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In this study, we characterized the full-length genome sequences of seven hepatitis C virus (HCV)

isolates belonging to genotype 1. These represent the first complete genomes for HCV subtypes

1e, 1h, 1l, plus one novel variant that qualifies for a new but unassigned subtype. The genomes

were characterized using 19–22 overlapping fragments. Each was 9400–9439 nt long and

contained a single ORF encoding 3019–3020 amino acids. All viruses were isolated in the sera of

seven patients residing in, or originating from, Cameroon. Predicted amino acid sequences were

inspected and unique patterns of variation were noted. Phylogenetic analysis using full-length

sequences provided evidence for nine genotype 1 subtypes, four of which are described for the

first time here. Subsequent phylogenetic analysis of 141 partial NS5B sequences further

differentiated 13 subtypes (1a–1m) and six additional unclassified lineages within genotype 1. As

a result of this study, there are now seven HCV genotype 1 subtypes (1a–1c, 1e, 1g, 1h, 1l) and

two unclassified genotype 1 lineages with full-length genomes characterized. Further analysis of

228 genotype 1 sequences from the HCV database with known countries is consistent with an

African origin for genotype 1, and with the hypothesis of subsequent dissemination of some

subtypes to Asia, Europe and the Americas.

INTRODUCTION

Hepatitis C virus (HCV) is one of the major causative
agents for chronic hepatitis, cirrhosis and hepatocellular
carcinoma (Farci et al., 1991; Liang & Heller, 2004;
Nishioka, 1991). As reported by the WHO, HCV infects
about 2.2 % of the world’s population, with over a million
new cases occurring each year. Furthermore, 27 % of these
infected individuals eventually progress to liver cirrhosis

among whom 25 % finally develop hepatocellular carcin-
omas (Alter, 2007). HCV is a positive-sense RNA virus that
exhibits extensive genetic heterogeneity and a high level of
resistance to antiviral drugs in vivo and in vitro. As such,
HCV genetic variation poses a huge problem for global
public health (Robinson et al., 2011).

To standardize HCV genetic diversity, consensus proposals
for a unified system of HCV nomenclature were published
after the 11th International Meeting for HCV and Its
Related Viruses (Simmonds et al., 2005). It has been
recommended that HCV isolates be classified into six
major genotypes defined by phylogenetic analysis. Each
genotype contains a variable number of subtypes that are
related but genetically and epidemiologically distinct. New
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subtypes are defined as confirmed or provisional, de-
pending on the availability of complete or partial genetic
sequences, or defined as unassigned if less than three
examples of a new subtype have been reported. Recently,
panels of complete HCV genome sequences have been
provided for HCV genotypes 2, 3, 4 and 6 in a series of our
previous studies (Li et al., 2006, 2009a, b, 2012; Lu et al.,
2006, 2007a, b, 2008, 2013; Wang et al., 2009; Xia et al.,
2008). However, similar information is still in short supply
for genotype 1. As noted in the HCV nomenclature
guidelines (Simmonds et al., 2005), three subtypes (1a, 1b
and 1c) of HCV-1 have been confirmed with full-length
genomic sequences, while nine subtypes (1d–1l) remained
provisionally assigned due to the availability of only partial
sequences. Although since then a complete genomic
sequence has been reported for subtype 1g (Bracho et al.,
2008), the other eight subtypes remain to be sequenced in
their entirety.

Evolutionary studies have shown that different HCV
genotypes originated in specific geographical regions, such
as genotypes 3 and 6 in South and South East Asia (Fu et al.,
2012; Pybus et al., 2009), genotype 2 in West Africa
(Markov et al., 2009), and genotypes 1 and 4 in Central
Africa (Njouom et al., 2007, 2012). Cameroon is located in
Central Africa and a diverse range of subtypes of HCV-1,
HCV-2 and HCV-4 have been reported from the country.
Previous studies have reported Cameroonian isolates of
subtypes 1b, 1e, 1h and 1l (Ndjomou et al., 2003; Njouom
et al., 2003a, b, 2007; Pasquier et al., 2005); three samples
from these studies remained and were used here to
generate full genome sequences. In addition, during
routine diagnostic HCV screening and genotyping services
provided by a company in the UK, four unique HCV-1
isolates were found among patients originating from
Cameroon; these represent subtypes 1e and 1l, and a novel
HCV-1 variant. The full-length sequences of these four
isolates are also provided here. It is hoped that this valuable
genomic data will add to our current understanding of
HCV classification and nomenclature, and facilitate future
studies of HCV molecular epidemiology, evolution and
genetics.

RESULTS

Genome sequences and organization

Full-length genome sequences were characterized for seven
HCV genotype 1 isolates: 136142, 148636, 160526, 166212,
EBW9, EBW424 and EBW443, each with 19–22 overlap-
ping fragments (Fig. S1, available in JGV Online). These
genomes were 9420–9439 nt in length, starting from the
extreme 59UTR end through to the variable region of the
39UTR (Table 1). Each had a single ORF of length 9039–
9063 nt. The 59UTRs were 340–342 nt long, while the
39UTR lengths varied from 32 to 40 nt. The sizes of the
other eight protein genes were consistent with those of T
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the H77 strain (Table 1) with the exception of the E2 (364–
371 aa) and NS5A (448–449 aa) genes.

Phylogeny of full-length genome sequences

A maximum-likelihood (ML) tree was estimated using 52
full-length HCV genome sequences (Fig. 1). The phylogeny
exhibited seven major branches, representing HCV geno-
types 1–7, each supported by a maximum bootstrap
support of 100 %. The most recent HCV classification
and nomenclature proposal (Simmonds et al., 2005)
reported that full-length HCV genome sequences had been
confirmed for four HCV-1 subtypes: 1a, 1b, 1c and 1g.
However, in the Los Alamos HCV database we identified
an additional 14 full-length sequences that were classified
as HCV genotype 1 but carried no subtype designations.
Inclusion of these 14 sequences in Fig. 1 revealed that 13 of
them belonged to subtype 1a while the remaining genome
(accession number AJ851228) represented an unclassified
variant. Thus, prior to this study, full-length HCV genome
sequences have only been characterized for four subtypes:
1a, 1b, 1c, 1g, and one unclassified strain.

The seven full-length genomes determined here repre-
sented three subtypes and a novel unclassified lineage
within HCV genotype 1 (new genomes indicated by black
circles in Fig. 1). Isolates EBW9 and EBW443 formed a
cluster of two taxa, designated subtype 1h, and isolate
160526 was placed as a single branch corresponding to a
new subtype equivalent. Adjacent to the latter lineage, a
tight cluster was formed by the isolates EBW424, 136142
and 166212, designated subtype 1l. The isolate 148636,
which represents subtype 1e, was also represented in this
tree by a single branch. Thus, the three subtypes, 1e, 1h and
1l, were confirmed for the first time in this study by full-
length genome sequencing. Similarly, the 160526 sequence
should be considered to be a new but currently unclassified
subtype equivalent.

Phylogeny of partial NS5B region sequences

A segment of the NS5B region corresponding to nucleo-
tides 8276–8615 of the H77 reference genome, has been
found reliably to differentiate HCV genotypes and subtypes
in most cases (Murphy et al., 2007). To investigate the full
genetic diversity of HCV genotype 1, 141 HCV-1 sequences
of this genome region were analysed, each representing an
individual isolate and including the seven from this study.
The resulting ML tree shows 19 major lineages within
genotype 1 (Fig. 2). Among those, 13 have been assigned to
HCV subtypes 1a–1m (Jeannel et al., 1998; Simmonds et al.,
2005), while six are currently unassigned. The latter were
indicated in Fig. 2 as subtype 1(I) to subtype 1(VI). Of the
seven isolates from this study, six (148636, EBW9,
EBW443, EBW424, 136142 and 166212) represent three
of the 13 assigned subtypes, while the seventh isolate
(160526) corresponds to one of the six unassigned lineages
and is designated in the tree as subtype 1(VI). Specifically,

isolate 148636 grouped with a cluster of 37 isolates: 35 from
Cameroon (Ndjomou et al., 2003; Njouom et al., 2003b;
Pasquier et al., 2005) and two from Canada (Murphy et al.,
2007). Both EBW9 and EBW443 were classified into a cluster
of 25 isolates: 22 from Cameroon (Ndjomou et al., 2003;
Pasquier et al., 2005), two from Canada (Murphy et al.,
2007) and one from France (Laperche et al., 2005). EBW424,
136142 and 166212 grouped with a cluster of 25 isolates, all
from Cameroon (Ndjomou et al., 2003; Njouom et al.,
2003b, 2007; Pasquier et al., 2005).

HCV genotype 1 distribution globally and in
Cameroon

At the time of study, the Los Alamos HCV database
provided 228 sequences that were classified as subtypes 1c
to 1m and for which the country of sampling was stated.
Using this information, we summarized the geographical
distribution of HCV-1 strains (after excluding subtypes 1a
and 1b, which are found worldwide). As shown in Table 2,
subtypes 1c and 1g were the most widely distributed
subtypes; they have been identified in seven and eight
countries, respectively. This was followed by subtypes 1d,
1e and 1h, which have been reported from four, three and
three countries, respectively. In contrast, the other six
subtypes appeared to be restricted; they have only been
found in one or two countries. The greatest number of
subtypes was found in Canada followed by France and
Cameroon. On a continental scale, North America showed
the largest genetic diversity of HCV-1 isolates, representing
eight subtypes (Table 3). This was followed by Africa,
which showed seven subtypes, and by Europe, which
showed six subtypes. Only one or two subtypes were
reported from other continents. The continent for which
the largest number of HCV-1 isolates has been reported
was Africa (47.4 %), followed by Asia (37.3 %) and
America (8.33 %). Although these results may be inter-
preted as suggesting that HCV-1 originated in North
America, it is much more likely that this genotype
originated in Africa. Many of the recently reported
divergent HCV isolates sampled in Canada are known to
be from recent African immigrants to that country (Li
et al., 2012).

Because six isolates from this study were classified into
subtypes 1e, 1h and 1l, all available sequences belonging to
these three subtypes were analysed separately. As shown in
Fig. 3(a), these sequences originated most frequently in
Cameroon (87/96), while only a few (9/96) were sampled
from other countries (e.g. France, Canada and Vietnam; all
these locations are linked to colonial-era France). The
phylogeny in Fig. 2 suggests that isolates from these three
countries were interspersed among those from Cameroon,
implying that subtypes 1e, 1h and 1l had origins in
Cameroon and were later brought to other continents,
most likely by French colonial travellers. This may be also
the case for subtype 1d, although no isolates were entirely
sequenced in the present study. As summarized in Table 2

C. Li and others
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Fig. 1. An ML phylogenetic tree estimated using full-length genomic sequences of HCV. Reference sequences from confirmed
subtypes of genotypes 1, 2, 3, 4, 5, 6 and 7 are included, together with the seven new isolates from this study (black circles).
Each genotype is denoted at the right-hand side of the tree. Within genotype 1, all subtypes and equivalents are also indicated.
Isolates are named using the following format: subtype_sampling country_sampling date (if available)_isolate name_accession
number. The symbol ‘?’ indicates that a subtype has not been assigned. Bootstrap supports are shown at internal branches and
the scale bar represents 0.10 nt substitutions per site. Country codes: CA, Canada; CM, Cameroon; EG, Egypt; ES, Spain;
HEC, <?>; HK, <?>; ID, Indonesia; IN, India; JP, <?>; MD, <?>; TH, <?>; UK; US, USA; VN, Vietnam.
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and Fig. 2, 1d isolates have been isolated not only in
Tunisia, a former French colonial country in Africa, but
also in France and The Netherlands in Europe.

We also investigated all available HCV-1 sequences from
Cameroon. Among these, 15 (representing 13 individual
isolates) had no subtype designations. Analysis of the NS5B
region sequences from Cameroon (solid diamonds in Fig.
2) revealed that one of them was classified into subtype 1e,
two into 1l and three into 1b; the remaining seven formed
four independent clusters labelled as subtype 1(II), sub-
type 1(III), subtype 1(IV) and subtype 1(V), respectively.
Similarly, sequences that had subtype designations were
also classified. Except for 1e, 1h and 1l, only one isolate
of 1a (Njouom et al., 2003b) and five isolates of 1b were
from Cameroon. However, after reanalysis, the isolate
classified as subtype 1a was found to group into subtype 1e
(represented by a solid square in Fig. 2). Thus to date no
subtype 1a isolate has been identified in Cameroon. In
summary, HCV-1 isolates sampled in Cameroon (102 in
total) represented four of the 13 assigned subtypes and five
of the six unassigned lineages (Figs 2 and 3b).

Specific variations in the E2 and NS5A regions

The number of amino acids in the E2 and NS5A regions
varied from 364 to 371 and from 448 to 449, respectively,
among the seven isolates determined in this study (Table
1). Within these two regions, many genetic differences were
observed when compared with the H77 strain.

E2 region. Generally, the E2 protein of HCV has 11
potential glycosylation sites (Slater-Handshy et al., 2004).
Compared with the H77 strain, the seven sequences from
this study only showed six (N2, N4, N6, N7, N10 and N11)
of these 11 sites conserved, while the other five sites (N1, N3,
N5, N8 and N9) were variable. The N5 site is sited between
two conserved amino acids (P471 and R483 according to
H77 numbering). Within this site, many mutations were
observed: the 148636 sequence showed an insertion of four
amino acids, and the EBW424, 166212, 136142 and 160526
sequences each showed an insertion of five amino acids.
However, such insertions were not observed in either EBW9
or EBW443. As shown in Fig. 4 for the E2 protein, amino
acid insertions occurred at four positions: E384–T385,
H384–K395, H445–K446 and G573–V574.
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1e.CM._.M1442E.AY685051
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1e.CM._.4402–03.AY632100

1e.CM._.M5405N.AY265432
1e.CM._.1226–03.AY632104

1e.CM._.1627–03.AY632106
1e.CM._.3478–03.AY632098

1e.CM._.6121–03.AY632099

1e.CM._.12060–03.AY632087

1e.CM._.12699–03.AY632088

1e.CM._.15737–03.AY632102
1e.CM._.2386–03.AY632101

1e.CM._.M7783N.AY685036
1g.ES._.1804.AM910652

1g.EG._.3464.AF271799

1g.EG._.1382.AF271797
1g.EG._.2002.EG_049.DQ911176

1g.CA._.QC71.EF115983
1g.EG.2002.EG_024.AY548709

1g.EG._.2152.AF271798

1g.CA._.QC78.EF115986

1g.EG.2002.HCC_EG_016.AY548727

1g.EG.2002.EG_036.AY548713

1.CM.160526
1.CM.166212

11.CM._.601–AY632129
11.CM._.30804–02.AY632109
11.CM._.7655–03.AY632110

11.CM._.28544–02.AY632128

11.CM.1998.98CM1427.AY257091

11.CM._.5242–03.AY632107
11.CM._.6400–03.AY632108

11.CM._.4766–03.AY632113
11.CM._.13778–03.AY632115

11.CM._.600–03.AY632114
11.CM._.3845–03.AY632122

11.CM._.12256–03.AY632124
11.CM._.2014–03.AY632125

11.CM._.12595–03.AY632121
11.CM._.3505–03.AY632127

11.CM._.13992–03.AY632119
11.CM._.9434–03.AY632118

11.CM._.3848–03.AY632126

11.CM._.7392–03.AY632116

11.CM._.5972–03.AY632117
1a.US.1977.H77.NC_004102

1a.US._.HCV–1_HCV–PT.M62321

1j.CA._.QC2.AY434106
1j.CA._.QC329.EF116021

1j.CA._.QC89.AY434129

1k.CA._.QC261.EF116013

1k.CA._.QC328.EF116020
1k.CA._.QC82.AY434123

1f.FR._._FR2.L38371
1.CM._.M5051N.AY265439

1.CM._.3857–03.AY632132
1.CM._.5974–03.AY632131

1.CM._.10535–03.AY632130
1.CM._.30803–02.AY632133

1.CM._.11349–03.AY632152
1c.ID._.HC–G9.D14853
1c.IN._.AY051292.AY051292

1.CM._.14639–03.AY632150
1.CM._.10128–03.AY632149

1.CM._.15183–03.AY632148

1b.JP._.HCV–J.D90208
1b.JP._.HCV–BK.M58335

1b.CM._.9242–03.AY632151
1b.CM._.1998.98CM1459.AY257073

1d.CA._.QC167.EF115994

1d._._._HC1–N15.L38377

1d._._._HC1–N16.L38378

1d.CA._.QC103.EF115989

1d.FR._.FR17.L48496
1d._._.BA107.D86531

1i.CA._.QC181.AY754624
1i.CA._.QC77.AY434120

1m.GN._.GUI24.AF037237

1m.GN._.GUI11.AF037235
1m.GN._.GUII7.AF037236

1.ES._.GQ–isolate.AJ851228

1h.CM._.30151–02.AY632147

1h.CM._.4652–03.AY632144
1h.CM._.418–03.AY632145

1h.CM._.M1182E.AY685050

1h.CM._.30805–02.AY632146

1h.CM._.1998.98CM1524.AY257074
1h.CM._.13353–03.AY632143

1h.CM._.11017–03.AY632141

1h.CM._.29759–02.AY632142

1h.CM._.M6086N.AY685015
1h.CA._.QC156.EF115992

1h.CM._.M7269N.AY685026

1h.CM._.33184–02.AY632134
1h.FR._.FRSSD98.AJ291279

1h.CM._.11511–03.AY632140
1h.CM._.EBW9

1h.CM._.1998.98CM1421.AY257071
1h.CM._.14764–03.AY632137

1h.CM._.12132–03.AY632139
1h.CM._.10281–03.AY632135

1h.CM._.7629–03.AY632138

1h.CM.1998.98CM1521.AY257087

1h.CM.EBW443

1h.CM.1998.98CM1357.AY257069

1h.CA._.QC94.AY434132

1.CM._.M7777N.AY685035

1k.CA._.QC68.AY434113

11.CM._.1998.98CM1383.AY257083
11.CM._.1998.98CM1457.AY257086

11.CM._.M779E.AY685046

11.CM.136142

11.CM.EBW424

11.CM._.M633E.AY685044

11.CM._.M5186N.AY265431

Subtype 1(VI)

1g.EG.2002.HCC_EG_015.AY548726

1e.CM._.29725–02.AY632084

1e.CM._.1998.98CM445.AY257096

1e.CM.1998.98CM1402.AY257092

1e.CM.1998.98CM1394.AY257090

1e.CM.1998.98CM454.AY257077
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Fig. 2. An ML phylogenetic tree estimated using 141 HCV-1
partial NS5B sequences (positions 8276–8615 in the H77
reference genome). Each subtype or subtype equivalent is
denoted at the right-hand side of the tree. Isolates from
Cameroon are represented with red branches, and isolates from
Canada are represented with blue branches, while isolates from
France are indicated with purple branches. The seven isolates
determined in this study are indicated by black circles. A black
square indicates an isolate previously classified as subtype 1a, but
which in this study was shown to belong to subtype 1e. For other
details, see legend of Fig. 1.
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NS5A region. A variety of insertions and deletions were
observed in the NS5A region among the new HCV-1
sequences reported in this study (Fig. 4). They were located
in the subgenomic region of protein kinase region (PKR)-
BD and Domain III. The PKR-BD of the 160526 isolate had
an insertion of one amino acid at position 2262–2263; the
Domain III of subtype 1h (EBW9 and EBW443) had one
insertion at position 2328–2329 and one deletion at
position 2414.

Similarity plotting

To exclude the possibility of viral recombination, pairwise
nucleotide similarity curves were plotted along HCV
genomes using the RDP3 software. Upon comparison of
the seven isolates from this study with each other, and with
the 45 reference sequences shown in Fig. 1 that represent
various HCV genotypes and subtypes, no such evidence
was detected (data not shown). Similarity plotting also

showed that three hypervariable regions (HVR1, HVR2
and V3) were positioned as previously described
(Simmonds, 2004).

DISCUSSION

In this study, full-length genome sequences of seven

genotype 1 isolates of HCV were characterized (isolates

EBW9, EBW424, EBW443, 136142, 148636, 160526 and

166212). Based on the consensus criteria for HCV

classification and nomenclature (Simmonds et al., 2005),

isolate 148636 should be classified as subtype 1e, both

EBW9 and EBW443 as subtype 1h, EBW424, 136142 and

166212 as subtype 1l, while isolate 160526 may represent a

novel as yet unassigned subtype. These classifications are

supported not only by analysis of full-length genome

sequences but also by analysis of partial Core, E1 and NS5B

regions (Figs 1, 2 and S2). Previous nomenclature guide-

Table 2. Geographical distribution of subtypes of HCV genotype 1

HCV No. of isolates Percentage of

subtype* Countries with subtypes detectedD (n5228)d isolates

1c CA, DE, GB, ID, IN, PK, ZA 87 38.3

1d CA, FR, NL, TN 6 2.64

1e CA, CM, VN 43 18.9

1f FR 1 0.441

1g CA, DE, EG, ES, LB, NL, SD, VE 26 11.5

1h CA, CM, FR 24 10.6

1i CA, FR 3 1.32

1j CA§ 3 1.32

1k CA§ 4 1.76

1l CM 28 12.3

1m GN 3 1.32

Total 19 countries 228 100

*Subtypes 1a and 1b are not listed in this table.

DISO 3166-1 two-letter country codes: CA, Canada; CM, Cameroon; DE, Germany; EG, Egypt; ES, Spain; FR, France; GB, Great Britain; GN,

Guinea; ID, Indonesia; IN, India; LB, Lebanon; NL, Netherlands; PK, Pakistan; SD, Sudan; TN, Tunisia; VE, VN, Vietnam; ZA, South Africa.

d228 isolates represented by 385 sequences at time of study (see main text).

§Patient originally from Haiti.

Table 3. Genotype 1 subtype distribution among continents

Continent No. of subtypes (name of subtypes)* No. of isolates (n5228) Percentage of isolates

Africa 7 (1c, 1d, 1e, 1g, 1h, 1l, 1m) 108 47.4

Asia 2(1c, 1e) 85 37.3

East Mediterranean 1(1g) 2 0.877

Europe 6 (1c, 1d, 1f, 1g, 1h, 1i) 13 5.70

North America 8 (1c, 1d, 1e, 1g, 1h, 1i, 1j, 1k) 19 8.33

South America 1 (1g) 1 0.439

Total 11(1c–1m) 228 100

*All HCV-1 subtypes except for 1a and 1b were retrieved (see main text).
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Fig. 3. Distribution of genotype 1 isolates in
different countries and in Cameroon. (a)
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unknown country). The number of isolates is
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sampled in Cameroon. The number of isolates
is shown above each column.
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lines (Simmonds et al., 2005) regarded subtypes 1e, 1h and
1l as being provisional subtypes. With the seven full-length

genome sequences characterized here, the definition of

these three subtypes is now confirmed. However, a formal

designation cannot currently be made for the potential new

subtype represented by isolate 160526, because no other
closely related isolates have been identified; isolate 160526

therefore remains an unassigned subtype equivalent.

Within genotype 1, full-length genome sequences are still

missing for subtypes 1d, 1f, 1i, 1j, 1k and 1m; this situation

should be rectified in future studies in order to further
develop HCV nomenclature, which provides important

background information for effective HCV prevention and

treatment.

Previously, a total of 13 subtypes (1a–1m) of HCV
genotype 1 have been proposed (Simmonds et al., 2005).
Of these, subtypes 1a and 1b are distributed worldwide and
for this reason were not analysed in this study. In addition
to subtypes 1a–1m, this study proposes the existence of
six genotype 1 lineages that are equivalent to new but
unassigned subtypes. Each of these lacks a sufficient
number of closely related isolates to meet the criteria for
proposing new subtypes, although they showed sufficient
genetic distances from other subtypes to qualify. Excluding
subtypes 1a and 1b, we also summarized the genetic
diversity and geographical distribution of the remaining
11 assigned subtypes and the six unassigned lineages.
Genotype 1 isolates most often originated in Cameroon. It
has been previously noted that HCV-1 has been historically
endemic in Africa, particularly in Central-West Africa
(Simmonds et al., 2005). Of the 108 isolates classified into
subtypes 1c–1m that were reported as being African in
origin, we found isolates of subtypes 1e, 1h and 1l from
Cameroon accounted for more than 80 % (87/108) (Fig.
3a) (Ndjomou et al., 2003; Njouom et al., 2003b; Pasquier
et al., 2005). This could be taken as evidence suggesting
that these three subtypes originated in Cameroon and that
from Cameroon they subsequently disseminated to other
areas. These subtypes were possibly amplified in Cameroon
by unsafe medical interventions, such as the use of
intravenous antimalarial drugs and contaminated blood
transfusions that are considered to be major historical risk
factors for HCV infection among people in Cameroon
(Pépin & Labbé, 2008; Pépin et al., 2010). Remarkably,
among these three subtypes, four isolates have been
detected in Quebec, Canada (Murphy et al., 2007), three
in Vietnam (GenBank numbers are AB306393, AB306376
and AB301765), and one in France (Laperche et al., 2005).
Historically, these three countries/regions were linked to
the former French colonial empire. Similar links among
geographical regions for various strains of HCV genotype 2
have been proposed to result from the actions of former
European colonial powers (Li et al., 2012; Markov et al.,
2012). Such scenarios could have also occurred for a variety
of HCV-1 lineages and the currently observed worldwide
circulation of subtypes 1a and 1b may thus reflect such
consequences. Among the six unassigned lineages of

genotype 1, five have also been discovered in Cameroon,
namely lineages 1(II), 1(III), 1(IV), 1(V) and 1(VI). This
may further suggest Cameroon as the area where HCV-1
originated, although more comprehensive sampling of
HCV from other countries of West and Central Africa will
be necessary before this hypothesis can be confirmed.

METHODS

Subjects and specimens. Three serum samples, EBW9, EBW443

and EBW424, were collected during 2000–2003 among patients living

in Cameroon (Pasquier et al., 2005). Detailed information of the age

and gender of these three patients and dates of sampling are shown

in Table 1. In addition, four samples (148636, 136142, 166212 and

160526) were provided by Micropathology Ltd in the UK, who

identified them as atypical HCV genotype 1 sequences during routine

service provision to a range of primary healthcare providers. These

samples were obtained from patients who were believed to have

acquired their infections in Cameroon.

PCR amplification and sequencing. Full-length HCV genome

sequences were each determined from 140 ml of serum sample using

the approaches we have recently described (Li et al., 2012). Briefly,

RNA extraction (Qiagen Viral RNA extraction kit, Qiagen) and cDNA

synthesis (RevertAid First Strand cDNA Synthesis kit, Fermentas)

were performed following the manufacturer’s guidelines; overlapping

fragments spanning the full HCV genome were amplified using

conventional nested or semi-nested PCR with the primers listed in

Table S1 (only degenerate primers are shown). Standard procedures

were adopted to avoid possible carryover contamination (Kwok &

Higuchi, 1989). At least one negative control, one positive control,

and a blank composed of water were included in each of the following

steps: RNA extraction, reverse transcription, and the first and second

rounds of PCR. After PCR, the amplicons were purified using

QIAquick PCR purification kit (Qiagen) according to the manufac-

turer’s protocol. To obtain consensus sequences that reflected the

possible heterogeneity of the viral population within each individual,

purified amplicons were sequenced directly in both directions. Some

fragments amplified using degenerate primers failed to yield clear

sequencing chromatograms. These fragments were cloned into the

pGEM-T Easy Vector (Promega), of which four clones each were

picked and sequenced. All sequencing reactions were conducted using

ABI Prism BigDye 3.0 Terminators with an appropriate primer and

resolved on an ABI Prism 3500 genetic analyser (PE Applied

Biosystems). Any errors in base calling were corrected using the

SeqMan program and the edited sequences inspected for functional

ORFs using the EditSeq program. Both programs are part of the

Lasergene 8.1 package (DNASTAR). Finally, the obtained sequences

were aligned using BioEdit (Hall, 1999), in which any further manual

adjustments and corrections were made.

In the Los Alamos HCV database (Kuiken et al., 2005), full-length

HCV genome sequences are available for four HCV-1 subtypes: 1a,

1b, 1c and 1g. An alignment was constructed that comprised nine

sequences (GenBank accession numbers AF009606, AJ278830,

EU260395, AB249644, EF407502, AM910652, AY051292, AY651061,

D14853) representing these four subtypes. This was done in order to

design degenerate primers in conserved regions, which was critical to

the success of whole genome amplification and was assisted using the

BioEdit and PrimerSelect programs of the Lasergene 8.1 package.

To amplify the extreme 59 ends in a semi-nested PCR, the upstream

primer used was H77-5end (30 bp), while the downstream primers

were 4-367R or 4-342R (Table S1). This strategy was used for all seven

HCV-1 isolates since the extreme 59 ends of their 59UTRs are highly

Full-length sequences of seven HCV genotype 1 isolates
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conserved. To amplify the 39 ends, a semi-nested PCR or nested

RACE PCR was utilized in which the upstream primers were specific

to the 39 end of the NS5B region, while the downstream primers used

were poly(A), NUP or 1-9411R (see Table S1). The primer 1-9411R

was designed based on the conserved 39UTR region upstream to the

poly(A) tail.

All PCRs were conducted with an initial denaturation at 95 uC for

3 min, followed by 35 cycles each consisting of 95 uC for 30 s, 55 uC
for 30 s and 72 uC for a variable time according to the fragment sizes

(about 1 min/kb). The final cycle of extension was at 72 uC for 7–

10 min. All PCRs utilized the FastStart Taq DNA polymerase system

(Roche).

Phylogenetic analyses and inspection of genome sequences.
The seven full-length HCV genomic sequences obtained were

annotated according to the standard nucleotide numbering scheme

of the H77 genome, from the extreme 59 end to the 39X tail (Kuiken &

Simmonds, 2009). To classify subtypes more clearly we retrieved

all HCV-1 sequences available in the Los Alamos HCV database that

have lengths of greater than 9000 nt. We identified 543 such

sequences for subtype 1a, 478 for 1b, three for 1c, one for 1g, and

14 representing unclassified genotype 1 isolates (database accessed on

June 25, 2012). From these, two each belonging to subtypes 1a and 1b,

all those belonging to subtypes 1c and 1g, as well as the 14 unclassified

sequences (13 of which were found to belong to subtype 1a) were

retained; these were subjected to phylogenetic analysis together with

reference genomes representing genotypes 2, 3, 4, 5, 6 (Simmonds

et al., 2005) and 7 (Murphy et al., 2007). Together with the seven

sequences obtained in this study, a total of 52 sequences were

considered.

These 52 full-length HCV genomic sequences were aligned using

BioEdit and investigated with the MEGA5 sequence editor (Tamura

et al., 2011). Particular interest was paid to amino acid variation in

the interferon-sensitivity determining region (ISDR) (Enomoto &

Sato, 1995), the RNA-activated protein kinase region (PKR), and

some other domains in the E2 and NS5A regions (Gale & Katze, 1998;

Gale et al., 1998; Taylor et al., 1999).

To explore genetic variation and subtype classifications within HCV

genotype 1, an NS5B region dataset was assembled that represented all

assigned subtypes and unassigned variants. Only two sequences were

selected as representatives of subtypes 1a, 1b and 1c, as these sub-

types are well known to be prevalent worldwide and are represented

by thousands of sequences in the Los Alamos HCV database.

However, for all other subtypes (such as 1d–1m) all available partial

NS5B sequences were retrieved from the database. To understand the

diversity of HCV-1 strains in Cameroon, all HCV-1 isolates sampled

in Cameroon were retrieved regardless of whether they had a subtype

assigned or not. In total, the NS5B dataset contained 141 HCV-1

sequences, each approximately 340 nt long and corresponding to

nucleotide positions 8276–8615 in the H77 genome.

ML phylogenetic trees were reconstructed for the two sequence

datasets using MEGA5 (Tamura et al., 2011). The most appropriate

nucleotide substitution model for phylogenetic analysis was deter-

mined using the model selection procedure implemented in the

program MODELTEST (Posada & Crandall, 1998). For the full-length

and partial NS5B alignments, the GTR+I+C6 model was found to be

the best. To assess the statistical robustness of phylogenetic groupings,

bootstrap analyses were conducted with 500 replicates. The sequence

name, sampling country, subtype and accession number were

indicated at the tips of the resulting phylogenies.

To exclude recent virus recombination events (Colina et al., 2004;

Kalinina et al., 2002, 2004; Lee et al., 2010; Legrand-Abravanel et al.,

2007; Noppornpanth et al., 2006), the RDP3 software (Martin et al.,

2010) was run with settings as previously described (Lu et al., 2007a).
This analysis was only performed for the full-length alignment.

Geographical distribution of HCV-1 sequences. In the Los
Alamos HCV database a total of 76 912 sequences were classified as
HCV-1 (including five recombinants; accessed on 25 June 2012).
Among these, subtype 1a had 33 086 sequences; subtype 1b had
40 752; subtypes 1c–1m had 385; and 2689 sequences had no subtype
designations. To analyse the geographical distribution of HCV-1
sequences, only subtype 1c–1m were included (because subtypes 1a
and 1b are distributed worldwide). When the cloning status of these
385 sequences was examined we were able to distinguish 228
individual isolates. Because the seven new genomes in this study all
had origins in Cameroon and all (excluding one) belong to subtypes
1e, 1h and 1l, the 228 individual isolates were further analysed to see if
they were sampled in Cameroon, or were classified as subtypes 1e, 1h
and 1l.
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