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Hôpital Purpan, Laboratoire de Virologie, Toulouse F-31300, France2

Received 22 June 2010/Returned for modification 18 August 2010/Accepted 8 September 2010

The genotype of the hepatitis C virus (HCV) is essential for determining treatment duration in clinical
practice and for epidemiological and clinical studies. Currently, few genotyping assays that determine the HCV
subtype are available. This report describes a microarray-based molecular technique for identifying the HCV
genotype and subtype. It uses low-density hydrogel-based biochips containing genotype- and subtype-specific
oligonucleotides based on the sequences of the NS5B region of the HCV genome. The biochip contains 120
oligonucleotides that identify genotypes 1 to 6 and 36 (1a, 1b, 1c, 1d, 1e, 2a, 2b, 2c, 2d, 2i, 2j, 2k, 2l, 2m, 3a, 3b,
3k, 4a, 4c, 4d, 4f, 4h, 4i, 4k, 4n, 4o, 4p, 4r, 4t, 5a, 6a, 6b, 6d, 6g, 6h, and 6k) subtypes. The procedure included
amplification of a 380-nucleotide (nt) fragment of NS5B and its hybridization on the biochip. Tests on 345
HCV-positive samples showed that the assay agreed with NS5B sequencing 100% for the genotype and 99.7%
for the subtype. The hybridization on the microarray and the NS5B sequence were in 100% agreement for
identifying the most common subtypes, 1a, 1b, 4a, 4d, and 3a. This approach is a promising tool for HCV
genotyping, especially for implementing the new anti-HCV drugs that require accurate identification of
clinically relevant subtypes.

The hepatitis C virus (HCV) is a leading cause of chronic
liver disease and increased risk of cirrhosis and hepatocellular
carcinoma (51). More than 170 million people are infected
with HCV worldwide (42). This enveloped, single-stranded
positive-sense RNA virus is a member of the Flaviviridae fam-
ily. The RNA genome contains a single large open reading
frame composed of over 9,000 nucleotides (nt) encoding struc-
tural and nonstructural proteins (5). One of these proteins is
an RNA-dependent RNA polymerase encoded by the so-
called NS5B region. This error-prone enzyme lacks proofread-
ing activity, which makes it responsible for the great genetic
variability of HCV. Sequencing studies of HCV strains have
identified 6 genotypes and more than 70 subtypes (43, 45).

The HCV genotype is considered to be the major baseline
predictor of a sustained virological response (SVR) to antiviral
therapy. Patients infected with HCV genotypes 2 and 3 are
more sensitive to combination therapy with interferon and
ribavirin than are those infected with genotype 1 (8, 11, 21).
The available data on HCV genotype 4 suggest that its sensi-
tivity to HCV treatment lies somewhere between those of
genotypes 1 and 2/3 (17). The sensitivity of genotypes 5 and 6
could be similar to that of genotype 2 or 3 (1, 9, 19). The HCV
subtype has recently been implicated as a potential predictor of
SVR. One study of 597 difficult-to-treat patients found that
subtypes 1b, 4a, and 4d were independently associated with

SVR (16). The virological response to new anti-HCV agents
could also be influenced by the HCV subtype (31, 42).

Several methods has been proposed for HCV genotyping
(50), including commercially available techniques based on
real-time PCR: the HCV genotyping analyte-specific reagent
(ASR) assay (Abbott Molecular Inc., Des Plaines, IL) (23),
semiautomated sequencing (the TruGene HCV 5�NC geno-
typing kit; Bayer HealthCare, Berkeley, CA) (10), and auto-
mated reverse hybridization (the Inno-LiPA HCV II assay;
Innogenetics, Ghent, Belgium) (46, 49). Most HCV genotyping
methods are based on analysis of the 5� noncoding (NC) region
of the HCV genome because the 5� NC region is regularly
amplified for HCV molecular diagnosis and quantification of
the viral load. However, this highly conserved region is not
suitable for accurately discriminating between subtypes and
can lead to genotyping or subtyping errors (2, 3, 15, 39, 43).
Hence, alternative genomic regions have been proposed for
genotyping HCV, including the core fragment (35, 49) and the
NS5B region (39). Sequencing and phylogenetic analysis of the
NS5B region are presently considered to be the gold standard
for HCV genotyping since they accurately identify the subtype
and can be used to establish an epidemiological picture of
circulating virus strains (27, 30, 39, 47). However, this method
includes steps of purification of the amplified product, se-
quencing, and phylogenetic analysis that require the skill of
laboratory personnel, a factor that can be a limitation to the
wide use of the technique in routine clinical laboratories.

Therefore, an assay was developed that involves hybridiza-
tion on an oligonucleotide microarray for identifying HCV
genotypes and subtypes. It uses a low-density hydrogel-based
microarray (biochip) that has been successfully used in many
fields of molecular diagnostics (26, 28, 37). The microarray
contains genotype- and subtype-specific oligonucleotides based
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on the corresponding sequences of the NS5B region. This
report compares this approach to accurately identifying HCV
genotype and subtype with direct NS5B sequencing.

MATERIALS AND METHODS

Collection of serum samples, HCV RNA isolation, and NS5B amplification.
All the HCV-positive patients attending Toulouse University Hospital between
March 2007 and August 2008 for whom genotyping was requested were included
in this study. A total of 345 samples from consecutive patients with HCV RNA
concentrations of 1,622 to �10,000,000 IU/ml were included. The viral load in
samples was quantified by the real-time RT-PCR Cobas AmpliPrep/Cobas
TaqMan HCV test (CAP/CTM; Roche Diagnostic, Meylan, France) according to
the manufacturer’s instructions.

HCV RNA for genotyping was extracted with the Cobas AmpliPrep total
nucleic acid isolation kit (TNAI) (Roche Diagnostics, Basel, Switzerland) fol-
lowing the manufacturer’s instructions. Briefly, reverse transcription-PCR (RT-
PCR) was performed using 10 �l of extracted RNA with primers Pr2r (5�-GG
CGGAATTCCTGGTCATAGCCTCCGTGAA-3�) and Pr1f (5�-TATGAYAC
CCGCTGYTTTGACTC-3�) as previously described (39). PCR products were
stored frozen for both NS5B sequencing and microarray genotyping.

Sequencing and phylogenetic analysis of the NS5B region. Performance of the
developed microarray was tested by comparing the results of hybridization with
phylogenetic analysis of NS5B sequences, which is a standard method to identify
HCV genotypes and subtypes. In fact, it is representative of phylogenetic analysis
of the complete HCV genome (12). Two microliters of RT-PCR amplification
mix was used for sequencing the NS5B region as previously described (39). The
NS5B nucleotide sequences were aligned with CLUSTAL_X 1.83 software (48),
and phylogenetic trees were created by the neighbor-joining (NJ) method. The
reproducibility of the branching pattern was tested by bootstrap analysis (100
replicates). Genotypes and subtypes were determined when the bootstrap value
was �70%. We used the TreeView 1.66 program to draw the phylogenetic trees
(32).

Phylogenetic analyses were performed with the NS5B sequences from patients
and 191 reference sequences available from the Los Alamos HCV database (14).

These 191 reference sequences included genotype 1 (subtypes 1a, 1b, 1c, 1d, 1e,
1f, 1g, 1h, 1i, 1j, 1k, 1l, 1m, and 1 nontypeable), genotype 2 (subtypes 2a, 2b, 2c,
2d, 2e, 2f, 2g, 2h, 2i, 2j, 2k, 2l, 2m, 2o, 2p, 2q, 2r, and 2 nontypeable), genotype
3 (subtypes 3a, 3b, 3c, 3d, 3e, 3f, 3g, 3h, 3i, and 3k), genotype 4 (subtypes 4a, 4b,
4c, 4d, 4e, 4f, 4g, 4h, 4i, 4j, 4k, 4l, 4m, 4n, 4o, 4p, 4q, 4r, 4t, and 4 untypeable),
genotype 5 (subtype 5a and 5 untypeable), and genotype 6 (subtypes 6a, 6b, 6c,
6d, 6f, 6g, 6h, 6i, 6j, 6k, 6l, 6o, 6p, 6q, 6t, and 6u). It allowed the determination
of HCV genotype and subtypes of the samples subsequently tested by the mi-
croarray.

Oligonucleotide design. NS5B region nucleotide sequences were aligned using
Bioedit software (Ibis Therapeutics, Carlsbad, CA). A total of 1,232 NS5B region
sequences from GenBank and the Los Alamos HCV sequence database were
aligned (14) (nt 8256 to 8616; numbering according to reference 5). This multiple
alignment was used to generate unique consensus sequences for each genotype.
Genotype-specific probes were then selected from within the corresponding
consensus sequences. As the HCV genome is highly variable, several probes were
designed for each genotype wherever possible so as to increase the reliability of
the method. The sequences of the genotype-specific probes selected by this
procedure were located in different segments of the NS5B region.

Next, consensus sequences were deduced for each subtype, and segments of
the NS5B region that discriminated between the maximum number of subtypes
within each genotype were selected (Fig. 1). The number of such segments was
optimized for reliable identification of each subtype. Finally, probes for identi-
fying subtypes were designed based on the sequences of the selected segments.
This procedure did not exclude the possibility that individual probes could detect
simultaneously two or more subtypes in different subtype-specific segments of the
analyzed NS5B region.

The melting temperatures were calculated, and the secondary structures of the
designed oligonucleotides were estimated with an Oligo analyzer (Integrated
DNA Technologies). The lengths of the oligonucleotides were adjusted to main-
tain the range of melting temperatures within 2 to 3°C.

The sequences of oligonucleotides are listed in Table S1 in the supplemental
material, and they are also available in a published patent application (D. Grya-
dunov, V. Mikhailovich, F. Nicot, M. Dubois, A. Zasedatelev, and J. Izopet, 2

FIG. 1. Alignment of the subtype-specific consensus sequences of the NS5B region. The subtypes are indicated in the left-hand column.
Residues identical to the consensus sequence of subtype 1a are indicated by dots. Numbering is from the first nucleotide of the H77 1a reference
sequence (GenBank accession no. NC_004102). The positions of segments of the NS5B region used for selecting subtype-specific probes are boxed.
The number of the segment corresponds to a group number and the designation of the subtype-specific oligonucleotide. Slashes indicate
discontinuous sequences within the NS5B region.
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February 2009, WO/2009/022939 2009, World Intellectual Property Organiza-
tion).

Oligonucleotides for immobilization on the biochip and primers for amplifi-
cation were synthesized and purified as described earlier (38). The molecular
masses of oligonucleotides were measured with a matrix-assisted laser desorption
ionization–time of flight (MALDI-TOF) mass spectrometer (Compact MALDI
4; Kratos Analytical, Chestnut Ridge, NY) using sinapinic acid or 2-amino-5-
nitropyridine as a matrix.

Microarray design. The diagnostic biochip comprised 120 immobilized oligo-
nucleotides, four marker cells (M) for accurate positioning (image acquisition)
by the processing software, and four elements of empty gel (0) needed to
calculate the reference fluorescence intensity Iref (background). The arrange-
ment of oligonucleotides immobilized on the biochip is shown in Fig. 2A. The
oligonucleotides labeled “G” that identified the genotype of the HCV sample
were immobilized in the two top rows (all six genotypes). The probes immobi-
lized in the lower rows identified the HCV subtypes.

Four groups of oligonucleotides were designed to identify subtypes 1a, 1b, 1c,
1d, and 1e of genotype 1. Three groups of probes were designed to differentiate
between subtypes 2a, 2b, 2c, 2d, 2i, 2j, 2k, 2l, and 2m of genotype 2. Three more
groups of oligonucleotides identified the three subtypes of genotype 3—3a, 3b,
and 3k. Finally, four groups of probes were included to identify subtypes 4a, 4c,
4d, 4f, 4h, 4i, 4k, 4n, 4o, 4p, 4r, and 4t of genotype 4. Genotype 5 has only one
subtype, 5a; therefore, the three probes for identifying genotype 5 also identified
subtype 5a. Subtypes 6a, 6b, 6d, 6g, 6h, and 6k of genotype 6 were identified using
two groups of probes, each of which corresponded to a separate segment within
the analyzed fragment of NS5B region (Fig. 1).

Biochip manufacture. The biochips were manufactured as described earlier
(38), with 35-�l hybridization chambers (Biochip-IMB, Ltd., Moscow, Russia).
Each biochip contained semispherical gel elements 100 �m in diameter placed
300 �m apart. Quality control of large-scale microchip production was done by
measuring the quantity of immobilized oligonucleotides in each gel element
using TestChip software provided by Biochip-IMB, Ltd.

Amplification of the NS5B fragment for genotyping on the microarray. The
PCR amplification step was performed with 1 �l RT-PCR mixture using the
primers Pr1f and Pr3r (5�-GCTAGTCATAGCCTCCGT-3�). The primer con-
centrations were 10 nM Pr1f and 100 nM Pr3r.

The reaction mixture (25 �l) contained 1.5 mM MgCl2; 10 mM KCl; 10 mM
Tris-HCl, pH 8.3; 0.2 mM (each) dATP, dCTP, dGTP, and dUTP (Sileks,
Russia); 0.04 mM fluorescently labeled dUTP (IMD-515-dUTP; Biochip-IMB,
Ltd, Moscow, Russia); and 5 units Taq DNA polymerase (Sileks). Because of the
difference in the concentrations of forward and reverse primers within each pair,
the reaction yielded predominantly single-stranded fluorescently labeled prod-
uct. PCR was performed as follows: 4 min at 95°C; 36 cycles of 20 s at 95°C, 20 s
at 60°C, and 30 s at 72°C; and 5 min at 72°C.

Hybridization on the biochip and registration of the results. Hybridization
mixtures were prepared by adding 12 �l of PCR mixtures to 23 �l of 1.5 M
guanidine thiocyanate (GuSCN), 0.075 M HEPES, pH 7.5, 7.5 mM EDTA. The
biochip hybridization chamber was filled with the mixture, and the assembly was
incubated for 14 to 16 h at 37°C. The chamber was then removed, and the

FIG. 2. (A) Diagram of the biochip for hybridization. Elements
with the letter G contain genotype-specific probes. Four probes (G1-1
to G1-4) are used to identify genotype 1, three (G2-1 to G2-3) are used
to identify genotype 2, two (G3-1 to G3-2) are used to identify geno-
type 3, three (G4-1 to G4-3) are used to identify genotype 4, three
(G5-1 to G5-3) are used to identify genotype 5, and one (G6) is used
to identify genotype 6. The probes for identifying subtypes are named
ixN, where i is the genotype number, x indicates the subtype, and N is
the number of the group corresponding to a segment of the NS5B
region. (B) Fluorescence hybridization pattern of biochip elements
obtained by analyzing an HCV sample of genotype 1, subtype 1b. The
group of genotype-specific probes (G2-1 to G6) and groups 1 to 4 of
subtype-specific probes of genotype 1 are outlined with a broken line.
The histogram of normalized fluorescence signals of row 2 elements
containing genotype-specific oligonucleotides is shown above the hy-
bridization pattern. The histograms of normalized fluorescence signals
of elements comprising groups 1 to 4 of subtype-specific oligonucleo-
tides belonging to genotype 1 are outlined below the fluorescence
image. The calculated value of the mean signal of empty elements (Iref)
is shown by a solid bold line on all histograms.
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microarray surface was washed three times (about 30 s each) with water at 37°C
and air dried. The fluorescent pattern of biochips was registered using a fluo-
rescence analyzer setup and specialized software (ImageWare; Biochip-IMB,
Ltd.).

Interpretation of hybridization results. (i) Genotype identification (genotyp-
ing). First, perfect hybridization duplexes were identified within the upper two
rows containing oligonucleotides for identifying genotypes. Our statistics (33)
indicated that the fluorescent intensity of perfect duplexes should be at least 2.0
times higher than the average background signal (Iref) with a standard deviation
of 0.2. Thus, a 2.0-fold intensity difference was taken as the threshold value for
selecting positive signals.

The intensities of selected positive signals corresponding to perfect duplexes
were compared within each genotype-specific group. If the maximum signal
Gimax in one group exceeded the maximum signal in the other groups by more
than 1.5-fold, the analyzed specimen was considered to belong to the correspond-
ing genotype.

If the ratio of the signals among Gimax observed within each individual group
did not exceed 1.5, the genotype of the analyzed specimen could not be accu-
rately determined and identification of subtype was not performed. The program
stopped further processing when the signals within each genotype-specific group
were below the threshold value and could not pass the initial selection.

(ii) Subtype identification (subtyping). The subtype-specific oligonucleotides
were combined in groups according to the selected segments of the NS5B region.
Subtyping was performed strictly after the genotype had been successfully iden-
tified. It was crucial for the identification strategy to consider only the subtype-
specific oligonucleotides corresponding to the specific genotype while excluding
all other signals as irrelevant.

The signals within each group of subtype-specific probes were considered
positive if their intensities were at least 2.0 times higher than the average
background signal Iref. Positive signals within each group of subtype-specific
probes that were at least 1.5 times stronger than other signals of the same group
were selected for further processing. These signals were designated Sixj (where i
is the genotype number, x is the symbol of a subtype according to the HCV
subtype classification, and j is the number of the analyzed group of microarray
elements). When two or more elements within the same group had signals
differing from one another by less than 1.5-fold, then all such signals Sixj were
selected as positive. As a result, a set of elements from the various groups ix1, iy1,
ix2, iz2, ix3, etc., were detected whose signals were at least 1.5 times the rest of
the signals in their groups. If the number of elements homologous to one subtype
in such a set, for example, ix1 and ix3, or ix1 and ixy2, exceeded the number of
elements corresponding to other subtypes by at least 1, the conclusion was that
the analyzed specimen belonged to subtype x of genotype i.

When the elements of different groups in the set so obtained corresponded to
a different subtype, for example, ix1, iy2, and iz3, or ix1 and iyz3, the sets of
signals corresponding to individual subtypes were compared to each other. If the
signal of an element corresponding to subtype x in one group was 3 or more times
stronger than the strongest signals from the groups corresponding to other
subtypes, the conclusion was that the analyzed specimen belonged to subtype x.
If the ratio of signals Six1/Siy2 was 3 or less, we concluded that the subtype could
not be determined. Similarly, if the probe specific for two subtypes was the
strongest signal in the group, for example, ixy1, and there were no valid signals
in other groups of the elements, the conclusion was that the subtype could not be
determined. Finally, if the signals of subtype-specific groups of elements did not
pass the primary signal filtration relative to Iref, the conclusion was that the
subtype of the analyzed specimen could not be determined.

Statistical analysis. The kappa coefficient was measured using Stata SE 9.2
(StataCorp LP, College Station, TX) to evaluate the concordance between the
HCV subtypes determined by NS5B sequencing and the NS5B biochip assays.
The overall proportions of HCV subtypes determined by NS5B sequencing and
the NS5B biochip assays were checked using the chi-squared test. P values of
�0.05 were considered significant.

RESULTS

Determining the genotype/subtype by biochip analysis of the
NS5B region. HCV genotyping based on analysis of the NS5B
region was performed by hybridization on the biochip. The
procedure consisted of three steps: (i) RT-PCR to amplify the
NS5B region fragment, (ii) asymmetric PCR to obtain fluores-
cently labeled predominantly single-stranded DNA fragments,

and (iii) hybridization of the labeled product on the biochip
with gel elements carrying immobilized oligonucleotides.

Figure 2B shows an example of hybridization pattern and
distribution of normalized signals of biochip elements resulting
from analysis of a subtype 1b sample. As defined by the algo-
rithm described in Materials and Methods, only signals in the
G1 group containing genotype 1-specific probes were more
than 2 times the threshold, with the maximum signal being
produced by the G1-3 element (2.68). The signals in other
groups containing genotype-specific probes were close to back-
ground (the deviation from Iref did not exceed 0.12). The
conclusion was that this HCV sample belonged to genotype 1.

Further processing of the groups of elements containing
specific probes for genotype 1 subtypes produced the following
results. In group 1, the strongest signal was obtained from
element 1bd1 (4.98). In group 2 it was 1b2 (3.72), and in group
4 it was 1b4 (2.46). Group 3 contained no elements with pos-
itive signals (see corresponding histogram in Fig. 2B). Conse-
quently, this specimen was identified as subtype 1b.

Additional examples of fluorescence patterns by hybridiza-
tion with different HCV samples are shown in Fig. 3A to I. All
the genotype-specific probes hybridized with the correspond-
ing target genotypes without cross-reacting with the other ge-
notypes. Analysis of some samples, for instance, 4d (Fig. 3G),
resulted in cross-hybridization with oligonucleotides specific
for subtypes of genotype 2. However, the data processing
algorithm uses only the elements with subtype-specific probes
of the genotype that was determined in the previous step re-
gardless of the signals in other biochip elements. As a result,
the subtypes for most samples were identified unambiguously.

The ability of biochips to identify mixed HCV infections was
examined. Specimens having 1a, 1b, 3a, and 4a subtypes were
each adjusted to an equal HCV RNA concentration and sub-
sequently mixed at different proportions as follows: 1a � 4a,
1b � 3a. The mixed infections were identified successfully as
long as the amount of the minor species was no smaller than
20% (data not shown). The lower concentration of the minor
subtype in a mixed sample led to decrease of signals in the
corresponding groups of elements, and such a sample was
identified as one that contained the dominant subtype only.

Analytical sensitivity and specificity. The analytical sensitiv-
ity of this method was estimated by assaying 10-fold serial
dilutions (with seronegative plasma) of a plasma standard con-
taining 5.2 � 106 IU/ml of HCV subtype 1b. Four replicates
were used for each dilution. The hybridization results obtained
with the 2.0 � 102-IU/ml concentration of viral RNA were
unambiguous.

The specificity of the procedure was tested using 24 sero-
negative plasma samples. All were identified as negative sam-
ples. With at least three replicates of each sample analyzed, the
deviations of signals of genotype- and subtype-specific ele-
ments for identical samples remained within 20% of the aver-
age background signal (Iref). Therefore, there were no false-
positive results.

Comparison of biochip-based genotyping with NS5B se-
quencing. Table 1 shows the results obtained by hybridization
on the biochip and direct sequencing of NS5B segments. All
(100%) of the 345 HCV RNA-positive sera analyzed were
successfully genotyped by biochip hybridization. They included
samples infected with all six HCV genotypes.
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The samples included subtypes 1a, 1b, 1d, 1e, 2a, 2b, 2c, 2i,
2j, 2k, 2l, 3a, 4a, 4c, 4d, 4f, 4h, 4k, 4p, 4r, and 5a and samples
of undetermined subtypes of genotypes 1, 2, 4, and 6, as de-
termined by sequencing. The two methods were concordant for
the subtypes of 329/330 samples (99.7%), with a kappa coeffi-
cient of 0.996 (P � 0.00001). One sample identified as 2c by
NS5B sequencing was identified as 2k by NS5B biochip anal-
ysis. The NS5B sequencing method failed to determine the
subtypes in 8 samples (2.3%), and the NS5B biochip methods
failed in 12 samples (3.5%) (P � 0.36). Samples with an un-
determined subtype by NS5B sequencing were identified as 1a,
1b, 2k, 4h, and 4r by NS5B biochip analysis. Samples with an
undetermined subtype by NS5B biochip analysis were assigned
to subtypes 1d, 2a, 2j, and 2l by NS5B sequencing. The sub-
types of 5 samples were not determined by either method.

DISCUSSION

The gold standard for HCV genotyping remains PCR am-
plification followed by sequencing of one of the phylogeneti-
cally informative coding regions of the HCV genome, such as

NS5B or core/E1, and comparison with the consensus se-
quences in GenBank or the Los Alamos hepatitis C virus
databases (14). We have developed a novel microarray-based
assay for identifying the HCV genotype and subtype and eval-
uated it in comparison with the phylogenetic analysis of the
NS5B region as a reference method. The new NS5B microar-
ray assay and NS5B sequencing were in almost complete agree-
ment.

The assay relies on hybridization of a 380-nt NS5B fragment
with oligonucleotides specific for HCV genotypes and subtypes
immobilized on a biochip. The reliable identification of each
individual genotype and subtype required the design of several
oligonucleotides for each of them, in consequence of the vari-
ability of the NS5B region. The results were interpreted using
an original algorithm that included preliminary processing of
the hybridization signal intensities from the biochip elements
and comparison of signals from elements within the sets of
genotype-specific probes and then from sets of subtype-specific
probes.

The new method enabled us to determine all six HCV ge-
notypes with a sensitivity of approximately 2.0 � 102 IU/ml of

FIG. 3. Hybridization patterns obtained using HCV samples belonging to subtype 1a (A), 1b (B), 2a (C), 2i (D), 3a (E), 4a (F), 4d (G), 5a (H),
and 6x (I). The groups of elements containing genotype- and subtype-specific oligonucleotides corresponding to the analyzed sample are
contoured.
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HCV RNA. This analytical performance using biochip-based
genotyping and subtyping is comparable to that of commer-
cially available assays (50), including the new generation of line
probe assays (49).

The new method was tested on 345 HCV-positive samples.
The results were 100% concordant for the genotype and 99.7%
concordant for the subtype with the results obtained by direct
sequencing of the NS5B segment. The accuracy and reliability
of the assay make it suitable for large-scale genotyping and
subtyping projects.

Hybridization on the biochip correctly identified HCV iso-
lates of subtypes 1a, 1b, 1e, 2a, 2b, 2c, 2i, 2k, 3a, 4a, 4c, 4d, 4f,
4k, 4p, 4r, and 5a. It failed to identify subtypes 1d, 2j, 2l, and
4h. This could be because there are fewer of these NS5B
sequences in GenBank and other databases, which resulted in
less accurate selection of subtype-specific probes. However,
these subtypes are very infrequent in Europe—2.9% for 2l,
0.9% for 2j, and 1% for 4h (30, 47). However, the hybridization
on the microarray and NS5B sequencing were in 100% agree-
ment for identifying the most widespread and clinically rele-
vant subtypes, such as 1a, 1b, 4a, 4d, and 3a. The only limita-
tion of the study is that not many samples of HCV genotype 6
were tested because this is very rare in France.

No mixed infections were encountered during the evalua-
tion. Testing the analytical mixed samples revealed that the
method is able to detect two different genotypes within the
sample if the concentration of the minor genotype constitutes
20% or more of the total HCV RNAs.

Some recent studies have shown that HCV subtypes can
predict the response to standard treatment regimens that in-
clude pegylated interferon and ribavirin. One French multi-

center study of 597 treated patients showed that subtypes 1b,
4a, and 4d were independent predictors of SVR (16). A recent
study also demonstrated that patients infected with HCV sub-
type 1b had a higher antiviral response than did patients in-
fected with HCV subtype 1a (29). Another study of 1,532
patients infected with HCV genotype 4 showed that subtype 4a
was more sensitive to anti-HCV treatment than was subtype 4d
(36). Moreover, the development of new specific inhibitors of
HCV enzymes whose antiviral responses and resistance pro-
files may be determined by the HCV subtype may require
identification of the subtype prior to treatment (7, 20, 24).
Several HCV inhibitors appear to act selectively against certain
HCV genotype 1 subtypes, both in vitro and in vivo. Differences
in the activities of NS3/4A protease inhibitors (telaprevir and
boceprevir) against different subtypes have been reported.
There is evidence that the selection of resistant variants and
virus breakthrough is more frequent in patients infected with
subtype 1b than in those harboring subtype 1a (13, 25, 40). The
antiviral activities of nucleoside analogs of polymerase inhibi-
tors are similar regardless of the HCV subtype, while non-
nucleoside inhibitors are more active against subtype 1b than
against subtype 1a (18, 31, 41). These findings suggest that the
antiviral activity of new anti-HCV agents may also vary with
the subtypes of genotypes other than 1. It is therefore essential
to accurately discriminate between subtypes in order to tailor
anti-HCV treatment schedules with HCV protease and poly-
merase inhibitors. There are few methods presently available
other than direct sequencing of NS5B and core/E1 segments
for identifying numerous subtypes. One of the commercially
available methods, the INNO-LiPA v.2, discriminates better
between subtypes 1a and 1b than does the previous version,

TABLE 1. Comparison of HCV genotyping obtained by NS5B sequencing with that obtained by hybridization on the biochip

NS5B
sequencing

No. of isolates with HCV genotype and subtype assigned by hybridization on biochip

1 1a 1b 1d 1e 2 2a 2b 2c 2i 2j 2k 2l 3a 4 4a 4c 4d 4f 4h 4k 4p 4r 5a 6 Total

1 1 1 1 3
1a 103 103
1b 88 88
1d 1 1
1e 1 1
2 3 1 4
2a 1 4 5
2b 5 5
2c 3 1 4
2i 7 7
2j 1 1
2k 5 5
2l 1 1
3a 84 84
4 0
4a 12 12
4c 1 1
4d 8 8
4f 1 1
4h 1 1
4k 1 1
4p 1 1
4r 2 2 4
5a 3 3
6 1 1

Total 2 104 89 0 1 6 4 5 3 7 0 7 0 84 3 12 1 8 1 0 1 1 2 3 1 345
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INNO-LiPA v.1, but does not discriminate between subtypes
4a, 4c, and 4d (4, 49). Our new method correctly identified
HCV subtypes 1a and 1b in more than 99% of samples; it also
identified subtypes 4a and 4d.

All the experimental microarray-based methods for HCV
genotyping use immobilized oligonucleotides from the 5� un-
translated region of the HCV genome. They can therefore
identify only a small number of subtypes (1a, 1b, 2a/2b/2c, 3a,
3b, and 6a), although their determination of genotypes is re-
ported to be almost 100% (6, 22, 34). In this work, use of
probes complementary to subtype-specific sequences of the
NS5B region enabled us to identify more than 20 HCV sub-
types in the specimens tested. Other methods, such as real-
time PCR, can identify a limited number of subtypes and
genotypes (1a, 1b, 2a, 2b, 2c, 3, 4, 5, and 6) (23, 44). Only the
clip sequencing method can, in theory, discriminate as many
subtypes as can our procedure (35).

In conclusion, this new approach to analyzing the NS5B
region of HCV based on hybridization with a low-density mi-
croarray is a promising tool for rapidly, sensitively, and accu-
rately identifying viral genotype and subtype. It provides clini-
cians with the information needed for the choice of a correct
individual treatment of hepatitis C. In addition, the perfor-
mance of the new procedure and the range of identifiable
genotypes and subtypes make it suitable for epidemiological
surveys.
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