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The 5’ noncoding region (5' NCR) of the hepatitis C virus (HCV) has become the standard for genotyping
even though several reports show that its use can result in classification errors. The purpose of this study was
to perform genotyping based on sequence analysis of the NS5b region in a set of 357 HCV strains isolated from
blood donors in France in 2002 and 2003. Results were compared with those previously obtained using 5' NCR
analysis, and HCV subtype distribution was reevaluated. Twenty-six of 120 strains (~22%) initially identified
as genotype 1b by 5’ NCR region sequence analysis were reclassified as genotype 1a by NS5b region sequence
analysis. Similarly, 14 of 23 strains (~61%) initially identified as 2a/2c were reclassified as non-2a and non-2c
subtypes, and 12 of 22 strains (~45%) initially identified as 4c/4d subtypes were reclassified as non-4c and
non-4d subtypes. Sequence analysis of the NS5b region also revealed 5 putative new subtype 2 variants and 2
putative new subtype 4 variants. Although these findings demonstrated full agreement between 5 NCR and
NS5b sequence analysis with regard to type classification, genotyping based on phylogenetic analysis of the
NS5b region is more accurate for subtype determination than genotyping based on analysis of the 5 NCR.
Sequence analysis of the NS5b region is mandatory for epidemiologic studies.

Hepatitis C virus (HCV) is a common human pathogen
considered as the major cause of parenterally transmitted hep-
atitis (6). It is an enveloped virus with a positive-sense RNA
genome containing a single large open reading frame com-
posed of over 9,000 nucleotides (6, 11). Sequencing of HCV
isolates has identified 6 genotypes and more than 70 subtypes
(19, 25, 28, 32). Accurate HCV genotyping is important for
predicting response to antiviral therapy, since genotypes 1 and
4 are less likely to respond to interferon than genotypes 2 and
3 (14, 21). Genotyping is also an essential tool for epidemio-
logical studies, since HCV genotypes vary according to epi-
demic history in different geographical regions (23, 24, 30, 40).
Epidemiologic studies of HCV strains from blood donors (7,
18), drug addicts (1, 12, 13), and hospital patients (22, 35) have
demonstrated a correlation between some subtypes and risk
factors.

Since the 5’ noncoding region (5" NCR) is one of the most
highly conserved regions of HCV, it has historically been used
for virus detection and is now one of the best-characterized
regions. For practical reasons, the 5" NCR was also chosen as
the target for various genotyping methods, including the Inno-
Lipa HCV II test (33, 34), sequencing (8, 9, 10, 26), and the
duplex mobility assay (39). However, recent studies involving
NS5b region analysis (3, 29, 35) show that 5 NCR sequence
analysis can lead to genotyping errors (5, 35). In this study, we
used NS5b region sequence analysis to determine the HCV

* Corresponding author. Mailing address: Unité des Virus Emer-
gents. Etablissement Francais du Sang Alpes-Méditerranée, 149 bd
Baille, 13005 Marseille, France. Phone: 11 33 4 91 25 59 74. Fax: 11 33
4 91 18 95 98. E-mail: jfc-ets-ap@gulliver.fr.

2051

subtype distribution of 357 isolates collected from blood do-
nors in France between 2002 and 2003. All samples had already
been genotyped based on 5" NCR analysis. Results of the two
sequence analysis methods were compared to identify geno-
typing errors associated with 5" NCR analysis.

MATERIALS AND METHODS

Study population. A total of 357 HCV-positive blood samples collected from
French blood donors between 2002 and 2003 were analyzed. These strains (named
Frbd for French blood donor), collected for the national surveillance of HCV-
positive blood donors, came from the overall collection of confirmed HCV-positive
blood donations in France, i.e., seropositive for anti-HCV and HCV viremic by
nucleic acid testing. Plasmas were aliquoted and stored at —80°C under RNase-free
conditions until analysis.

The distribution of HCV types determined using the InnoLipa HCV II geno-
typing kit (Innogenetics, Zwijnaarde, Belgium) (33, 34) and sequencing of a
280-bp amplicon in the 5" NCR using InnoLipa kit primers (8, 34) was as follows:
subtype 1b, 120 strains (33.6%); subtype 1a, 91 strains (25.5%); subtype 3a, 71
strains (19.9%); type 2, 33 strains (9.2%); type 4, 33 strains (9.2%); subtype 5Sa,
7 strains (2%) (Table 1).

Amplification and sequencing. A 339-nucleotide segment from position 8370
to 8708 in the NS5b region was amplified and sequenced (3). If amplification in
the NS5b region failed, a 357-nucleotide segment from position 1029 to 1385 in
the E1 region was analyzed (2).

RNA extraction from 200 pl of plasma, reverse transcription using random
hexaprimers, and PCR were performed as previously reported (2). Amplicons in
the NS5b and E1 regions were sequenced directly with the amplification primers,
the p-rhodamine DNA sequencing kit, and an ABI Prism 377 sequencer (Perkin-
Elmer).

Phylogenetic analysis. All nucleotide sequences from HCV strains were
aligned using the ClustalW 1.8 software program (36) with a reference panel of
reported sequences available in the HCV sequence database (http://hcv.lanl.gov
/content/hcv-db/index) provided by the Los Alamos National Laboratory (15).
Pairwise evolutionary distance matrices for the E1 and NS5b nucleotide se-
quences were computed using the p-distance algorithm of the MEGA software
package (version 3.0, 2005; Pennsylvania State University, University Park, PA)
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TABLE 1. Comparison of genotyping results obtained with 5" NCR
analysis versus the NS5b and E1 region analyses

NS5b No. of strains with 5" NCR genotyping result Total
ota
SUbyPe | qa Ib 2a2c 2 2b 3a 4 4c4d de 4 Sa
1 1 1
la 91 26 117
1b 2 93 95
2a 8 8
2b 6 6
2¢ 1 1 2
2i 6 6
2k 4 4
21 1 1
2(1) 1 1
2(2) 1 1
2(3) 1 1
2(4) 1 1 2
2(5) 1 1
3a 71 71
4a° 4 8 12
4d 2 12 14
Af 2 2
4h 1 1 2
4r 1 1
4(1) 1 1
42) 1 1
S5a 7 7

Total 2 91 120 23 4 6 71 8 22 1 2 7 357

“ Six strains were not identified in the NS5b region but were amplified in the
E1 region.
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(16). Sequence distance matrices were analyzed with conventional statistical
software (SYSTAT, v10.2; Systat Software, Inc., Point Richmond, CA) using files
derived from Mega distance tables. For NS5b sequences, a p-distance of 0.12 was
found to delineate strains of the same subtype and strains of a different subtype.

Phylogenetic analysis was performed with the MEGA software package using
the p-distance algorithm for distance determination and the neighbor-joining
method for tree drawing. The reliability of phylogenetic classification was eval-
uated by a 1,000-replication bootstrap test using the same software package.

Genotyping was performed using the nomenclature defined by Simmonds et
al. (31).

Statistical analysis. The distribution of HCV genotypes was compared by
using the chi-square test and Fisher test. Differences were considered to be
statistically significant when the P value was <0.05.

RESULTS

Analysis of E1 and NS5b regions: HCV genotype distribu-
tion. Genotyping based on NS5b region sequence analysis was
successful in 351 of the 357 strains previously typed with Inno-
Lipa HCV II test. Amplification of the NS5b region failed in 6
type 4 strains which, however, were successfully subtyped as 4a
isolates by analyzing the E1 region.

The distribution of HCV subtype can be summarized as
follows: subtype 1a, 117 strains (32.8%); subtype 1b, 95 strains
(26.6%); type 2, 33 strains (9.2%); subtype 3a, 71 strains
(19.9%); type 4, 33 strains (9.2%), subtype Sa, 7 strains (2%).
The 33 type 2 strains were classified into 11 subtypes (Fig. 1a).
Twenty-seven strains clustered within 6 previously described
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FIG. 1. Phylogenetic tree showing partial NS5b nucleotide sequences in representative HCV subtype 2 (a) and 4 (b) strains isolated from blood
donors together with panels of reference strains identified by their GenBank reference numbers. Numbers on the right correspond to prototype
strain subtypes as published by Simmonds et al. (31). Numbers in parentheses indicate new subtypes. Numbers at the nodes are percentages of
1,000 bootstrap replicates greater than 90%. Scale bars indicate p-distances.
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FIG. 2. Alignment of 37 sequences in the 5’ noncoding region of type 1, 2, and 4 HCV strains (adapted from reference 34 with permission).
Boxes indicate the regions covered by InnoLipa HCV II probes. The first position is indicated in the bottom left hand corner of each box. The
reactivity of each isolate is indicated in the alignment of the sequence by the number of the probe (34). The results of testing using the InnoLipa
HCYV II kit followed by the genotype obtained by sequencing of the NS5b region are shown in parentheses.

subtypes: 2a, 8 strains (24.2%); 2b, 6 strains (18.2%); 2c, 2
strains (6.1%); 2i, 6 strains (18.2%); 2k, 4 strains (12.1%); 2l,
1 strain (3.0%). The remaining six strains, including the
Frbd1000, Frbd1075, Frbd1061, Frbd1219/Frbd1123, and
Frbd1507 strains, could not be assigned to any previously de-
scribed subtype and may constitute five new subtype variants
tentatively designated 2 (1), 2 (2), 2 (3), 2 (4), and 2 (5),
respectively. The 33 type 4 strains were classified into 7 sub-
types (Fig. 1b), including subtype 4a (12 strains, 36.4%) and
subtype 4d (14 strains, 42.4%). Subtypes 4 h and 4f were
represented by 2 strains each (Table 1). The Frbd1118 strain
showing similarity with the FrSSD120 strain (20) was classified
as 4r (15). The Frbd1024 and Frbd1505 strains could not be
assigned to any existing type 4 subtype and may constitute new
subtypes variants tentatively designated 4 (1) and 4 (2), respec-
tively.

Comparison of HCV genotyping methods. This study dem-
onstrated full agreement between 5" NCR and NS5b sequence
analysis with regard to type classification.

Analysis of type 3 and 5 strains. Comparison of HCV geno-
typing based on NS5b sequence analysis showed no difference
in the classification of the 71 subtype 3a strains and 7 subtype
Sa strains initially identified by 5" NCR analysis between 2002
and 2003.

Analysis of type 1 strains. A total of 120 strains were initially
identified as subtype 1b based on 5" NCR analysis. Sequence
analysis of the NS5b region was concordant for 93 strains
(77.5%). The remaining strains were reclassified as subtype la
in 26 cases (21.7%) and subtype 1d in 1 case. Sequencing of the
5" NCR showed that all discordant isolates had a G in position
—99 (data not shown).

A total of 91 strains were initially identified as subtype 1la
based on 5’ NCR analysis. Sequence analysis of the NS5b was
concordant in all cases.

In the two type 1 strains that could not be subtyped using 5’

NCR analysis, NS5b region sequence analysis demonstrated
subtype 1b. In the Frbd1531 strain, failure to achieve genotyp-
ing was due to the presence of an adenine in position —92 that
prevented fixation of the amplicon to probes 5, 6, 7, and 8 of
the InnoLipa HCV II kit (Fig. 2). In the Frbd1735 strain,
failure of genotyping was due to fixation of the amplicon to
probe 9 that is specific for type 2.

Using NS5b region analysis as the reference technique, the
estimated sensitivity and specificity of 5’ NCR analysis were
97.8% and 90%, respectively, for detection of subtype 1b and
77.7% and 100%, respectively, for detection of subtype 1a. The
prevalence of subtypes la and 1b were 25.5% versus 33.6%,
respectively, based on 5° NCR analysis, compared to 32.7%
versus 26.6%, respectively, based on NS5b region sequence
analysis. The differences in prevalence obtained using the two
techniques were statistically significant (x* = 6.15; P = 0.013).

Analysis of type 2 strains. A total of 33 type 2 strains were
studied. Based on 5" NCR analysis, these strains were classified
as subtype 2a/2c in 23 cases and subtype 2b in 6 cases. The
remaining 4 type 2 strains could not be subtyped. For all 6
subtype 2b strains, sequence analysis based on the NS5b region
was concordant with 5" NCR analysis.

For the 23 strains identified as subtypes 2a/2c, NS5b region
sequence analysis confirmed only 8 strains as subtype 2a and 1
strain as subtype 2c. The other strains were identified as sub-
type 2i in 6 cases, subtype 2k in 4 cases, and as subtype 2 (1),
2 (3), 2 (4), and 2 (5) in one case each. (Table 1). These
findings indicate that the 2a/2c profile in the 5" NCR corre-
sponds to 8 subtypes in the NS5b region.

The 4 type 2 strains that could not be subtyped based on 5’
NCR analysis were classified by NS5b region sequence analysis
as subtype 2 (2), 2 (4), 2c, and 21 in one case each (Table 1).
These strains were identified as type 2 due to the presence of
three different sequences in the 5 NCR (Fig. 2). The first
sequence was found in the Frbd1753 and Frbd1219 strains. The
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second and third sequences were found in the Frbd1075 and
Frbd1008 strains, respectively.

Analysis of type 4 strains. Thirty-three type 4 strains were
studied. Analysis of the 5’ NCR identified these strains as
subtype 4 in 8 cases, subtype 4c/4d in 22 cases, subtype 4e in 1
case, and subtype 4f in 2 cases.

Sequence analysis of the NS5b and El regions in the 22
subtype 4c/4d strains demonstrated subtype 4a in 8 cases, sub-
type 4d in 12 cases, subtype 4 h in 1 case, and subtype 4 (1) in
1 case. The 8 type 4 strains were classified as type 4 (2) in 1
case, subtype 4a in 4 cases, subtype 4d in 2 cases, and subtype
4 hin 1 case. The Frbd1118 strain initially classified as subtype
4e by 5" NCR analysis was reclassified as subtype 4r by NS5b
region sequence analysis (Table 1).

Subtyping of type 4 strains was prevented by the presence of
five different sequences in the 5 NCR (Fig. 2). The first se-
quence was found in the Frbd1003, Frbd1058, Frbd1505, and
Frbd1676 strains. The second, third, fourth, and fifth se-
quences were found in the Frbd1001, Frbd1063, Frbd1152, and
Frbd1575 strains, respectively.

DISCUSSION

Genotyping of HCV is routinely performed in many labora-
tories for three indications. The first indication involves clinical
decision making, i.e., to make recommendations and provide
counseling regarding treatment. For this indication, type de-
termination is sufficient. The second indication involves classi-
fication and epidemiology, i.e., to monitor the distribution of
virus strains and identify risk factors for transmission. The
third indication involves legal issues, i.e., to investigate con-
tamination between individuals. For the second and third in-
dications, accurate subtype determination is necessary.

The highly conserved 5" NCR of the HCV has been used for
development of effective diagnostic tests and for genotyping
based either on hybridization using subtype-specific probes
(34) or sequence analysis (8). Commercially available test kits
have been instrumental in determining the relative prevalence
of viral types and subtypes in various geographical regions.
Findings have shown that subtype la accounts for most infec-
tions in North America, while subtype 1b is primarily found in
Japan and Europe, including France. Genotyping has also
shown that subtype la is associated with drug addiction and
subtype 1b with transfusion (40).

However, several studies have shown that testing based on
the 5" NCR is a source of subtyping errors (5, 35). The purpose
of this study using HCV isolates from 357 blood donors was to
compare results previously obtained using 5" NCR sequence
analysis with those obtained by NS5b region sequence analysis.

The choice of the NS5b region in phylogenetic analysis relies
on its highly informative character (32, 38). Indeed, the degree
of sequence variation of NS5b correlates well with HCV sub-
type definition (37, 38), by contrast with the 5" NCR, which is
highly conserved and, hence, does not provide a tool for dif-
ferentiation between subtypes. Conserved primers in the NS5b
have been described previously that allow the amplification of
all genotypes of HCV (3, 17, 20). Moreover, the existence of a
previously defined reference panel in HCV databases for the
NS5b regions considerably facilitates subtype identification
(15, 25, 31).

J. CLIN. MICROBIOL.

Findings showed that the NS5b region achieved amplifica-
tion in all but a few subtype 4a strains. This study demon-
strated full agreement between 5 NCR and NS5b sequence
analysis with regard to type classification. However, subtyping
was discordant for 63 of the 357 strains (17.6%). Subtyping
differences involved types 1, 2, and 4. Classification by the two
techniques was concordant for 99% of subtype 1b strains but
discordant for a nonnegligible proportion (22%) of subtype 1a
strains classified as subtype 1b by 5’ NCR analysis. Similarly,
61% of strains initially identified as 2a/2c were reclassified as
non-2a and non-2c subtypes, and 45% of strains initially iden-
tified as 4c/4d subtypes were reclassified as non-4c and non-4d
subtypes. Analysis based on the 5’ NCR achieved accurate
genotyping only for subtypes 1b, 2b, 3a, 4f, and 5Sa.

A notable finding of this study is that the InnoLipa HCV II
kit did not identify any of the 12 type 4a strains accurately.
Four strains were classified as unsubtyped type 4, and 8 strains
were classified as 4c/4d. The apparent explanation is that the
sequence defining subtype 4a (strain Z4) in the InnoLipa HCV
II test is different from the fully sequenced subtype 4a refer-
ence strain (ED43) (4). Strain Z4 was recently attributed to
subtype 4r (15, 20, 31). In this regard it is noteworthy that
another strain classified as subtype 4r in our study (Fig. 1b), i.e.,
Frbd1118, was classified as 4e using the InnoLipa HCV II test.

This study also showed that 5" NCR analysis was unable to
detect the great diversity of types 2 and 4 in French blood
donors. The 23 strains classified as 2a/2c were broken down
into 7 subtypes, i.e., 2a, 2c, 2i, 2k, and 3 putative new subtypes.
All strains identified as 2a, 2i, and 2k by NS5b region sequence
analysis had been identified as 2a/2c by 5" NCR analysis using
the InnoLipa HCV II kit. Similarly, NS5b and E1 region se-
quence analysis broke down the 22 strains classified as subtype
4c/4d by 5’ NCR analysis into 4 subtypes, i.e., 4a, 4d, 4h, and
one putative new subtype. Analysis of the NS5b region could
not assign six type 2 strains and two type 4 strains to any
previously described subtype (Fig. 1). The Frbd1123 and
Frbd1219 strains belonging to subtype 2 (4) were phylogeneti-
cally close to the PH52 strain isolated in Guinea Conakry (27).
The Frbd1061 strain classified as subtype 2 (3) belonged to the
same subtype as the Mart44 strain from the Caribbean island
of Martinique (17). These findings are in agreement with a
previous study showing a high variety of subtype 2 in a popu-
lation of blood donors from southeastern France (3).

In contradiction with the generally accepted notion that
subtype 1b was predominant in French blood donors, this study
shows that subtype 1a was the most common. This finding is in
agreement with a recent study (3) showing not only that sub-
type la strains were predominant but also that their distribu-
tion has been stable in blood donors in southeastern France
since 1995. These findings suggest that it may be necessary to
reevaluate the validity of the previous studies based on 5’ NCR
analysis which established that subtype 1b was more prevalent
than subtype la (range of 27 to 34% versus range of 16% to
20%, respectively) (7, 18, 22). Revision of previously reported
prevalence rates assuming that 5" NCR analysis overestimates
subtype 1b by 20% at the expense of subtype la led to results
similar to those reported in the present study with a predom-
inance of subtype la.

This study confirms that genotyping based on phylogenetic
analysis of NS5b region sequences is still the most reliable
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technique for subtyping. This finding does not reduce the value
of commercially available genotyping test kits based on 5’
NCR, since subtyping is not important for routine clinical
purposes. The main implication of this study is that genotyping
based on NS5b region sequence analysis could be a major
improvement for epidemiologic studies and medicolegal inves-
tigations by eliminating the 17.6% of classification errors that
occur using 5" NCR analysis. Most classification errors using
the 5’ NCR region are related to poor discriminating power
and to the absence of target motifs specific for some subtypes.
Sequence analysis of the NS5b region must be used instead of
5" NCR analysis for epidemiologic studies.
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