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Hepatitis C virus (HCV) infection is thought to mostly become chronic and rarely resolves. HCV infection
was serologically screened in 4,984 samples from Ghanaian blood donors, and 1.3% prevalence was found. At
least 53% of confirmed anti-HCV carriers had no detectable viral RNA and were considered to have cleared the
virus and recovered from the infection. Confirmation was authenticated by the presence of antibodies specific
to at least two viral antigens, mostly NS3 and E2. Reactivity to HCV core antigens was lower in Ghanaian than
United Kingdom blood donors. The minority of chronically infected donors carried a viral load significantly
lower than an unselected comparative group of United Kingdom blood donors (2.5 � 105 versus 2.9 � 106

IU/ml; P � 0.004). HCV genotype 2 was largely predominant (87%). Sequence clustering was similarly broad
in the E1/E2 and NS5 regions. The phylogenetic diversity and the incapacity to distinguish subtypes within
genotype 2 in our and others’ West African strains suggested that West Africa may be the origin of HCV
genotype 2. The genetic diversity extended to the identification of strains clearly separated from known
subtypes of genotype 2 and genotype 1. One strain appears to be part of a new HCV genotype. HCV infection
in Ghana is characterized by a high rate of recovery and the predominance of broadly divergent genotype 2
strains.

Hepatitis C virus (HCV) is the major etiological agent of
posttransfusion non-A, non-B hepatitis. According to World
Health Organization (WHO) estimates, approximately 3% of
the world population may be infected with HCV (20). The
prevalence of HCV infection varies widely according to the
location and the population studied (28). In sub-Saharan Af-
rica, HCV prevalence has been reported to be less than 1% in
southern African countries (43, 45) and to range between 1.7
and 27.5% in central Africa (5, 25, 29) and between 1.4 and 7%
in West and East Africa (1, 10, 36, 39). The variations observed
between studies appear related not only to the heterogeneity of
the populations investigated but also to the methods used to
detect HCV infection (36). More population-based studies us-
ing highly sensitive and specific assays are necessary to evaluate
the exact magnitude of HCV infection in sub-Saharan Africa.

After an initial exposure to HCV, infection may resolve or
evolve to chronic infection, resulting in a variety of outcomes
ranging from no symptoms to end-stage liver disease (15, 41).
Studies performed in Western and Far Eastern countries
showed that about 80% of the HCV infections evolve to
chronic infection (15, 41). However, considering that primary
infection is predominantly asymptomatic and that antibodies
become undetectable over months or years in a proportion of
those who spontaneously clear the virus (37), the infection
recovery rate may be underestimated. A few recent studies
from East Asia and sub-Saharan Africa involving a limited
number of patients reported recovery rate ranging between 30
and 89% (17, 36, 38, 43, 45). The nature and the relative

importance of the host and viral factors determining the out-
come of HCV infection are not well understood. Host factors
that may play a role include cellular immunity (40, 49) and host
genetic determinants (7, 12). Viral factors include genetic het-
erogeneity (14), viral load (46), and possibly genotype (3, 17),
although this last factor remains controversial (50).

Genetic variants of HCV have been classified into six phy-
logenetically distinct genotypes, each containing multiple sub-
types (33). There is a marked difference in the distribution of
the genotypes and subtypes worldwide. The geographic distri-
bution and diversity of HCV genotypes may provide important
indications about the origin of HCV (35). In addition, the
identification of HCV genotypes and subtypes may have im-
plications in the efficacy of diagnostic assays. In West Africa,
preliminary results suggest a predominance of genotype 2.

This study was designed to determine the ratio between
HCV chronic infection and recovery in samples from blood
donors in Kumasi, Ghana. In studying viral strains from these
individuals, new aspects of the molecular distribution of HCV
in West Africa emerged.

MATERIALS AND METHODS

Samples. Serum or plasma samples from 4,984 blood donors were collected
and screened for anti-HCV by enzyme immunoassay (EIA) at the Komfo Ano-
kye Teaching Hospital blood bank in Kumasi, Ghana. Reactive samples were
stored at �20°C and shipped in dry ice to the Laboratory of Molecular Virology,
Division of Transfusion Medicine, Cambridge, United Kingdom, to confirm the
presence of anti-HCV and to screen for HCV RNA (36). Serological and mo-
lecular investigations were often limited by the volume of plasma sample avail-
able (1 to 1.5 ml). This study was approved by the University of Science and
Technology School of Medical Sciences committee on human research publica-
tion and ethics, Kumasi, Ghana. For comparison, samples from a study of HCV
and human immunodeficiency virus (HIV) infection in 50,000 first-time blood
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donors conducted in the United Kingdom and previously published (8) were
used.

Serological screening. Samples reactive with Murex anti-HCV version 4.0 EIA
(Murex Biotech SA Ltd, Kyalami, South Africa) were retested, and repeatable
reactive samples were tested with a second anti-HCV EIA from SANOFI
(SANOFI, Marnes la Coquette, France). Both EIAs were performed according
to the manufacturers’ instructions.

Reactivity with two independent locally performed EIAs defined confirmed
positivity, but samples were subsequently retested with a third-generation re-
combinant immunoblot assay (RIBA HCV 3.0 SIA; Chiron, Emeryville, Calif.) at
the Laboratory of Molecular Virology (Division of Transfusion Medicine, Uni-
versity of Cambridge, Cambridge, United Kingdom) according to the manufac-
turer’s instructions. This assay is based on two recombinant proteins (NS5 Ag
and c33c Ag: NS3) and three synthetic peptides (c22p from core and c100p/5-
1-1p from NS4) immobilized as four individual bands onto test strips. Reactivity
to at least two of the four HCV antigens was considered a positive result; no
reactivity was considered a negative result, and reactivity to only one antigen was
considered an indeterminate result.

A second confirmatory test was performed on anti-HCV-positive samples
using a Murex prototype HCV confirmatory assay (Murex Biotech, Dartford,
United Kingdom). The assay is a line immunoassay in which purified recombi-
nant antigens or peptides representing the core, envelope, NS3, NS4, and NS5
regions are immobilized onto a supported nitrocellulose membrane in discrete
bands. The immobilized antigens are from HCV serotypes 1, 2, and 3. In addi-
tion, three control lines are present: an anti-human band to act as a sample
addition monitor and two human immunoglobulin G (IgG) lines set at 1�
positive and 3� positive to aid in the scoring of the strips by eye. Criteria for
positive, indeterminate, or negative result are as for the RIBA 3.0 assays.

Additional EIA testing. Plasmas were screened for anti-core and anti-NS3
reactivity by EIA using three core peptides and two NS3 recombinant proteins
mixtures, respectively. The core peptides were designated C1 (MSTNPKPQRK
TKRNTNRR-C), C2 (KTKRNTNRRPQDVKF-C), and C3 (GQIVGGVYLL
PRRGP-C) and synthesized from HCVJK1G genotype 1b (18). The NS3 recom-
binant proteins 00117-V (amino acids 1450 to 1643) and 00118-V (amino acids
1209 to 1643) were obtained from ViroGen (ViroGen, Watertown, Mass.).
00117-V and 00118-V NS3 antigens are derived from a HCV genotype 1b strain
and from a Russian HCV strain not genotyped, respectively. Briefly, 100 �l of the
core peptide mixture (10 �g of each/ml) or the two recombinant NS3 protein
mixture (1 �g of each/ml) in sodium carbonate (pH 9.6) was added to a Nunc-
Immuno microtiter plate (Maxisorp, Nalge nunc International) and incubated
overnight at 4°C. The EIA procedure was then carried out as previously de-
scribed (18). Levels of antibody reactivity were expressed as a sample/cutoff ratio
(S/CO). The cutoff was calculated for each individual plasma as the mean of the
absorbance values of three non-HCV peptides plus six standard deviations.

In order to limit background, IgGs were purified from the African plasmas by
affinity chromatography with protein G Sepharose using the MabTrap kit (Am-
ersham Pharmacia Biotech AB, Uppsala, Sweden) and then tested for anti-HCV
core and NS3 reactivity. Protein concentration of the column eluate was deter-
mined in each fraction using the BCA Protein assay (Pierce, Rockford, Ill.)
according to the manufacturer’s instructions.

HCV RNA testing. HCV RNA was screened using the transcription-mediated
amplification (TMA)-based HIV/HCV RNA multiplex assay (Procleix HIV-1/
HCV assay, Gen-Probe Inc., San Diego, Calif., and Chiron Blood Testing,
Emeryville, Calif.) according to the manufacturer’s instructions, as previously
described (8).

Reverse transcription (RT) nested PCR for HCV RNA. Viral RNA was ex-
tracted from 140 �l of plasma with a QIAamp Viral RNA Mini Kit (Qiagen Ltd,
Crawley, United Kingdom) according to the manufacturer’s instructions.

RT was carried out in a final volume of 20 �l containing 50 units of murine
leukemia virus reverse transcriptase (Applied Biosystems, Warrington, United
Kingdom), 20 units of RNasin (Promega, Southampton, United Kingdom), 0.08
units of random hexamers, and 1 mM each deoxynucleotide triphosphate
(dNTP). The mixture was incubated at 42°C for 60 min and 95°C for 5 min.

The E1/E2 region of the HCV genome was amplified using nested PCR as
previously described (26). Part of the NS5B region was amplified using two
different assays. First, primer pairs HCV243-HCV242 and HCV554-HCV555
were used as described (9). When no amplified product was obtained, a second
nested PCR was performed using the outer primers JT1 (5�-GGGTTTGGGG
CNAAGGAGGT-3�, 5� position 7970) and JT2 (5�-CTCTCAGGTTYCGCTC
GTCC-3�, 5� position 8678) and the inner primers JT3 (5�-CCAAAAATGAG
GTGTTYTG-3�, 5� position 8085) and JT4 (5�-TGGCTYTCTGAGATGACR
ACC-3�, 5� position 8646). Primer positions are relative to the sequence of the
HCV strain J6 (GenBank accession no. D00944). Briefly, first-round PCR was

performed in 50 �l containing 2.25 mM MgCl2, 0.2 mM dNTPs, 1 �M each
primer, 2.5 units of Amplitaq (Applied Biosystems), and 5 �l of cDNA. The same
conditions were used in the second-round PCR, but the reaction was performed
in 20 �l containing 4 �l of first round-amplified product. The cycling profile was
identical for the two rounds and consisted of a predenaturation at 95°C for 5 min
followed by 30 cycles at 95°C for 30s, 58°C for 1 min, and 72°C for 1 min. A final
extension was performed at 72°C for 10 min.

HCV RNA quantification. Viral RNA was quantified using the Mx4000 Mul-
tiplex Quantitative PCR System (Stratagene, La Jolla, Calif.). The sequences of
the primers MAD-1 (5�-TGCTAGCCGAGTAGYGTTGG-3�) and MAD-2 (5�-
ACTCGCAAGCACCCTATCAG-3�) and the probe MAD-3 (5�-ACCACAAG
GCCTTTCGCGAC-3�) were designed from the conserved 5� untranslated re-
gion (UTR) of the HCV genome. The fluorogenic probe was 5� labeled with
FAM (6-carboxyfluorescein) and 3� labeled with TAMRA (6-carboxy-N-tetra-
methylrhodamine). Amplification was performed with the Brilliant two-step
quantitative RT-PCR core reagent kit (Stratagene, La Jolla, Calif.). An RT
reaction mixture contained 1� core RT buffer, 2 mM each dNTP, 2 �M MAD-2
primer, 20 units of StrataScript reverse transcriptase, 20 units of RNasin, and 10
�l of template RNA preparation per 20-�l reaction. The reaction was carried out
at 25°C for 5 min, 45°C for 60 min, and 95°C for 3 min. The quantitative PCR
mixture contained 1� core PCR buffer, 5 mM MgCl2, 0.8 mM each dNTPs, 1.8
�M each primers, 0.2 �M fluorogenic probe, 3.0 � 10�4 mM reference dye
(carboxy-X-rhodamine; ROX), 2.5 U of SureStart Taq polymerase, and 10 �l of
template cDNA preparation per 50-�l reaction. After an initial incubation at
95°C for 10 min, fifty two-step cycles of 1 min at 60°C and 30 s at 95°C were
carried out. For each run, duplicates of a tenfold serial dilution of WHO Inter-
national Standard for HCV RNA for NAT assays 96 and 790 (NIBSC, Potters
Bar, United Kingdom) containing 5 to 5,000 IU of HCV genome per RT reaction
were analyzed. The sensitivity of the method was estimated using the WHO
standard 96/790 and Probit software at 150 IU/ml.

HCV genotyping. E1/E2 and NS5B amplicons were purified in a 1.5% agarose
gel using the QIAquick gel extraction kit (Qiagen Ltd), and 10 ng of purified
DNA was used in a sequencing reaction. In addition, E1/E2 amplicons were
cloned into the TA vector pCR 4-TOPO (Invitrogen Ltd, Paisley, United King-
dom). Following transformation into One Shot TOP10 chemically competent
Escherichia coli (Invitrogen Ltd.), clones were isolated using a QIAprep Spin
Miniprep kit (Qiagen Ltd.). Recovered plasmid DNA was tested for insert by
restriction digest with EcoRI. All assays were performed according to the man-
ufacturers’ instructions. Purified amplicons and plasmid DNA were sequenced
using the ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction kit,
version 2.0, and the ABI PRISM 3100 genetic analyzer (Applied Biosystems)
according to the manufacturer’s instructions.

Phylogenetic analyses were performed using the PHYLIP software package
and previously genotyped HCV sequences from the GenBank data base as
references (genotype 1: GenBank nos. AF009606, AJ132996, D10749, D14853,
D90208, M62321, M67463, U1214, and X61596; genotype 2: AB030907,
AB031663, AF238484, AF238486, D00944, D10988 and D50409; genotype 3:
AF046866, D17763, D28917, D49374, D63821 and X76918; genotype 4: Y11604;
genotype 5: AF064490 and Y13184; and genotype 6: D63822, D84262, D84263,
D84264, D84265 and Y12083). Briefly, alignments were created using the
CLUSTAL X program and edited using the Se Al program, version 2.0. Distance
matrices were produced by DNADIST using the Kimura two-parameter setting
and further analyzed in NEIGHBOR, using the neighbor-joining setting. The
significance of clustering was evaluated by bootstrapping (1,000 replicates) using
the programs SEQBOOT and CONSENSE. Bootstrap values of �80% were
considered significant.

Nucleotide sequence accession numbers. The GenBank accession numbers of
nucleotide sequences analyzed in this study are AY236365 to AY236408.

RESULTS

HCV infection in Ghanaian blood donors. Samples from
4,984 Ghanaian blood donors were initially tested for HCV
antibody, and 150 were reactive (3%). Reactive samples were
retested with an alternative anti-HCV EIA, and 63 (1.3%)
were reactive with both independent assays. These 63 blood
donors were mainly males (82%) and ranged in age between 16
and 53 years (median age, 29 years).

By TMA, 111 of 140 donations (79.3%) were HCV RNA
negative and 29 samples (20.7%) contained HCV RNA. Ten
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samples were not tested due to volume limitation. The 5� UTR
region of HCV was successfully amplified in all the TMA-
positive samples, with an independent nested PCR assay used
for confirmation (data not shown).

To further assess the presence of antibody to HCV in sam-
ples that were seropositive but HCV RNA negative, two anti-
HCV confirmatory assays were used, namely, RIBA HCV 3.0
and the Murex prototype HCV confirmatory assay. Forty-four
donations with S/CO values of �2 in both EIAs were tested
(Table 1). For comparison, 15 RNA-positive samples were also
tested. Sixty-seven samples were not tested due to volume
limitation (12 samples) or an S/CO value of �2 (55 samples).
All 15 RNA-positive samples were confirmed with both assays.
Using RIBA, 9 HCV RNA-negative donations (20.5%) were
confirmed to be anti-HCV positive, whereas 24 donations
(54.5%) were confirmed with the Murex assay. Among the
Murex-confirmed donations, 13 were RIBA indeterminate and
two were RIBA negative. Only one donation positive with two
independent screening EIAs was negative with both confirma-
tory assays.

In order to analyze the discrepancies between the RIBA and
Murex assays, the individual antigen reactivity was compared
in 43 HCV RNA-negative donations (the donation found neg-
ative with the two confirmatory assays was excluded from the
analysis) (Fig. 1). In both RIBA and Murex assays, a weak
reactivity was observed with the core antigen. Four samples
(9%) reacted with the core antigen in the RIBA assay, and one
reacted in the Murex assay. In contrast, the NS3 antigen
showed the highest rate of reactivity in both assays (74% re-
activity in RIBA and 88% reactivity in Murex). The Murex
assay also showed a higher frequency of reactivity with the NS5

antigen (84% reactive) than with RIBA (23% reactive). In
addition, the E2 envelope protein present in the Murex assay,
but not in RIBA, was reactive in 35 (81%) of the samples
tested. Since a confirmed result with either RIBA or Murex
confirmatory assay requires at least two reactive bands, most
samples tested were indeterminate with RIBA. In contrast, the
presence of two highly reactive antigens in the Murex assay
(NS3 and E2) identified most of the samples as confirmed.

Among the 19 samples classified indeterminate in either
RIBA and/or Murex assays, we hypothesized that some had
been truly infected and had lost antibody reactivity over time
and others were not infected but displayed false reactivity. To
distinguish between the two possibilities, in-house assays de-
veloped with core peptides and commercial recombinant NS3
proteins were used. In particular, it was assumed that should
reactivity with core peptides be observed, the likelihood of
genuine contact with HCV would be considerably increased.
Of the 19 samples indeterminate by reactivity to NS3 antigen
in the confirmatory assays, 18 also reacted with the recombi-
nant NS3 EIA. In addition, nine of these NS3-reactive samples
reacted with the mixture of core peptides derived from the
genotype 1a prototype HCV sequence.

If the confirmed antibody-positive rate was extrapolated to
include all of the 29 RNA-positive samples, 38 samples (9
RNA-negative samples and 29 RNA-positive samples) were
confirmed to be antibody positive by RIBA, giving a recovery
rate of 9 of 38, or 23.7%. Using Murex assay in addition to
RIBA, the number of confirmed antibody-positive samples
increased to 53 (24 RNA-negative and 29 RNA-positive sam-
ples) and the recovery rate became 24 of 53, or 45%. Accord-
ing to the rule that confirmation is defined by reactivity with
two distinct viral antigens, the nine samples indeterminate with
RIBA and/or Murex assay but reactive with recombinant NS3
and core peptide EIAs were included, bringing the number of
confirmed seropositive samples to 62 (33 RNA-negative and 29
RNA-positive samples). The percentage of recovery from
HCV infection became 33 of 62, or 53%. No significant differ-
ence in age or sex was observed between blood donors that
were both seropositive and RNA positive and blood donors
that were RNA negative, nor was significant difference ob-
served within the RNA-negative group between donors with
confirmed or indeterminate serology.

The poor reactivity of Ghanaian samples with the genotype
1a-derived core antigen was further investigated in 38 HCV
RNA-containing samples from Ghana (n � 26) or the United
Kingdom (n � 12) with a peptide anti-core EIA. The anti-NS3
EIA was used as control. All samples were reactive with the
mixture of NS3 recombinant proteins, and the S/CO values
were not significantly different between the two groups. In
contrast, the United Kingdom samples, relative to the Ghana-
ian samples, showed a significantly higher rate (92 and 50%
reactive, respectively; P � 0.035) and level of reactivity with
the core peptides (comparing S/CO values) (P � 0.0001).

To assess whether such difference of reactivity was corre-
lated to viral load, HCV RNA was quantified in the United
Kingdom and Ghanaian donations using real-time quantitative
RT-PCR. Six Ghanaian samples were not tested due to plasma
volume limitation. As shown in Fig. 2, the HCV RNA load
detected in the 20 Ghanaian donations was significantly lower
than that in the 12 United Kingdom donations. The median

FIG. 1. Antigen reactivity of 43 HCV RNA-negative Ghanaian
blood donations in two anti-HCV confirmatory assays.

TABLE 1. Comparison of two anti-HCV confirmatory assays

Chiron RIBA HCV
3.0 SIA result

Murex prototype HCV confirmatory
assay result Total

Positive Indeterminate Negative

Positive 24 0 0 24 (41%)
Indeterminate 13 10 3 26 (44%)
Negative 2 6 1 9 (15%)

Total 39 (66%) 16 (27%) 4 (7%) 59
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RNA viral load was 2.5 � 105 IU/ml of plasma in the Ghanaian
donations (range, 3.3 � 103 to 9.0 � 106 IU/ml) compared to
2.9 � 106 IU/ml in the United Kingdom donations (range, 1.5
�105 to 4.1 � 107 IU/ml) (P � 0.004). However, no correlation
was found between plasma viral load and reactivity with core
peptides.

An alternative explanation for such difference in HCV
genotype 1-derived peptides reactivity was a different distribu-
tion of HCV genotypes between Ghana and the United King-
dom. Of the 11 United Kingdom samples reactive with the
screening mixture of core peptides, six were infected with HCV
genotype 1a, two with genotype 1b, one with genotype 3a, and
two with genotype 4a (GenBank accession numbers AF488352,
AF488360, AF488355, AF488356, AF488364, AF488370,
AF488366, AF488375, AF488369, AF488371, and AF488372).
The United Kingdom nonreacting donation was infected with
HCV genotype 1a. Two United Kingdom donations infected
with HCV genotype 1a and 3a showed the lowest anti-core
reactivity (S/CO values of 3.19 and 2.64, respectively). Molec-
ular analysis was then performed to characterize the HCV
strains infecting Ghanaian blood donors. This explanation,
however, is unlikely, since genotypes 1, 2, and 4 share the same
consensus sequence for the core peptides used in our assay.

Molecular characterization of Ghanaian HCV strains. The
E1/E2 and NS5B regions from 23 and 21 Ghanaian donations,
respectively, were sequenced (GenBank accession numbers,
AY236365 to AY236408). Five samples were not tested due to
plasma volume limitation. Nucleotide sequences of the E1/E2
(513 bp) and NS5B (271 bp) regions were obtained by direct
sequencing, and phylogenetic analysis was performed using 31
reference sequences representative of HCV genotypes 1 to 6.

Twenty (87%) of the Ghanaian strains clustered with geno-
type 2 reference sequences, with bootstrap values of 100% over
1,000 replicates (Fig. 3). However, these strains did not clearly
cluster with any of subtypes 2a, 2b, or 2c, nor did they form a
distinct cluster within clade 2. Only strain G3959 was clearly
related to subtype 2b (bootstrap score, 90%), with 74 to 75%
sequence homology with the three 2b reference strains.

Strain G4720 clustered as a divergent genotype 2 subtype,
but the bootstrap value was too low to draw any firm conclu-
sion. G4720 had 64 to 68% sequence homology with the other

Ghanaian strains and the type 2 reference sequences. Se-
quence homology between all the other Ghanaian and geno-
type 2 reference sequences ranged between 67 and 84%.

Three strains, G250, G4309, and G4630, showed remarkably
similar sequences (sequence homology, 97, 98 and 99%). The
possibility of cross-contamination during sample processing
was checked and eliminated. Investigations conducted in
Ghana established that these three samples were collected
from the same donor at different times over a period during
which the information regarding HCV status was not available
at the time of donation and could not be delivered to the
individual.

Two other strains, G1224 and G903, clustered with genotype
1, with bootstrap values of 84% over 1,000 replicates (Fig. 3).
G1224 was clearly a divergent 1b subtype, exhibiting 69 to 71%
sequence homology with the four 1b subtype references used in
this analysis. Sequence homology between the 1b subtype ref-
erences ranged between 80 and 82%. Strain G903 formed a
distinct branch within genotype 1, with the highest sequence
homology being with 1b strains but being low (�67%). Boot-
strap values of 99% over 1,000 replicates assigned to this node
supported G903 possibly constituting a new subtype of geno-
type 1. Finally, the Ghanaian strain G3895 was the most di-
vergent, sharing less than 70% E1/E2 sequence homology with
all other Ghanaian and reference sequences studied. Strain
G3895 did not cluster with any known HCV genotypes with any
significant bootstrap values (Fig. 3).

Sequences of 170 amino acids, including the 27-amino-acid-
long HVR1 region, were deduced from the PCR consensus
sequence for each Ghanaian isolate (data not shown). Within
HVR1, 44.7 � 9% amino acid identity was observed between
the Ghanaian strains. Positions 2, 23, and 26 were conserved as
threonine, glycine, and glutamine, respectively. Strain G371
had a deletion of one residue at position 4, and strain G663
had an additional tyrosine residue at the end of the E1 protein.
The comparison of HVR1 sequences using the Kyte and
Doolittle method (http://us.expasy.org/cgi-bin/protscale.pl) in-
dicated very similar hydrophobicity profiles among the HCV
strains, regardless of the genotype. Twenty sequences were
globally basic, and one (G3895), containing the same number
of acidic and basic residues, was globally neutral. The second-
ary structures of HVR1 sequences were predicted by using the
Chou-Fasman, Robson-Garnier, and double prediction meth-
ods available at the NPSA website (http://npsa-pbil.ibcp.fr).
Common characteristics in the secondary structure were con-
sistently predicted for the HVR1 sequences despite the high
amino acid variability displayed (data not shown). In all se-
quences except G988, 	 sheet conformations were predicted
around positions 15 to 19. A turn was also predicted in the
region between positions 20 and 24 in almost all sequences
except G4392.

The approach used for the analysis of the E1/E2 sequences
was also applied to the NS5B sequences. The phylogenetic tree
of the NS5B region confirmed the topology observed in the
E1/E2 region analysis, namely, that 18 of 21 (86%) of the
Ghanaian sequences clustered with genotype 2, with bootstrap
values of 97% on 1,000 replicates (Fig. 4). As observed in the
E1/E2 region, the Ghanaian sequences did not form a specific
cluster within genotype 2. The only significant cluster consisted
of a subtype 2c reference (D50409) and the Ghanaian strains

FIG. 2. RNA viral load in HCV-infected blood donors from Ghana
and the United Kingdom. The horizontal bars denote median values.
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G371 and G1245, supported by bootstrap values of 98%. How-
ever, the other type 2c reference strain, AB031663, was not
included in that cluster. Again, G4720 was the most divergent
isolate within the type 2 group, sharing 72 to 74% sequence
homology with the other genotype 2 sequences. All the other
type 2 sequences shared 75 to 93% homology. Bootstrap values
of 81% over 1,000 replicates supported the individuality of
G4720 within genotype 2. The NS5B sequence of G3959 was
also distant from the other genotype 2 sequences. Strain G1224
clustered with subtype 1b references (83 to 91% sequence
homology) (Fig. 4). However, the relatedness of G1224 with
subtype 1b references was not supported by significant boot-
strap values. In contrast, the bootstrap value of strain G3895
with genotype 1 was 99% over 1,000 replicates. However,
G3895 remained highly divergent from the genotype 1 refer-
ences. Sequence homology between G3895 and the references
ranged from 73 to 80% but ranged from 79 to 97% among the
genotype 1 references. No amplified product was obtained for
G903 despite several attempts, suggesting the lack of annealing
of NS5B-specific PCR primers with G903 sequence.

The deduced NS5B amino acid sequences were aligned with
the corresponding sequence of the reference HCV genotype 1a
(GenBank accession number, M62321) and used to develop
the RIBA HCV 3.0 SIA assay (data not shown). The partial
101-amino-acid-long sequences obtained for the African
strains accounted for 17% of the whole NS5B protein but
contained three crucial motifs for the RNA-dependent RNA
polymerase (RdRp) located at positions 2640 to 2645, 2702 to
2711, and 2737 to 2739 (positions numbered according to
M62321 polyprotein). Seventy residues (69%) were conserved
among all the Ghanaian sequences irrespective of their geno-
type. Concerning the RdRp activity-associated motifs,
DTRCFD (positions 2640 to 2645) and GDD (positions 2737
to 2739) motifs were conserved in both Ghanaian sequences.
However, among the type 2 Ghanaian strains, some variability
was observed within the motif SVGLTTSCGN (positions 2702
to 2711). At position 2705, phenylalanine instead of leucine
was found in five sequences (25%), and at position 2709, cys-
teine was replaced by methionine in 18 sequences (90%) and
by alanine and leucine in the two remaining sequences. Finally,

FIG. 3. Phylogenetic relationship between HCV E1/E2 sequences. The 23 Ghanaian sequences were aligned with 31 HCV reference strains
from the GenBank data base. The six major lineages of HCV are indicated by the boldface numbers along the branches; reference strains are
identified by their GenBank accession numbers, and subtypes of the viruses are also reported in parenthesis (classification according to Salemi and
Vandamme [35]). The Ghanaian sequences determined in this study are indicated by boldface characters; only significant bootstrap values (�80%)
are shown.
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proline instead of threonine was observed at position 2706 in
the G3959 sequence. Residues of glycine (position 2703), thre-
onine (position 2707), and asparagine (position 2711) were
conserved in all sequences as previously reported for plus-
strand RNA virus polymerases.

Characterization of highly divergent Ghanaian HCV viral
strains. In order to determine whether or not the high se-
quence divergence observed for strains G4720, G1224, G903,
and G3895 corresponded to a single quasispecies and was not
the consequence of a complex mixture of multiple infections,
the E1/E2 amplified product was cloned. Ten clones from each
sample were sequenced and phylogenetically analyzed (Fig. 5).
Genotype 2 strain G1192 was also sequenced as control. For
each sample tested, sequences were closely related, with se-
quence homology ranging from 98 to 99% for G1224, from 99
to 100% for G903, from 98 to 100% for G3895, from 95 to 99%
for G4720, and from 94 to 100% for G1192. Phylogenetic
analysis showed that clone sequences of each isolate clustered
together and with the corresponding PCR-derived sequence
(data not shown). When the sequences of the clones were
included in the E1/E2 phylogenetic analysis, the topology and
bootstrap values were similar to those obtained with the PCR-
derived consensus sequences shown in Fig. 2. These data con-
firmed the genomic divergence of the whole quasispecies from
these four strains.

To further support the uniqueness of two of these four
strains, a 1.8-kb-long region of HCV genome encoding the 5�

UTR and core, E1, and part of E2 regions of strains G903 and
G4720 was amplified and sequenced (GenBank accession
numbers, AY236365 and AY236366). Phylogenetic analyses
confirmed the results obtained in the E1/E2 region, namely, a
branching of G903 and G4720 distinct from all identified sub-
types within genotypes 1 and 2, respectively. These results were
confirmed by bootstrap values of 99 and 93% on 1,000 repli-
cates for G903 and G4720, respectively (data not shown).
Comparing G903 and G4720 with genotype 1 and 2 references,
respectively, the highest sequence homology was observed in
the 5� UTR (96 � 0.5% and 96 � 0.7%, respectively), the next
highest (89 � 3% and 93 � 3%) was observed in the core
region, and the lowest was observed in the E1 (75 � 8% and 80
� 9%) and E2 (70 � 7.5% and 72 � 9.8%) regions. Similar
diversity was observed in the deduced amino acid sequences,
but the general hydrophilic patterns and the predicted second-
ary structure profiles of core, E1, and E2 proteins were con-
served among the viruses studied. G4720 and G903 exhibited
four and three substitutions, respectively, among the 44 first
residues of the core that are used as antigen in the serology
confirmatory assay.

DISCUSSION

Using two separate EIA screening assays, an anti-HCV prev-
alence of 1.3% was found in blood donors from Kumasi,
Ghana (this study and reference 36). This result is consistent

FIG. 4. Phylogenetic relationship between HCV NS5B sequences. The 21 Ghanaian sequences were aligned with the corresponding sequences
from the 31 HCV reference strains shown in Fig. 3. The results are displayed as described in the legend for Fig. 3.
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with HCV seroprevalence ranging between 0.9 and 6.7% re-
ported from previous studies in Ghana and neighboring West
African countries (1, 4, 10, 19, 48). The differences observed
are probably related to the populations studied (blood donors,
children, pregnant women, general population) and the testing
algorithm used (one or more EIA screening assays followed or
not by a confirmatory assay).

Hepatitis C virus infection may resolve or evolve to chronic
infection, resulting in a variety of outcomes ranging from no
symptoms to end-stage liver disease (15, 41). From studies
performed in Western and Far Eastern countries, it is gener-
ally assumed that 15 to 20% of HCV infections resolve spon-
taneously (15, 41). Using RIBA 3.0, a similar recovery rate of
23.7% was observed in confirmed seropositive Ghanaian blood
donors. The higher recovery rates (45 and 56%) reported in
studies of large groups of women from Ireland (21) and Ger-
many (37), respectively, who were infected with anti-D immu-
noglobulins cannot really be compared with other and our data
sets, since all individuals in each cohort were infected with the
same HCV strains instead of a variety of strains. Two recent
studies from Japan and Taiwan involving a limited number of
patients with acute hepatitis C reported recovery rates of 30 to
36% (17, 38). When the sensitivity of the confirmation proce-
dure was improved by using the Murex assay and in-house
anti-NS3 and anti-core EIAs, the recovery rate increased to
53%. This recovery rate in Ghana might be underestimated,
since 67 samples that tested anti-HCV positive with two inde-
pendent EIAs did not undergo further confirmation and con-

sequently were not included in the final analysis. However,
with the S/CO of these samples being borderline (�2.0), the
likelihood of false positivity was high. This result is consistent
with previous observations (36) and with a recent study report-
ing spontaneous HCV clearance in 8 of 14 patients after acute
hepatitis C (24). In sub-Saharan Africa, a limited number of
studies also reported an absence of detectable viral RNA in 41
to 89% of seropositive individuals from Togo (2), South Africa
(43), and Namibia (45). However, the absence of confirmatory
assay and the heterogeneity of the EIAs used make the com-
parison between studies difficult. The estimation of recovery
rate relies on the performance of two types of assays: genomic
detection of viral RNA by amplification and serological con-
firmatory assays. While there are international standards and
quality assurance schemes enabling establishment of the sen-
sitivity of genomic amplification assays, no such standard exists
for serological confirmation. With RIBA 3.0 being the first,
and virtually only, confirmatory assay, serological confirmation
depends on the performance of this test. A number of studies
have pointed out the shortcomings of this assay (11). Both the
choice of antigen and the genotype 1a of the proteins used in
RIBA appear to influence the confirmation rate.

It was argued that viral clearance was overestimated in Af-
rican samples due to false-positive serological results or to
false-negative HCV RNA results. It was also suggested that
false-positive results were more frequent in African popula-
tions than in blood donors from Western countries (39). In this
study, this possibility was eliminated, as only samples reactive

FIG. 5. Alignment of E1/E2 amino acid sequences of five HCV Ghanaian variants. The sequences of ten clones were aligned for each variant,
and the number of identical sequences is indicated on the left; for each variant, the major sequence was taken as reference. Residues identical to
the major sequence are indicated by dashes. To facilitate the viewing, the HVR1 region is indicated; numbering of the residues starts at the NH2
terminus of E2.
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with either three separate EIAs or two EIAs and at least one
confirmatory assay were considered to be carrying antibodies
to HCV (Table 1). In addition, the high performance of the
TMA assay to detect HCV RNA (100% specificity and sensi-
tivity of 15 to 20 IU/ml for genotypes 1 to 6) found in a
previous study reduced the possibility of false-negative results
(8). The assays and algorithms used in this study provided a
diagnostic accuracy at least equal to, if not better than, that of
most studies conducted previously.

Indirect evidence supporting a higher frequency of recovery
from HCV infection is provided by the significantly lower viral
load observed in this population compared to a population of
United Kingdom blood donors (Fig. 2). This difference might
be related to host or viral factors. Host factors include humoral
and cellular immune response. In this study, only humoral
factors were examined, in particular the reactivity to individual
viral proteins (Fig. 1). All RNA-containing samples strongly
reacted with each viral protein, structural and nonstructural.
Finding dissociated reactivity in samples from recovered pa-
tients is not surprising, since in HCV infection, as in other viral
infections, such as hepatitis B virus, some antibodies persist
(anti-HBc) and others are short-lived (anti-HBs). From the
data collected here, anti-NS3 seems to persist, while anti-core
appears short-lived (Fig. 1). Single reactivity to NS3 may rep-
resent either nonspecific reactivity or resolved infection with
antibodies to the other HCV proteins no longer detectable. It
has been reported that the HCV-specific antibody response
gradually decreased and eventually disappeared after recovery
from HCV infection (37). NS3 and core antibodies were the
last remaining specificities in cases of seroreversion (23). It is
possible that the rate of recovery indicated in this study might
be underestimated, as NS3-only reactive samples could indi-
cate ancient HCV infection. An alternative explanation to this
poor reactivity might be related to sequence and epitope dif-
ferences between recombinant antigens derived from the ge-
notype 1a prototype sequence and sera from patients infected
with genotype 2 prevalent in West Africa.

Viral clearance and clinical outcome during HCV infection
has been strongly associated with a vigorous and multispecific
CD4� and CD8� T-cell response to the virus (40, 49). In
addition, several reports indicate that in West and South Af-
rica, HCV infection is less frequently associated with chronic
liver disease than in North America, Europe, and Japan (1, 13,
32). Therefore, we hypothesize that HCV-infected West Afri-
can people may mount an early and efficient immune response
resulting in a high frequency of viral clearance. Further studies
are in progress in our laboratory to investigate the HCV-
specific cellular immune response in Ghanaians with or with-
out viremia.

Host genetic factors may also influence viral infection out-
come. For example, HLA-DR alleles have been associated
with spontaneous hepatitis B virus clearance and progression
of HIV-1 infection (27, 42). To date, little is known about the
potential role of such host factors in spontaneous HCV clear-
ance. However, few studies suggested that host HLA class II
genotype (particularly alleles DQB1*, DRB1*, and DQA1*)
might be an important factor in determining the outcome of
HCV infection (12). Since the distribution and the associations
of HLA alleles may differ between populations, this aspect is
also currently investigated.

Viral factors that influence hepatitis C infection outcome
remain poorly understood. HCV genotype, particularly geno-
type 1b, has been already implicated in determining the clinical
outcome of patients with chronic hepatitis C and the response
to antiviral treatments (3, 50). Among the Ghanaians who
showed evidence of active infection, the most common HCV
genotype was genotype 2 (87%). It may suggest that virus
clearance is more efficient in people infected with genotype 2
than with other genotypes due to a lower level of replication of
genotype 2 strains. However, no significant difference in viral
load between genotypes was previously reported with sensitive
quantification assays (16, 30). In addition, several studies
showed no significant relationship between HCV genotypes,
replication properties, HCV clearance, and disease outcome
(6, 31, 38, 50). A higher rate of chronicity among patients
infected with genotype 2c than with genotype 1b was recently
reported (22). The high recovery rate and low viral load in
HCV chronic infection observed in Ghanaian blood donors
(Fig. 2) do not appear related to viral factors but rather to host
factors.

The distribution of HCV genotypes in Africa is still largely
unknown. Studies in a few African countries lead to the gen-
eral picture that genotypes 4 and 5 predominate in North and
South Africa, respectively. The epidemiological situation in
central Africa is poorly defined. Recent studies reported that
genotypes 1 and 2, rather than genotype 4 (as previously
thought), are predominant (29). In Ghana, we found that ge-
notype 2 is associated with 87% of chronic HCV infections,
while genotype 1 accounts for the remaining 13% (Fig. 3 and
4). This predominance of genotype 2 is consistent with data
obtained in Ghana and neighboring countries (Benin, Burkina
Faso, and Guinea) on the basis of short NS5B sequences (19,
34, 48). We conducted analyses of longer NS5B as well as
E1/E2 sequences that indicated nearly identical clustering ir-
respective of the region sequenced. The data clearly indicated
that the epidemiology of HCV infection in Ghana was domi-
nated by genotype 2.

In contrast to the clear HCV genotype distribution in
Ghana, the subtype distribution appears more complex. Gha-
naian HCV strains, whether of genotype 1 or 2, exhibited
considerable genetic diversity when compared to each other or
to reference strains representative of subtypes 1a, 1b, 1c, 2a,
2b, or 2c. Genetic diversity seemed to be widespread along the
whole HCV genome, since it was not limited to the E1/E2
region already described as hypervariable (47) but was also
observed in the more conserved NS5B region (Fig. 4). Due to
this genetic variability, all Ghanaian strains, except one iden-
tified as subtype 1b, could not be definitively assigned to an
identified subtype, nor did they form a specific distinct cluster
(Fig. 3 and 4). A similar subtype wide distribution was obtained
from short sequences of HCV NS5B from the neighboring
countries Benin, Burkina Faso, and Guinea (19, 34). More-
over, when the Ghanaian NS5B sequences and the correspond-
ing aligned sequences from Benin, Burkina Faso, and Guinea
available in the data banks were phylogenetically analyzed
together, a similar genetic distribution of the West African
strains type 2 was observed. None of the African sequences
clustered with subtypes 2a to c, irrespective of their geograph-
ical origin. The overall data suggest that the broad genetic
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diversity of genotype 2 is a characteristic of HCV infection in
West Africa.

The phylogenetic analyses also showed that the distribution
of the HCV Ghanaian strains described here was almost star-
like within genotype 2 (Fig. 3 and 4). There are two possible
biological interpretations for this tree shape. The first is a
recent and rapidly expanding epidemic of HCV type 2 in
Ghana. Unequal evolutionary rates among the different geno-
types of HCV have been reported, and HCV genotype 2 ap-
pears to evolve faster than the average of the other genotypes
(35). However, no epidemiological data are supporting the
hypothesis of an epidemic spread of HCV in Ghana. The
second hypothesis is that an ancient endemicity of HCV type 2
in Ghana and probably in West Africa led to the emergence of
an undifferentiated multiplicity of subtypes over a long-term
evolution process. A similar endemic spread seems to have
occurred in the Indian subcontinent with genotype 3 and in
Southeast Asia with genotype 6. HCV types 3 and 6 include a
great number of subtypes characterized by extensive sequence
variability (33). From extensive phylogenetic analysis of pub-
lished sequences in both E1/E2 and NS5B regions, classified
subtypes of genotype 2 tended to be geographically restricted.
Subtype 2a was common in East Asia, subtype 2b was common
in Northern America, and subtype 2c was common in Europe.
None of these subtypes have been clearly identified in West
Africa in this or other studies (19, 34, 48). These observations,
with the predominance and the wide genetic diversity of the
West African genotype 2 strains, suggest that HCV genotype 2
is possibly indigenous to this part of Africa and, consequently,
that subtypes 2a to c may derive from West African ancestors.
A similar epidemiological situation has been previously docu-
mented for the human T-cell lymphotropic virus type I (44).
The wide genetic diversity showed by all West African type 2
strains is compatible with ancient export of specific strains
from which other strains derived in restricted subtypes away
from West Africa. This could be related to a lack of contact
between host groups or to the high rate of recovery from HCV
infection found in West Africa. In contrast, the relatively low
proportion of HCV genotype 1 strains compared to genotype
2, and their divergence from previously classified subtypes 1a
to c, may indicate that these strains were introduced in Ghana
from other areas, possibly central Africa or Europe.

Sequence similarity or evolutionary distance analyses have
yielded the existence of six major genotypes of HCV. However,
the nature and the minimal length of the subgenomic frag-
ments sufficiently informative to correctly classify new HCV
subtypes within these genotypes remained controversial and
resulted in considerable confusion in the past. In a recent
attempt at standardization, it was proposed that new genotypes
or subtypes should be based on nucleotide sequences of at least
two coding regions, preferably of complete genome sequences,
and that they should be based on phylogenetic analysis rather
than percent identity (33). The analysis of core, E1, and NS5B
genomic regions using the neighbor-joining method has been
confirmed as a reliable method for the (re)assignment of most
new HCV strains (35). According to these guidelines, the
present analysis was limited to the two subgenomic regions
encoding part of the E1 and the E2 proteins and NS5B. In this
study, it appears that a precise subtype classification of the
Ghanaian strains will require longer fragments due to the

genetic variability exhibited. In the E1/E2 and NS5B phyloge-
netic trees, the relative position of most Ghanaian strains var-
ied from one tree to the other, further suggesting a lack of
subclustering (Fig. 3 and 4). Interestingly, the two subtype 2c
reference sequences did not cluster together in both phyloge-
netic analyses.

Some Ghanaian strains clearly departed from this broad
genotype distribution and were not related to mixtures of vari-
ants from multiple infections (Fig. 5). G903 and G4720 strains
were significantly divergent compared to the other Ghanaian
and reference strains. This divergence from genotypes 1 and 2
was confirmed by the phylogenetic analysis of a 1.8-kb se-
quence encoding the 5�UTR region and the core, E1, and
(partially) E2 proteins. A third Ghanaian strain (G3895) could
not be definitively classified within the six HCV genotypes
following the guidelines mentioned above. The high genetic
diversity of G3895 was also indirectly evidenced by the fact that
a longer 5� UTR-E2 sequence could not be amplified using
oligonucleotide primers sufficiently conserved to detect strains
of all genotypes. From the data available, and being fully aware
that a definitive (sub)type assignment of new HCV sequences
requires full genome analysis, we suggest that G903 and G4720
strains belong to new subtypes within genotypes 1 and 2, re-
spectively, and that G3895 strain may be part of a new HCV
genotype. Additional phylogenetic analyses based on full ge-
nome sequences are in progress to definitively characterize
these variant strains.

In conclusion, sensitive anti-HCV confirmatory assays have
reveal a higher rate of spontaneous HCV clearance than pre-
viously reported, and HCV infection in Ghana is characterized
by the predominance of HCV genotype 2, with broad genetic
diversity that might represent the origin of genotype 2 strains
disseminated worldwide.
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