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Hépatites B et C, Centre Hospitalo-Universitaire Avicenne, Bobigny,5 Laboratoire de Virologie, Centre Hospitalo-
Universitaire, Amiens,6 Laboratoire de Virologie-Bactériologie, Centre Hospitalo-Universitaire Bretonneau,

Tours,7 Laboratoire de Virologie-Bactériologie, Centre Hospitalo-Universitaire Henri-Mondor, Créteil,8
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A national evaluation study was performed in 11 specialized laboratories with the objective of assessing their
capacities to genotype hepatitis C virus (HCV) and define the applicability of a given genotyping method. The
panel consisted of 14 samples positive for HCV RNA of different genotypes (including 3 samples with two
different artificially mixed genotypes) and 1 HCV-negative sample. Seventeen sets of data were gathered from
the 11 participating laboratories. The sensitivities ranged from 64.3 to 100% and from 42.7 to 85.7% for the
methods that used sequencing of the NS5b region and the 5� noncoding (5� NC) region, respectively. When the
data for the artificially mixed samples were excluded, NS5b genotyping gave correct results for 80% of the
samples, 1.7% of the samples were misclassified, and 18.3% of the samples had false-negative results. By 5�
NC-region genotyping methods, 58.3% of the results were correct, 29.7% were incomplete, 8.3% were misclas-
sifications, 1.2% were false positive, and 2.4% were false negative. Only two procedures based on NS5b se-
quencing correctly identified one of the three samples with mixtures of genotypes; the other methods identified
the genotype corresponding to the strain with the highest viral load in the sample. Our results suggest that
HCV 5� NC-region genotyping methods give sufficient information for clinical purposes, in which the deter-
mination of the subtype is not essential, and that NS5b genotyping methods are more reliable for subtype
determination, which is required in epidemiological studies.

Hepatitis C virus (HCV) is responsible for chronic liver dis-
ease, with a risk of evolution toward severe diseases such as
cirrhosis and hepatocellular carcinoma (34). More efficient
antiviral treatments have been developed in recent years (21),
but their efficacies are largely influenced by several biological
parameters, such as the virus genotype. For this reason, HCV
genotyping is used to predict the response to antiviral therapy
(12, 23, 30) and, in association with the determination of the
viral load and related markers in different hosts, to optimize
the duration of treatment (2, 31). Furthermore, HCV genotyping
is an essential tool for epidemiological studies (3, 22, 29) and for
tracing a source of contamination by HCV (1, 18–20, 27).

HCV isolates are characterized by a high degree of hetero-
geneity: six main genotypes and more than 70 subtypes have
been described (35). Many genotyping methods focused on the
5� noncoding (5� NC) region have been developed, and some
of them are commercially available. However, the ability of the

sequence of this region to discriminate isolates at the subtype
level is disputed (8), and alternative genomic regions have
been proposed for use in genotyping (11, 26, 33).

Thus, before the initiation of large-scale epidemiological or
therapeutic studies, the Action Coordonnée 11 group of the
Agence Nationale de Recherches pour le SIDA initiated an
evaluation of the HCV genotyping methods used in 11 special-
ized laboratories involved in multicenter clinical trials. The aim
of this study was to assess the HCV genotyping capacities of
these specialized laboratories and to define the best applica-
bility of a given genotyping method.

MATERIALS AND METHODS

Panel. The panel was made up of 15 samples, including 10 undiluted samples
(collected from HCV-infected blood donors and selected as a subset of HCV
subtypes mainly encountered in clinical practice in Europe), 1 diluted HCV-
positive sample (sample 6, which was a 1-in-200 dilution of sample 5), 3 samples
with mixtures of two different genotypes (to mimic coinfections), and 1 HCV-
negative sample. The characteristics of these samples are given in Table 1. Each
HCV-positive sample was characterized by its viral load (Amplicor HCV Mon-
itor, version 2.0; Roche, Meylan, France) and by its HCV genotype, determined
by a method based on sequence analysis of the NS5b region (25). Briefly, after
viral RNA extraction (QI Amp Viral RNA; Qiagen, Hilden, Germany) and
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reverse transcription, performed by a random priming method (cDNA ramdom
hexamers kit; Amersham Pharmacia Biotech, Orsay, France), cDNA was ampli-
fied by a heminested PCR based on primers PR3 and PR4 in the first round,
followed by PCR with primers PR3 and PR5 in the second round (Table 2). The
DNA of each strain obtained from the purified PCR products (Quick Spin;
Qiagen) was sequenced by PCR with primers PR3 and PR5. Cycle sequencing
was undertaken by use of the fluorescent dye terminator technology (Big Dye
terminator cycle sequencing; Applied Biosystems, Courtaboeuf, France) with
AmpliTaq DNA polymerase, according to the instructions of the manufacturer.
Electrophoresis and data collection were performed with an ABI 3100 genetic
analyzer. The genotype of each sample was determined by comparison with those
of HCV prototype strains from GenBank. Figure 1 shows the phylogenetic tree
in which the samples of the panel are represented.

Among the three samples containing mixtures of genotypes, sample 11 had
equivalent viral loads of two genotypes (genotypes 1a and 1b), whereas samples
9 and 14 had greater viral loads of genotypes 3a and 1b, respectively. All samples
in the panel were prepared and aliquoted by an external investigator and were
randomly coded and sent under appropriate transportation conditions to each
participating laboratory for blind testing. Each laboratory was free to use any
genotyping method of its choice.

Participating laboratories. The 11 participating laboratories were coded as
laboratories A to K. Six of them used one genotyping method, four used two
genotyping methods, and one used three genotyping methods, resulting in a total

of 17 results. The different genotyping methods used consisted of four in-house
protocols of the NS5b sequencing assay (16, 20, 24, 33) in eight laboratories, a
newly developed NS5b sequencing assay (Trugene HCV NS5b genotyping kit;
Bayer Health Care Diagnostics, Puteaux, France) (28) in two laboratories, an
in-house 5�NC region sequencing assay in two laboratories (13, 39), and two
commercially available 5� NC region genotyping assays (Inno-LIPA [Innogenet-
ics, Ghent, Belgium] and Trugene HCV genotyping kit [Bayer Health Care
Diagnostics]) in five laboratories (32, 37). Table 2 includes the details for the
PCR primers used only with the in-house methods.

Interpretation of results. For each HCV-positive sample, the result was con-
sidered correct when both the correct genotype and the correct subtype were
identified and, for samples with mixtures of genotypes, when both the genotype
and the subtype of the strain with the highest viral load were identified. An
incomplete result was defined as an exact genotype result with an unidentified
subtype or with the absence of discrimination between two subtypes. A correct
genotype in association with the incorrect subtype defined a misclassification.
The sensitivity was defined as the percentage of correct results (correct genotype
and correct subtype) among the 14 HCV-positive samples. The quality score was
calculated by the percentage of correct results among all samples in the panel.

RESULTS

Performance of HCV genotyping. Overall, 17 sets of data
were generated by five different technical approaches (Table
3). In order to simplify the presentation, we considered each
set of data as coming from an independent laboratory.

The sensitivities ranged from 64.3 to 100% and from 42.7
to 85.7% for laboratories using the NS5b and 5� NC-region
genotyping methods, respectively. Among the 10 NS5b region-
based methods, incomplete results were observed for two
(14.3%) samples, whereas the seven 5�NC-region-based meth-
ods provided incomplete results for one to seven (0.7 to 50%)
samples. Two of the NS5b-based analyses misclassified the ge-
notype in one sample, while five of the 5�NC-region-based anal-
yses misclassified the genotype in one or two samples. False-
negative results were more commonly observed by NS5b-based
analyses (9 of 10; 90%), which failed to identify the genotype
in one to five samples. The virus in only one sample could not
be genotyped by three of seven 5�NC-region-based methods. A
false-positive result was observed for only one sample (by an
in-house 5� NC-region-based assay). The quality scores ranged

TABLE 1. Characteristics of the panel

Sample
no.

Genotype (by NS5b
sequencing)

HCV RNA load
(log IU/ml)

1 3a 4.01
2 1a 4.93
3 2a 5.39
4 �a 0
5 4a 5.62
6 4a 3.41
7 1a 3.33
8 1a 6.00
9 3a-1b 5.86/14.31
10 2b 5.44
11 1a-1b 4.93/14.31
12 1b 5.68
13 3a 5.86
14 1b-3a 5.68/4.01
15 5a 6.65

a The sample was HCV negative.

TABLE 2. PCR primers used in NS5b-based in-house methods

Gene region and
primer name Polarity Sequencea Positionb Reference

NS5b
PR1 Sense 5�-TGGGGATCCCGTATGATACCCGCTGCTTTGA-3� 8245–8275 14
PR2 Antisense 5�-GGCGGAATTCCTGGTCATAGCCTCCGTGAA-3� 8616–8645 14
PR3 Sense 5�-TATGAYACCCGCTGYTTTGACTC-3� 8256–8278 25
PR4 Antisense 5�-GCNGARTAYCTVGTCATAGCCTC-3� 8622–8644 25
PR5 Antisense 5�-GCTAGTCATAGCCTCCGT-3� 8619–8636 33
1203 Sense 5�-ATGGGGTTCTCGTATGATACCCGCTGCTTTGACTC-3� 8244–8278 24
1204 Antisense 5�-GGAGGGGCGGAATACCTGGTCATAGCCTCCGTCAA-3� 8616–8650 24
122 Sense 5�CTCAACCGTCACTGAGAGAGACAT-3� 7935–7958 24
123 Antisense 5�-CCTCCTGCTCGCCTTGGACTCTCG-3� 8614–8591 24
242 Antiense 5�-GGCGGAATTCCTGGTCATAGCCTCGCTGAA-3� 8275–8304 14
243 Sense 5�-TGGGGATCCCGTATGATACCCGCTGCTTTGA-3� 7904–7934 14

5� NC
KY 80 Sense 5�-GCAGAAAGCGTCTAGCCATGGCGT-3� �274 to �250 40
KY 78 Antisense 5�-CTCGCAAGCACCCTATCAGGCAGT-3� �31 to �55 40
SF1 Sense 5�-GCCATGGCGTTAGTATGAGT-3� �261 to �240 13
DOG-1 Antisense 5�-CAGGCAGTACCACAAGGC-3� �54 to �77 13

a Y � C or T; R � A or G; V � A, C, or G; N � A, T, G, or G.
b Numbering according to Choo et al. (10).
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from 66.7 to 100% for the NS5b-based analyses and from 46.7
to 86.7% for the 5�NC-region-based analyses.

Comparison of NS5b- and 5�NC-region-based genotyping
results by sample (excluding coinfected samples). A further
analysis that excluded the samples with artificially mixed ge-
notypes was selectively performed (Table 4). By the 10 ap-
proaches based on NS5b analysis, 120 results were expected.
Among these, 96 (80%) results were correct. For each sample,
the proportion of correct results ranged from 10 to 100%. Of
the 24 incorrect results, 2 could be attributed to misclassifica-
tions (in two samples) and 22 could be attributed to false-
negative results (seven samples from which sequences could
not be amplified by one to nine genotyping assays).

By the seven approaches based on 5� NC-region analysis, 84
results were expected. Among these, 49 (58.3%) results were
correct. For each sample, the proportion of correct results
ranged from 0 to 86%. Most (71%) of the incorrect results
were due to incomplete genotype identification, while the ge-
notypes in seven samples were misclassified. Two false-nega-
tive results and one false-positive result were also noted.

Comparison of NS5b and 5�NC-region genotyping results
for coinfected samples. The results of the comparison of the
NS5b and 5�NC-region genotyping results for the coinfected
samples are depicted in Table 5. Sample 9 (which contained
genotypes 3a and 1b) was never identified as containing a
mixed infection, and the genotype present in the sample was
classified as 3a in 14 cases (all 10 NS5b-based analyses and 4 of
the 7 5�NC-region-based analyses). One laboratory, using an
NS5b-based method, identified the genotype 3a strain and
mentioned the presence of a double population without giving
the other subtype. All three incorrect results were obtained by
5� NC-region-based methods: two because incomplete data
were provided and one due to a lack of amplification.

Sample 11 (which contained genotypes 1a and 1b) was cor-
rectly identified as containing a mixture of genotypes by two
NS5b-based analyses; it was subtyped as genotype 1a in eight
cases (5 of the 10 NS5b-based analyses and 3 of the 7 5�NC-
region-based analyses; a double population was mentioned in
two cases. Among the seven remaining analyses, one provided
a result of subtype 1b, five analyses could not completely char-
acterize the genotype, and one gave a negative result.

Sample 14 (which contained genotypes 1b and 3a) was never
identified as containing a mixture of genotypes by any of the
assays; genotype 1b was detected in 16 analyses, and 1 analysis
gave an incomplete result.

DISCUSSION

The data obtained in this multicenter study have shown a
wide heterogeneity of genotyping results, depending on the

FIG. 1. Phylogenetic analysis of the NS5b sequences of the samples
containing HCV strains included in the panel (excluding those artifi-
cially coinfected) compared with NS5b reference sequences from Gen-
Bank and in-house NS5b sequences. HCV genotypes are designated by
the numbers 1 to 5. Genomes from this study are indicated with black
squares and with the sample number. The phylogenetic tree was con-
structed by using the neighbor-joining method in the PHYLIP package
(15). Bootstrap values are shown at each main branch.
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laboratory and the genotyping method used. Indeed, as the
objective of the study was to compare the ability of expert
laboratories to provide correct HCV genotyping results, no
method was imposed. All laboratories used commercial RNA
purification methods, and some of them used the same sets of
primers; but all procedures were different. However, the per-
formance variations observed allowed us to suggest two differ-
ent strategies according to the HCV genotype determined.

The discrimination between major HCV genotypes, which is
the strategy commonly adopted in clinical practice, was suc-
cessfully performed independently of the method used by all
laboratories for all samples except those containing artificially
mixed genotypes. However, 5�NC-region genotyping-based meth-
ods showed higher sensitivities. Indeed, in our study, while the
assays based on analysis of the NS5b region missed 23 (16.4%)
of the 140 expected positive results, 5�NC-region-based assays
missed only 3 (3.1%) of the 98 expected positive results. Such
false-negative results are probably due to the low levels if
viremia in the samples tested, as described elsewhere (17, 26),
as well as to the difficulty of amplifying products from samples
infected with genotype 4 by NS5b-based methods (38). There-
fore, unless the sensitivities of the present NS5b-based geno-
typing methods are improved (especially in the choice of the
primers used) or unless genotype C and E1 genotyping meth-
ods are developed, as described elsewhere (4, 5, 11, 36), pro-
cedures based on the 5� NC-region gene (and, essentially,
those that use commercial standardized assays) can be consid-
ered the most adequate for genotyping in clinical practice, at
least in countries where genotypes 1 to 5 are mainly encoun-
tered. Indeed, it was shown that 5� NC-region-based genotyp-
ing methods cannot distinguish certain isolates of genotype 6
from isolates of genotype 1 (9). This point must be empha-
sized, especially for countries, such as Southeastern Asian
countries, where genotype 6 is frequently found.

In the case of epidemiological studies requiring the precise
determination of the HCV subtype, our results confirm that
NS5b-based genotyping procedures are preferable to 5� NC-
region-based ones (6, 26, 33). Indeed, in our series, NS5b-based
procedures were more accurate than 5� NC-region-based meth-
ods, with the genotypes in only 2 samples misclassified by
NS5b-based procedures, whereas 27 incomplete results or mis-
classifications were obtained by 5� NC-region-based genotyp-
ing. One of these two misclassifications was for a sample in-
fected with genotype 4a, which was misclassified as genotype
4c. The laboratory implicated in this misclassification observed
after the study that this error was due to confusion over the
nomenclature for genotype 4 in the sequence database. The
database was subsequently modified to take this misclassifica-
tion into account. Interestingly, we observed some previously
described failures of 5� NC-region-based genotyping, such as
misclassification of genotype 1a as genotype 1b (7, 38), the ab-
sence of discrimination between subtypes 2a and 2c, and the
lack of typing or subtyping of the strains in samples containing
genotype 4 (38). For this reason, the use of NS5b-based geno-
typing methods is preferable to the use of 5� NC-region-based
genotyping methods for epidemiological investigations of HCV.

Although the results obtained with mixtures must be inter-
preted cautiously due to their artificial constitution, we have
observed that when mixtures of strains of two genotypes were
present in the same sample, the identification of both geno-
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types may be compromised if one of the two viral strains is
present at a lower load. Although some participating labora-
tories indicated the existence of a double population in such
samples, none of them identified the genotype 1b strain in
sample 9 or the genotype 3a virus in sample 14. Techniques
based on direct sequencing, as well as commercial line probe
assays, are not appropriate in all cases for the detection of
mixtures of genotypes in the samples studied (only two NS5b-
based techniques were able to discriminate genotypes 1a and
1b in sample 11).

A consensus HCV sequencing method would be useful. The
divergences observed in our study could be linked to differ-
ences in procedures (such as the RNA extraction methods,
the primers, the types of enzymes, and the components in the
mixture preparation used) and to the HCV sequence data-
bases. However, the influence of each of these parameters is
difficult to define in practice from the results of a multicenter
study.

In conclusion, our results suggest, in agreement with previ-
ous studies (6, 17, 33, 38), that HCV 5� NC-region-based geno-
typing methods give sufficient information for clinical purposes
and that NS5b-based genotyping methods are more reliable for
the subtype determination required in epidemiological studies.
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