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Hepatitis C virus (HCV) isolates have been classified into six main genotypes. Genotyping methods, and
especially the widely used line probe assay (LiPA), are frequently based on the 5'-untranslated region (5'UTR).
However, this region is not appropriate for discriminating HCV strains at the subtype level and for distin-
guishing many genotype 6 samples from genotype 1. We investigated the capacity of a novel LiPA (Versant HCV
Genotype 2.0 assay) based on the simultaneous detection of 5'UTR and Core regions for genotypes 1 and 6 to
provide correct HCV genotypes (characterized with a phylogenetic analysis) in a set of HCV strains mainly
encountered in Western countries. The improvement was assessed by comparing the results to those obtained
with the previous version of the assay. Of the 135 tested samples, 64.7% were concordant for genotype group
and subtype with sequencing reference results using the Versant HCV Genotype 2.0 assay versus 37.5% with
the previous version. The yield was mainly related to a better characterization of genotype 1, since the accuracy,
tested in 62 genotype 1 samples, increased from 45.2% with the first version to 96.8% with the new one.
However, this new version necessitates a specific PCR and could no longer be used after 5'UTR PCR used for
current HCV infection diagnosis. Moreover, the information provided by 5'UTR hybridization is not reliable
for correctly identifying the diversity within genotypes 2 and 4. Thus, the Versant HCV Genotype 2.0 assay
remains a useful tool for clinical practice when only the discrimination between major HCV genotypes is

necessary.

Hepatitis C virus (HCV) infection is one of the most com-
mon causes of chronic liver disease, with a risk of evolution
toward cirrhosis and hepatocellular carcinoma (36). In order to
avoid the occurrence of such severe complications, efficient
antiviral treatments have been developed (16), but it has been
shown that their efficacy is largely influenced by several bio-
logical parameters, such as the virus genotype. It has been
demonstrated that genotypes 1 and 4 are more resistant than
genotypes 2 and 3 to the current pegylated alpha interferon
and ribavirin combination therapy (17). For this reason, in
association with the determination of viral load and different
host’s related markers, HCV genotyping is used to predict the
response to antiviral therapy (12, 26, 33) and to optimize the
duration of treatment (3, 34). Furthermore, HCV genotyping
is an essential tool for epidemiological studies (4, 24, 25, 32)
and for tracing a source of contamination (1, 6, 15, 18, 23, 31).
For clinical concerns, the determination of the genetic group is
sufficient, whereas the subtype designation is crucial for epi-
demiological and transmission investigations.

Analysis of the HCV genome has demonstrated a high de-
gree of genetic heterogeneity. HCV isolates have been classi-
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fied into six main genotypes, and most of them have been
divided into several subtypes (38). Since the sequencing of the
entire HCV genome has not yet been performed, genotyping
methods focused on several segments of the genome have been
developed. Many of them, based on the 5'-untranslated coding
region (5'UTR), are widely used since the 5’UTR is one of the
most conserved and best-characterized regions of the HCV
genome. In addition, the possibility of using PCR products
generated by the diagnostic assays, which are often based on
this region, is an attractive and practical option for genotyping
assays. However, the 5"UTR has been shown to be inappro-
priate to discriminate HCV strains, especially at the subtype
level (5, 8, 14). The main failures of 5’"UTR-based genotyping
that have been described concern (i) the misclassification of 1a
genotype frequently identified as 1b (6, 8, 21); (ii) the lack of
subtyping genotypes 2, 3, and 4 related to the diversity within
these genetic groups, which could not be correctly distin-
guished from each other when only the 5'UTR is analyzed
because they are not divergent enough in this region (38); and
(iii) the occasional misclassification of genotype 6 as genotype
1 (9, 44) due to the identity of the genotype 6 5'UTR to that
of genotype 1a or 1b (27, 37, 47, 48).

To compensate for these failures, alternative genomic re-
gions have been proposed for the genotyping (7, 11, 21, 28, 35,
44). Recently, a new version (Versant HCV Genotype 2.0;
Bayer Health Care, Eragny, France) of a currently commer-
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TABLE 1. Comparison of HCV genotyping results obtained with the NS5b sequencing method, the Versant HCV Genotype assay, and the
Versant HCV Genotype 2.0 assay for 136 samples

Genotype(s) detected

Versant HCV Genotype assay result (no. of samples)*

Genotype(s) detected by

by NS5b sequencing

the Versant HCV

(no. of samples) fa/‘irb la. b NF 2 2 2a2 3a 4 4c4d 4 Sa 6 1b Genotype 2.0 assay
la (41) 22 10 8 0 la
1b (21) 1 0 0 0 la
1 0 17 1 1b
0 0 1 0 NA¢
2a (5) 0 0 5 2a or 2¢
2b (6) 5 1 0 2b
2 (2) 0 0 1 2
0 0 1 2a or 2c
Two others” (17) 4 0 4 2
0 0 9 2a or 2¢
3a.(15) 14 3
1 NA
4a (6) 2 3 0 4 or 4a/4c/4d
1 0 0 4h
4d (8) 2 0 0 4
0 6 0 dajdc/dd
4f (1) 0 0 1 4f
Four others® (7) 2 1 0 4
0 3 0 4a/4c/4d
0 1 0 4e
Sa (5) 5 Sa
6a (2) 1 0 6
1 0 6a or 6b

“ The correct results obtained with INNO-LiPA 1.0 are in italics, and those obtained with INNO-LiPA 2.0 are indicated in boldface.

® Genotypes 2i (n = 5), 2k (n = 5), 21 (n = 4), and 2 undesignated (n = 3).
¢ Genotypes 4h (n = 2) and 4 undesignated (n = 5).

4 NA, not amplified.

¢ NI not interpretable.

cially available genotyping assay (Versant HCV Genotype as-
say; Bayer Health Care) based on the reverse hybridization of
a 5'UTR segment (42) has been developed by the addition of
Core sequence information, in order to improve the accuracy
of HCV subtype classification for genotypes 1 and 6. A recent
study performed in Asia indicated that this novel line probe
assay (LiPA) allows a more accurate discrimination of geno-
type 6 from genotype 1 (30). The aim of our study was to
investigate the ability of this new assay to provide correct HCV
genotypes in a subset of HCV subtypes mainly encountered in
Western countries (especially genotypes 1 to 4) and to assess
the improvement by comparing the results with those obtained
with the previous version of the assay.

MATERIALS AND METHODS

Panel. The panel was made up of 136 retrospective samples collected from
HCV-infected blood donors and selected as a subset of HCV subtypes mainly
encountered in clinical practice. All samples had been previously genotyped with
INNO-LiPA HCV 1.0 and by a method based on NS5b region sequence analysis
(some of them, especially genotype 4 samples, were also genotyped by analyzing
a 363-base fragment in the region of the E1 envelope [positions 648 to 1041]) (5).
HCV viral loads were determined when necessary with Amplicor HCV monitor
version 2.0 (Roche, Meylan, France). The characteristics of these samples are
given in Table 1.

Sequencing methods. Subtyping was performed by amplification and sequenc-
ing directly with amplification primers of a 339-bp segment in the NS5b region
(positions 8002 to 8340 with reference to the open reading frame of strain
D10750) (5). Using the CLUSTAL W 1.8 software package, the nucleotide-

sequences of HCV strains were aligned with a reference panel of sequences
representative of each subtype retrieved from the GenBank database (46). Pair-
wise distances were generated by using the p-distance algorithm of the program
MEGA3 (20). Phylogenetic analysis was performed by using the neighbor-joining
method for tree drawing. The reliability of phylogenetic classification was eval-
uated by a 1,000-cycle bootstrap test.

INNO LiPA HCYV assays. The Versant HCV Genotype assay (INNO-LiPA
HCV 1.0) was performed according to the manufacturer’s instructions except for
the amplification step, which was obtained with the Amplicor HCV (Roche
Molecular Systems, Meylan, France) assay. The procedure used here was de-
scribed elsewhere (43).

A Versant HCV Genotype 2.0 assay (INNO-LiPA HCV 2.0) was performed
according to the manufacturer’s instructions. RNA was isolated from 140 wl of
plasma by using QIAamp viral RNA (QIAgen, Hilden, Germany). Extracted
RNA was resuspended in 60 pl of buffer. Reverse transcription-PCR was per-
formed in a single tube: 20 wl of extracted RNA was added to 30 pl of PCR
master mix containing two pairs of biotinylated synthetic oligonucleotides
(5'UTR and Core region) in buffer with deoxynucleoside triphosphate/dUTP
mix, MgCl,, RNAsin, and enzymes (Sensiscript and Omniscript reverse trans-
criptase, HotStarTaq polymerase, and uracil-N-glycosylase). The reverse tran-
scription was performed at 50°C for 30 min, followed by an initial PCR activation
step of 95°C for 15 min. Then, 40 cycles of 95°C for 30 s, 50°C for 30 s, and 72°C
for 15 s were carried out, with a final extension at 72°C for 2 min on an Applied
Biosystems thermal cycler model GeneAmp PCR System 9700. Two distinct
biotinylated DNA fragments of 240 and 270 bp representing the 5"UTR and
Core HCV region, respectively, were produced. After denaturation, the biotin-
ylated DNA-PCR product was hybridized to immobilized oligonucleotide
probes. The probes which are bound to a nitrocellulose strip by poly(T) tail are
specific for the 5’UTR region and the Core region of different HCV genotypes.
Each strip contains three control lines (conjugate, amplification from 5'UTR,
and Core region) and 22 DNA probe lines (19 for the 5"UTR and 3 for the Core
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region) with specific sequences for HCV genotypes 1 to 6. After the hybridization
step, the unhybridized PCR product was washed from the strip, and alkaline
phosphatase-labeled streptavidin (conjugate) was bound to the biotinylated hy-
brid. BCIP (5-bromo-4-chloro-3-indolylphosphate)-nitroblue tetrazolium chro-
mogen (substrate) reacts with the streptavidin-alkaline phosphate complex,
forming a purple-brown precipitate, resulting in a visible banding pattern on the
strip. AutoLiPA 2.0 (Innogenetics, Zwijndrecht, Belgium) was used to carry out
hybridization of the DNA PCR product and the developing color step.

Samples that gave noninterpretable results or that were not successfully am-
plified were tested once. Samples with discrepancies in the results between the
INNO-LiPA HCV 2.0 and the NS5b sequencing method were tested once with
the two methods and sometimes with a commercial 5'UTR-based sequencing
method (Trugene HCV; Bayer Healthcare, Eragny, France).

Interpretation of the results. The results of genotypes and subtypes obtained
by NS5b sequencing were considered the reference genotypes. Each HCV ge-
notype obtained with INNO-LiPA HCV 2.0, according to the interpretation
chart provided by the manufacturer (two independent readings by two persons),
was compared to the NS5b sequencing result and to the genotype obtained with
INNO-LiPA HCV 1.0. The result was considered correct when both the correct
genotype and the correct subtype were identified. An incomplete result was
defined as an exact genotype result with an unidentified subtype or with an
absence of discrimination between two subtypes. A correct genotype associated
with a wrong subtype defined a misclassification. Accuracy was defined as the
percentage of correct results (right genotype and right subtype).

For genotype 1 samples, the results obtained with INNO-LiPA HCV 2.0 were
interpreted with or without Core information.

RESULTS

Table 1 gives the results obtained in the 136 samples studied
by the NS5b sequencing method and the two INNO-LiPA
HCV assays.

Among the 41 genotype la samples, 10 (23.8%) were cor-
rectly genotyped, 23 (57.7%) were incompletely genotyped,
and 8 (19%) were misclassified (as 1b) with INNO-LiPA HCV
1.0, whereas 100% were classified as 1a with INNO-LiPA HCV
2.0. Of the 21 genotype 1b samples, 18 (85.7%) were correctly
genotyped, 2 (9.5%) were incompletely genotyped, and 1
(4.8%) provided an uninterpretable result with INNO-LiPA
HCV 1.0, whereas 19 samples (90.4%) were correctly identi-
fied, 1 (4.8%) was misclassified as la, and 1 (4.8%) was not
amplified (viral load at 400 TU/ml) with INNO-LiPA HCV 2.0.
The overall accuracies for the 62 genotype 1 samples were
45.2% and 96.8% for INNO-LiPA HCV 1.0 and INNO-LiPA
HCV 2.0, respectively. By interpreting the results obtained in
all genotype 1 samples with INNO-LiPA 2.0 according to the
amplified region, one independently of the other, 40 (64.5%)
would have been correctly genotyped (24 of 41 genotype la
and 16 of 21 genotype 1b) by taking into account 5'UTR alone,
whereas 60 (96.8%; 41 of 41 genotype 1a and 19 of 21 genotype
1b) were correctly genotyped by the additional information on
the Core region.

Of the 30 genotype 2 samples, 1 (genotype 2b) was correctly
classified with INNO-LiPA HCV 1.0, 16 were incompletely
classified as 2a/2c (5 were 2a, and 2 were 2c) or as 2 with an
assigned subtype (5 were 2b, and 4 were other genotype 2
samples), and 13 were misclassified as 2a/2c. INNO-LiPA
HCV 2.0 provided 6 correct results (all were genotypes 2b), 15
incomplete results (5 were 2a, 2 were 2c¢, and 8 were other
genotype 2 samples), and 9 misclassifications (2 genotypes
other than 2a, 2b, or 2c). Core region amplification failed for
15 of 30 (50%) of the genotype 2 samples.

All of the 15 genotype 3a samples were correctly identified
by INNO-LiPA HCV 1.0, whereas one sample (with a viral
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load of 7,000 TU/ml) could not be classified by INNO-LiPA
HCV 2.0 due to the absence of amplification in the 5’UTR
region. This sample was confirmed to be a 3a genotype when
retested by NS5b sequencing genotyping and the 5’ UTR-based
sequencing Trugene method.

Only 1 (4.5%) of the 22 genotype 4 samples was correctly
identified by the two INNO-LiPA assays. This sample was the
only genotype 4f represented in the panel. Thirty (59.1%) were
incompletely identified, and eight (36.4%) were misclassified
with INNO-LiPA HCV 1.0, while sixteen (72.3%) were incom-
plete results and five (22.7%) were misclassifications with
INNO-LiPA HCV 2.0.

The five genotype 5a samples were classified as 5a by both
INNO-LiPA assays.

Of the two genotype 6 samples, one was determined to be
genotype 1b, and the other was correctly identified as genotype
6 with INNO-LiPA HCV 1.0, whereas INNO-LiPA HCV 2.0
provided correct results for both samples.

Considering the whole panel, the overall rate of concor-
dance (correct genotype and correct subtype) was 37.5% (51
samples) for INNO-LiPA HCV 1.0 versus 64.7% (88 samples)
for INNO-LiPA HCV 2.0. The improved accuracy observed
with INNO-LiPA 2.0 compared to the previous version of the
assay concerned 39 samples: 31 (79.5%) were genotype 1a that
were wrongly classified as 1b with INNO-LiPA HCV 1.0 (Fig.
1), 2 were genotype 1b, 5 were genotype 2b unassigned 2 with
INNO-LiPA HCV 1.0, and 1 was genotype 6 misclassified as 1b
with the previous version of the assay. On the other hand, one
1b sample and one 3a sample correctly classified by INNO-
LiPA HCV 1.0 failed to be amplified with the INNO-LiPA
HCV 2.0 PCR procedure. The percentages of incomplete re-
sults (undistinguishable or not identified subtype) were 39.7%
(54 samples) for INNO-LiPA HCV 1.0 and 22.8% (31 sam-
ples) for INNO-LiPA HCV 2.0. Misclassifications were ob-
served for 22.1% of the tested samples (30 samples) for INNO-
LiPA HCV 1.0 and 11% (15 samples) for INNO-LiPA HCV
2.0. Finally, the amplification step failed for one and two sam-
ples for INNO-LiPA HCV 1.0 and INNO-LiPA HCV 2.0,
respectively.

DISCUSSION

For the purpose of treatment management, current 5'UTR-
based genotyping assays are acceptably accurate since they
have been shown to present more than 95% concordance with
genotypes identified by nucleotide sequencing (13, 22, 40, 45,
50). However, several studies demonstrated that 5'"UTR region
analysis is not appropriate for definitive genotype identifica-
tion and for the identification of subtypes (7, 21, 44). More-
over, although not frequent but probably increasing due to the
hybrid generation in multiply exposed individuals, the recom-
bination forms (10, 19, 29) limit the accuracy of genotyping
assays when only a segment of the genome is analyzed.

In order to improve the genotype determination of genotype
1 and 6 samples, the widely used reverse hybridization assay for
HCV genotyping based on 5'UTR was recently modified by
the addition of Core probes. Our study showed an improve-
ment in the accuracy of the results obtained with the new strip
since 64.7% of tested samples were concordant for genotype
group and subtype with sequencing reference results versus
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FIG. 1. Comparison of INNO-LiPA patterns obtained with the Versant HCV Genotype assay (A) and the Versant HCV Genotype 2.0 assay
(B). Type-specific line numbers with corresponding interpreted genotypes of 5'"UTR (the same for both assays) and Core region (specific for the
Versant HCV Genotype 2.0 assay) are indicated at the left side (strips 1 and 2). Patterns of the Versant HCV Genotype assay (strip 3 and 5) and
the Versant HCV Genotype 2.0 assay (strips 4 and 6) obtained from two genotype la samples (S1 and S2) are presented. The genotype
interpretations are indicated at the bottom of each strip. Dashed lines represent the correspondence between 5'UTR type-specific lines of both
assays. MKR, marker line; CONJ CTRL, conjugate control; AC, amplification control.

37.5% with the previous version of the assay. Obviously, the
improved accuracy is mainly related to the better characteriza-
tion of subtypes 1, since the accuracy increased from 45.2%
with the first version to 96.8% with the new version of the
assay. The misclassification of genotype la as 1b or the con-
trary has been extensively described on the basis of the se-
quence polymorphism at position —99 of the genome, fre-
quently used to differentiate genotypes 1 (2, 7, 8, 14, 41, 44, 49).
Thus, we confirmed the benefit of the inclusion of the Core
region in the assay, since only 58.5% of genotype la would
have been correctly characterized by using 5'UTR information
alone, whereas 100% of them have been genotyped la with
Core information. One of the two genotype 1 samples, missed
by INNO-LiPA HCV 2.0, was a sample with a low viral load
probably situated under the limit of the detection of the PCR
used in the INNO-LiPA 2.0 procedure. Interestingly, the sec-
ond sample classified as 1a was confirmed as 1b by the NS5b

sequencing method and as la by 5'UTR-based sequencing
assay due to the presence of a nucleotide A at position —99.
This result is consistent with other reports (8, 14, 49), which
reported the same phenomenon. These findings could be ex-
plained by a mixed infection of subtypes la and 1b, by an A/G
polymorphism that may exist at nucleotide —99 in some HCV
isolates, or by an infection with a recombinant form la/1b.
Except for this particular sample, which necessitates further
molecular investigations, the results obtained in other geno-
type 1 samples included in the present study emphasize the
usefulness of the inclusion of Core region for differentiating
subtypes la and 1b. This improvement has a particular impact
in Western countries, where the genotype 1 is widely distrib-
uted (38).

The other benefit of INNO-LiPA HCV 2.0 is its ability to
correctly classify genotype 6. The two genotype 6 samples in-
cluded here were correctly identified, whereas one of them was
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genotyped as 1b with INNO-LiPA HCV 1.0. The number of
studied genotype 6 specimens was insufficient to evaluate the
capacity of the new version of the assay to provide an accurate
classification of this genotype. Nevertheless, a recent published
study including several genotype 6 strains from Southeast Asia
showed the improved performance of INNO-LiPA HCV 2.0 in
the correct characterization of this genotype (30). Indeed, of
the 33 genotype 6 samples included in the present study, only
12 (36.3%) were genotyped as 6 (all were 6a) with INNO-LiPA
HCV 1 versus 32 (97%) (1 sample was nontypeable) with
INNO-LiPA HCV 2.0.

The 5'UTR is not heterogeneous enough for use in the
determination of HCV subtypes in genotypes 2 and 4 due to
the high degree of diversity in these groups (39). This is illus-
trated by the lack of precision in determining subtypes with
both INNO-LiPA HCV assays. However, INNO-LiPA 2.0 cor-
rectly identified the six genotypes 2b included in the panel.
Surprisingly, INNO-LiPA HCV 1.0 missed five of them (geno-
type 2 with an unassigned subtype), although the interpretation
pattern is the same for the two assays and despite the fact that
the Core region is not taken into account for genotype 2
classification. However, when we performed once more the
INNO-LiPA HCV 1.0 with the PCR procedure recommended
by the manufacturer instead of Amplicor HCV PCR (data not
shown), all of them were correctly subtyped as 2b, demonstrat-
ing that the dedicated PCR leads to more accurate results. The
use of the specific protocol for amplification according to the
manufacturer’s instructions could increase the overall concor-
dance between the two assays for subtype identification. How-
ever, for practical reasons and because the use of amplified
products from the Roche Amplicor HCV assay is also recom-
mended by the manufacturer, this procedure is extensively
adopted and corresponds to the main routine practice that was
evaluated here.

Genotypes 3 and 5 did not raise the issue of identification.
However, a larger number of these genotypes should be tested
to give more information. Interestingly, one sample failed to be
amplified twice with the specific 5’"UTR primers of the INNO-
LiPA HCV 2.0 assay, whereas the amplification with Core
primers succeeded. Moreover, 5S’"UTR and NS5b sequencing
methods successfully identified the sample as genotype 3a
(data not shown). The viral load (7,000 IU/ml) could not be at
the origin of the lack of PCR. Thus, a mismatch of primers with
this particular sample is one of the hypotheses to explain this
false-negative result.

In conclusion, hybridization typing based on genotyping
methods represent an attractive genotyping option compared
to sequencing methods. Incontestably, INNO-LiPA HCV 2.0
demonstrates better performance than INNO-LiPA 1.0, espe-
cially for the subtyping of genotype 1 samples and the charac-
terization of genotype 6 (30), due to the addition of Core
motifs, which provide a useful complement of information.
However, this new version necessitates a specific PCR and
could no longer be used after 5’UTR PCR used for current
HCYV infection diagnosis. Moreover, the 5’UTR information
provided by this assay is not reliable for correctly identifying
the diversity within genetic groups as seen in genotypes 2
and 4.
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