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el Estudio de las Hepatitis Virales, Madrid, Spain

Received 10 January 2000/Accepted 9 June 2000

To study the existence of GB virus C/hepatitis G virus (GBV-C/HGV) variants with different tropism, we have
analyzed the heterogeneity and quasispecies composition of GBV-C/HGV isolated from in vitro-infected
peripheral blood mononuclear cells (PBMC) and from sera, livers, and PBMC from two chronically infected
patients. For this purpose, the GBV-C/HGV 5* noncoding region (5*NCR) was amplified by reverse transcrip-
tion-PCR and the amplified products were cloned and sequenced. These analyses showed that the master
5*NCR sequences isolated from the in vitro-infected PBMC and from the PBMC isolated from the patient
whose serum was used as the inoculum were identical but different from that of the inoculum. Furthermore,
phylogenetic analysis revealed that all PBMC sequences grouped together into a branch which was separate
from those of the inoculum. For one of the two chronically infected patients, all the sequences from the PBMC
and one from the liver clustered into a single branch while the sequences from the serum and all the other liver
sequences grouped together in the other branch. For the other patient, the sequences from the serum and
PBMC and three sequences from the liver grouped together into one branch, while the remaining five
sequences from the liver were separated in a different cluster. In conclusion, our results support the existence
of different GBV-C/HGV variants with different tissue tropism.

The GB virus C/hepatitis G virus (GBV-C/HGV) is a posi-
tive-sense, single-stranded RNA (9.4 kb in length) virus whose
genetic structure resembles the hepatitis C virus (HCV) and
which is considered belong to the Flaviviridae family of animal
viruses (17, 18, 31, 32). Although GBV-C/HGV was discovered
as a putative agent of non-A-E hepatitis (2, 7) and GBV-C/
HGV RNA has been detected in the sera of patients with var-
ious liver diseases including fulminant hepatitis (39), chronic
hepatitis C (1, 4, 34, 38), and cirrhosis with or without hepa-
tocellular carcinoma (13, 14), recent works have shown that
GBV-C/HGV may play a minor role in causing liver disease (2,
3, 10, 11, 22).

The replication of GBV-C/HGV presumably occurs via a
negative-strand RNA intermediate. However, its replication
site is still unknown, since no conclusive evidence regarding the
GBV-C/HGV cell tropism has been reported. Thus, it remains
unclear whether the liver is the main target for GBV-C/HGV
infection and replication, because, although several authors
have reported the detection of negative-polarity viral RNA in
the liver (16, 19, 29, 30), others have been unable to detect this
putative replicative intermediate (6, 15, 25, 28). Similarly, the
results have been contradictory when peripheral blood mono-
nuclear cells (PBMC) from GBV-C/HGV-infected patients
have been examined for the presence of GBV-C/HGV-RNA
of both positive and negative polarity (19, 21, 27, 29). On the
other hand, in vitro studies have provided evidence that GBV-
C/HGV is able to replicate in established cell lines of hema-
topoietic origin (MT-2C, a human T-cell leukemia virus type
1-infected human T-cell line) and in immortalized hepatocytes
(PH5CH, a non-neoplastic human hepatocyte cell line immor-
talized with simian virus 40 large T antigen) (12). Furthermore,

we have recently demonstrated that GBV-C/HGV can infect
and replicate in PBMC from healthy donors after incubation of
these cells with GBV-C/HGV-RNA-positive serum (8). In that
work, in which a relatively small number of clones were ana-
lyzed, we also demonstrated that only a fraction of the GBV-
C/HGV variants present in serum are able to infect and rep-
licate in PBMC in vitro. This finding suggests the existence
of lymphotropic variants of this virus. However there are no
data on the existence of these lymphotropic variants in vivo.
Furthermore, whether the GBV-C/HGV variants that infect
PBMC in vivo are the same as those that infect the liver and
circulate in serum is not known.

In the present study, we have analyzed the genomic heter-
ogeneity and quasispecies composition of the GBV-C/HGV 59
noncoding region (59NCR) recovered from the PBMC of four
healthy donors infected in vitro with a GBV-C/HGV RNA-
positive serum. We have also studied the in vivo quasispecies
composition in the 59NCR from the GBV-C/HGV isolated
from the sera, livers, and PBMC of two chronically infected
patients, and our results clearly demonstrated that different
GBV-C/HGV strains have a different tropism.

MATERIALS AND METHODS

In vitro infection of PBMC. PBMC from four healthy blood donors (who were
not infected by GBV-C/HGV, HCV, hepatitis B virus, human immunodeficiency
virus, Epstein-Barr virus, or cytomegalovirus) were isolated as previously de-
scribed (8). One million viable cells from each individual donor and a cell pool
consisting of equal parts of PBMC from each donor at a final density of 106 cells
were incubated with 10 ml of a GBV-C/HGV RNA-positive serum (inoculum).
The culture method and the characteristics of the inoculum have been described
previously (8). After the 30-day culture period, the cells were washed five times
with phosphate-buffered saline (PBS), and the last wash was saved to be used as
a negative control for GBV-C/HGV RNA detection. Total RNAs from each cell
culture, from the serum used as the inoculum, and from the PBMC isolated from
the patient whose serum was used as the inoculum were extracted by a modifi-
cation of the guanidinium-phenol-chloroform method described by Chomczynski
and Sacchi (5).

In vivo study of GBV-C/HGV quasispecies. Genetic heterogeneity in the
59NCR region of the GBV-C/HGV genome was analyzed in paired serum
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(stored at 220°C), liver, and PBMC (stored in liquid N2) specimens from two
patients coinfected with HCV. The clinical features of these patients are sum-
marized in Table 1. The patients presented anti-HCV antibodies as detected by
enzyme-linked immunosorbent assay III (Ortho Diagnostic Systems, Raritan,
N.J.) and confirmed by RIBA III (Ortho Diagnostic Systems). These two patients
were selected according to the following criteria: (i) no previous antiviral or
immunomodulatory treatment and (ii) presence of GBV-C/HGV RNA by re-
verse transcription-PCR (RT-PCR) in serum, liver, and PBMC samples obtained
at the same time. Total RNA was extracted from 200 ml of serum, 100 mg of liver
tissue, and 106 PBMC as mentioned above (5). Total RNAs from PBMC and
liver tissue were quantitated, and 1.5 mg of cell-derived RNA or the whole-
serum-derived RNA was used for GBV-C/HGV amplification. To prevent any
possible contamination of the liver and PBMC samples by the serum GBV-C/
HGV particles, the samples were washed five times with PBS before RNA
extraction, and the last wash of each sample was stored for further analysis by
RT-PCR as a negative control.

Amplification of the GBV-C/HGV 5*NCR. GBV-C/HGV RNA from the inoc-
ulum, the PBMC corresponding to the inoculum, the 30-day-cultured cells, and
the serum, liver, and PBMC specimens from the two patients studied were
amplified by RT-nested PCR with primers derived from the 59NCR of the
GBV-C/HGV genome, as previously described (8). The amplified fragments
covered nucleotides 36 to 356 of the 59NCR (17).

Cloning and sequencing. The amplified GBV-C/HGV RNA 59NCR products
were cloned into the pCR II-TOPO vector (TOPO TA Cloning kit; Invitrogen,
San Diego, Calif.). An average of 20 clones (range, 11 to 50 clones) from each
PCR product were automatically sequenced in both directions using the ALF
Express DNA Sequencing System. In order to exclude the possibility that the
changes observed in the sequences of the samples were not due to nucleotide
misincorporation induced by the Taq polymerase, an in vitro-transcribed RNA
from plasmid pCR-GNC, containing a cDNA corresponding to a GBV-C/HGV
59NCR (nucleotides 10 to 387) whose nucleotide sequence was previously
known, was included in each PCR assay. Subsequently, the amplification prod-
ucts of this synthetic RNA were cloned and sequenced at the same time as the
in vitro and in vivo samples.

Analysis of the 5*NCR nucleotide sequences. The sequences were aligned and
edited using the Clustal X (35) and GeneDoc (version 2.5.000; K. B. Nicholas
and H. B. Nicholas, Jr., 1997) programs, respectively. Phylogenetic analysis was
performed using the DNADIST, NEIGHBOR, SEQBOOT, and CONSENSE
programs from the Phylogeny Inference Package (PHYLIP, version 3.5c; J. Fel-
senstein, Department of Genetics, University of Washington, Seattle, 1993). The
evolutionary distances were estimated by the Kimura two-parameter method,
and the unrooted phylogenetic trees were constructed by the neighbor-joining
method. The final outputs of the trees were obtained with TreeView, version
1.5.2 (24). Bootstrap analyses were determined on 1,000 resamplings of the data
sets. Bootstrap values of $70% were considered statistically significant for the
observed grouping. In order to study the quasispecies composition of each
sample type, the complexity coefficient (CC) was defined as the number of
different clones from each sample divided by the total number of clones analyzed
(23).

Nucleotide sequence accession numbers. The GenBank accession numbers of
the nucleotide sequences presented in this paper are AF125468 to AF12505 and
AF197346 to AF197447.

RESULTS

Specificity of GBV-C/HGV detection. A PCR fragment of
320 bp, corresponding to the GBV-C/HGV 59NCR amplifica-
tion product, was detected in the inoculum, the PBMC corre-
sponding to the inoculum, the 30-day-cultured PBMC of the
healthy donors, and the cell pool after experimental infection,
as well as in the serum, liver, and PBMC samples of the two
infected patients. In contrast, the last PBMC and liver PBS

washes and all the negative controls included in each PCR
assay were always GBV-C/HGV negative. On the other hand,
sequencing of the amplification products from the RNA tran-
scribed in vitro from plasmid pCR-GNC always gave the ex-
pected nucleotide sequence previously known, confirming that
no nucleotide misincorporation due to Taq polymerase activity
occurred during the PCR procedures.

Analysis of the GBV-C/HGV 5*NCR sequence of in vitro-in-
fected PBMC. To study the sequence heterogeneity of PBMC
after the experimental infection, the PCR products from the
inoculum and the different cell cultures were cloned. A total of
50 clones from the inoculum and 29 clones from the PBMC
corresponding to the inoculum were sequenced. With respect
to the in vitro-infected PBMC and cell pool, an average of 22
clones (range, 19 to 27) were sequenced.

As shown in Table 2, CCs of 0.50 and 0.34 were obtained for
the sequences isolated from the inoculum and the PBMC cor-
responding to the inoculum, respectively. On the other hand,
CCs ranged from 0.33 to 0.55 for the 59NCR sequences of the
PBMC infected in vitro, and the CC for the sequences of the
GBV-C/HGV isolates recovered from the cell pool was 0.29.
When the master sequences (the master sequence for each
sample type is the sequence which occurs with the highest
frequency) were aligned and compared, we found that those
recovered from the PBMC corresponding to the inoculum and
the in vitro-infected PBMC and cell pool were all identical, but
different from the master sequence recovered from the inocu-
lum (Fig. 1). None of the GBV-C/HGV 59NCR sequences
derived from the serum used as the inoculum were identical to
the master sequences of the PBMC corresponding to the in-
oculum or the in vitro-infected PBMC and cell pool, and the
mean genetic distance between the sequences was 0.0508 6
0.0045 (range, 0.0406 to 0.0619).

The unrooted phylogenetic tree constructed with all these
GBV-C/HGV sequences revealed that the sequences derived
from the serum used as the inoculum were grouped together in
a cluster, while the sequences from the PBMC corresponding
to the inoculum and the in vitro-infected PBMC and cell pool
clustered together into a separate branch, with a bootstrap
value of 96% (Fig. 2).

Analysis of the 5*NCR sequence from serum, liver, and
PBMC samples of the GBV-C/HGV-infected patients. To study
the complexity of the GBV-C/HGV quasispecies in the 59NCR
infecting the serum, liver, and PBMC in vivo, the PCR prod-

TABLE 1. Clinical characteristics of the patients
included in the study

Parameter Patient 1 Patient 2

Gender Male Male
Age (yr) 31 48
ALTa (IU/liter) 214 100
Known duration of disease (mo) 72 180
Knodell index value 9 8
Fibrosis score 2 1
Epidemiology Intravenous drug

abuse
Polytransfused

a ALT, alanine aminotransferase.

TABLE 2. Heterogeneity of the GBV-C/HGV 59NCR nucleotide
sequences observed in the PBMC infected in vitro

Sample
typea

No. of clones
sequenced

No. of different
sequences

found
CC Frequency of

sequencesb

I 50 25 0.50 1 (24), 1 (3), 23 (1)
IP 29 10 0.34 1 (19), 1 (2), 8 (1)
D1 20 11 0.55 1 (10), 10 (1)
D2 19 10 0.53 1 (9), 1 (2), 8 (1)
D3 21 7 0.33 1 (15), 6 (1)
D4 27 9 0.33 1 (19), 8 (1)
PP 21 6 0.29 1 (16), 5 (1)

a I, inoculum; IP, PBMC corresponding to the inoculum; D1 through D4,
PBMC of the four healthy subjects infected in vitro with the inoculum; PP, cell
pool made by the mixture of the PBMC of the four healthy donors infected in
vitro.

b The number preceding the parentheses represents a sequence, or sequences;
the number within the parentheses is the number of clones in which that se-
quence or those sequences appear. For instance, for I, 1 sequence appears in 24
clones, 1 appears in 3 clones, and 23 appear in 1 clone each.
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ucts from each compartment corresponding to two patients
with chronic GBV-C/HGV infection were cloned and se-
quenced. A total of 41 clones from patient 1 (13 from the
serum, 11 from the liver, and 17 from PBMC) and 45 clones
from patient 2 (16 from the serum, 15 from the liver, and 14
from PBMC) were analyzed.

In patient 1, the CCs in the serum and liver were similar
(0.61 and 0.64, respectively) and higher than that found in the
isolates recovered from the PBMC (0.35). In contrast, in pa-
tient 2, the CCs in the three compartments studied were sim-
ilar (0.81 in the serum, 0.80 in the liver, and 0.86 in PBMC).

When the frequency with which the evolutionary distances
occurred in the GBV-C/HGV isolates from the three compart-
ments was analyzed, the distances in serum and PBMC sam-
ples were distributed around a single peak in both patients
(Fig. 3). In contrast, the distribution of the distances among
the GBV-C/HGV isolates from the liver showed two indepen-
dent peaks in both cases (Fig. 3).

With respect to the master sequences in the three compart-
ments studied, in patient 1, the master sequences from the
serum and the liver were identical and represented 30.8 and
36.4% of the total sequences from the serum and liver, respec-
tively; however, this master sequence was different from that of

the PBMC, which represented 70.% of total sequences from
this compartment. In contrast, in patient 2, the master se-
quences from the serum and PBMC, which represented 18.7
and 21%, respectively, of total sequences, were identical, but
different from the predominant sequence from the liver, which
represented 20% of all liver sequences.

The neighbor-joining phylogenetic trees constructed with
the GBV-C/HGV 59NCR nucleotide sequence of the isolates
from both patients are shown in Fig. 4. In patient 1, all the
isolates from the PBMC samples and one isolate from the liver
are separated into a single branch, while the remaining se-
quences from the serum and liver are clustered in another
branch (Fig. 4a). In the other patient, all the sequences from
the serum and PBMC samples and seven sequences from the
liver are grouped into a single branch, while the remaining five
different sequences from the liver biopsy specimen are sepa-
rated into a different branch (Fig. 4b).

DISCUSSION

The tissue tropism of the recently described GBV-C/HGV is
unknown. In vitro studies have provided evidence which indi-
cates that this virus is able to infect and replicate in lymphoid

FIG. 1. Nucleotide alignment of the master sequences recovered from the inoculum (I), the PBMC of the patient whose serum was used as the inoculum (IP), the
PBMC from the four healthy donors infected in vitro with GBV-C/HGV (D1 through D4), and the pool of cells from the four donors infected in vitro with GBV-C/HGV
(PP).
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FIG. 2. Unrooted neighbor-joining tree constructed with the 59NCR nucleotide sequences from the in vitro-infected PBMC. The isolates are designated I
(inoculum), IP (PBMC of the patient whose serum was used as the inoculum), D1 through D4 (PBMC from the four healthy donors infected in vitro with
GBV-C/HGV), or PP (pool of cells from the four donors infected in vitro), followed by the clone number and, in parentheses, the number of clones bearing the same
sequence. Bootstrap values are shown in the nodes of the tree.
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cells and in immortalized hepatocytes (8, 30). In contrast, con-
tradictory results have been reported with respect to the de-
tection of GBV-C/HGV RNA of negative polarity (the puta-
tive replicative intermediate) in liver and PBMC samples from
chronically infected patients (6, 15, 25). These discrepancies
could be partially explained if there are GBV-C/HGV variants
with different cell tropism.

In a previous study on in vitro infection of PBMC, we found
that only a minor proportion of the GBV-C/HGV variants
present in serum are able to infect and replicate in PBMC,
which suggests the existence of lymphotropic variants (8).
However, there are no data on the existence of these variants
in vivo. Furthermore, it is not known whether there are any
variants with tropism for the liver cells and whether all these
variants are present in serum. Consequently we have studied
the genomic heterogeneity and quasispecies composition of
the 59NCR of viral genomes recovered from in vitro-infected
PBMC and from serum, liver, and PBMC samples from two
chronically infected patients.

Regarding the in vitro-infected PBMC, we found that the
predominant GBV-C/HGV 59NCR sequence was the same in
all in vitro-infected PBMC and in the PBMC isolated from the
patient whose serum was used as the inoculum. This sequence

was different from the predominant sequence found in the
inoculum. In fact, the predominant sequence of the PBMC was
not detected among the 50 clones sequenced from the inocu-
lum, showing that this variant represents a minority of the
circulating GBV-C/HGV variants. Furthermore, the phyloge-
netic analysis of these sequences shows that the sequences
derived from the inoculum grouped together in a cluster, while
those of PBMC grouped in a separate branch (bootstrap value,
96%).

Considered as a whole, all these findings show that there are
GBV-C/HGV lymphotropic variants and that in vitro infection
of PBMC depends on the presence of these variants in the
inoculum but not on host factors, as the PBMC of the four
unrelated donors were infected with similar efficiencies.

In the naturally infected patients, we have found that GBV-
C/HGV in the liver and PBMC exists as a complex distribution
of nonidentical but closely related genomes (quasispecies), as
has been reported previously for serum (26, 36). This situation
is similar to that of the hepatitis C virus (20, 23). When the
frequency at which the evolutionary distances occurred in the
GBV-C/HGV isolated from the three compartments was ana-
lyzed, it was seen that while sequences isolated from the serum
and PBMC of both patients were distributed around a single
peak, the sequences isolated from the livers of the two patients
were distributed into two independent peaks. This finding
shows that the GBV-C/HGV quasispecies composition is more
complex in the liver than in the serum or PBMC.

When phylogenetic analysis of these sequences was per-
formed, it was found that the sequences isolated from the
serum and liver in patient 1 grouped into a single branch, while
the sequences from PBMC (all except one) were grouped into
a different branch. In contrast, for patient 2, all the sequences
from the serum and PBMC and some of those from the liver
grouped within in one branch, while the remaining liver se-
quences grouped into a different branch. Furthermore, for
patient 1, the predominant sequence in the serum (represent-
ing 30.8% of the total serum sequences) and the predomi-
nant sequence in the liver (36.4% of all liver sequences)
were identical, and this sequence was different from the
predominant sequence found in PBMC (70.5% of the total
PBMC sequences). A different situation occurs in patient 2,
for whom the predominant sequence in the serum and the
predominant sequence in PBMC (representing 18.7 and 21%
of all sequences from the serum and PBMC, respectively)
were identical to each other and different from the predom-
inant sequence from the liver (20% of all liver sequences).
All these results strongly support the existence of GBV-C/
HGV variants with different tropism for the liver and lym-
phoid cells.

Finally, the fact that for patient 1 the sequences from serum
and liver grouped together and that the predominant se-
quences were identical could indicate that the liver was the
main contributor to the quasispecies composition, while in
patient 2 the clustering of PBMC and serum sequences and
some of the liver sequences in a single branch suggests that in
this case both the liver and PBMC contribute to the quasispe-
cies composition in the serum. However, it should be noted
that both patients for whom serum, liver and PBMC samples
were analyzed were also coinfected by HCV. Since HCV in-
fects and replicates in both the liver and PBMC (9, 37), the
possibility that HCV may influence the tropism of the GBV-
C/HGV variants by facilitating the replication of some strains
of these lines cannot be excluded. So, to definitively conclude
that there are GBV-C/HGV variants with different tropism,
further studies analyzing patients infected only by GBV-C/
HGV should be performed. Furthermore, the samples ana-

FIG. 3. Histograms of the frequency of each evolutionary distance in the
GBV-C/HGV 59NCR sequences from serum, liver, and PBMC specimens of the
two patients with GBV-C/HGV infection.
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lyzed were obtained at a single time point from each patient;
therefore, changes in GBV-C/HGV quasispecies composition
in the serum, liver, and PBMC over time cannot be excluded.
However, the fact that GBV-C/HGV does not seem to have a
high mutation rate (33) argues against this hypothesis.

In conclusion, our results have demonstrated tissue com-
partmentalization of GBV-C/HGV 59NCR sequences from
PBMC, liver, and serum samples obtained at the same time
from chronic GBV-C/HGV carriers coinfected by HCV, sug-
gesting the existence of GBV-C/HGV variants with different
tropism. The question of the factors involved in this different
tropism, as well as its pathological implications, deserves future
research.
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