative agents of non-
A-E hepatitis has been postulated (Alter, 1994;
Simons et al, 1995a). In 1995, two novel viruses
designated GBV-A and GBV-B, respectively, were
isolated from the serum of a tamarin infected by the
human GB hepatitis agent applying the technic of
subtractive polymerase chain reaction (PCR)
(Simons et al, 1995b). A different group of re-
searchers identified a third virus termed GBV-C
and closely related to GBV-A by means of reverse
transcription PCR (RT-PCR) using degenerate
oligonucleotide primers for amplification of a seg-
ment of the helicase gene originating from either
GBV-A, GBV-B or hepatitis C virus (HCV) (Leary
et al, 1996). GBV-A and GBV-B have subse-
quently been identified as belonging to the family
of Flaviviridae distinguishable by their single-
stranded RNA genome of positive polarity and
therefore clearly distinct from HCV (Muerhoff et
al, 1995). Yet another team of researchers isolated
a novel virus termed hepatitis GBV-C (GBV-C)
from the plasma of a patient with non-A-E chronic
hepatitis (Linnen ef al, 1996) which due to its close
relatedness to GBV-C is now considered a different

Correspondence: Prof Yong Poovorawan, Viral Hepatitis
Research Unit, Pediatric Department, Faculty of Medicine,
Chulalongkorn University, Bangkok 10330, Thailand.
Tel: (662) 256-4909; Fax: (662) 256-4929; E-mail:
fmedypv@chulkn.car.chula.ac.th

Vol 29 No.3 September 1998

isolated ofthe same virus (Zuckerman, 1996) which
has become known as parenterally transmitted and
has therefore been associated with post-transfusion
hepatitis. The prevalence of GBV-C infection de-
tected by RT-PCR in blood donors varied from 1 to
5%,which is not significantly different from the
frequencies found among the same population
groups in European and other Asian countries, as
well as in Australia. (Dawsonetal, 1996, Fiordalisi
et al, 1996; Jarvis et al, 1996; Masuko et al, 1996;
Moaven et al, 1996, Wu et al, 1997, Poovorawan et
al, 1998a). Numerous studies performed in order to
elucidate the clinical significance of GBV-C infec-
tion found this new agent capable of infecting
humans both acutely and chronically which fre-
quently coincides with an elevation of the liver
enzymes. Asto GBV-Cinfection being responsible
for ensuing liver disease and regarding the potential
severity of the latter, there has been quite some
controversy. For example in Italy, GBV-C-RNA
could be demonstrated in 35% of acute and 39% of
chronic hepatitis patients, (Fiordalisi ef al, 1996).
A report originating from Karachi, Pakistan, also
claims having identified GBV-C infection as the
underlying cause of chronic liver disease (Moatter
et al, 1996). Similarly in southern China, GBV-C
infection has been claimed responsible for liver
disease, specifically, acute or chronic hepatitis,
liver cirrhosis, or HCC (Wu et al, 1997). The role
of GBV-C in fulminant hepatitis remains also some-
what controversial, especially since studies con-
ducted subsequently to the reports from Germany
(Heringlake et al, 1996), Japan (Yoshiba er al,
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1995), and India (Panda et al, 1996), respectively,
have not been able to confirm those findings (Kuroki
et al, 1996; Sallie et al, 1996; Kao et al, 1996).

Furthermore, due to its mode of transmission
GBV-C is often detected as a co-infection with
HCV and to a lesser extent HBV. Contrasting
infection with either of those hepatotropic viruses,
however, GBV-C has been shown to be cleared
from the host’s serum after prolonged exposure,
thereby suggesting an effective immune response.

The purpose of the present study was to estab-
lish the prevalence of GBV-C infection among
intravenous drug users (IVDUs) in Thailand and to
correlate the results with the medical history as well
as the habits of intravenous drug users, thereby
establishing the route of infection by blood borne
viruses in members of high risk groups.

MATERIALS AND METHODS

Population study

From December 1997 until mid January 1998,
samples of venous blood were collected from alto-
gether 204 IVDUs all of whom had been using
drugs intravenously for varying periods of time and
who attended at the Drug Addict Center no. 7,
Bangkok Metropolitan Health Center no. 7 and
Drug Addict Center no. 16, Health Center no. 16,
Health Department, Bangkok Metropolitan City, in
order to receive methadone therapy. Before draw-
ing blood, each individual was interviewed by
means of a standard questionnaire. In addition,
everyone of the IVDUs tested was asked to sign a
form thereby giving his/her informed consent to
participating in the study.

Laboratory methods

GBV-C-RNA Detection: RNA extraction was
performed by using the guanidine method (Cha et
al, 1991). Subsequently, denaturation was per-
formed at 65°C for 5 minutes. The RNA samples
were reverse-transcribed into cDNA in a total vol-
ume of 20 pl by using 50 U of MuLV Reverse
Transcriptase, (Perkin Elmer) 10 pul of RNA, 50 mM
KCl, 10 mM Tris-HCI pH 8, 400 uM dNTPs, 10 U
RNAse inhibitor, and subsequently incubated at
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37°C for one hour. GBV-C-RNA was detected by
nested PCR using four primers created from the §'
untranslated region (UTR) of GBV-C. First ampli-
fication step: 5 pl of cDNA samples were amplified
in a 50 pul reaction volume containing 50 mM KCl,
1.5 mM MgCl, 10 mM Tris-HCI pH 8, 200 uM
dNTP, 1 U Ampli Taq DNA Polymerase (Perkin
Elmer Cetus), 0.8 pM each of outer sense primer,
located at position 108, having the sequence 5'
AGG TGG TGG ATG GGT GAT 3' of and the outer
anti-sense primer, located at position 531, having
the sequence 5' TGC CAC CCG CCC TCA CCC
GAA 3', 1.5 mM MgCl,. The reaction was then
performed for 30 cycles at 94°C for 0.6 minutes, at
55°C for 0.7 minutes and at 72°C for 1.5 minutes.
Second amplification step: 20 ul reaction was per-
formed as described above for the first amplifica-
tion step, using 1 pl of first step PCR product. The
inner sense primer, located at position 134, had the
sequence 5' TGG TAG GTC GTA AAT CCC GGT
3'and the anti-sense primer, located at position 476,
had the sequence 5' GGR GCT GGG TGG CCY
CATGCWT3 (R=AorG,W=AorT,Y=Cor
T). Both primers were originally created at the
University of Edinburgh, as has been published
elsewhere (Jarvis et al, 1996). The above primers
were employed for the second step, consisting of
30 cycles of amplification. The 10 pl of amplified
product were fractionated by 2% Nusieve gel
electrophoresis in Tris borate buffer at 120 volt for
50 minutes and visualised by UV fluorescence after
staining with ethidium bromide. The product band
will show at 421 base pairs for the first amplifica-
tion step and at 343 base pairs for the second step.
Serum obtained from a patient previously diag-
nosed GBV-C-RNA positive was used as a positive
control and autoclaved, DEPC-treated water as a
negative control, respectively.

ALT determination: Serum ALT was deter-
mined by automated chemical analyser (Hitachi
911) at the Central Laboratory, Chulalongkorn
Hospital. The normal value for healthy individuals
was 0-38 p/l.

Data analysis

We expressed the data by determining their
respective arithmetic mean values along with the
standard deviation (SD), using the unpaired Stu-
dent’s t-test and chi-square test for statistical
analysis.
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RESULTS

We obtained venous blood from altogether 204
IVDUs, 11 of whom are female, the remaining 193
male, their age ranging from 16 to 63 years with a
mean age of between 28 and 33 years, and the
duration of intravenous drug use ranging from one
to forty years with a mean duration of between 111
and 155 months in the GBV-C-positive and GBV-
C-negative subjects, respectively. The drug in-
jected by all of them has been heroin, between one
and ten times per day. Approximately 50% smoked
marijuana in addition and about 20% took various
tranquillizers, in few cases opium (four) and mor-
phine (two). In 46 (22.5%) of the 204 IVDUs GBV-
C-RNA was detected by RT-PCR with its preva-

lence peaking in the age group between 21 and 30
years while successively decreasing in the age
groups above 30 years (Table 1, Fig 1). The dura-
tion of drug use demonstrated an inverted relation
to the percentage of detectable GBV-C-RNA (Ta-
ble 1, Fig 2). Our data also show the average values
obtained with regard to the liver function test per-
formed in GBV-C-positive and GBV-C-negative
individuals, demonstrating an elevation of the liver
enzymes in those IVDUs positive for GBV-C (Ta-
ble 1). No statistically significant difference re-
garding, ALT level and ALT elevation was ob-
served between the IVDU groups with and without
detectable GBV-C-RNA. Of the 204 IVDUs 121
were also tested for anti-HIV antibody, which found
33 (27.3%) positive versus 88 (72.7%) negative.

Table 1

Demographic data of IVDUs separated into groups with and without detectable GBV-C-RNA.

GBV-C-RNA
Positive Negative

Number 46 158
Sex (M:F) 45:1 148:10
Age in years

<20 8 25

21-30 24 44

31-40 10 50

41-50 4 32

> 50 0 7
Mean age in years and SD? 28.26 =+ 8.04 33.15+10.62

(range) (16-47) (16-63)
Duration of IVDU in months

<60 16 38

60-120 16 46

121-240 6 30

> 240 8 44
Mean duration of IVDU in months and SD* 111.48 + 91.63 155.43 £ 113.56

(range) (24-324) (12-480)
Mean ALT in p/l and SD® 51.65 + 70.85 35.22+79.78

(range) (5-354) (2-373)
Number of IVDUs with ALT elevation® 16 38

> 38 p/l)

® Unpaired Student’s ¢-test (p < 0.05)
® Unpaired Student’s ¢ test (p> 0.05)
¢ Chi-square test (p> 0.05)
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Fig 1-The percentage of GBV-C-RNA in relation to the
respective age of the individuals tested.

DISCUSSION

The present study has been performed with 204
IVDUs all of whom, due to their habit of intrave-
nous drug use accompanied by needle sharing, are
at an increased risk of exposure to parenterally
transmitted viruses, such as HIV, HBV, and HCV.
Accordingly, our results also show a high preva-
lence of hepatitis GBV-C infection, another
parenterally transmissible agent, among the mem-
bers of this particular high-risk group. The results
obtained in the present study furthermore show a
rather strong similarity to those garnered in
thalassemic children having undergone multiple
blood transfusions (Poovorawan et al, 1998a) in
whom the prevalence of GBV-C infection amounted
to 32.6% compared to that determined for healthy
subjects supposed to be at low risk regarding infec-
tion by blood borne viruses, eg 1.2% in adolescents,
5% in voluntary blood donors and pregnant women.
Among the 204 IVDUs tested in this study, 45
(22%) were found positive for GBV-C-RNA, a
finding correlating well with the subjects compris-
ing the members of a high risk group. On average,
those found negative for GBV-C-RNA are approxi-
mately five years older and likewise, have been
using drugs intravenously for close to four more
years compared to the ones tested GBV-C negative.
Both findings strongly hint at a clearance of the
virus by the host’s immune system after prolonged
exposure, even in individuals who, due to their
habit of intravenous drug use combined with needle
sharing, are at least to some extent immuno-com-
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Fig 2-The percentage of GBV-C-RNA in relation to the
duration of intravenous drug use.

promised, a discovery previously reported in the
case of thalassemic children having undergone
multiple blood transfusions (Poovorawan et al,
1998b). This is further corroborated by the de-
crease in percent GBV-C-RNA in direct relation to
the duration of intravenous drug use, as shown in
Fig 2, as well as by the peak incidence of percent
GBV-C-RNA detected within the age group be-
tween 21 and 30 years, who can be surmised to have
taken the drugs already for several years, con-
trasted by its ascent within the age group below 20
years and its sharp decline within both age groups
between 31 and 40, as well as 41 and 50 years,
respectively, as depicted in Fig 1. Our data thereby
confirm those obtained by the group of Thomas
et al, (1997) in Baltimore, USA. The availability
of the newly developed GBV-C antibody detection
test will further confirm our assumption in this
regard.

As to the status of the liver enzymes, 16 of the 46
(34.8%) GBV-C-positive IVDUs showed elevated
ALT, compared to 38 of the 158 (24%) of the GBV-
C-negative ones. On the one hand, this difference
is not statistically significant, yet, despite various
studies reporting GBV-C to be the causative agent
of clinical liver disease, an elevated ALT level has
also been shown not to be a reliable marker for
GBV-C infection (Wang and Jin, 1997). In most
cases of GBV-Cinfection investigated to date it has
actually been found as a co-infection with HCV,
without any effect on the severity of the simultane-
ous HCV infection (Alter et al, 1997), and to a
lesser extent with HBV. Our group has actually
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established the presence of GBV-C-RNA in 20% of
asymptomatic HCV carriers contrasted by its low
prevalence of 0 and 5% found in cirrhosis and
chronic hepatitis patients, respectively (Poovorawan
et al, 1998a). Considering that both viruses are
blood borne, thereby sharing their route of trans-
mission, the high prevalence of simultaneous infec-
tion is not surprising. For example in Thailand,
96.7% of IVDUs were found positive for anti-HCV
(Apichartpiyakul eral, 1995). Yetcontrasting HCV
infection, which frequently develops into a chronic
carrier state with the possible sequelae of cirrhosis
and hepatocellular carcinoma, GBV-C can be elimi-
nated more readily by the respective host’s immune
response, at least in immuno-competent individu-
als, as has been demonstrated by the much higher
prevalence of GBV-C-RNA among immuno-sup-
pressed versus immuno-competent patients (Kudo
et al, 1996). On the one hand, and on the other by
the much higher prevalence of anti-HCV along with
anti-HI'V compared to that of GBV-C-RNA among
IVDUs. This is further corroborated by the obser-
vation that GBV-C-RNA is usually detected in a
younger age group compared to chronic hepatitis C,
cirrhosis or hepatocellular carcinoma and interest-
ingly, by the present identical results obtained among
IVDUs, although at least in some cases, their im-
mune status might be compromised. In order to
confirm this hypothesis a clinical trial of the
serological test for anti-GBV-C antibody would be
worthwhile.

In addition, GBV-C seems to exist rather fre-
quently in an asymptomatic carrier state with vire-
mia having persisted for up to 16 years as shown by
retrospective testing of stored sera from GBV-C-
positive patients (Masuko et al, 1996). As far as
GBV-C infection can be associated with elevated
liver enzyme levels, those patients solely infected
with GBV-C showed normal ALT and of those with
enzyme elevation, about half had levels raised just
above the upper limit of normal. Hence, as we
could not unequivocally associate any serious liver
disease with GBV-C infection, be that in IVDUs or
in any of the other population groups examined
previously (Poovorawan et al, 1998a, b) future
studies for determining the clinical significance of
this hepatotropic virus are required.

Vol 29 No.3 September 1998

ACKNOWLEDGEMENTS

We would like to express our gratitude to the
entire staff of the Viral Hepatitis Research Unit,
Department of Pediatrics, Faculty of Medicine,
Chulalongkorn University and Hospital, Bangkok,
Thailand, for their tireless efforts in this project. I
also wish to thank Health Centers 7 and 16, Health
Department, Bangkok Metropolitan for their co-
operation. This work was supported by the Thai-
land Research Fund, Senior Research Scholar, and
by the Molecular Research Project Fund, Faculty of
Medicine, Chulalongkorn University. We also
would like to express our gratitude to Ms Petra
Hirsch for preparing and reviewing the manuscript.

REFERENCES

Alter HJ. Transfusion transmitted hepatitis C and non-A,
non-B, non-C. Vox Sang 1994; 67 (suppl 3) : 19-24.

Alter HJ, Nakatsuji Y, Melpolder J, er al. The incidence
of transfusion-associated hepatitis GBV-C infec-
tion and its relation to liver disease. N EnglJ Med
1997; 336 : 747-54.

Apichartpiyakul C, Apichartpiyakul N, Jittiwutikarn J,
Vithayasai V. Prevalence of HIV, HBV and HCV
infection among drug addicts in Chiang Mai. Chiang
Mai Med Bull 1995; 34 : 23-7.

Cha TA, Kolberg J, Irvine B, et al. Use of a signature
nucleotide sequence of hepatitis C virus for detec-
tion of viral RNA in human serum and plasma. J
Clin Microbiol 1991; 29 : 2528-34.

Dawson GJ, Schlauder GG, Pilot-Matias TJ, et al. Preva-
lence studies of GB virus C infection using reverse
transcriptase-polymerase chain reaction. J Med Virol
1996; 50 : 97-103.

Fiordalisi G, Zanella 1, Mantero G, et al. High prevalence
of GB virus C infection in a group of Italian patients
with hepatitis of unknown etiology. J Infect Dis
1996; 174 : 181-3.

Heringlake S, Osterkamp S, Trautwein C, et al. Associa-
tion between fulminant hepatic failure and a strain
of GBV virus C. Lancet 1996; 348 . 1626-9.

Jarvis LM, Davidson F, Hanley JP, Yap PL, Ludlam CA,
Simmonds P. Infection with hepatitis GBV-C among
recipients of plasma products. Lancet 1996; 348 :
1352-5.

495



SOUTHEAST ASIAN J TROP MED PuBLIC HEALTH

Kao JH, Chen PJ, Chen DS. GBV-C in the actiology of
fulminant hepatitis. Lancet 1996; 347 : 120-1.

Kudo T, Morishima T, Tsuzuki K, Orito E, Mizokami M.
Hepatitis G virus in immunosuppressed pediatric
allograft recipients. Lancet 1996; 348 : 751.

Kuroki T, Nishinguchi S, Tanaka M, Enomoto M,
Kobayashi, K. Does GBV-C cause fulminant hepa-
titis in Japan? Lancet 1996; 347 : 908.

Leary TP, Muerhoff AS, Simons JN, et al. Sequence and
genomic organization of GBV-C: a novel member of
the flaviviridae associated with human non-A-E
hepatitis. J Med Virol 1996; 48 : 60-7.

Linnen J, Wages Jr, Zhang-Keck ZY, ef al. Molecular
cloning and disease association of hepatitis GBV-
C: a transfusion-transmissible agent. Science 1996;
271 : 505-8.

Masuko K, Mitsui T, Iwano K, et al. Infection with
hepatitis GB virus C in patients on maintenance
hemodialysis. N Engl J Med 1996; 334 : 1485-90.

Moatter T, Tariq SA, Fisher-Hoch S, Haroon S,
McCormick JB. Hepatitis GBV-C in Karachi, Paki-
stan. Lancet 1996; 348 : 1318-9.

Moaven LD, Hyland CA, Young IF, et al. Prevalence of
hepatitis GBV-C in Queensland blood donors. Med
J Aust 1996; 165 : 369-71.

Muerhoff AS, Leary TP, Simons JN, ef al. Genomic
organization of GB viruses A and B: two new mem-
bers of the flaviviridae associated with GB agent
hepatitis. J Virol 1995; 69 : 5621-30.

Panda SK, Panigrahi AK, Dasarathy S, Acharya SK.
Hepatitis G virus in India. Lancet 1996; 348 : 1319.

496

Poovorawan Y, Theamboonlers A, Chongsrisawat V,
Jantaradsamee P. Prevalence of infection with
hepatitis GBV-C among various groups in Thailand.
Ann Trop Med Parasitol 1998a; 92 : 89-95.

Poovoraan Y, Theamboonlers A, Chongsrisawat V,
Seksarn P, Jarvis L, Simmonds P. High prevalence
of hepatitis GBV-C infection in thalassemic chil-
dren having undergone multiple transfusions. J
Gastroenterol Hepatol 1998b (inpress).

SallieR, Shaw J, Mutimer D. GBV-C virus and fulminant
hepatic failure. Lancet 1996; 347 : 1552.

Simons JN, Pilot-Matias TJ, Leary TP, et al. 1dentifica-
tion of two flavivirus-like genomes in the GB hepa-
titis agent. Proc Natl Acad Sci USA, 1995a; 92 :
3401-5.

Simons JN, Leary TP, Dawson GJ, et al. Isolation of
novel virus-like sequences associated with human
hepatitis. Nat Med 1995b; 1 : 564-9.

Thomas DL, Nakatsuji Y, Shih JW, et al. Persistence and
clinical significance of hepattis GBV-C infections
in injecting drug users. J Infect Dis 1997; 176 : 586-
92.

Wang HL, Jin DY. Prevalence and genotype of hepatitis
GBV-C in Chinese professional blood donors and
hepatitis patients. J Infect Dis 1997; 175 : 1229-33.

Wu RR, Mizokami M, Cao K, et al. GB virus C/hepatitis
G virus infection in southern China. J Infect Dis
1997; 175 : 168-71.

Yoshiba M, Okamoto H, Mishiro S. Detection fthe GBV-
C hepatitis virus genome in serum from patients
with fulminant hepatitis of unknown aetiology.
Lancer 1995; 346 : 1131-2.

Zuckerman AJ. Alphabet of hepatitis viruses. Lancet
1996; 347 : 558-9.

Vol 29 No.3 September 1998





