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Abstract Ninety-four GB virus C/hepatitis G virus (GBV-C/
HGYV) RNA-positive serum samples were obtained from all over
the world. We found that all 15 GBV-C/HGYV isolates from the
Pygmies and the Bantu in the Central African region had a 12-
amino acid indel (i.e. insertion or deletion) in the non-structural
protein (NS) 5A region. Phylogenetic analyses of the NSSA
region, using GBV-A as an outgroup, showed that these 15
isolates had diverged from the common ancestor much earlier
than the remaining isolates, indicating an African origin of GBV-
CIHGY.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

GB virus C (GBV-C) and hepatitis G virus (HGV) were
identified in human sera from members of the population of
West Africa [1] and the USA [2], respectively. These two vi-
ruses show 100% amino acid identity in the non-structural
protein (NS) 3 region [2] and are similar to GBV-A, on the
basis of genomic organization and molecular evolutionary
analysis [1]. Recently, a phylogenetic analysis of the GBV-C/
HGV 5’-untranslated region (5'-UTR) sequences demon-
strated the presence of three major genotypes, GB type
(type 1), HG type (2), and Asian type (3) [3,4]. Although these
three genotypes strongly correlate with the geographic distri-
bution [4,5], the evolutionary origin of GBV-C/HGV remains
unclear because the previous studies have never identified a
root of the phylogenetic tree.

To elucidate the origin of GBV-C/HGV, the nucleotide se-
quences of GBV-C/ HGV were determined in a large number
of serum samples from Cameroon and Congo in the Central
African region, including the Pygmies and the Bantu, and
other areas worldwide. Using these nucleotide sequence
data, we constructed phylogenetic trees for the NS3 and
NS5A regions of GBV-C/HGV. In this tree, we located the
root by using GBV-A as an outgroup. Our results show that
GBV-C/HGV might be of African origin.
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The nucleotide sequence data reported in this paper will appear in the
DDBIJ, EMBL and GenBank nucleotide sequence databases with the
following accession numbers: AB010155-AB010202.

2. Materials and methods

2.1. Collection of serum samples and detection of GBV-CIHGV RNA

Serum samples were collected, after obtaining informed consent,
from 390 subjects: 174 from the Baka Pygmy and 186 from the Bantu
in Cameroon, and 30 subjects from the Aka Pygmy of Congo in the
Central African region. Serum samples from all subjects were stored
at —80°C until assayed. Serum RNA was extracted from 100 pl of
serum using the Sepa Gene-RVR kit (Sanko, Tokyo), precipitated
with isopropanol, and washed with ethanol. GBV-C/HGV RNA
was detected by nested reverse transcription polymerase chain reac-
tion (RT-PCR) with primers derived from the 5’-UTR as previously
described [3].

Forty-six of 390 serum samples from the African populations were
found to be positive for GBV-C/HGV RNA. Other serum samples
were collected from several subjects from Australia [6], Japan, and the
Jewish population in Uzbekistan [7] as the source of viral RNA in this
study (Table 1). In total, 94 GBV-C/HGV RNA-positive samples were
used for the molecular evolutionary analysis. They included samples
from patients with liver diseases and apparently healthy subjects.

2.2. Detection of the GBV-CIHGV genotype

As previously reported [3], in all samples positive for GBV-C/HGV
RNA by RT-PCR, the GBV-C/HGV genotype was detected by re-
striction fragment length polymorphism (RFLP) analysis in the 5’'-
UTR. The GBV-C/HGYV isolates were clearly separated into three
distinct phylogenetic clusters (or genotypes), named the GB type
(type 1), the HG type (2), and the Asian type (3), by comparison of
nucleotide sequences of the 5’-UTR [3.,4,8].

2.3. PCR amplification of the NS5A sequences

PCR amplification of the NS5A region sequences (462 bp) was
performed with 1 pl of cDNA in a volume of 50 ul. The RT-PCR
was performed with sense primer GS5Af2 (5'-CAAAGTGTTAC-
CATTGAYGGGGA-3’) and antisense primer G5Ar3 (5'-TAG-
TACGGAAAGAGCCACGTTGAAGAC-3’) for 9 min at 96°C, fol-
lowed by 35 cycles, each cycle consisting of denaturation for 1 min at
96°C, annealing for 45 s at 60°C, and extension for 1 min at 72°C.

2.4. PCR amplification of the NS3 sequences

PCR amplification of the NS3 region sequences (489 bp) [9] was
performed with 1 pl of cDNA in a volume of 50 pul. The RT-PCR was
performed with sense primer 3gfl (5'-GGCCGTGGACCCAAGTCC-
CAACAGAYGC-3') and antisense primer 3gr3 (5'-ATCTCAC-
CAACGTCCAGCTTTGTCTCAAT-3’) for 9 min at 96°C, followed
by 35 cycles, each cycle consisting of denaturation for 1 min at 96°C,
annealing for 45 s at 55°C, and extension for 1 min at 72°C.

2.5. Determination of the nucleotide sequences

The amplicons were analyzed by electrophoresis on 3% agarose
gels, stained with ethidium bromide, and observed under ultraviolet
light. The specificity of amplification was confirmed by direct sequenc-
ing of the amplified products with a 373A DNA Sequencer (Applied
Biosystems, Foster City, CA).

2.6. Molecular evolutionary analysis
Molecular evolutionary analyses including GBV-A [10] were per-
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Table 1
Geographic distributions and 5’-UTR genotypes of GBV-C/HGYV isolates from 94 subjects
Ethnic group Number of isolates
GB type (type 1) HG type (type 2) Asian type (type 3)
Pygmies (n=20) 18 2 0
in Cameroon and the Congo
Bantu (n=26) 26 0 0
in Cameroon
Jewish (n=14) 2 12 0
in Uzbekistan
Australian (n=15) 0 5 0
Japanese n=29) 0 2 27
Total (n=94) 46 21 27

The three major GBV-C/HGV genotypes were designated the GB type, the HG type and the Asian type in our previous study [3], corresponding to
genotypes 1, 2 and 3, respectively, as designated by Muerhoff et al. [4].
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Fig. 1. Amino acid (aa) alignment of the GBV-C/HGV NS5A region. The isolates obtained in this study are represented as CMR, Cameroon;
CNG, Congo; AU, Australia; UZ, Uzbekistan, followed by their identification numbers. EB-8, EC-156, CB-10, DC-1, EB-3, EC-1, JA-TT,
KF-1, KI-0, KI-3, MM-0, NR-2 and SS-1 were isolated from Japan. U36380, U44402, U45966, U63715, D87255, D90600, D90601 and
AB003291 were obtained from DDBJ/EMBL/GenBank DNA databases. Isolates obtained from the Pygmies are indicated as (P). Amino acids
identical to those of GBV-C (U36380) are shown as a blot. Ten isolates, CMR-152, CMR-166, CMR-238, CMR-827, CMR-850, CMR-912,
CNG-46, CNG-49, CNG-59 and AB003291, have a 12-aa indel and just downstream of this indel there are similar sequences shown in bold let-

ters.
«—

formed to elucidate the relationship between the isolates in this study
and previously reported GBV-C/HGV strains [2,11-15]. Using the
computer program ODEN version 1.1.1 [16], the number of nucleo-
tide substitutions per site between all these isolates was estimated by
the 6-parameter method [17]. Based on these values, phylogenetic trees
were constructed by the neighbor-joining method [18]. To confirm the
reliability of the phylogenetic tree, bootstrap resampling tests were
performed 1000 times [19].

3. Results

3.1. High prevalence of GBV-CIHGV RNA in the Central
African region

samples from the Bantu in Cameroon, 26 (14.0%) were pos-
itive for GBV-C/HGV RNA. For the Pygmies, GBV-C/HGV
RNA-positive samples were found in 14 (8.0%) of the 174
from the Baka Pygmy in Cameroon and six (20.0%) of the
30 from the Aka Pygmy in Congo. There was no significant
difference in the prevalence between any pairs of these three
groups.

3.2. Detection of the GBV-CIHGV genotype

When the RFLP analysis was conducted for the 5’-UTR,
the GBV-C/HGV genotype of the 20 isolates with GBV-C/
HGV RNA from the Pygmies was found to be 18 for the

GB type and two for the HG type. Of the 26 isolates positive
for GBV-C/HGV RNA from the Bantu, all belonged to the

We found that the prevalence of GBV-C/HGV was quite
high in the Central African region. In fact, of the 186 serum
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Fig. 2. Phylogenetic trees of the GBV-C/HGV NS5A region as constructed by the neighbor-joining method using all the isolates shown in Fig.
1. Isolates obtained in previous reports are indicated by their accession numbers from the DDBJ/EMBL/GenBank DNA databases. Isolates ob-
tained from the Pygmies are indicated as ‘Pygmy ’. For the other isolates, the ethnic group are also shown. The horizontal bar indicates the
number of amino acid substitutions per site. Ten isolates with the indel, shown in bold letters, fell within the same cluster with a bootstrap
value of 100% as the Indel type.
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Fig. 3. Phylogenetic trees of the GBV-C/HGV NS5A region using GBV-A as an outgroup. Ten Indel types formed an outer group of the

GBV-C/HGYV isolates.

GB type. When non-African isolates were incorporated
into the present analysis, a total of 94 isolates were clas-
sified into 46 GB types, 21 HG types, and 27 Asian types
(Table 1).

3.3. Phylogenetic analysis of the NS5A region and African
origin of GBV-CIHGV

Thirty-six isolates chosen randomly from 94 positive iso-
lates (Table 1) were tested by RT-PCR using primers derived
from the NS5A region. The 36 isolates consist of 16 GB types,
8 HG types, and 12 Asian types. When the amplicons were
analyzed by electrophoresis on 3% agarose gels, there were
two kinds of different bands, showing that there are the ‘Indel’
(i.e. insertion or deletion) type and ‘non-Indel’ type. To con-
firm the existence of these two types at the nucleotide se-
quence level, we determined nucleotide sequences for all 36
isolates. Of the 36 sequences, nine had a 36-nucleotide (cor-
responding to 12 amino acids (aa)) indel in the NS5A region
(Fig. 1). Interestingly, all of these nine isolates were obtained
from the Central African region and were identified as belong-
ing to the GB type. This 12-aa indel was rich in serine resi-
dues, and just downstream of this indel there were similar
sequences (Fig. 1). To examine if all the Indel types consist
of the GB type only, all 94 positive isolates were tested by
RT-PCR and analyzed by electrophoresis. As a result, 15
isolates were the Indel type and all of them were found to

be the GB types that were mainly obtained from the African
region.

The phylogenetic tree for the NS5A region indicated that
there were two different clusters separated by a bootstrap
value of 100%. It is of interest that one cluster consisted ex-
clusively of Indel types, and the other cluster consisted of all
the non-Indel types. More interestingly, the non-Indel types
contained African and non-African isolates intermingled (Fig.
2). To determine a root of the phylogenetic tree, we used
GBV-A as an outgroup. As shown in Fig. 3, the Indel type
formed a distinct outer group of the GBV-C/HGYV isolates.

Thus, we found that the 15 isolates with the 12-aa indel
from the Pygmies and the Bantu, belonging to the Indel
type, had apparently diverged earlier from the common an-
cestor than the non-Indel type. Along with the fact that the
Pygmies and the Bantu diverged much earlier than non-Afri-
cans from the common ancestor, our results indicate that the
GBV-C/HGV might be of African origin.

3.4. Phylogenetic analysis of NS3 region sequences

To elucidate the hypothesis that GBV-C/HGV was derived
from Africa, we constructed a phylogenetic tree for the NS3
region, using GBV-C/HGYV isolates consisting of 10 Indel
types and 11 non-Indel types (namely, three GB types, five
HG types, and three Asian types) and GBV-A as the out-
group. As a result, the 10 Indel types formed an outer group
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Fig. 4. Phylogenetic trees of the GBV-C/HGV NS3 region. We constructed a phylogenetic tree using 21 GBV-C/HGV isolates consisting of 10
Indel types (CMR-152, CMR-166, CMR-238, CMR-827, CMR-850, CMR-912, CNG-46, CNG-49, CNG-59 and AB003291) and 11 non-Indel
types (three GB types: U36380, CMR-820 and CMR-837; five HG types: U44402, U45966, U63715, D87255 and D90600; three Asian types:
D87262, D90601 and JA-TT) and GBV-A as an outgroup. The horizontal bar indicates the number of nucleotide substitutions per site.

of the GBV-C/HGYV isolates (Fig. 4), which was consistent
with the phylogenetic tree for the NS5A region. This obser-
vation reinforces our idea that GBV-C/HGV might be of
African origin.

4. Discussion

Recently, GBV-C was isolated from West Africa for the
first time [1]. It has been reported that GBV-C/HGV infection
may not cause chronic liver disease [20,21]. Alternatively,
GBV-C/HGYV can infect human beings, but has little patho-
genicity for humans at present. On the other hand, phyloge-
netic analyses using human mitochondrial DNA suggest that
Homo sapiens has diverged from Homo erectus in Africa
around two hundred thousand years ago and migrated out
of Africa one hundred thousand years ago [22]. If GBV-C/
HGYV and humans have been able to coexist for a long time
without pathogenicity, GBV-C/HGV might also have its ori-
gin in the African continent and have been carried out of
Africa along with human migration. To elucidate the hypoth-
esis that GBV-C/HGV was derived from Africa, molecular
evolutionary analyses were performed using 94 GBV-C/
HGV RNA-positive isolates from Central African regions
and other regions.

In the Central African region, the prevalence of GBV-C/
HGV was high, and most isolates belonged to the GB type.

Of the 46 GBV-C/HGV RNA-positive isolates from the Cen-
tral African region, 15 had a 12-aa indel in the NS5A region.
When we constructed phylogenetic trees for the NS3, NS5A
and NS5B regions (data not shown) using GBV-A as an out-
group, the Indel types from the Central African region formed
an outer group of several GBV-C/HGYV isolates. Moreover, 11
of the 15 Indel types were obtained from the Pygmies who are
considered to be one of the oldest populations in Africa, and
the prevalence of the Indel types in the Pygmies was signifi-
cantly higher than that in the Bantu. Our data indicated that
the Indel types from the Central African region, mainly from
the Pygmies, might be the ancestors of GBV-C/HGV. For the
isolates belonging to the non-Indel type, the 12-aa indel might
have been deleted in the course of GBV-C/HGV evolution.
This may be supported by the fact that deletions of amino
acids have occurred about four times more frequently than
insertions [23].

From our study, it would be reasonable to consider that
GBV-C/HGV derives from Africa. A few questions still re-
main. First, the topology of the phylogenetic trees for the
NS3 or NS5A regions was somewhat different from that for
the 5’-UTR. It did not fully support our ideas. However, this
may be explained possibly by the fact that these sequences
were too short to construct phylogenetic trees or that recom-
binations among different genotypes might occur. The 12-aa
deletion in the NS5A region of the GBV-C/HGYV full sequen-
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ces, however, was very characteristic and might have been one
of the first significant events in the evolution of GBV-C/HGV.
Second, we found that all the Indel types were obtained from
the Central African region, but recently an isolate (AB003291)
with a 12-aa indel in the NSS5A region was detected in a
Japanese patient [15]. When we reconstructed the phylogenetic
trees for the 5’-UTR, NS3, NS5A and NS5B regions, the
isolate certainly belonged to the cluster of the Indel type.
Thus, it is possible that this Japanese isolate could have
been brought from Africa to Japan in the past.

To elucidate the evolutionary origin of GBV-C/HGYV, it is
necessary to construct phylogenetic trees using more members
of GBV-C/HGYV isolates worldwide and to examine if the
other non-A-G agents are more closely related to GBV-C/
HGYV than GBV-A. Moreover, if another flavivirus is discov-
ered, it will give us useful information on the evolution of
GBV-C/HGV.
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