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epatitis C virus (HCV) has emerged as a major cause of
chronic liver disease throughout the world (1). Globally, 3%
of the world’s population is estimated to be infected with this
blood-borne pathogen, and a vaccine is not presently available.
The introduction of antibody and nucleic acid screening has more
or less eliminated the risk of HCV infections by the transfusion of
blood components. In industrialized countries, transmission occurs mainly between intravenous drug users. Other known modes
of HCV transmission include perinatal transmission and invasive
medical procedures. The long-term presence of HCV in certain
areas of Africa and Asia, however, suggests alternative modes of
transmission, presumably through exposure to blood.
HCV is in the genus Hepacivirus of the family Flaviviridae. The
HCV genome consists of a single strand of positive-sense RNA
that encodes a single long polyprotein arranged in the following
gene order: 5=-C-E1-E2-p7-NS2-NS3-NS4A-NS4B-NS5A-NS5
B-3= (2). Since the identification of HCV in the late 1980s, six
major genotypes have been recognized. Genotypes 1, 2, 3, 4, and 6
are further subdivided into a series of subtypes. The complete
genomes of genotypes differ from each other by ⱖ30% at the
nucleotide level, while those of subtypes within a given genotype
differ typically by 15% to 25% (3, 4). HCV genotypes have a
worldwide distribution and, except for genotype 5, display high
genetic diversity.
Here, we report the finding of a new genotype of HCV identified in four subjects originating from the Democratic Republic of
Congo (DRC), which confirms the circulation of this new lineage
in the human population. The complete genome sequence of one
isolate (QC69) as well as the partial genome sequences of three
other isolates (QC272, IG93306, and IG93305) were obtained. We
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show that these four isolates cluster together and are genetically
distinct from genotypes 1 to 6. These findings fulfill current criteria for the designation of a new genotype of HCV (4). We propose
that these viruses be classified as HCV genotype 7 and that the
prototype sequence QC69 be classified as subtype 7a (4). This is
the first published report of a new major genotype of HCV in 20
years.
The first partial genome sequences of QC69 were obtained in
2002 from a 48-year-old male patient (5). QC272 was identified in
2005 in a 15-year-old female patient. Patients infected with QC69
and QC272 were previously found to be anti-HCV positive by
AxSYM HCV version 3.0 (Abbott Laboratories, Abbott Park, IL),
Monolisa Anti-HCV Plus version 2 (Bio-Rad, Marnes-la-Coquette, France), and Ortho HCV 3.0 ELISA Test System with Enhanced SAVe (Ortho Clinical Diagnostics, Inc., Raritan, NJ) and
HCV RNA positive by Amplicor Hepatitis C Virus (HCV) Test,
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FIG 1 Genomic representation and organization of isolate QC69. The positions of 13 PCR fragments used to determine the full-length sequence are indicated.
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We report a new hepatitis C virus (HCV) genotype identified in patients originating from the Democratic Republic of Congo.
The prototype QC69 virus is shown to be a new lineage distinct from genotypes 1 to 6. Three additional patients were also found
to be infected by a virus from this lineage, confirming its circulation in humans. We propose that these viruses be classified into
HCV genotype 7.
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FIG 2 Maximum-likelihood phylogeny of nucleotide sequences for the complete coding region of representatives of the seven genotypes of HCV. Genotypes 1
to 4 and 6 are each represented by 10 genomes, including two of the same subtype. The major branches corresponding to each genotype are indicated within the
tree. The numbers adjacent to the branch nodes represent the percent bootstrap robustness for 100 replicates; values of ⱖ70% are shown. Sequences are labeled
to the right of each branch in order as follows: genotype/subtype, isolate identification, and GenBank accession number. Bar, nucleotide substitutions per site.
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TABLE 1 Mean nucleotide and amino acid pairwise distances between
genotypes for the complete coding region
Mean pairwise distancea (%) for genotype:
Genotype
1
2
3
4
5
6
7

1
27.9c
25.4c
21.5c
24.2c
24.1c
28.3c

2

3

4

5

6

7

33.0b

32.1b
34.9b

29.1b
33.4b
32.0b

30.7b
33.8b
32.5b
30.7b

31.2b
34.1b
32.8b
31.1b
31.8b

33.4b
34.8b
34.9b
34.1b
34.7b
34.7b

29.4c
28.3c
29.1c
28.7c
29.1c

25.2c
26.3c
25.9c
29.2c

24.6c
23.8c
28.8

25.1c
29.8c

29.1c

a

Mean distances between genotypes were calculated using the sequences described in
Fig. 1.
b
Nucleotide.
c
Amino acid.

was similar to that observed between the other genotypes. QC69
was assessed for the presence of recombination by similarity and
bootscanning plots analyses using SimPlot 3.5.1 software (9). No
evidence of recombination was found. The classification of QC69
as genotype 7a has been recognized by the HCV databases and
supported by others (see http://hcv.lanl.gov and http://euhcvdb
.ibcp.fr) (4, 10–12).
The coding region sequence of QC69 was made publically
available on GenBank in 2007. Gottwein et al. (13) used this sequence to construct a QC69/JFH1(7a/2a) intergenotypic recombinant-containing core, E1, E2, P7, and NS2 gene sequences of
QC69. It was found to successfully replicate in Huh7.5 cells, and
its viability did not depend on adaptive mutations. More recently,
this group of researchers developed J6/JFH1 recombinants expressing either the NS4A or NS5A proteins in Huh7.5 cells (14,
15). When exposed to several protease inhibitors, interferon alfa2b, and a putative NS4A inhibitor, the genotype 7a-NS4A expressing recombinant responded in a manner similar to that of the
genotype 1 to 6 NS4A-expressing recombinants (14). For the
NS5A-expressing recombinants, mutations in the low-complexity
sequence II region led to a high reduction in viral production for
genotype 4a and 7a recombinants (15). These studies confirm the
biological properties of genotype 7a virus proteins.
The NS5B partial genome sequences of QC272, IG93306, and
IG93305 were obtained as previously described (5, 16). Phylogenetic analyses showed that QC69, QC272, IG93306, and IG93305
clustered together but separately from representatives of genotypes 1 to 6 (Fig. 3). QC272 was found to be more distantly related
to the other genotype 7 isolates, but this evolutionary distance was
less than that observed between various subtypes of genotype 6.
For example, the length of the branches between genotype 7 isolates QC272 and IG93305 was 0.753 substitutions/site, whereas
the branch length between genotype 6a EUHK2 and 6e D42 viruses was 0.775 substitutions/site (Fig. 3). The inclusion of QC272
within genotype 7 was also supported by phylogenetic analysis of
C/E1 sequences (our unpublished data). The NS5B sequence data
indicate that QC272, IG93306, and IG93305 would each belong to
a distinct subtype different from subtype 7a. This considerable
level of genetic diversity suggests that genotype 7 has been propagated and maintained for a long time in the DRC. Interestingly, in
a recent survey of HCV genotypes in the DRC, Iles et al. (17) did
not detect isolates belonging to genotype 7. However, genotype 7
may have remained undetected as the NS5B sequence data used
for accessing the genotypes were not obtained for 20% of the sam-
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version 2.0 (Roche Diagnostics, Branchburg, NJ). IG93306 and
IG93305 were obtained from patients residing in Belgium in the
early 2000s. These patients had been found anti-HCV positive
by the Innotest HCV Ab IV (Innogenetics, Ghent, Belgium).
No close epidemiological link was established between the two
isolates identified in Canada (QC69 and QC272) or Belgium
(IG93306 and IG93305). The route of infection has not been
confirmed for any of the four patients, but injection drug use
was not suspected.
The nearly complete viral genome sequence of QC69 was derived from a serum sample drawn in 2003 that displayed an HCV
RNA level of 7,210,000 IU/ml in the Cobas Amplicor HCV Monitor test version 2.0 (Roche Diagnostics Systems, Inc.). The sequence was derived from 13 overlapping DNA fragments obtained by reverse transcription (RT)-PCR (Fig. 1). The genuine 5=
terminus (fragment G; Fig. 1) was determined by use of a 2ndgeneration 5=/3= rapid amplification of cDNA ends (RACE) kit
(Roche Applied Science, Mannheim, Germany). The remaining
DNA fragments were obtained using a single-round PCR, except
for fragment H, which was obtained using a nested-PCR approach. Viral RNA was extracted from either 140 l of serum
using the QIAamp viral RNA kit or 263 l of serum using the
QIAamp Virus BioRobot MDx kit (Qiagen, Inc., Mississauga, Ontario, Canada). Reverse transcription and DNA amplification by
PCR for fragments A, B, C, D, E, F, J, K, and L were performed as
previously described (5). For fragments H, I, and M, RT-PCR
was performed using the SuperScript III One-Step RT-PCR system with Platinum DNA polymerase (Invitrogen, Burlington,
Ontario, Canada). For fragment H, a second-round PCR was performed using the Expand high-fidelity PCR system (Roche Diagnostics). PCR products were purified and sequenced bidirectionally. Sequences were analyzed on an ABI Prism 3100xl genetic
analyzer (Applied Biosystems, Foster City, CA).
The assembled genome sequence of QC69 consisted of 9,418
nucleotides excluding its poly(U) stretch and 3= X tail. The 5=
untranslated region (UTR) consisted of 339 nucleotides, while
the 3= UTR variable region consisted of 40 nucleotides. QC69
displayed an open reading frame (ORF) of 3,013 amino acids. The
amino acid lengths of the predicted cleavage proteins are 191
(Core), 192 (E1), 367 (E2), 63 (P7), 217 (NS2), 631 (NS3), 54
(NS4A), 261 (NS4B), 446 (NS5A), and 591 (NS5B). The genome
length and organization of QC69 were similar to those of other
HCV isolates.
The coding region sequence of QC69 was aligned with selected
nonrecombinant full-length coding region sequences representative of genotypes 1 to 6. The evolutionary history was inferred
using the maximum-likelihood method based on the general
time-reversible model (6). The initial tree(s) for the heuristic
search was obtained by applying the neighbor-joining and BIONJ
algorithms to a matrix of pairwise distances estimated using the
maximum composite likelihood approach (7). A discrete gamma
distribution (four categories) was used to model evolutionary rate
differences among the sites. Evolutionary analyses and calculation
of p distances using the pairwise deletion option were conducted
in MEGA5 (8). The phylogenetic tree showed that QC69 clustered
separately from sequences representative of genotypes 1 to 6 (Fig.
2). In the complete coding region sequence, QC69 showed 33.4%
to 34.9% mean p-nucleotide distances and 28.3% to 29.8% mean
p-amino acid distances, with the representative isolates of genotypes 1 to 6 appearing in Fig. 2 (Table 1). This level of divergence
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FIG 3 Maximum-likelihood phylogeny of NS5B sequences corresponding to positions 8276 to 8615 (340 bp) of representatives of the seven genotypes of HCV.
The phylogeny was reconstructed using NS5B sequences of genomes included in Fig. 1 and of isolates QC272, IG93306, and IG93305. The major branches
corresponding to each genotype are indicated within the tree. The numbers adjacent to the branch nodes represent the percent bootstrap robustness for 1,000
replicates; values of ⱖ70% are shown. Sequences are labeled to the right of each branch in order as follows: genotype/subtype, isolate identification, and GenBank
accession number. Bar, nucleotide substitutions per site.
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ples that had detectable HCV RNA in the 5= UTR (17). This indicates that although genotype 7 may well have its origin in the DRC,
it is not highly prevalent in this country or is delimited to certain
regions. In Quebec, Canada, genotypes have now been determined in more than 17,000 persons by sequencing analysis of the
NS5B region (5). All seven HCV genotypes, numerous subtypes,
and various unclassified variants have been found in either the
local or immigrant population. QC69 and QC272 were the only
genotype 7 isolates identified, suggesting that this genotype has
not spread significantly.
Phylogenetic analysis performed on full-length coding region
sequences showed that QC69 branched more closely to genotype 2
variants (Fig. 2). The greatest diversity of genotype 2 is observed in
western Africa. It has been proposed that HCV genotype 2 originated from West Africa with subsequent movement to the east
(18, 19). Since genotype 7 isolates have been found in patients
originating from central Africa, the phylogeographic relationship
between genotypes 7 and 2 remains to be elucidated. Further epidemiological studies and sequencing of coding regions are required to determine the prevalence and spread of genotype 7 in
Africa. The finding of a new genotype further indicates the endemic nature of HCV in certain parts of Africa and shows that
HCV infection may have evolved from a common ancestor originating from this region of the world.
Genotypes are not only crucial for our understanding of the
epidemiology and evolution of HCV; they are clinically significant
as current treatment regimens are tailored to the infecting genotype (20). Thus, inaccurate identification of the infecting genotype
may expose patients to suboptimal treatment regimens. Commercial genotyping assays that target the 5= UTR are widely used by
clinical laboratories for assessing the HCV genotype (21). These
assays have been developed for the identification of genotypes 1 to
6. Consequently, genotype 7 isolates would be either not attributed to a genotype or inaccurately classified by these assays. We
tested QC69 and QC272 using the Versant HCV amplification 2.0
kit and the Versant HCV Genotype 2.0 assay (LiPA) (Siemens
Healthcare Diagnostics, Erlangen, Germany). QC69 reacted with
lines 6, 11, and 20, while QC272 reacted with lines 5, 9, 11, and 20,
as was expected from their derived 5= UTR nucleotide sequences
(22). Thus, QC272 would have been incorrectly identified as genotype 2 and QC69 would not have been classified since the observed line pattern was not attributed to a genotype. IG93305 and
IG93306 also displayed atypical line patterns on LiPA strips that
were not assigned to a genotype (16). In clinical practice and for
epidemiological studies, correct identification of all seven HCV
genotypes is relevant and can be achieved only by the sequencing
of a coding region able to discriminate genotypes and subtypes,
such as C/E1 or NS5B.
Nucleotide sequence accession numbers. The newly described
sequences in this study were deposited in GenBank under the accession numbers EF108306 (QC69), CS101285 (IG93305), CS101300
(IG93306), CS101293 (IG93305), and CS101294 (IG93306).
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