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Hepatitis C virus (HCV) genotyping is a tool used to optimize antiviral treatment regimens. The newly
developed Versant HCV genotype assay (LiPA) 2.0 uses sequence information from both the 5� untranslated
region and the core region, allowing distinction between HCV genotype 1 and subtypes c to l of genotype 6 and
between subtypes a and b of genotype 1. HCV-positive samples were genotyped manually using the Versant
HCV genotype assay (LiPA) 2.0 system according to the manufacturer’s instructions. For the comparison
study, Versant HCV genotype assay (LiPA) 1.0 was used. In this study, 99.7% of the samples could be amplified,
the genotype of 96.0% of samples could be determined, and the agreement with the reference method was 99.4%
when a genotype was determined. The reproducibility study showed no significant differences in performance
across sites (P � 0.43) or across lots (P � 0.88). In the comparison study, 13 samples that were uninterpretable
or incorrectly genotyped with Versant HCV genotype assay (LiPA) 1.0 were correctly genotyped by Versant
HCV genotype assay (LiPA) 2.0. Versant HCV genotype assay (LiPA) 2.0 is a sensitive, accurate, and reliable
assay for HCV genotyping. The inclusion of the core region probes in Versant HCV genotype assay (LiPA) 2.0
results in a genotyping success rate higher than that of the current Versant HCV genotype assay (LiPA) 1.0.

Hepatitis C virus (HCV) is a leading cause of chronic liver
disease and has already infected at least 170 million people
worldwide. Each year, 3 to 4 million people are newly infected.
HCV creates an extensive disease burden, since it accounts for
20 to 30% of cases of acute hepatitis, 70 to 80% of cases of
chronic hepatitis, 40% of cases of end-stage cirrhosis, 50 to
76% of cases of hepatocellular carcinoma, and 30 to 40% of
liver transplants (15, 33, 34).

HCV belongs to the family of the Flaviviridae and can be
divided into different genotypes based on phylogenetic analysis
of full-length or partial sequences of HCV strains. The most
current consensus proposal distinguishes six genotypes based
on phylogenetic cluster analysis of complete genomes. The
genotype formerly designated as 10a has been reassigned as
genotype 3, subtype k. Genotypes 7, 8, 9, and 11, belonging to
clade 6, have been reassigned to genotype 6, subtypes c to l (25,
26, 27). These six HCV genotypes have different geographical
distributions (21, 30, 32).

Treatment options for chronic HCV infections are poor. At
the moment, the only accepted antiviral therapy with proven
effectiveness is a combination therapy of (peg)interferon alpha
and ribavirin. The overall success rate of this antiviral treat-
ment ranges from 50% to 90% (11). According to a National
Institutes of Health (NIH) 2002 panel, several factors are as-
sociated with successful treatment response, including lower
baseline HCV RNA levels, lower fibrosis and inflammation

scores upon liver biopsy, lower body weight, and lower body
surface area, but the most important predicting factor is HCV
genotype (24). Patients infected with HCV genotype 1 respond
least to therapy, while patients infected with genotypes 2 and 3
show the best responses (14, 17, 22). For HCV genotypes 4, 5,
and 6, treatment data are scarce, but it is recommended to
treat these individuals using the same regimen as for patients
infected with genotype 1 (7, 13, 18, 31). Nearly all patients
experience side effects with the antiviral therapy. These side
effects can be severe and contribute to discontinuation rates of
10 to 14% and dose reductions for 7 to 42% of patients,
depending on the type and length of treatment (16). There-
fore, it is important that clinicians have the appropriate infor-
mation to make individual treatment choices in order to max-
imize the chance of successful treatment outcome for each
individual patient, rendering HCV genotyping assays impor-
tant and useful tools to optimize treatment type, duration, and
dose.

In this paper, we evaluate Versant HCV genotype assay
(LiPA) 2.0 (CE marked in Europe; for research use only; not
for use in diagnostic procedures in the United States) (manu-
factured by Innogenetics, distributed by Siemens Healthcare
Diagnostics), which uses sequence information from the core
region in addition to sequence information from the 5� un-
translated region (5�UTR), allowing an improved and more
accurate distinction between HCV genotype 1 and subtypes c
to l of genotype 6 and between subtypes a and b of genotype 1.

MATERIALS AND METHODS

Extraction and amplification. HCV RNA was extracted by using the QIAamp
DSP virus kit (for in vitro diagnostic use in Europe) in combination with the
QIAvac 24 Plus vacuum system (Qiagen GmbH, Hilden, Germany) according to
the manufacturer’s instructions. In each extraction run, positive and negative
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controls (Versant HCV control 2.0 kit) were included and placed between the
samples. The Versant HCV amplification 2.0 kit was used to amplify the appro-
priate fragments in the 5�UTR and the core region of the HCV genome.

Versant HCV genotype assay (LiPA) 2.0. Versant HCV genotype assay (LiPA)
2.0 is a reverse hybridization line probe assay in which biotinylated DNA PCR
products are hybridized to immobilized oligonucleotide probes that are specific
for the 5�UTRs and core regions of the six HCV genotypes. The probes are
bound to a nitrocellulose strip by a poly(T) tail. After hybridization of the
biotinylated targets to the probes, unhybridized PCR products are washed from
the strips, and alkaline phosphatase-labeled streptavidin (conjugate) is bound to
the biotinylated hybrid. After washing the strips, BCIP (5-bromo-4-chloro-3-
indolylphosphate)–nitroblue tetrazolium chromogen (substrate) reacts with the
conjugate forming a purple/brown precipitate, which results in a visible line
pattern on the strip that is specific for each genotype. Each strip has 3 control

lines and 22 parallel DNA probe lines containing sequences specific for HCV
genotypes 1 to 6 (Fig. 1). The conjugate control at line 1 monitors the color
development reaction and gives a positive result if the strip is correctly processed.
The amplification control at line 2 (AMPL CTRL 1) contains universal probes
that hybridize to PCR products from the 5�UTR. AMPL CTRL 2 is located at
line 23 and contains universal probes that hybridize to PCR products from the
core region. HCV genotypes are determined by aligning the strips with a reading
card and comparing the line patterns from the strip with the patterns on the
interpretation chart. In this study, version 25885 v1 of the interpretation chart
was used (version 26020 v0 was used for the CE-marked kit). The limits of
detection described in the user manual are 2,106 IU/ml to �7.7 � 106 IU/ml.

Clinical accuracy study. A total of 326 HCV-positive clinical specimens (se-
rum, EDTA plasma, and citrate-phosphate-dextrose anticoagulant plasma) with
viral loads above 2,000 IU/ml were collected. Genotypes and subtypes were

FIG. 1. Schematic representation of the Versant HCV genotype assay (LiPA) 2.0 strip design and six strips that were processed according to
the manufacturer’s instructions (strip 1, HCV genotype 4; strips 2 and 3, HCV genotype 3a; strip 4, negative control; strip 5, HCV genotype 2b;
strip 6, HCV genotype 1a). CONJ CTRL, conjugate control.
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across genotypes. The two specimens that initially gave results
that disagreed with those obtained by the reference method
were retested, and both gave retest results that agreed with
those obtained by the reference method.

In order to determine the core amplification efficiency, 156
genotype 1 and genotype 6 (c to l) samples were analyzed. Two
samples showed negative AMPL CTRL 1 lines and were ex-
cluded from further analysis. Of the remaining 154 genotype 1
and genotype 6 (c to l) samples, 1 sample had a negative
AMPL CTRL 2, resulting in the amplification of 99.4% (153/
154) samples.

The clinical subtype efficiency for HCV genotypes 1a and 1b
was determined using 129 samples that were genotype 1a or 1b
based on reference sequencing and genotype 1, 1a, or 1b based
on LiPA genotyping; this determination was based on initial
testing only, excluding repeat testing of initial amplification
failures and uninterpretable results. Three out of 129 samples
were indeterminate at the subtype level, resulting in a clinical
HCV genotype 1 subtype efficiency of 97.7% after initial test-
ing. Upon repeat testing, all samples gave a correct consensus
subtype result. All of the 126 samples that were genotype 1a or
1b by LiPA were concordant with sequencing.

In order to check whether Versant HCV genotype assay
(LiPA) 2.0 was able to determine the correct genotype for
samples with viral loads at the upper limit of detection, 22
samples with viral loads ranging from 4.0 � 106 IU/ml to 8.7 �
106 IU/ml were selected, and the genotype success rate and the
percentage of agreement with the reference method for these
high-concentration specimens were estimated. For all these
samples, Versant HCV genotype assay (LiPA) 2.0 produced
the same genotype results as the genotype result determined by
NS5b sequencing and phylogenetic analysis, resulting in both a
genotype success rate and an agreement with the reference
method of 100%.

Reproducibility study. Table 3 summarizes the valid, inde-
terminate, correct, and incorrect genotype results for each
reproducibility panel member. In total, 3.3% (16/486) of reac-
tions gave indeterminate results (defined as specimens with
either an amplification failure or an uninterpretable result)
and 96.7% (LCL, 95.0%) yielded an interpretable genotype

result. Of the 470 specimens with interpretable results, 100%
(LCL, 99.4%) gave the correct genotype. The indeterminate
results occurred at all sites, with all three reagent lots, and in
multiple assay runs. There were no significant performance
differences seen for the Versant HCV genotype assay (LiPA)
2.0 system across sites/operators (P � 0.43) or across reagent
lots (P � 0.88). The genotype success rates at the individual
sites were 98.1% for site 1, 97.6% for site 2, and 94.4% for site
3. The genotype success rates for the individual lots were
96.9% using lot 1, 97.5% using lot 2, and 95.7% using lot 3.

Comparison study. Table 4 gives an overview of the results
of the comparison study after original testing and after repeat
testing. Of the 100 specimens tested, 13 specimens initially
produced uninterpretable results by either Versant HCV ge-
notype assay (LiPA) 1.0 or Versant HCV genotype assay
(LiPA) 2.0 or both assays. The HCV RNA concentrations of
these 13 samples ranged from 14,615 to 2,500,000 IU/ml. These
specimens were retested using both assays. After repeat test-
ing, three specimens remained uninterpretable by both ver-
sions of the assay, five remained uninterpretable by Versant
HCV genotype assay (LiPA) 1.0, and one remained uninter-
pretable by Versant HCV genotype assay (LiPA) 2.0. For all
six specimens that gave a genotype result by only one version of
the assay, the observed genotype result agreed with that ob-
tained by sequencing the NS5b region of the HCV genome.
After repeat testing, 83 specimens were concordant by both
assays at the genotype level. Of these, 16 specimens had con-
cordant genotypes by both assays, but one of the assays failed
to give a subtype, resulting in a total of 67 concordant speci-
mens when the subtype level is taken into account. Results
from eight specimens were discordant between the two assays,
and results from nine specimens were uninterpretable by at
least one of the assays. The total number of interpretable
specimens by both assays was 91, of which 83 had concordant
results at the genotype level only (91.2%; LCL, 84.7%). Table
5 shows the number of genotype and subtype results produced
by both assays for the 100 specimens tested after repeat testing.

The eight samples that showed discordant results were se-
quenced in the NS5b region of the HCV genome (two samples
were HCV genotype 6 subtypes c to l, and six samples were HCV
genotype 1a). Results indicated that Versant HCV genotype as-
say (LiPA) 2.0 gave the correct HCV genotype and subtype, as
determined by NS5b sequencing. In contrast, Versant HCV ge-

TABLE 3. Summary of valid, indeterminate, correct, and incorrect
genotype results for each panel member of reproducibility study

Panel
member

HCV
genotype

No. of
valid

results

No. of specimens with indicated result

Indeterminate Interpretable

Did not
amplify Uninterpretable Incorrect

genotype
Correct

genotype

1 1a 54 1 2 0 51
2 1b 54 0 0 0 54
3 2 54 0 3 0 51
4 3 54 0 0 0 54
5 4 54 1 0 0 53
6 5 54 2 2 0 50
7 6 54 1 2 0 51
8 6a 54 0 2 0 52
9 6a 54 0 0 0 54

Total All 486 5 11 0 470

a Required both 5�UTR and core region for genotyping.

TABLE 4. Overview of the original test results and the results after
one repeat test for comparison study

Result

No. of specimens giving:

Original test
result

Test result upon
1 repeat test

Identical result by both methods 63 67
Matched genotypes but one assay

having no subtype
16 16

Matched genotype but different
subtypes

8 8

Uninterpretable by both assays 3 3
Uninterpretable by LiPA 1.0 only 8 5
Uninterpretable by LiPA 2.0 only 2 1

Total 100 100
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notype assay (LiPA) 1.0 had misclassified all eight samples as
HCV genotype 1b. Of the 96 specimens that were interpretable
with Versant HCV genotype assay (LiPA) 2.0, 83 showed con-
cordant results with Versant HCV genotype assay (LiPA) 1.0,
while 13 showed improved results over Versant HCV genotype
assay (LiPA) 1.0, which leads to 100% concordant or improved
results (LCL, 96.9%).

DISCUSSION

Phylogenetic analysis of a coding region, or even more, the
complete genome, is considered the gold standard for identi-
fying different HCV genotypes (6). However, since this method
is expensive and time-consuming, it is impractical for large-
scale genotyping projects (8). For this reason, commercial
genotyping kits were developed for routine determination of
HCV genotypes. Most commercially available HCV genotyp-
ing assays, including Versant HCV genotype assay (LiPA) 1.0,
use the 5�UTR, since this region is highly conserved and there-
fore well suited for the development of detection methods. The
reliability of genotyping methods highly depends on the
amount of information (i.e., the number of informative sites)
that is utilized for the discrimination of genetic variants. The
5�UTR is sufficiently variable for discrimination of HCV ge-
notypes 1 to 5 and most subtypes of HCV genotype 6 (12, 28,
29, 32). However, it does not allow discrimination of HCV
genotype 6 subtypes c to l from HCV genotype 1 and has only
a limited subtyping accuracy (5, 29). To overcome the limita-
tions of the 5�UTR, a new assay which uses additional se-
quence information from the core region of the HCV genome,
Versant HCV genotype assay (LiPA) 2.0, has recently been
developed (20). In this study, we evaluated the new assay and
compared it with the previous version of the assay.

Our results indicate that Versant HCV genotype assay
(LiPA) 2.0 yielded an interpretable genotype result for 96.0%
of the samples and that 99.4% of the interpretable results

agreed with the reference method, rendering it an accurate and
reliable assay suitable for large-scale genotyping. This new
assay outperforms the previous version of the line probe assay,
since Versant HCV genotype assay (LiPA) 1.0 has an overall
accuracy of 74%, taking subtype information into account
(8, 23).

In the comparison study, eight specimens showed discordant
results when tested with both assays. The NS5b sequencing
results for these samples showed that Versant HCV genotype
assay (LiPA) 2.0 gave the correct HCV genotype and subtype
and thereby showed an improvement in identifying HCV-pos-
itive samples which are subtypes c to l of genotype 6 and in
identifying the correct subtype of genotype 1. This improve-
ment can be attributed to the additional information available
from the core region of the HCV genome, which can better
distinguish between genotype 1 and subtypes c to l of genotype
6 and between subtype a and b of genotype 1. This core infor-
mation is not available in Versant HCV genotype assay (LiPA)
1.0, and this can lead to misinterpretation. For example, in a
study by Chinchai et al., this assay could not discriminate HCV
genotype 6a variants from HCV genotype 1b, and two samples
found to be genotype 1 by the assay contained genotype 3 core
sequences (5). Chen and Weck showed that Versant HCV
genotype assay (LiPA) 1.0 cannot accurately distinguish HCV
genotypes 1a and 1b, since in most cases, the 5�UTR is not
heterogeneous enough for use in determining the HCV sub-
type (4). Several other studies report on moderate distinction
at the subtype level (1, 2, 9, 12, 19). This is not surprising, since
the 5�UTR is the most highly conserved region of the HCV
genome, and only one or two nucleotide changes distinguish
unique subtypes. Assigning correct genotypes and subtypes to
HCV specimens is important for several research purposes,
including epidemiological, phylogenetic, and natural history
studies. Some studies even report that there is a slight differ-
ence in treatment outcomes between HCV genotype 1a- and

TABLE 5. Genotype and subtype results for 100 clinical specimens tested by both Versant HCV genotype assay (LiPA) 1.0 and Versant
HCV genotype assay (LiPA) 2.0

Versant HCV LiPA
1.0 result

No. of specimens exhibiting indicated result by Versant HCV LiPA 2.0a

Total
1 1a 1b 2 2a/2c 2b 3 3a 3b 4 4a/4c/4d 5a 6a/6b 6 (c to l) Unintb

1 12 2 14
1a 12 12
1b 6 12 2 20
2 2 2
2a/2c 2 8 1 11
2b 7 7
3 2 2
3a 11 11
3b 1 1
4 5 5
4a 0
4c/4d 4 4
5a 2 2
6a/6b 1 1
6 (c to l) 0
Unintb 1 2 1 1 3 8

Total 0 30 14 4 8 7 3 11 1 7 4 3 2 2 4 100

a Specimens with concordant genotype results are shown in bold.
b Unint, uninterpretable result.
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HCV genotype 1b-infected patients, showing that correct sub-
type assignment is indispensable (3, 10, 30).

In conclusion, Versant HCV genotype assay (LiPA) 2.0 pro-
vides a rapid, sensitive, and accurate means of HCV genotyp-
ing and can be used as a routine tool to distinguish between the
different HCV genotypes and subtypes. Considering the im-
portance of genotype determination in understanding the ep-
idemiology of the virus and in the management of hepatitis C
treatment strategies, efficient genotyping tools are indispens-
able in clinical diagnostic settings.
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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-

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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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-

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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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 1a 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 1a, and 1 (4.8%) was not
amplified (viral load at 400 IU/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 1a
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

load of 7,000 IU/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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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 1a 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 1a would
have been correctly characterized by using 5�UTR information
alone, whereas 100% of them have been genotyped 1a 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 1a 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 1a 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 1a/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 1a 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

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 1a 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.
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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, 5�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
HCV 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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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, 5�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
HCV 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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REFERENCES

1. Ackerman, Z., E. Ackerman, and O. Paltiel. 2000. Intrafamilial transmission
of hepatitis C virus: a systematic review. J. Viral Hepat. 7:93–103.

2. Andonov, A., and R. K. Chaudhary. 1995. Subtyping of hepatitis C virus
isolates by a line probe assay using hybridization. J. Clin. Microbiol. 33:254–
256.

3. Anonymous. 2002. Consensus conference treatment of hepatitis C virus.
Gastroenterol. Clin. Biol. 26:B312–B320.

4. Bourliere, M., J. M. Barberin, M. Rotily, V. Guagliardo, I. Portal, L.
Lecomte, S. Benali, C. Boustiere, H. Perrier, M. Jullien, G. Lambot, R.
Loyer, O. LeBars, R. Daniel, H. Khiri, and P. Halfon. 2002. Epidemiological
changes in hepatitis C virus genotypes in France: evidence in intravenous
drug users. J. Viral Hepat. 9:62–70.

5. Cantaloube, J., H. Venault, J. Zappitelli, P. Gallian, M. Touinssi, H. Attoui,
P. Biagini, X. de Lamballerie, and P. de Micco. 2000. Molecular analysis of
HCV type 1 to 5 envelope gene: application to investigations of posttrans-
fusion transmission of HCV. Transfusion 40:712–717.

6. Cantaloube, J. F., P. Gallian, H. Attoui, P. Biagini, P. De Micco, and X. De
Lamballerie. 2001. Erroneous HCV genotype assignment by a hybridization
typing assay in a case of posttransfusion HCV infection. Transfusion 41:429–
430.

7. Cantaloube, J. F., S. Laperche, P. Gallian, F. Bouchardeau, X. de Lamballerie,
and P. de Micco. 2006. Analysis of the 5� noncoding region versus the NS5b
region in genotyping hepatitis C virus isolates from blood donors in France.
J. Clin. Microbiol. 44:2051–2056.

8. Chen, Z., and K. E. Weck. 2002. Hepatitis C virus genotyping: interrogation
of the 5� untranslated region cannot accurately distinguish genotypes 1a and
1b. J. Clin. Microbiol. 40:3127–3134.

9. Chinchai, T., J. Labout, S. Noppornpanth, A. Theamboonlers, B. L. Haagmans,
A. D. Osterhaus, and Y. Poovorawan. 2003. Comparative study of different
methods to genotype hepatitis C virus type 6 variants. J. Virol. Methods
109:195–201.

10. Colina, R., D. Casane, S. Vasquez, L. Garcia-Aguirre, A. Chunga, H. Romero, B.
Khan, and J. Cristina. 2004. Evidence of intratypic recombination in natural
populations of hepatitis C virus. J. Gen. Virol. 85:31–37.

11. Corbet, S., J. Bukh, A. Heinsen, and A. Fomsgaard. 2003. Hepatitis C virus
subtyping by a core-envelope 1-based reverse transcriptase PCR assay with
sequencing and its use in determining subtype distribution among Danish
patients. J. Clin. Microbiol. 41:1091–1100.

12. Davis, G. L., and J. Y. Lau. 1997 Factors predictive of a beneficial response
to therapy of hepatitis C. Hepatology 26:122S–127S.

13. Gault, E., P. Soussan, Y. Morice, L. Sanders, A. Berrada, B. Rogers, and P.
Deny. 2003. Evaluation of a new serotyping assay for detection of anti-
hepatitis C virus type-specific antibodies in serum samples. J. Clin. Microbiol.
41:2084–2087.

14. Germer, J. J., P. N. Rys, J. N. Thorvilson, and D. H. Persing. 1999. Deter-
mination of hepatitis C virus genotype by direct sequence analysis of prod-
ucts generated with the Amplicor HCV test. J. Clin. Microbiol. 37:2625–
2630.

15. Halfon, P., P. Trimoulet, M. Bourliere, H. Khiri, V. de Ledinghen, P. Couzigou,
J. M. Feryn, P. Alcaraz, C. Renou, H. J. Fleury, and D. Ouzan. 2001. Hepatitis
C virus genotyping based on 5� noncoding sequence analysis (Trugene).
J. Clin. Microbiol. 39:1771–1773.

16. Hayashi, N., and T. Takehara. 2006. Antiviral therapy for chronic hepatitis
C: past, present, and future. J. Gastroenterol. 41:17–27.

17. Hnatyszyn, H. J. 2005. Chronic hepatitis C and genotyping: the clinical
significance of determining HCV genotypes. Antivir. Ther. 10:1–11.

18. Izopet, J., C. Pasquier, K. Sandres, J. Puel, and L. Rostaing. 1999. Molecular
evidence for nosocomial transmission of hepatitis C virus in a French hemo-
dialysis unit. J. Med. Virol. 58:139–144.

19. Kalinina, O., H. Norder, S. Mukomolov, and L. O. Magnius. 2002. A natural
intergenotypic recombinant of hepatitis C virus identified in St. Petersburg.
J. Virol. 76:4034–4043.

20. Kumar, S., K. Tamura, and M. Nei. 2004. MEGA3: integrated software for
Molecular Evolutionary Genetics Analysis and sequence alignment. Brief
Bioinform. 5:150–163.

21. Laperche, S., F. Lunel, J. Izopet, S. Alain, P. Deny, G. Duverlie, C. Gaudy,
J. M. Pawlotsky, J. C. Plantier, B. Pozzetto, V. Thibault, F. Tosetti, and J. J.
Lefrere. 2005. Comparison of hepatitis C virus NS5b and 5� noncoding gene
sequencing methods in a multicenter study. J. Clin. Microbiol. 43:733–739.

22. Lau, J. Y., M. Mizokami, J. A. Kolberg, G. L. Davis, L. E. Prescott, T. Ohno,
R. P. Perrillo, K. L. Lindsay, R. G. Gish, K. P. Qian, et al. 1995. Application
of six hepatitis C virus genotyping systems to sera from chronic hepatitis C
patients in the United States. J. Infect. Dis. 171:281–289.

23. Le Pogam, S., D. Le Chapois, R. Christen, F. Dubois, F. Barin, and A.

1144 BOUCHARDEAU ET AL. J. CLIN. MICROBIOL.

 on A
pril 28, 2012 by guest

http://jcm
.asm

.org/
D

ow
nloaded from

 

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

Administrator
Squiggly

Administrator
Highlight

userr
Highlight

userr
Highlight

Administrator
Squiggly

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

http://jcm.asm.org/


JOURNAL OF CLINICAL MICROBIOLOGY, Oct. 2005, p. 5158–5163 Vol. 43, No. 10
0095-1137/05/$08.00�0 doi:10.1128/JCM.43.10.5158–5163.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Rapid Genotyping of Hepatitis C Virus by Primer-Specific
Extension Analysis

Nick A. Antonishyn,1* Vivian M. Ast,1 Ryan R. McDonald,1 Rabindra K. Chaudhary,2 Lisa Lin,2
Anton P. Andonov,2 and Greg B. Horsman1

Saskatchewan Health, Provincial Laboratory, Regina, Saskatchewan S4S 5W6,1 and National Microbiology
Laboratory, Winnipeg, Manitoba RE3 3R2,2 Canada

Received 3 February 2005/Returned for modification 11 April 2005/Accepted 1 August 2005

Quick and accurate genotyping of hepatitis C virus (HCV) is becoming increasingly important for clinical
management of chronic infection and as an epidemiological marker. Furthermore, the incidence of HCV
infection with mixed genotypes has clinical significance that is not addressed by most genotyping methods. We
have developed a fluorescence-based genotyping assay called primer-specific extension analysis (PSEA) for the
most prevalent HCV genotypes and have demonstrated the capacity of PSEA-HCV for detecting mixed-
genotype HCV infections. PSEA-HCV detects genotype-specific sequence differences in the 5� untranslated
region of HCV in products amplified by the COBAS AMPLICOR HCV Test, v2.0. Simulated mixed HCV
infection of plasma with RNase-resistant RNA controls demonstrates that PSEA-HCV can detect as many as
five genotypes in one specimen. Furthermore, in dual-genotype simulations, PSEA-HCV can unequivocally
detect both genotypes, with one genotype representing only 3.1% of the mixture (313/10,000 IU in starting
plasma). Compared to INNO-LiPA HCV II, both assays determined the same genotype for 191/199 (96%)
patient specimens (175 subtype and 16 genotype-only identifications). Following the initial evaluation, PSEA-
HCV was used routinely to genotype HCV from patient specimens submitted to our laboratory (n � 312).
Seventeen (5.4%) mixed infections were identified. The distribution of single-infection HCV genotypes in our
population was 60.9% type 1 (n � 190), 12.8% type 2 (n � 40), 20.2% type 3 (n � 63), 0.3% type 4 (n � 1), and
0.3% other (n � 1). In conclusion, PSEA-HCV provides an inexpensive, high-throughput screening tool for
rapid genotyping of HCV while reliably identifying mixed HCV infections.

Infection by hepatitis C virus (HCV) is the leading cause of
chronic liver disease worldwide (19). The overall prevalence of
HCV infection in the United States is 1.8%, with most of the
patients unaware of their infection and at risk for developing
cirrhosis and hepatocellular carcinoma (15, 21). HCV is a
positive-sense, single-stranded RNA virus that displays exten-
sive genetic heterogeneity (1). At least six major HCV geno-
types comprising numerous, more closely related subtypes
have been identified (26). HCV genotypes display significant
differences in their global distribution and prevalence, making
genotyping a useful method for determining the source of
HCV transmission in an infected localized population (11).
Furthermore, in addition to viral load and liver histology, the
genotype of the infecting HCV strain appears to be an impor-
tant determinant of the severity and aggressiveness of liver
infection, as well as patient response to antiviral therapy (26).
Consequently, several methods for genotyping HCV have been
developed, including direct DNA sequencing (2, 5, 6), type-
specific PCR (17), restriction fragment length polymorphism
(16), line probe assays (22, 23), primer-specific and mispair
extension analysis (7, 8), heteroduplex mobility analysis by
temperature gradient capillary electrophoresis (14), and dena-
turing high-performance liquid chromatography (13).

The majority of the HCV genotyping assays in use today
were designed to identify only the dominant HCV genotype in

a sample and consequently are unable or limited in their ability to
identify multiple genotypes in patients infected with more than
one strain of HCV. Hu et al. (7) have found that of the HCV
infections determined to contain mixed genotypes by DNA se-
quencing, only 36%, 17%, and 14% were accurately identified as
mixtures by type-specific PCR, line probe, and restriction frag-
ment length polymorphism analyses, respectively. Furthermore,
DNA sequencing itself was unable to detect 40% of the mixed-
genotype infections and could not reliably detect genotypes that
were present in mixtures at levels below 25% (7). Consequently,
most currently available genotyping methods are unable to assess
the prevalence of mixed-genotype infections, which may have a
significant impact on the interpretation of clinical studies address-
ing genotype-specific responses to interferon and interferon com-
bination therapies. As injection drug use is the major risk factor
for HCV infection in Canada, accounting for 71% of the cases
(3), the occurrence of mixed-genotype infections may be more
common than previously reported, as this route of transmission
may result in multiple exposures to different HCV strains in
habitual users. Moreover, individuals infected with HCV via re-
peated blood transfusions are also potential carriers of multiple
HCV genotypes.

We have developed a novel genotyping method to identify the
most prevalent genotypes among HCV-infected Canadians,
which is based on primer-specific extension analysis (PSEA) of
HCV PCR amplicons, called PSEA-HCV. That is, primers spe-
cific for genotypes 1, 2, 3, and 4 and subtypes 1a, 1b, 2a/c, and 2b
were designed to bind to variable regions within the amplified 5�
untranslated region (UTR) of the HCV genome. The PSEA-
HCV assay, utilizing the inefficiency of Taq DNA polymerase to
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Quick and accurate genotyping of hepatitis C virus (HCV) is becoming increasingly important for clinical
management of chronic infection and as an epidemiological marker. Furthermore, the incidence of HCV
infection with mixed genotypes has clinical significance that is not addressed by most genotyping methods. We
have developed a fluorescence-based genotyping assay called primer-specific extension analysis (PSEA) for the
most prevalent HCV genotypes and have demonstrated the capacity of PSEA-HCV for detecting mixed-
genotype HCV infections. PSEA-HCV detects genotype-specific sequence differences in the 5� untranslated
region of HCV in products amplified by the COBAS AMPLICOR HCV Test, v2.0. Simulated mixed HCV
infection of plasma with RNase-resistant RNA controls demonstrates that PSEA-HCV can detect as many as
five genotypes in one specimen. Furthermore, in dual-genotype simulations, PSEA-HCV can unequivocally
detect both genotypes, with one genotype representing only 3.1% of the mixture (313/10,000 IU in starting
plasma). Compared to INNO-LiPA HCV II, both assays determined the same genotype for 191/199 (96%)
patient specimens (175 subtype and 16 genotype-only identifications). Following the initial evaluation, PSEA-
HCV was used routinely to genotype HCV from patient specimens submitted to our laboratory (n � 312).
Seventeen (5.4%) mixed infections were identified. The distribution of single-infection HCV genotypes in our
population was 60.9% type 1 (n � 190), 12.8% type 2 (n � 40), 20.2% type 3 (n � 63), 0.3% type 4 (n � 1), and
0.3% other (n � 1). In conclusion, PSEA-HCV provides an inexpensive, high-throughput screening tool for
rapid genotyping of HCV while reliably identifying mixed HCV infections.

Infection by hepatitis C virus (HCV) is the leading cause of
chronic liver disease worldwide (19). The overall prevalence of
HCV infection in the United States is 1.8%, with most of the
patients unaware of their infection and at risk for developing
cirrhosis and hepatocellular carcinoma (15, 21). HCV is a
positive-sense, single-stranded RNA virus that displays exten-
sive genetic heterogeneity (1). At least six major HCV geno-
types comprising numerous, more closely related subtypes
have been identified (26). HCV genotypes display significant
differences in their global distribution and prevalence, making
genotyping a useful method for determining the source of
HCV transmission in an infected localized population (11).
Furthermore, in addition to viral load and liver histology, the
genotype of the infecting HCV strain appears to be an impor-
tant determinant of the severity and aggressiveness of liver
infection, as well as patient response to antiviral therapy (26).
Consequently, several methods for genotyping HCV have been
developed, including direct DNA sequencing (2, 5, 6), type-
specific PCR (17), restriction fragment length polymorphism
(16), line probe assays (22, 23), primer-specific and mispair
extension analysis (7, 8), heteroduplex mobility analysis by
temperature gradient capillary electrophoresis (14), and dena-
turing high-performance liquid chromatography (13).

The majority of the HCV genotyping assays in use today
were designed to identify only the dominant HCV genotype in

a sample and consequently are unable or limited in their ability to
identify multiple genotypes in patients infected with more than
one strain of HCV. Hu et al. (7) have found that of the HCV
infections determined to contain mixed genotypes by DNA se-
quencing, only 36%, 17%, and 14% were accurately identified as
mixtures by type-specific PCR, line probe, and restriction frag-
ment length polymorphism analyses, respectively. Furthermore,
DNA sequencing itself was unable to detect 40% of the mixed-
genotype infections and could not reliably detect genotypes that
were present in mixtures at levels below 25% (7). Consequently,
most currently available genotyping methods are unable to assess
the prevalence of mixed-genotype infections, which may have a
significant impact on the interpretation of clinical studies address-
ing genotype-specific responses to interferon and interferon com-
bination therapies. As injection drug use is the major risk factor
for HCV infection in Canada, accounting for 71% of the cases
(3), the occurrence of mixed-genotype infections may be more
common than previously reported, as this route of transmission
may result in multiple exposures to different HCV strains in
habitual users. Moreover, individuals infected with HCV via re-
peated blood transfusions are also potential carriers of multiple
HCV genotypes.

We have developed a novel genotyping method to identify the
most prevalent genotypes among HCV-infected Canadians,
which is based on primer-specific extension analysis (PSEA) of
HCV PCR amplicons, called PSEA-HCV. That is, primers spe-
cific for genotypes 1, 2, 3, and 4 and subtypes 1a, 1b, 2a/c, and 2b
were designed to bind to variable regions within the amplified 5�
untranslated region (UTR) of the HCV genome. The PSEA-
HCV assay, utilizing the inefficiency of Taq DNA polymerase to
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Quick and accurate genotyping of hepatitis C virus (HCV) is becoming increasingly important for clinical
management of chronic infection and as an epidemiological marker. Furthermore, the incidence of HCV
infection with mixed genotypes has clinical significance that is not addressed by most genotyping methods. We
have developed a fluorescence-based genotyping assay called primer-specific extension analysis (PSEA) for the
most prevalent HCV genotypes and have demonstrated the capacity of PSEA-HCV for detecting mixed-
genotype HCV infections. PSEA-HCV detects genotype-specific sequence differences in the 5� untranslated
region of HCV in products amplified by the COBAS AMPLICOR HCV Test, v2.0. Simulated mixed HCV
infection of plasma with RNase-resistant RNA controls demonstrates that PSEA-HCV can detect as many as
five genotypes in one specimen. Furthermore, in dual-genotype simulations, PSEA-HCV can unequivocally
detect both genotypes, with one genotype representing only 3.1% of the mixture (313/10,000 IU in starting
plasma). Compared to INNO-LiPA HCV II, both assays determined the same genotype for 191/199 (96%)
patient specimens (175 subtype and 16 genotype-only identifications). Following the initial evaluation, PSEA-
HCV was used routinely to genotype HCV from patient specimens submitted to our laboratory (n � 312).
Seventeen (5.4%) mixed infections were identified. The distribution of single-infection HCV genotypes in our
population was 60.9% type 1 (n � 190), 12.8% type 2 (n � 40), 20.2% type 3 (n � 63), 0.3% type 4 (n � 1), and
0.3% other (n � 1). In conclusion, PSEA-HCV provides an inexpensive, high-throughput screening tool for
rapid genotyping of HCV while reliably identifying mixed HCV infections.

Infection by hepatitis C virus (HCV) is the leading cause of
chronic liver disease worldwide (19). The overall prevalence of
HCV infection in the United States is 1.8%, with most of the
patients unaware of their infection and at risk for developing
cirrhosis and hepatocellular carcinoma (15, 21). HCV is a
positive-sense, single-stranded RNA virus that displays exten-
sive genetic heterogeneity (1). At least six major HCV geno-
types comprising numerous, more closely related subtypes
have been identified (26). HCV genotypes display significant
differences in their global distribution and prevalence, making
genotyping a useful method for determining the source of
HCV transmission in an infected localized population (11).
Furthermore, in addition to viral load and liver histology, the
genotype of the infecting HCV strain appears to be an impor-
tant determinant of the severity and aggressiveness of liver
infection, as well as patient response to antiviral therapy (26).
Consequently, several methods for genotyping HCV have been
developed, including direct DNA sequencing (2, 5, 6), type-
specific PCR (17), restriction fragment length polymorphism
(16), line probe assays (22, 23), primer-specific and mispair
extension analysis (7, 8), heteroduplex mobility analysis by
temperature gradient capillary electrophoresis (14), and dena-
turing high-performance liquid chromatography (13).

The majority of the HCV genotyping assays in use today
were designed to identify only the dominant HCV genotype in

a sample and consequently are unable or limited in their ability to
identify multiple genotypes in patients infected with more than
one strain of HCV. Hu et al. (7) have found that of the HCV
infections determined to contain mixed genotypes by DNA se-
quencing, only 36%, 17%, and 14% were accurately identified as
mixtures by type-specific PCR, line probe, and restriction frag-
ment length polymorphism analyses, respectively. Furthermore,
DNA sequencing itself was unable to detect 40% of the mixed-
genotype infections and could not reliably detect genotypes that
were present in mixtures at levels below 25% (7). Consequently,
most currently available genotyping methods are unable to assess
the prevalence of mixed-genotype infections, which may have a
significant impact on the interpretation of clinical studies address-
ing genotype-specific responses to interferon and interferon com-
bination therapies. As injection drug use is the major risk factor
for HCV infection in Canada, accounting for 71% of the cases
(3), the occurrence of mixed-genotype infections may be more
common than previously reported, as this route of transmission
may result in multiple exposures to different HCV strains in
habitual users. Moreover, individuals infected with HCV via re-
peated blood transfusions are also potential carriers of multiple
HCV genotypes.

We have developed a novel genotyping method to identify the
most prevalent genotypes among HCV-infected Canadians,
which is based on primer-specific extension analysis (PSEA) of
HCV PCR amplicons, called PSEA-HCV. That is, primers spe-
cific for genotypes 1, 2, 3, and 4 and subtypes 1a, 1b, 2a/c, and 2b
were designed to bind to variable regions within the amplified 5�
untranslated region (UTR) of the HCV genome. The PSEA-
HCV assay, utilizing the inefficiency of Taq DNA polymerase to
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Saskatchewan patients by the PSEA-HCV method. Disregard-
ing subtyping information, the prevalences of genotypes 1, 2, 3,
and 4 are 64%, 14%, 20%, and 0.3%, respectively. Three
patients (0.9%) had mixed HCV types, and only one patient
yielded untypeable results by PSEA-HCV. The assay success-
fully genotyped 99.7% (n � 311) of the HCV-positive samples
but was unable to subtype 7.4% (n � 22) of either genotype 1
or genotype 2 samples as intended with the subtyping primers
described. However, considering the subtyping information
that was successfully obtained, an additional 14 patients tested
had mixed-genotype infections at the subtype level. Conse-
quently, a total of 17 (5.4%) patients in our population exhib-

ited mixed-genotype infections as determined by PSEA-HCV.
Therefore, on the basis of the subtyping information, the dis-
tribution of single-infection HCV genotypes in our population
was 60.9% type 1 (n � 190), 12.8% type 2 (n � 40), 20.2% type
3 (n � 63), 0.3% type 4 (n � 1), and 0.3% other (n � 1). There
was no statistically significant difference in the genotype dis-
tribution by age or sex in our population (data not shown).

DISCUSSION

Sensitive and accurate detection of mixed-genotype HCV
infections has become an increasingly important requirement
of genotyping assays. First, the severity of hepatitis C and
patient response to current antiviral therapies seem, at least in
part, to be determined by the genotype of the infecting HCV
strain (26). Second, mixed-genotype infections may be more
common than previously reported given the typical routes of
HCV infection and the inadequate sensitivity of most genotyp-
ing assays to detect them (20). Among HCV-infected Canadi-
ans, mixed genotypes have been found in 8% of HCV-positive
blood donors, 14% of patients with chronic hepatitis C, and
17% of thalassemia patients who had received multiple trans-
fusions (7). Thus, the need for HCV genotyping assays able to
accurately detect mixed infections is warranted by the appre-
ciable occurrence of such infections and their potential impact
on the patient response to antiviral treatment.

PSEA-HCV was developed as a sensitive assay for the de-
tection of the most prevalent HCV genotypes among infected
North Americans. The genotype-specific primers designed for
use in the PSEA-HCV assay produce predicted extension frag-

FIG. 2. Detection of multiple mixed HCV genotypes by PSEA-HCV. Five different genotypes (1a, 1b, 2a, 2b, and 3) were mixed in equal
amounts and successfully detected by PSEA-HCV. The results from the six separate extension reactions are displayed as separate panels, with each
panel indicating which primers were included. All panels show successful amplification with the presence of the IC. The top panel contains
predicted peaks for genotypes 1, 2, and 3, whereas panel 4 shows no genotype 4 peak, as expected. The remaining panels show the expected
subtyping results of genotypes 1 and 2.

TABLE 2. Results of PSEA-HCV on doubling dilutions of 1a or 3a
with 1b in a dual-genotype simulated mixed HCV infection

Ratio of either
1a:1b or 3a:1b

Starting no. of
genome

equivalentsa

% Composition
of diminishing

genotype

PSEA-HCV
result for:

1a-1b 3a-1b

1:1 5,000:5,000 50.0 1a-1b 3a-1b
1:3 2,500:7,500 25.0 1a-1b 3a-1b
1:7 1,250:8,750 12.5 1a-1b 3a-1b
1:15 625:9,375 6.3 1a-1b 3a-1b
1:31 312.5:9,687.5 3.1 1b 3a-1b
1:63 156.3:9,843.8 1.6 1b 1b
1:127 78.1:9,921.9 0.8 1b 1b
NAc 0:10,000 0.0 1b 1b
NA 0:0 0.0 Negb Neg

a Copy number of armored RNA within 200 �l of spiked plasma.
b Neg, negative.
c NA, not applicable.
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Abstract

The present study examined the distribution of hepatitis C virus
(HCV) genotypes and subtypes in a hemodialysis population in Goiás
State, Central Brazil, and evaluated the efficiency of two genotyping
methods: line probe assay (LiPA) based on the 5' noncoding region
and nucleotide sequencing of the nonstructural 5B (NS5B) region of
the genome. A total of 1095 sera were tested for HCV RNA by RT-
nested PCR of the 5' noncoding region. The LiPA assay was able to
genotype all 131 HCV RNA-positive samples. Genotypes 1 (92.4%)
and 3 (7.6%) were found. Subtype 1a (65.7%) was the most prevalent,
followed by subtypes 1b (26.7%) and 3a (7.6%). Direct nucleotide
sequencing of 340 bp from the NS5B region was performed in 106
samples. The phylogenetic tree showed that 98 sequences (92.4%)
were classified as genotype 1, subtypes 1a (72.6%) and 1b (19.8%),
and 8 sequences (7.6%) as subtype 3a. The two genotyping methods
gave concordant results within HCV genotypes and subtypes in 100
and 96.2% of cases, respectively. Only four samples presented dis-
crepant results, with LiPA not distinguishing subtypes 1a and 1b.
Therefore, HCV genotype 1 (subtype 1a) is predominant in hemodi-
alysis patients in Central Brazil. By using sequence analysis of the
NS5B region as a reference standard method for HCV genotyping, we
found that LiPA was efficient at the genotype level, although some
discrepant results were observed at the subtype level (sensitivity of
96.1% for subtype 1a and 95.2% for subtype 1b). Thus, analysis of the
NS5B region permitted better discrimination between HCV subtypes,
as required in epidemiological investigations.
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Hepatitis C virus (HCV) is a well-known
agent of liver disease, including cirrhosis
and hepatocellular carcinoma, with an esti-
mated 170 million persons being infected
with this agent around the world (1). Patients

undergoing hemodialysis are at high risk of
acquiring this blood-borne pathogen, since
HCV is efficiently transmitted by the paren-
teral route. In addition, infected patients have
an increased tendency to develop chronic
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Table 1. Distribution of the hepatitis C virus subtypes isolated from hemodialysis
patients in Central Brazil using the line probe assay and nonstructural 5B (NS5B)
sequencing.

Method Subtypes Total

       1a        1b      3a

Line probe assay 86 (65.7%) 35 (26.7%) 10 (7.6%) 131 (100%)
NS5B sequencing 77 (72.6%) 21 (19.8%) 8 (7.6%) 106 (100%)

Twenty-five samples could not be genotyped by the NS5B sequencing method be-
cause of failures in the amplification step.

City, CA, USA) and analyzed with the ABI
3730 automated DNA sequencer. The se-
quence from nucleotide 8279 to nucleotide
8619 was used for analysis and subtyping
was performed by phylogenetic analysis us-
ing reference sequences retrieved from Gen-
Bank. The DNA alignments were generated
with the Clustal X program (19). The phylo-
genetic tree was constructed with Mega 2.1
software (20) using the neighbor-joining
method and the Kimura-two parameter and
its reliability was assessed by bootstrap re-
sampling (1000 pseudo-replicas). To avoid
cross-contamination between samples, stand-
ard precautions were used in all manipula-
tions. Separate areas were used for reagents,
samples and manipulation of amplified prod-
ucts.

The presence of HCV RNA was detected
in 131 samples by RT-nested PCR of the
5’NC region. The LiPA assay was able to
genotype all 131 HCV RNA-positive samples.
Among them, 92.4% were of genotype 1,
subtypes 1a (65.7%) and 1b (26.7%). The
remaining samples (7.6%) belonged to geno-
type 3, subtype 3a (Table 1).

For sequence analysis, 106 samples could
be amplified and sequenced in the NS5B
region. Using phylogenetic tree analysis of
the NS5B region (Figure 1), 98 sequences
(92.4%) were classified as genotype 1, sub-
type 1a (72.6%) and 1b (19.8%). All geno-
type 3 sequences (N = 8; 7.6%) were grouped
inside the clad of subtype 3a of the phyloge-
netic tree (Figure 1 and Table 1).

The two methods were 100% concordant
at the genotype level and the subtypes deter-
mined by the two methods were concordant
in 96.2% of cases (102/106). Only four
samples showed discrepant results. Sequence
analysis of the NS5B region revealed that
three samples, which were identified as sub-
type 1b by LiPA, were of subtype 1a. Con-
versely, one sample (subtype 1a by LiPA)
was identified as 1b by sequence analysis of
the NS5B region. Using the sequence analy-
sis of this region as a reference method for

HCV subtyping, the sensitivity of the LiPA
was 96.1% (74/77) for subtype 1a and 95.2%
(20/21) for subtype 1b.

The distribution of HCV genotypes and
subtypes found in the present study was
similar to those previously reported in Bra-
zilian hemodialysis patients (6-9), who
showed a predominance of HCV subtype 1a.
These data suggest that subtype 1a is more
likely to disseminate in the hemodialysis
environment or could be more adapted to the
immunosuppression of these patients (7).

In order to determine HCV genotypes
and subtypes, the choice of the genome re-
gion to be analyzed is crucial. This region
must present genotype-specific and subtype-
specific motifs. Additionally it must be highly
conserved to be detected by most of the
assays based on nucleic acid amplification.
Several assays were developed to identify
HCV genotypes and subtypes from the 5’NC
region because this region is readily ampli-
fied by PCR. On the other hand, this region
does not contain sufficient information for
the recognition of all different types and
subtypes. Thus, in the present study we chose
the NS5B region for sequence analysis since
this region appears to be much more accu-
rate for identifying variations in the nucleo-
tide sequences (10-17).

LiPA is a reverse hybridization assay
based on variations of the highly conserved
5’NC region. In the present study, all 131
HCV RNA-positive samples were genotyped
by this method. Of these, 25 (19.1%) could
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Comparison of different HCV viral load and genotyping assays
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Abstract

Background: We report an interlaboratory comparison of methods for the determination of hepatitis C virus (HCV)

serum load and genotype between a recently, established molecular laboratory at the Alaska Native Medical Center

(ANMC) and two independent laboratories using different assays. At ANMC, a Real-time quantitative RT-PCR

amplification methodology (QPCR) has been developed in which HCV viral loads are determined by interpolation of

QPCR results to those of standards calibrated to the World Health Organization (WHO) First International Standard

for HCV. HCV genotype is subsequently determined by direct sequencing of the DNA fragment generated from the

QPCR assay. Objectives and Study Design: The above methods were statistically compared to results obtained for the

same patient sera by two independent laboratories using different commercially available viral load assays;

QuantiplexTM HCV RNA (Bayer Diagnostics) and AmplicorTM HCV MonitorTM (v 2.0) (Roche Molecular Systems),

as well as two different genotyping assays; restriction fragment length polymorphism (RFLP) and INNO-LiPA HCV II

(Innogenetics). Results: ANMC’s Real-time QPCR HCV viral load results compared moderately well with those

obtained by the QuantiplexTM HCV RNA method (R2�/0.3813), and compared quite well with recent lot numbers of

AmplicorTM HCV MonitorTM in which viral loads are derived in IU/ml (R2�/0.6408), but compared poorly with earlier

lot numbers of AmplicorTM HCV MonitorTM in which viral loads were derived in copies/ml (R2�/0.0913). The ANMC

direct sequencing method for genotype determination compared moderately to very well with both the RFLP (84�/86%)

and INNO-LiPA (85�/97.5%) methods. Conclusions: These viral load comparisons highlight the discrepancies that may

Abbreviations: HCV, hepatitis C virus; WHO, World Health Organization; QPCR, quantitative polymerase chain reaction; RT,

reverse transcriptase; RFLP, restriction fragment length polymorphism; IU, international units; ANMC, Viral Hepatitis Program,

Alaska Native Medical Center; UW, University of Washington School of Medicine; PR, AIDS Research Program, Ponce School of

Medicine, Ponce, Puerto Rico.
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occur when patient HCV viral loads are monitored using different types of assays. Comparison of HCV genotype by

different methods is more reliable statistically and important clinically for predicting probability of response to antiviral

therapy. However, viral loads are important for monitoring response once therapy has begun.

# 2002 Elsevier Science B.V. All rights reserved.

Keywords: Hepatitis C virus; Serum viral load; Genotype; Interlaboratory comparison

1. Introduction

Hepatitis C virus (HCV) is a flavivirus that

currently infects an estimated 1.8% of the US

population (Alter et al., 1999). It is estimated that

only 20% of infected individuals will recover from

this viral infection, while the rest become chroni-

cally infected (Cohen, 1999; Management of

Hepatitis C, NIH Consensus Statement Online).

While the majority of chronically infected indivi-

duals never exhibit symptoms, approximately 10�/

30% of these patients will eventually develop

cirrhosis or hepatocellular carcinoma, both of

which are associated with significant morbidity

and mortality (Di Bisceglie et al., 1991; Tibor et

al., 1999). HCV infection is currently estimated to

cause 40�/60% of chronic liver disease and as a

consequence is recognized as the leading cause for

liver transplantation in the United States (Arens,

2001; Cohen, 1999; Hepatitis C Fact Sheet, CDC

Website).

To date, the most effective treatment regimen

for HCV consists of combination therapy with

Interferon-a-2b and Ribavirin; a treatment that

has varied effectiveness and adverse side effects

(Thomas and Lemon, 2000). However, in recent

clinical trials both pretreatment serum HCV RNA

levels (viral load) and viral genotype were found to

be the two best indicators of the potential for

treatment success (McHutchinson et al., 1998;

Poynard et al., 1998). Therefore, once an indivi-

dual has tested positive for HCV, current recom-

mendations are that viral load and genotype tests

be performed to establish patient suitability for

treatment and subsequent length of treatment

(Carithers et al., 2000; EASL International Con-

sensus Conference on Hepatitis C, 1999).

The most commonly used methods for the

determination of serum HCV viral load involve

amplification of either (i) a direct HCV genome

target (QPCR) or (ii) an associated signal

(branched chain or bDNA assays) (reviewed in

Morishima and Gretch, 1999). Many laboratories

have developed ‘home-brew’ assays based on these

methodologies. HCV quantitative assays are also

commercially available as the QPCR-based Am-

plicorTM HCV MonitorTM test from Roche Mole-

cular Systems and the bDNA-based QuantiplexTM

HCV RNA assay from Bayer Diagnostics.

Because each commercially available viral load

assay has been developed using proprietary HCV

RNA standards, the units of measure in each assay

are particular to that method, making comparison

of results between different assays difficult. As a

consequence, a patient’s HCV viral load can be

accurately compared from one time point to

another only if the same assay is used for analysis

each time. Recently, however, a WHO Interna-

tional Standard, expressed in international units

(IU), was established for HCV RNA viral load

assays and has led to the development of a HCV

RNA quantification panel (Jorgenson and Neu-

wald, 2001; Saldanha, 1999; Saldanha et al., 1999).

The NAPTM HCV�/RNA nucleic acid panel pro-

vides a commercially available standard for the

comparison of HCV RNA viral loads between

different viral load assays and fulfills the recom-

mendation that all HCV RNA quantitative assays

report results as IU/ml (Pawlotsky et al., 2000).

For genotype analysis, the three major meth-

odologies are (i) direct sequencing of PCR pro-

ducts (Arens, 2001), (ii) restriction fragment length

polymorphism (RFLP) of PCR products (David-

son et al., 1995), and (iii) reverse hybridization of

PCR products to genotype-specific probes, such as

the line probe assay available commercially as

INNO-LiPA from Innogenetics (Le Pogam et al.,

1998). Although the recognized gold standard for

genotype determination is direct DNA sequencing,

this methodology has been criticized as too

J.C. Anderson et al. / Journal of Clinical Virology 28 (2003) 27�/3728
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Hepatitis C Genotype Determination by Melting
Curve Analysis with a Single Set of Fluorescence

Resonance Energy Transfer Probes
Grant C. Bullock, David E. Bruns, and Doris M. Haverstick*

Background: The genotype of hepatitis C virus (HCV) is
a predictor of antiviral therapeutic response. We de-
scribe an approach for HCV genotype determination by
real-time PCR and melting curve analysis.
Methods: After automated nucleic acid extraction, we
used reverse transcription-PCR in a block cycler to
amplify nucleotides 6–329 of the 5�-untranslated region
of HCV. The product was further amplified by single-
tube real-time seminested PCR in a LightCyclerTM in-
strument (Roche). The final product was analyzed by
melting curves with the use of fluorescence resonance
energy transfer (FRET) probes. The FRET sensor probe
was directed at nucleotides 151–170 of type 1 HCV and
was designed to distinguish types 1a/b, 2a/c, 2b, 3a, and
4, with melting temperatures (Tms) predicted to differ by
1 °C. Genotypes were compared in a blinded fashion
with those of the INNO-LiPATM test (Bayer Diagnostics)
on 111 serum samples.
Results: In preliminary experiments, the Mg2� concen-
tration was found to be critical in allowing clear sepa-
ration of melting points, with the best separation at a
Mg2� concentration of 2 mmol/L. The results for 111
samples clustered at expected Tms for genotypes 1a/b
(n � 78), 2a/c (n � 2), 2b (n � 11), 3a (n � 14), and 4 (n �
2). Of the 111 samples, results for 110 were concordant
with the comparison method at the level of type 1, 2, 3,
or 4. Subtyping results were discordant for two samples,
both of type 2. For 108 samples concordant with INNO-
LiPA at the genotype and subtype levels, the mean Tms
were 64.1, 59.5, 54.2, 52.6, and 50.1 °C for types 1a/b, 2a/c,
4, 2b, and 3a, respectively, with SDs of 0.2, 0.3, 0.3, 0.2,
and 0.3 °C. All 78 samples identified as type 1 were
concordant with results of the comparison method.

Conclusions: Melting analysis with a single pair of
FRET probes can rapidly provide information about
HCV genotypes and identifies type 1 samples with high
specificity.
© 2002 American Association for Clinical Chemistry

In 1997, an estimated 4 million people in the US and 150
million people worldwide were reported as chronically
infected with hepatitis C virus (HCV),1 and many were
unaware of the infection. In the US, �30 000 acute new
infections occur each year and �10 000 people die annu-
ally from sequelae of the infection (1, 2). HCV infection is
the most common cause of chronic viral hepatitis, often
leading to end-stage liver disease and/or hepatocellular
carcinoma; thus, the effects of HCV infections have be-
come the leading indication for liver transplantation in
adults in the US (3, 4). Although the use of universal
precautions and screening of the blood supply for HCV
has decreased the incidence of newly diagnosed HCV
infections in the US, the annual mortality attributable to
the slowly progressive liver disease caused by HCV is
expected to triple in the next 10–20 years (2 ).

Soon after isolation of the first cDNA clone of HCV (5 ),
sequencing of isolates from several geographic locations
(6–11) revealed extreme variability in sequence (12 ). The
regions of the viral genome that encode the envelope
proteins were the most variable (13 ), and the 5�-untrans-
lated region (UTR) was the most conserved region among
strains (14 ). Comparison of published sequences of HCV
has led to the identification of at least 11 genotypes and
�70 subtypes (12 ). Distinct genotypes differ from each
other by as much as 33% over the entire viral genome, and
within subtypes, the sequence identity is only 75–86% (4 ).
In the US, genotypes 1a, 1b, 2a/c, 2b, and 3a are the most

Department of Pathology, University of Virginia, Charlottesville, VA
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common (4 ); the other genotypes are rarely found. Geno-
types 4, 5, and 6 are most prevalent in North Africa and
the Middle East, South Africa, and Hong Kong, respec-
tively. Genotypes 7, 8, and 9 have been identified only in
Vietnamese patients, and genotypes 10 and 11 have been
identified in patients from Indonesia (4 ).

The determination of HCV genotype provides clini-
cally important information that can be used to direct the
duration and type of antiviral therapy and to predict the
likelihood of sustained HCV clearance after therapy
(1, 2, 15, 16). Because patients with HCV genotype 1 may
benefit from a longer course of therapy and genotypes 2
and 3 are more likely to respond to combination interfer-
on–ribavirin therapy, the common, clinically relevant
distinction in the US population is between genotype 1
and types 2 and 3 (17–19). Insufficient data currently exist
to determine the likelihood of therapeutic response for
HCV genotypes 4, 5, 6, and 7.

In clinical laboratories, HCV genotypes are determined
by sequencing or by the INNO-LiPATM test (Bayer Diag-
nostics), often referred to as the line-probe assay. The
latter test requires reverse transcription-PCR (RT-PCR) of
the viral genome with biotinylated primers. Any resulting
biotin-labeled amplicons are hybridized to an array of
genotype/subtype-specific probes that have been immo-
bilized to strips of nitrocellulose membrane. The immobi-
lized amplicons are detected by use of an enzymatic
colorimetric detection system. Although less technically
demanding than sequencing, the procedure involves mul-
tiple steps and is time-consuming. High-throughput se-
quencing (DupliTypeTM; Quest Diagnostics) has been
developed for HCV genotyping, but the methodology and
equipment are best suited to large laboratories with high
test volumes.

We describe an HCV genotyping assay to distinguish
genotypes 1, 2, 3, and 4 by use of melting curve analysis
with a using a single set of fluorescent resonance energy
transfer (FRET) probes.

Materials and Methods
patient samples and controls
Excess sera from samples submitted between January and
May of 2001 to the University of Virginia Medical Labo-
ratories for HCV genotyping were stored at �20 °C for
12–24 months after independent genotype determination
by American Medical Laboratories (Chantilly, VA), using
INNO-LiPA. Samples previously identified as HCV geno-
types 1a, 1b, 2a/c, 2b, 3a, and 4 were used to develop the
real-time PCR with melting curve genotyping assay on
the Roche LightCyclerTM. At least one positive patient
sample and a reagent control were processed in parallel
with each batch of samples. Samples were processed in
groups of 8, 16, or 32.

For validation of the developed genotyping assay, 124
samples were selected without conscious bias from the
stored samples. These samples were genotyped with the

developed genotyping assay; melting curves were inter-
preted by three investigators blinded to the previously
determined genotypes. Discrepant samples were sent to
Quest Diagnostics, Nichols Institute (San Juan Capistrano,
CA) for genotype verification by the DupliType sequenc-
ing assay. The DupliType assay sequences across the
NS-5B and core regions of HCV (Quest Diagnostics).

primers and probes
RT-PCR was performed using two primers with comple-
mentary sequences located in the 5�-UTR that are con-
served among known HCV genotypes (20 ). Nucleotide
designation is according to Choo et al. (5 ). Primers for
RT-PCR consisted of the forward primer NAF1 (nucleo-
tides 6–26; 5�-GGCGACACTCCACCATAGATC-3�), and
the reverse primer NAR1 (nucleotides 329–309; 5�-GGT-
GCACGGTCTACGAGACCT-3�). Primers and probes for
seminested PCR and HCV genotype determination in the
LightCycler consisted of the forward primer NAF1, the
reverse primer NAR3 (nucleotides 289–269; 5�-CCCTAT-
CAGGCAGTACCACAA-3�), the FRET anchor probe
HCVG-fluorescein isothiocyanate (FITC; nucleotides
125–148; 5�-GCCATAGTGGTCTGCGGAACCGGT-FITC-
3�), and the FRET sensor probe RED-HCVG (nucleotides
151–170; 5�-LCRed640-GTACACCGGAATTGCCAGGA-
phosphate-3�).

PCR primers and FRET probes were purchased from
Idaho BioChem. Solutions of each PCR primer and probe
were prepared in nuclease-free Tris-EDTA buffer (10
mmol/L Tris, pH 8.3, containing 0.1 mmol/L EDTA)
provided with the primers. Working dilutions (1:10; 20 �L
of stock plus 180 �L of buffer) were prepared in the same
buffer. FRET probes were protected from light and high
centrifugal forces to prevent degradation or precipitation
of the fluorophores.

nucleic acid isolation and rt-pcr
Total nucleic acid was extracted from 200 �L of serum by
use of the Roche MagNA Pure LC Instrument and the
MagNA Pure LC Total Nucleic Acid Isolation Kit, version
1 (cat. no. 3038505; Roche Molecular Biochemicals) and
eluted with 100 �L of elution buffer according to the
manufacturer’s instructions. We combined 10 �L of ex-
tracted total nucleic acid with 40 �L of RT-PCR master
mixture. RT-PCR was performed in the Applied Biosys-
tems GeneAmp 9600 PCR instrument. Each 50-�L RT-
PCR reaction contained 1� AmpliTaq PCR buffer and 2 U
of AmpliTaq polymerase (cat no. N808-0166; Applied
Biosystems); 40 �M each of dATP, dCTP, dGTP, and TTP
(cat. no. N808-0007; Applied Biosystems); 0.2 �M forward
primer NAF1; 0.2 �M reverse primer NAR1; 10 units of
RNAsin (cat. no. N2111; Promega); and 1.5 U of AMV
reverse transcriptase (cat. no. M5101; Promega). Reverse
transcription was performed at 42 °C for 30 min, followed
by denaturation at 95 °C for 5 min. Subsequent PCR
amplification consisted of 25 cycles of denaturation at
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common (4 ); the other genotypes are rarely found. Geno-
types 4, 5, and 6 are most prevalent in North Africa and
the Middle East, South Africa, and Hong Kong, respec-
tively. Genotypes 7, 8, and 9 have been identified only in
Vietnamese patients, and genotypes 10 and 11 have been
identified in patients from Indonesia (4 ).

The determination of HCV genotype provides clini-
cally important information that can be used to direct the
duration and type of antiviral therapy and to predict the
likelihood of sustained HCV clearance after therapy
(1, 2, 15, 16). Because patients with HCV genotype 1 may
benefit from a longer course of therapy and genotypes 2
and 3 are more likely to respond to combination interfer-
on–ribavirin therapy, the common, clinically relevant
distinction in the US population is between genotype 1
and types 2 and 3 (17–19). Insufficient data currently exist
to determine the likelihood of therapeutic response for
HCV genotypes 4, 5, 6, and 7.

In clinical laboratories, HCV genotypes are determined
by sequencing or by the INNO-LiPATM test (Bayer Diag-
nostics), often referred to as the line-probe assay. The
latter test requires reverse transcription-PCR (RT-PCR) of
the viral genome with biotinylated primers. Any resulting
biotin-labeled amplicons are hybridized to an array of
genotype/subtype-specific probes that have been immo-
bilized to strips of nitrocellulose membrane. The immobi-
lized amplicons are detected by use of an enzymatic
colorimetric detection system. Although less technically
demanding than sequencing, the procedure involves mul-
tiple steps and is time-consuming. High-throughput se-
quencing (DupliTypeTM; Quest Diagnostics) has been
developed for HCV genotyping, but the methodology and
equipment are best suited to large laboratories with high
test volumes.

We describe an HCV genotyping assay to distinguish
genotypes 1, 2, 3, and 4 by use of melting curve analysis
with a using a single set of fluorescent resonance energy
transfer (FRET) probes.

Materials and Methods
patient samples and controls
Excess sera from samples submitted between January and
May of 2001 to the University of Virginia Medical Labo-
ratories for HCV genotyping were stored at �20 °C for
12–24 months after independent genotype determination
by American Medical Laboratories (Chantilly, VA), using
INNO-LiPA. Samples previously identified as HCV geno-
types 1a, 1b, 2a/c, 2b, 3a, and 4 were used to develop the
real-time PCR with melting curve genotyping assay on
the Roche LightCyclerTM. At least one positive patient
sample and a reagent control were processed in parallel
with each batch of samples. Samples were processed in
groups of 8, 16, or 32.

For validation of the developed genotyping assay, 124
samples were selected without conscious bias from the
stored samples. These samples were genotyped with the

developed genotyping assay; melting curves were inter-
preted by three investigators blinded to the previously
determined genotypes. Discrepant samples were sent to
Quest Diagnostics, Nichols Institute (San Juan Capistrano,
CA) for genotype verification by the DupliType sequenc-
ing assay. The DupliType assay sequences across the
NS-5B and core regions of HCV (Quest Diagnostics).

primers and probes
RT-PCR was performed using two primers with comple-
mentary sequences located in the 5�-UTR that are con-
served among known HCV genotypes (20 ). Nucleotide
designation is according to Choo et al. (5 ). Primers for
RT-PCR consisted of the forward primer NAF1 (nucleo-
tides 6–26; 5�-GGCGACACTCCACCATAGATC-3�), and
the reverse primer NAR1 (nucleotides 329–309; 5�-GGT-
GCACGGTCTACGAGACCT-3�). Primers and probes for
seminested PCR and HCV genotype determination in the
LightCycler consisted of the forward primer NAF1, the
reverse primer NAR3 (nucleotides 289–269; 5�-CCCTAT-
CAGGCAGTACCACAA-3�), the FRET anchor probe
HCVG-fluorescein isothiocyanate (FITC; nucleotides
125–148; 5�-GCCATAGTGGTCTGCGGAACCGGT-FITC-
3�), and the FRET sensor probe RED-HCVG (nucleotides
151–170; 5�-LCRed640-GTACACCGGAATTGCCAGGA-
phosphate-3�).

PCR primers and FRET probes were purchased from
Idaho BioChem. Solutions of each PCR primer and probe
were prepared in nuclease-free Tris-EDTA buffer (10
mmol/L Tris, pH 8.3, containing 0.1 mmol/L EDTA)
provided with the primers. Working dilutions (1:10; 20 �L
of stock plus 180 �L of buffer) were prepared in the same
buffer. FRET probes were protected from light and high
centrifugal forces to prevent degradation or precipitation
of the fluorophores.

nucleic acid isolation and rt-pcr
Total nucleic acid was extracted from 200 �L of serum by
use of the Roche MagNA Pure LC Instrument and the
MagNA Pure LC Total Nucleic Acid Isolation Kit, version
1 (cat. no. 3038505; Roche Molecular Biochemicals) and
eluted with 100 �L of elution buffer according to the
manufacturer’s instructions. We combined 10 �L of ex-
tracted total nucleic acid with 40 �L of RT-PCR master
mixture. RT-PCR was performed in the Applied Biosys-
tems GeneAmp 9600 PCR instrument. Each 50-�L RT-
PCR reaction contained 1� AmpliTaq PCR buffer and 2 U
of AmpliTaq polymerase (cat no. N808-0166; Applied
Biosystems); 40 �M each of dATP, dCTP, dGTP, and TTP
(cat. no. N808-0007; Applied Biosystems); 0.2 �M forward
primer NAF1; 0.2 �M reverse primer NAR1; 10 units of
RNAsin (cat. no. N2111; Promega); and 1.5 U of AMV
reverse transcriptase (cat. no. M5101; Promega). Reverse
transcription was performed at 42 °C for 30 min, followed
by denaturation at 95 °C for 5 min. Subsequent PCR
amplification consisted of 25 cycles of denaturation at

2148 Bullock et al.: HCV Genotyping by Melting Curve Analysis

Administrator
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

Administrator
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

Administrator
Squiggly

Administrator
Squiggly

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight



Available online at www.sciencedirect.com

Journal of Virological Methods 148 (2008) 25–33

Towards a better resolution of hepatitis C virus variants: CLIPTM

sequencing of an HCV core fragment and automated
assignment of genotypes and subtypes�
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Abstract

Commercially available assays for typing of hepatitis C virus (HCV) isolates satisfy the current clinical needs. They are, however, limited in their
ability to identify the multitude of existing HCV subtypes correctly. Therefore, these kits should only be used cautiously in epidemiological studies
and will also not meet future clinical demands which might arise, e.g., from the application of HCV subtype-specific antiviral compounds. In an
attempt to overcome the drawbacks of commercial typing procedures based on the analysis of the 5′ untranslated region (5′ UTR), an approach
was developed which relies on CLIPTM sequencing of an HCV core fragment with automated assignments of types and subtypes via an originally
created “core-specific” sequence database. The performance characteristics of the new technique were evaluated in comparison to the Trugene
5′ NC Genotyping Kit. The core-based sequencing method could regularly detect HCV isolates of genotypes 1–6 with an analytical sensitivity
of 5000 IU/ml. The accuracy of typing results obtained by the Trugene test was 97% (genotypes) and 81% (subtypes). The core-linked approach
classified all HCV strains correctly on the level of genotypes and led to an adequate subtype assignment in 96% of all cases. This analytical
performance characteristics recorded for the newly devised typing technique was superior to those reported for all commercially available assays,
including a most recently released new generation of the line probe assay. Consequently, CLIP sequencing of an HCV core fragment with subsequent
automated assignment of types and subtypes can be confidently used in clinical laboratory practice to answer current and also future questions in
the context of HCV typing.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Hepatitis C virus; Genotyping; Core gene; CLIP sequencing; Phylogenetic analysis; HCV recombinant forms

1. Introduction

Infections with the hepatitis C virus (HCV) evolve to chronic-
ity in 55–85% of all cases (Hoofnagle, 2002; Seef, 2002) and,
according to estimates by the World Health Organisation,
are currently affecting about 170 million people worldwide
(Lavanchy and McMahon, 2000). As a positive-stranded RNA
pathogen, the genome of HCV is highly variable, resulting in
a remarkable diversity of strains (Simmonds, 2004). So far, six
major genotypes and more than 70 confirmed or provisionally

� Conflict of interest: The authors declare that they do not have any current
conflict of interest. RSR in the past had occasionally received a honorarium from
Bayer HealthCare, Diagnostics Division, for delivering lectures on workshops.

∗ Corresponding author.
E-mail address: stefan.ross@uni-due.de (R.S. Ross).

assigned subtypes of HCV were reported (Simmonds et al.,
2005).

This genetic heterogeneity is not only interesting from a
scientific point of view but also has important clinical impli-
cations since patients infected with HCV types 1 and 4 are
more resistant than individuals harbouring isolates of geno-
types 2 and 3 to the current standard antiviral therapy, i.e. the
combined administration of pegylated interferon alpha and the
nucleoside analog compound ribavirin. Consequently, protocols
for the cure of patients suffering from chronic HCV infec-
tions by antiviral remedies necessarily require the knowledge
of the HCV genotype in order to tailor dosage and duration
of the treatment (Anon., 2002; Hnatyszyn, 2005). Assays for
HCV typing, which are available commercially from differ-
ent manufactures for routine use in the clinical laboratory, are
able to reliably provide this essential clinical information in

0166-0934/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
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more than 95% of all cases, although the existing test for-
mats usually exclusively target the most conserved part of the
HCV genome, i.e. the 5′ untranslated region (5′ UTR). How-
ever, owing to the very limited sequence variability, an exact
identification of the various HCV subtypes is not possible by
5′ UTR-based typing approaches. This, by contrast, can only
be achieved through analysis of the nucleotide sequence of
a sub-genomic coding region of HCV (including the rather
conserved core gene), which provides more definitive infor-
mation regarding HCV types and subtypes than the 5′ UTR
(Ross et al., 2000a, 2007; Nolte, 2001; Pawlotsky, 2002;
Podzorski, 2002; Simmonds, 2004; Simmonds et al., 2005;
Weck, 2005).

The rather poor subtype recognition of 5′ UTR-based tech-
niques for HCV typing was shown to impair the outcome of
studies on HCV epidemiology (Lefrère et al., 2004; Weck, 2005;
Cantaloube et al., 2006) considerably. Furthermore, results
obtained by these assay formats will not enable the proper choice
of new antiviral compounds like inhibitors of the NS3-serine pro-
tease of HCV, which are likely to show distinct activities against
isolates belonging to different subtypes of HCV genotype 1
(Hinrichsen et al., 2004; De Francesco and Migliaccio, 2005).
Future routine strategies for typing of HCV strains should, thus,
ideally allow for an adequate identification of both genotypes
and subtypes (Simmonds et al., 2005; Weck, 2005). In the current
article, an approach is described that leads in this direction: the
design of a typing procedure which relies on CLIPTM sequenc-
ing of an HCV core fragment with automated assignment of
types and subtypes.

2. Materials and methods

2.1. Specimens

The performance characteristics of the new HCV typing
procedure based on sequence analysis of a core fragment
with subsequent automated assignment of HCV genotypes and
subtypes were evaluated by analysing sera from 110 HCV-
infected in- and outpatients (64 men, 46 women; mean age: 49.1
years [range: 8–77 years]) attending Essen University Hospi-
tal. Eighty-five of these specimens were randomly chosen from
HCV RNA-positive materials submitted to our laboratory during
2005. Twenty-five sera containing HCV isolates with genotypes
that are rare in the German general population (Ross et al.,
2000b) were specifically selected from samples which had been
stored at −80 ◦C since 1996.

2.2. RNA extraction

Total RNA was extracted from serum by MagNa Pure LC
Total Nucleic Acid Isolation Kit or High Pure Viral Nucleic
Acid Kit (both purchased from Roche Diagnostics, Mannheim,
Germany). To prevent possible cross-contaminations, highly
stringent procedures as recommended by Kwok and Higuchi
(1989) were applied and numerous HCV RNA negative samples
were run in parallel with the clinical specimens.

2.3. CLIP sequencing of an HCV core fragment with
automated assignment of genotypes and subtypes

The newly designed technique for typing of HCV isolates
consisted of several steps, which are schematically shown in
Fig. 1. (i) The amplification of an HCV core fragment (Fig. 1A),
as described previously by Viazov et al. (1994, 1997). In brief,
after reverse transcription of HCV RNA (37 ◦C, 60 min) using
primer p874as 5′-ARG AAG ATA GAR AAR GAG CAA CC-
3′ (nucleotides 852–874, numbering according to Choo et al.,
1991), 10 �l of the obtained cDNA were added to 45 �l of a
master mix containing 10 �l 10× PCR buffer (including mag-
nesium chloride), 1 �l of dNTPs, 0.25 �l AmpliTaq Gold DNA
Polymerase (all purchased from Promega, Madison, USA),
23.75 �l of nuclease-free water (Braun, Melsungen, Germany),
and 5 �l, each, of PCR primers p874as and p417s (TibMol-
Biol, Berlin, Germany and Eurogentec, Seraing, Belgium). The
sequence of p417s was as follows: 5′-GGY GGY GGN CAG
ATC GTT GG-35′ (nucleotides 417–436, numbering according
to Choo et al., 1991). PCR reactions were carried out applying
a “hot-start” protocol with an initial denaturation step of 95 ◦C
for 5 min, followed by 30 cycles of 94 ◦C for 30 s, 50 ◦C for
1 min, 72 ◦C for 2 min, and a final elongation step at 72 ◦C for
7 min. (ii) A simultaneous PCR and sequencing (CLIP) reaction
(Fig. 1B). This technique represents a modification of the orig-
inal coupled amplification and sequencing method (Ruano and
Kidd, 1991) and is based on the introduction of chain termina-
tors (ddNTPs) during PCR amplification. Both nascent cDNA
strands being synthesised from the double-stranded template
are truncated by ddNTP incorporation. To achieve sequencing
in both directions in a single run, two differently end-labeled
oligonucleotide primers have to be used in combination with
nucleotide-specific chain terminators so that four aliquots of
each sample must be subjected to CLIP PCR. For CLIP sequenc-
ing of the HCV core fragment, 5 �l of the cDNA generated by the
first PCR were added to 21 �l of a CLIP master mix consisting of
2.5 �l CLIP buffer, 2.5 �l DMSO, 1.25 �l sequencing enzyme,
13.25 �l molecular grade water (all taken from the Trugene
5′ NC Genotyping Kit, Siemens Medical Solutions, Fernwald,
Germany), and 1.5 �l of HCV core-specific CLIP primers (Tib-
MolBiol, Berlin, Germany and Eurogentec, Seraing, Belgium),
which were labeled with the cyanine-derived far-red fluores-
cent dyes Cy 5 and Cy 5.5, respectively. The sequences of
these CLIP primers were as follows: p1as 5′-Cy 5-ATR TAC
CCC ATG AGR TCG GC-35′ (nucleotides 732–751, number-
ing according to Choo et al., 1991) and p439s 5′-Cy 5.5-GAG
TWT ACB TGY TGC CGC GCA G-35′ (nucleotides 439–460,
numbering according to Choo et al., 1991). Five microlitres of
the CLIP master mix with HCV core amplicons from the first
PCR were then transferred to tubes already containing 3 �l of
A, C, G, and T termination mix (taken from the Trugene 5′
NC Genotyping Kit), respectively. The “hot-start” cycling pro-
gram for the CLIP PCR comprised an initial denaturation step
of 94 ◦C for 2 min, followed by 20 cycles of 94 ◦C for 30 s,
55 ◦C for 30 s, and 72 ◦C for 1 min. An elongation step at 72 ◦C
for 7 min and a final hold program at 4 ◦C were added. After
completion of the CLIP PCR, 12 �l Stop Loading Dye from the
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Fig. 2. Phylogenetic consensus tree based on partial NS5B sequences isolated from those samples that yielded discrepant typing results by the Trugene 5′ NC
Genotyping Kit and CLIP sequencing of an HCV core fragment with automated assignment of types and subtypes. As a reference (48), sequences from the Genbank
were included (accession numbers given). The bootstrap values generated by analysing 100 replicates of the initial dataset are displayed on a tree based on the
original alignment which includes branch lengths proportional to genetic distances (Van de Peer and Salemi, 2003). The bottom scale measures genetic distances in
substitutions per nucleotide.

4. Discussion

Typing of HCV isolates became increasingly important dur-
ing recent years and is today routinely performed in innumerable
laboratories throughout the world. Currently available com-
mercial assays for HCV typing satisfy the major clinical need
because they allow for an accurate distinction of genotypes 1
and 4 from isolates belonging to types 2 and 3 and, thus, enable
both a fairly reliable prediction of response to antiviral treat-
ment and appropriate dose scheduling. Due to the high degree
of sequence conservation in the 5′ UTR, most of these formats
are, however, rather limited with regard to their ability to resolve
the remarkable diversity of the existing HCV subtypes (Ross
et al., 2000a, 2007; Nolte, 2001; Pawlotsky, 2002; Podzorski,
2002; Simmonds, 2004; Simmonds et al., 2005; Weck, 2005).

Strictly speaking, the assays should, therefore, not be used in
epidemiological studies on the distribution of different HCV
subtypes (Laperche et al., 2005; Weck, 2005; Cantaloube et al.,
2006). They will presumably also fail to provide clinically nec-
essary answers as soon as new antiviral compounds with HCV
subtype-specific pharmacological efficiencies will become part
of the standard protocols for treatment of patients suffering from
chronic HCV infections (Hinrichsen et al., 2004; De Francesco
and Migliaccio, 2005).

In an attempt to overcome the obvious drawbacks of 5′ UTR-
based techniques for HCV typing, a new procedure for routine
use in clinical laboratories was developed. This approach relies
on CLIP sequencing of a 216-bp HCV core fragment with auto-
mated assignments of types and subtypes via a large database
originally created for this application. By the newly devised sys-
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tem, HCV genotypes 1–6 could be detected with an analytical
sensitivity of approximately 5 × 103 IU/ml of HCV RNA. This
value was in the same range as the detection limit of the Tru-
gene 5′ NC Genotyping Kit, which was reported to be close
to 1 × 103 IU/ml using subtype 1a, 1b, and 3a amplicons gen-
erated by the Roche Amplicor Assay (Nolte et al., 2003) and
which seemed to be slightly higher for genotype 2 and 4 isolates
(Roque-Afonso et al., 2002). Only two of 105 specimens that
yielded typing results by the Trugene assay could not be ampli-
fied by the core-based procedure. This failure rate of less than 2%
was much lower than in a study comparing the results obtained
by the Trugene test with those recorded by direct sequencing of a
157-bp NS5B fragment. Whereas 100% of the 68 HCV isolates
could be typed by the 5′ UTR-driven method, no amplicons were
received by the NS5B PCR from 8.8% of all samples (Othman
et al., 2004), indicating that serious problems can evolve when
amplification products from a too heterogeneous part of the
HCV genome are utilised for typing purposes. The application
described in the current article, by contrast, was based on a frag-
ment of the HCV core region which, next to the 5′ UTR, is
the most invariable part of the entire open reading frame and,
therefore, enabled the design of consensus PCR primers for the
sensitive recognition of all known HCV types. As a method
based on direct sequencing, HCV typing by the CLIP reaction
might be seriously impaired by the simultaneous presence of
different HCV types or subtypes in the same sample. However,
according to our experience, such mixed infections have to be
regarded as rare events which, consequently, do not play a sub-
stantial role in the context of HCV typing and subtyping (Viazov
et al., 2000). The time required to accomplish a single run of
the core-based typing approach from reverse transcription of
HCV RNA to the assignment of HCV types and subtypes via
the database was approximately 12 h and, hence, comparable to
the efforts associated with other techniques for direct sequenc-
ing that do not use HCV amplicons already generated in the
course of diagnostic HCV RNA detection (Ross et al., 2000a,
2007; Weck, 2005).

Due to these general performance characteristics, CLIP
sequencing of an HCV core fragment resulted in the correct
assignment of genotypes to all 110 isolates, including two type
6 variants that were not unexpectedly misclassified as 1b by
the Trugene 5′ NC Genotyping Assay (Chinchai et al., 2003,
2006). On the level of the subtypes, the gain in analytical accu-
racy achieved by the new typing procedure was even more
pronounced. In 96% of all cases, the results obtained by investi-
gating the partial core sequences were completely concordant
with the outcome of the reference method, i.e. sequencing
of a NS5B fragment with subsequent phylogenetic analysis
(Robertson et al., 1998; Simmonds et al., 2005). The use of the
5′ UTR-linked commercially available typing procedure accord-
ing to the expectations yielded adequate subtyping results in
only 81% of the specimens (Ross et al., 2000a; Ansaldi et al.,
2001; Halfon et al., 2001; Nolte, 2001; Roque-Afonso et al.,
2002; Haushofer et al., 2003; Müller et al., 2003; Zheng et
al., 2003). This rather poor resolution of subtypes is a logical
reflection of the very limited sequence variation in the 5′ UTR.
While this highly conserved part of the HCV genome retained

a well-characterised set of polymorphisms to allow for a reli-
able prediction of HCV genotypes (except for certain type 6
isolates like those two included in this study [Chinchai et al.,
2003, 2006]), several factors preclude its use for a definitive
identification of subtypes. For instance, the single nucleotide
difference at position 243 does not permit an adequate discrim-
ination between subtypes 1a and 1b because neither an A nor a
G at this peculiar position is completely subtype-specific, lead-
ing to misclassifications of approximately 10% of genotype 1
strains when 5′ UTR-based typing techniques are used (Chen
and Weck, 2002; Simmonds et al., 2005; Weck, 2005). A com-
parable problem arises with regard to HCV genotype 2 isolates.
Some subtypes, such as 2b, may be identified in the 5′ UTR but
others, such as 2a and 2c, may not, although these three sub-
types are almost equally divergent from each other in all coding
regions of the HCV genome (Smith et al., 1995; Simmonds et
al., 2005).

Overall, CLIP sequencing of an HCV core fragment with
automated assignment of types and subtypes provided results
which were superior to those reported from all commercially
available kits, including the most recently introduced new gen-
eration of the well-known line probe assay. The latter test format
takes into account sequence information from both the 5′ UTR
and the core regions for the differentiation of subtypes 1a and
1b and the identification of genotype 6 isolates, but still solely
relies on the 5′ UTR for assigning subtypes to strains that belong
to other HCV clades (Noppornpanth et al., 2006a; Bouchardeau
et al., 2007; Ross et al., 2007). Due to its excellent performance
characteristics, the new procedure for HCV typing described
here is suitable for use not only in the current and future clinical
context of HCV diagnostics but can also be confidently applied in
the framework of surveys on HCV epidemiology. Notwithstand-
ing this favourable judgement, further investigations in parts of
the world with a naturally occurring high HCV diversity have
to demonstrate whether or not the core-based typing procedure
under these circumstances can also be operated on the same high
level of diagnostic accuracy that was recorded in this study.

The new typing approach together with all commercially
available techniques is facing the challenge of recombinant HCV
variants (Simmonds et al., 2005). On the one hand, the occur-
rence of such hybrid viruses is regarded as a rare event. This
notion is supported by the fact that up to now only few HCV
recombinants were described worldwide (Kalinina et al., 2002;
Colina et al., 2004; Kageyama et al., 2006; Noppornpanth et al.,
2006b; Legrand-Abravanel et al., 2007) and is further sustained
by the results of ongoing large-scale and systematic searches
for “mosaic” HCV isolates. For instance, typing of more than
100 sera obtained from HCV-infected intravenous drug users
in Germany by direct sequencing of both core and NS5B frag-
ments did not result in the detection of a single recombinant form
(Ross et al., manuscript in preparation). On the other hand, the
spread of the already known naturally occurring HCV recom-
binant forms (Kalinina et al., 2002) might eventually invalidate
the entire current concept of HCV genotyping which is essen-
tially founded on the intrinsic assumption that the genotype and
subtype inferred from one region represents the genome as a
whole (Nolte, 2001; Simmonds et al., 2005; Weck et al., 2005).
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For typing of HCV recombinant forms, however, analyses of at
least two separate parts of the open reading frame are necessary
(Kalinina et al., 2002; Colina et al., 2004; Kageyama et al., 2006;
Noppornpanth et al., 2006b; Legrand-Abravanel et al., 2007). A
more numerous appearance of such hybrid viruses would also
require a completely new nomenclature system comparable to
the model which is already in place for HIV-1 and which allows
for recording of the genotype composition as well as for the
identification of breakpoint patterns (Robertson et al., 2000).
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A b s t r a c t

The VERSANT HCV Genotype 2.0 Assay (LiPA 2.0;
Innogenetics, Ghent, Belgium; distributed by Siemens
Medical Solutions Diagnostics, Tarrytown, NY) is a
new-generation line-probe assay that simultaneously
detects sequences in the 5' untranslated (5'UTR) and
core regions to genotype and subtype hepatitis C virus
(HCV). We tested 60 specimens of known genotype and
subtype and 2 specimens with mixed infections with the
LiPA 2.0 assay. After arbitration based on genotype and
subtype determined by sequencing, there was
concordance in 58 of 60 specimens (specificity, 96.7%).
Computer-assisted typing yielded comparable results,
but much more rapidly. Of 67 clinical specimens, 64
readily yielded genotype and subtype; 3 indeterminate
specimens were typed by sequencing and were
uncommon types not in the database. The new-
generation line-probe assay that detects the 5'UTR and
core regions to genotype and subtype HCV is applicable
to more than 95% of specimens. Interpretation is
facilitated by computer-assisted analysis.

Persistent hepatitis C virus (HCV) infection is a major
health care problem worldwide. It can lead to cirrhosis and
end-stage liver disease and is a leading indication for liver
transplantation. The advent of therapy with pegylated interfer-
on (peginterferon) alfa-2a plus ribavirin or peginterferon alfa-
2b plus ribavirin can produce significant improvement in the
rate of sustained virologic response1,2; however, the rate of sus-
tained virologic response is dependent on the HCV genotype.3,4

Phylogenetic evaluation of sequences of HCV from many
geographical areas indicates there are 6 genotypes that differ
from each other by 31% to 33% at the nucleotide level.5

Within a given genotype, there are many subtypes, except for
genotype 5, which has 1.5,6 Subtypes differ from each other by
20% to 25% at the nucleotide level and differ in geographical
prevalence as well.5,6

HCV is an enveloped, single-stranded, positive-sense,
RNA virus with about 9,400 ribonucleotides.7 Its sequence
consists of a 5' untranslated region (5'UTR) of approximately
340 bases, a long open reading frame of about 9.0 kb, which
codes for a single polyprotein of about 3,020 amino acids, fol-
lowed by a 3' untranslated region.

HCV is in the family Flaviviridae, but it is sufficiently
different from other members of the family that it is classified
as a separate genus. Inferences from other Flaviviridae mem-
bers suggest the long open reading frame that codes for the
polyprotein represents at least 10 proteins, including a core
protein, 2 envelope proteins (E1, E2), and multiple nonstruc-
tural proteins (NS2, NS3, NS4a, NS4b, NS5a, and NS5b).

Within a given genotype, the HCV 5'UTR and core
region tend to be highly conserved with only rare examples of
chimeric strains seen.5,8 Because of conservation of the
5'UTR, there are limitations in genotyping and subtyping
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discordance between the source laboratory and visual inter-
pretation were also discordant by the computer-assisted
interpretations. The 2 specimens with mixed genotypes and
subtypes were interpreted as indeterminate by the computer.

The computer-assisted interpretations were obtained con-
siderably faster than when the interpretations were determined
visually. This was true even when the time to visually confirm
the computer-assisted interpretations was considered because
the computer-assisted interpretations indicated where the
visual interpretations should start. In addition, when the soft-
ware indicated an indeterminate interpretation, it immediately
pointed to a result that needed further investigation, usually
referral of the specimen to the reference laboratory for
sequencing of the NS5b region.

Clinical Specimens

The computer readily interpreted 64 of the first 67 clin-
ical specimens, and the genotypes and subtypes were readi-
ly confirmed by visual examination. Three specimens inter-
preted as indeterminate by the software were submitted for
sequencing of the NS5b region to determine the genotypes
and subtypes. They were genotypes and subtypes 6e, 6n, and
4m, which are not in the interpretation chart or software
databases. Overall the HCV genotypes from patients in the
San Francisco Bay Area were somewhat different from the
genotypes nationwide; 52% of our patients had genotype 1a,
whereas nationwide, approximately 75% of people have
genotype 1a; similarly, 12% of our patients had genotypes
other than 1a, 1b, 2b, and 3a, whereas nationwide, the per-
centage is only 0.8%.6

Discussion

The first-generation line-probe assay, INNO-LIPA HCV
II (Innogenetics), used only sequences from the 5'UTR for
genotyping. Because the 5'UTR is conserved, it provides a
relatively low discriminating power for genotypes and sub-
types. The 5'UTR contains multiple genotype-specific
sequences distributed over small variable regions. They pro-
vide accurate genotyping information for genotypes 1 to 5
and for genotype 6 subtypes a and b; however, owing to high
sequence similarity, subtypes c to l of genotype 6 cannot be
distinguished from genotype 1 by analysis of the 5'UTR
alone. Also, the accuracy of differentiating subtypes 1a and
1b is limited by 5'UTR analysis.9,10

The LiPA 2.0 assay uses sequences from the core
region in addition to the 5'UTR to identify genotype 6, sub-
types c to l, and to improve the accuracy of the identifica-
tion of subtypes 1a and 1b. In a study of HCV genotypes
and subtypes from Southeast Asia, the LiPA 2.0 assay was
able to identify 96% of the genotypes and subtypes when

compared with sequence analysis.10 Our observations were
comparable.

The TRUGENE HCV 5' noncoding genotyping kit
(Visible Genetics, Toronto, Canada) uses the 5'UTR to
determine genotype by direct sequencing. A comparison of
the TRUGENE assay with the VERSANT 2.0 assay by
Zheng et al11 showed that HCV genotype results were 100%
concordant between the VERSANT 2.0 method and the
TRUGENE method for 106 specimens successfully typed
by both methods.

Accurate genotyping of HCV is clinically important,
because some genotypes have better sustained virologic
responses to peginterferon plus ribavirin therapy; the duration
of therapy can be tailored appropriately. To date, the subtype
data have been most useful in epidemiologic analysis.
However, the discrimination of genotypes and subtypes 6c
through 6l from genotype 1 may be clinically relevant
because genotype 6 may have a better sustained virologic
response than genotype 1.12 Further clinical observations will
be needed to determine whether this is correct for genotypes
6c through 6l.

The LiPA 2.0 assay proved to be straightforward for 97%
of specimens. Application of this assay obviated the need to
maintain a sequencing system and database. We found, how-
ever, that submission of the small percentage of specimens
with indeterminate results, including indeterminate results
from genotypes that are rare in the United States and from
mixed infections with more than 1 HCV genotype, to a refer-
ence laboratory for sequencing is relevant and potentially
important for prognostic reasons.

Scanning the nitrocellulose strips and using the propri-
etary software for computer-assisted analysis proved to be
very efficient with accuracy comparable to visual interpreta-
tion. The new-generation line-probe assay that detects the
5'UTR and core region is an effective system to determine
HCV genotypes and subtypes.

From the Microbiology Section, Clinical Laboratories,
Department of Laboratory Medicine, University of California San
Francisco.
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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

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 5a,
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 �l 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 D-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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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.
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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

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 5a,
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 �l 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 D-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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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
5a 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 1a
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 1a
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 1a 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 (�2 � 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 2l 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

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
HCV II kit followed by the genotype obtained by sequencing of the NS5b region are shown in parentheses.
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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 E1 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 h in 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 1a 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 1a 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).

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 5a.

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 1a 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 1a (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 1a led to results
similar to those reported in the present study with a predom-
inance of subtype 1a.

This study confirms that genotyping based on phylogenetic
analysis of NS5b region sequences is still the most reliable
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INTRODUCTION

Hepatitis C virus (HCV) infection has reached epidemic
proportions. Worldwide, more than one million new cases of
infection are reported annually, and HCV is believed to be
more prevalent than hepatitis B virus infection (HBV) (26). In
the United States alone, nearly four million persons are in-
fected and 30,000 acute new infections are estimated to occur
annually (89). Currently, HCV is responsible for an estimated
8,000 to 10,000 deaths annually in the United States, and
without effective intervention, that number is predicted to tri-
ple in the next 10 to 20 years (89). Furthermore, HCV is the
leading reason for liver transplantation in the United States
and this has major implications in the present era of organ
shortage. The ultimate goal is a universally effective vaccine to
prevent new cases, especially in underdeveloped countries,
where HCV infection is more prevalent and treatment is fi-
nancially out of reach for most patients. The development of
such a vaccine has been hampered, at least partly, by the great
heterogeneity of the HCV genome, which is the focus of this
review.

HCV was the first virus discovered by molecular cloning
without the direct use of biologic or biophysical methods. This
was accomplished by extracting, copying into cDNA, and clon-
ing all the nucleic acid from the plasma of a chimpanzee
infected with non-A, non-B hepatitis by contaminated factor
XIII concentrate (24). The HCV genome is a positive-sense,
single-stranded RNA genome approximately 10 kb long. It has
marked similarities to those of members of the genera Pes-
tivirus and Flavivirus. Different HCV isolates from around
the world show substantial nucleotide sequence variability
throughout the viral genome (25). Based on the identification
of these genomic differences, HCV has been classified into

multiple strains. It is thought that genetic heterogeneity of
HCV may account for some of the differences in disease out-
come and response to treatment observed in HCV-infected
persons.

Before proceeding with the discussion, it is important to
consider the shortcomings of studies related to the clinical
importance of HCV genotypes. Although several studies have
specifically evaluated the role of HCV genotypes and the clin-
ical utility of genotyping, many questions have not been an-
swered. Investigators have used several classification systems,
especially before 1995, and have adopted different methods
of genotyping. Furthermore, there has been no consistency
among studies in the definition of study end points to allow for
comparison and “collective experience.” This was most obvious
in studies that addressed the role of genotypes in liver disease
progression or response to interferon therapy. The severity of
liver disease was based on histologic activity in some studies
and on the development of cirrhosis or hepatocellular carci-
noma in others. Similarly, in most trials before 1995, the re-
sponse to interferon treatment was defined as normalization of
transaminases at the end of therapy (biochemical response),
but this was replaced by the virologic response, defined as the
disappearance of PCR-detectable HCV RNA in plasma. Also,
the clinical significance of HCV genotypes that are not com-
mon in the United States, Europe, or Japan has received min-
imal attention because most scientific investigations are being
conducted in these countries. These genotypes, which include
HCV types 4 through 9, have been found mostly in less indus-
trialized countries (India and countries in Southeast Asia and
the Middle East).

GENOMIC ORGANIZATION OF HCV

The original isolate (HCV-1) was a positive-sense RNA vi-
rus with approximately 9,400 ribonucleotides, containing a
poly(A) tail at the 39 end (Fig. 1). The sequence contained a 59
untranslated region (59 UTR) of 341 bases, a long open read-
ing frame coding for a polyprotein of 3,011 amino acids, and a
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(17, 116). HCV genotypes 7, 8, and 9 have been identified only
in Vietnamese patients (129), and genotypes 10 and 11 were
identified in patients from Indonesia (127). There has been
disagreement about the number of genotypes into which HCV
isolates should be classified. Investigators have proposed that
genotypes 7 through 11 should be regarded as variants of the
same group and classified as a single genotype, type 6 (30, 83,
118, 128).

The geographic distribution and diversity of HCV genotypes
may provide clues about the historical origin of HCV (121).
The presence of numerous subtypes of each HCV genotype in
some regions of the world, such as Africa and Southeast Asia,
may suggest that HCV has been endemic for a long time.
Conversely, the limited diversity of subtypes observed in the
United States and Europe could be related to the recent in-
troduction of these viruses from areas of endemic infection.

CLINICAL RELEVANCE OF HCV GENOTYPES

Although the impact of HCV heterogeneity and genotypes
on the day-to-day clinical management of chronic HCV infec-
tion has not been established, its role as an epidemiologic
marker has been clearly shown. Furthermore, the sensitivity
and specificity of serologic and virologic assays for the detec-
tion of HCV may be influenced by the heterogeneity of HCV.
However, the exact role of genotypes in the progression of liver
disease, the outcome of HCV infection, and the response to
interferon therapy are much less well understood than their
role as an epidemiologic marker. The study of these issues has
been hampered by the long natural history of HCV infection
and the lack of information about the exact time of exposure
to the infection. The following subsections in this section spe-
cifically address these issues on the basis of the information
available.

Genotypes and HCV Genetic Heterogeneity as
Epidemiologic Markers

Because of geographic clustering of distinct HCV genotypes,
genotyping may be a useful tool for tracing the source of an
HCV outbreak in a given population. Examples include tracing
the source of HCV infection in a group of Irish women to
contaminated anti-D immunoglobulins (104). All of these
women were infected with HCV genotype 1b, a genotype iden-
tical to the isolate obtained from the implicated batch of an-

ti-D immunoglobulin. Hohne et al. used genotyping to trace
the sources of outbreaks in Germany (54). More recently,
genotyping and molecular characterization of HCV isolates
provided evidence for a patient-to-patient transmission of
HCV during colonoscopy (11). The index case as well as the
two other infected patients had HCV genotype 1b. Nucleotide
sequencing of the NS3 region showed that the three patients
had the same isolate (100% homology), strongly suggesting a
common source of infection.

Suspected nonconventional routes of HCV transmission
could also be investigated by molecular analysis of HCV strains
from different persons. These include the vertical and sexual
routes. Weiner et al. (133) showed that a single predominant
HCV variant was transmitted to an infant born to a mother
infected with multiple variants. Gish et al. reported similar
findings (R. G. Gish, K. L. Cox, M. Mizokami, T. Ohno, and
J. Y. Lau, Letter, J. Pediatr. Gastroenterol. Nutr. 22:118–119,
1996). A specific 12-nucleotide insertion in the E2 hypervari-
able region of the HCV genome was noted in the vertically
transmitted sequence of an infant born to a mother infected
with two different genotypes, each composed of multiple het-
erogeneous sequences (2). These data may suggest a potential
role of HCV heterogeneity and genotypes in mother-to-infant
transmission of HCV (138).

Reports on the sexual transmission of HCV infection are
conflicting. The detection of anti-HCV positivity ranged from
0% in partners of transfusion-associated hepatitis patients (40)
to 8% in male homosexuals (39) and 5% in household contacts
(G. Ideo, G. Bellati, E. Pedraglio, R. Bottelli, T. Donzelli, and
G. Putignano, Letter, Lancet 335:353, 1990). A possible expla-
nation is that sexual transmission occurs only in association
with specific HCV genotypes or in the presence of specific
mutations along the HCV genome. As with vertical transmis-
sion, samples from patients with suspected sexual transmission
of HCV have undergone nucleotide sequence analysis to con-
firm the similarity of sequences obtained from sexual partners
and thus the common origin of these HCV strains (21, 51, 61).
Although the data are suggestive of a role of HCV heteroge-
neity in sexual transmission, this speculation needs to be con-
firmed.

Although Zein et al. (145) found no association between
HCV genotypes and the mode of HCV acquisition in their
population, others have provided evidence for such an associ-
ation (7, 101, 131). It has been suggested that genotypes 3a and

FIG. 3. HCV genotype distribution in patients with positive results in SIA-2 and in those with indeterminate results in SIA-2.
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1a are closely associated with intravenous drug use and that
genotype 1b is seen more often in patients who acquired HCV
through blood transfusion. This information may be useful in
tracing sources of HCV epidemics.

HCV Diagnostic Assays

Cloning of the HCV genome led to the identification of the
5-1-1 protein that was reactive with sera obtained from patients
with non-A, non-B hepatitis. Using 5-1-1 as a hybridization
probe, the recombinant antigen c100 was expressed in yeast
and eventually was used to develop the first screening assay
(65). The first-generation HCV antibody test approved by the
Food and Drug Administration became commercially available
in 1990 and was widely used. This was an ELISA that incor-
porated the c100 epitope from the NS4 region. Because of the
high level of false positivity, SIAs were introduced as a sup-
plemental test in patients with positive ELISA results. The
ELISAs were affected by the level of circulating globulins in
serum, particularly in patients with autoimmune chronic active
hepatitis (79).

As more reactive recombinant antigens were identified from
conserved regions of the HCV genome, newer serologic assays
(second and third generation) were introduced. With improved
sensitivity and specificity, the newer assays quickly replaced the
first-generation assays. These second-generation assays in-
cluded the ELISA-2 and SIA-2, which were approved by the
Food and Drug Administration in 1992 and 1993, respectively.
In addition to the 5-1-1 and c100-3 antigens, these assays in-
corporated the c22-3 antigen derived from the core region of
the HCV genome and the c33c antigen derived from the non-
structural region NS3. Second-generation SIAs are widely used
for the validation of second-generation ELISAs in the sero-
logic diagnosis of HCV infection. Current criteria for a positive
SIA require reactivity to at least two HCV antigens encoded by
different parts of the HCV genome. A common problem is that
of indeterminate results, defined as reactivity to a single anti-
gen band or reactivity to two bands derived from the same
coding region (i.e., 5-1-1 and c100-3). A significant proportion
of samples (5 to 10%) that repeatedly tested reactive in
ELISA-2 yielded indeterminate results when evaluated by
SIA-2. Some patients with indeterminate SIA results may have
detectable HCV RNA on PCR, confirming the presence of
HCV viremia (46; E. A. Follett, B. C. Dow, F. McOmish, P. L.
Yap, W. Hughes, R. Mitchell, and P. Simmonds, Letter, Lancet
338:1024, 1991; P. Halfon, S. Rousseau, C. Tamalet, M. An-
toni, V. Gerolami, M. Levy, M. Bourliere, R. Planells, and G.
Cartouzou, Letter, J. Infect. Dis. 166:449, 1992).

Recently, Zein et al. (140) reported on their experience with
indeterminate second-generation SIAs. They found that of 720
ELISA-2-positive samples tested in the diagnostic virology lab-
oratory between January 1994 and January 1995, 96 (13%) had
indeterminate results. Of these indeterminate samples, 30
(31%) were HCV RNA positive on PCR. Next, they deter-
mined the HCV genotype distribution of SIA-2-indeterminate
samples and found that it was significantly different from that
of SIA-2-positive samples, suggesting that the HCV genotype
affects the interpretation of these assays. Less common HCV
genotypes in the United States, such as 2a, 2c, 3a, 4a, and 5a,
were more prevalent in the samples with SIA-2-indeterminate
results (Fig. 3); this would make the serologic detection of
these genotypes less efficient. These findings are consistent
with an earlier report that suggested the presence of differ-
ences in serologic reactivities to HCV antigens among HCV
genotypes (146). Reactivities to protein 5-1-1 were significantly
lower for patients infected with genotype 2b or 3a than for

those infected with genotypes 1a or 1b. Antibody reactivity to
the c100-3 protein was also reduced in patients infected with
HCV types 2b and 3a. These genotype-dependent differences
may have major implications for the current use of HCV di-
agnostic tests, especially in geographic areas with a high prev-
alence of HCV genotypes that are phylogenetically distant
from genotype 1a, the prototype sequence used in the devel-
opment of these assays. Studies related to the efficiency of
these assays should be done locally in blood banks in different
regions of the world before the assay is relied on for blood
screening and prevention of new infections.

Third-generation assays (ELISA-3 and SIA-3) were intro-
duced in Europe more than 3 years ago but are still not avail-
able commercially in the United States. In these assays, a
recombinant NS5 antigen has been added to the four antigens
used in the second-generation assays. These third-generation
assays have higher sensitivities and specificities than second-
generation assays and are much less strongly influenced by the
infecting genotype (57, 76, 77).

The detection of HCV RNA by reverse transcriptase PCR
has become essential for the diagnosis of HCV infection and
for the selection of patients before therapy. The main advan-
tages of reverse transcriptase PCR include early diagnosis after
acute infection and detection of viremia in selected patients
(those with indeterminate antibody results and immunosup-
pressed patients). The sensitivity of PCR for HCV RNA de-
tection may vary according to the choice of primers and the
handling of preextraction samples (13, 15). Most laboratories
use primers specific for the 59 UTR of the HCV genome
because it represents the most highly conserved region among
HCV genotypes. Choosing primers from less highly conserved
regions of the HCV genome is likely to compromise the sen-
sitivity of PCR in a population in which multiple genotypes are
represented.

Assays for the quantification of HCV viremia levels in serum
(HCV RNA titer) have been developed and shown to be valu-
able in the selection of patients for interferon treatment and in
the assessment of response during therapy (78, 99). Two dif-
ferent methods have commonly been used for the quantitation
of HCV RNA and have become commercially available. The
first was developed by Roche Diagnostics Systems (Branch-
burg, N.J.) and is based on a competitive PCR assay for HCV
RNA quantitation (Roche Monitor assay). The second method
is based on the coamplification of synthetically mutated target
RNA (branched DNA [bDNA] assay; Quantiplex [Chiron
Corp.]). The quantitative results of HCV RNA detected by
both methods are reliable and reproducible (73).

Earlier studies have suggested a difference in the efficiency
of the bDNA assay for quantification of HCV RNA of patients
infected with different HCV genotypes (10). However, a sec-
ond-generation bDNA assay was developed (Quantiplex HCV
RNA 2.0) that incorporated a set of oligonucleotide probes to
enhance the efficiency of binding to genotypic variants of HCV
(32). The new assay was highly sensitive and virtually unaf-
fected by HCV genotypes. A similar variation in the efficiency
of detection of different HCV genotypes was recently observed
for the Roche Monitor assay (50). These genotype-dependent
differences in the efficiency of assays to accurately quantify
HCV RNA may have to be considered if clinical decisions are
based on the results obtained.

Outcome of Acute HCV Infection

After initial exposure to HCV, the infection fails to resolve
in the majority of patients (80%) who become chronically
infected. The ability to evolve into chronic disease associated
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The Invader 1.0 assay (Invader HCV Genotyping Assay, version 1.0; Third Wave Technologies, Inc., Mad-
ison, WI) has been developed for the rapid differentiation of hepatitis C virus (HCV) genotypes 1 to 6 based
on sequence variation within the HCV 5� noncoding (NC) region. In the present study, we evaluated the
compatibility of Invader 1.0 with the COBAS MONITOR (COBAS AMPLICOR HCV MONITOR Test, version
2.0; Roche Molecular Systems, Inc., Branchburg, NJ), COBAS AMPLICOR (COBAS AMPLICOR Hepatitis C
Virus Test, version 2.0; Roche Molecular Systems, Inc.), and COBAS TaqMan (COBAS TaqMan HCV Test;
Roche Molecular Systems, Inc.) assays. The minimum HCV RNA titers required for successful HCV genotyping
(>90% success rate) were 1,000 IU/ml for COBAS MONITOR, 100 IU/ml for COBAS AMPLICOR, and 10
IU/ml for COBAS TaqMan. Invader 1.0 results obtained from unpurified COBAS TaqMan amplification
products of 111 retrospectively selected clinical serum specimens (genotypes 1 to 6, with virus titers ranging
from 15.1 to 2.1 � 107 IU/ml) showed 98% concordance with results obtained from the TRUGENE HCV 5� NC
Genotyping Kit (Bayer HealthCare LLC, Tarrytown, NY), used in conjunction with COBAS AMPLICOR.
Although the assay is sensitive, accurate, and easy to perform, additional optimization of the Invader 1.0
interpretive software (Invader Data Analysis Worksheet) may be necessary to reduce potential misidentifica-
tion of HCV genotypes in low-titer specimens. In summary, Invader 1.0 is compatible with a variety of
commercially available PCR-based HCV 5� NC region amplification assays and is suitable for routine HCV
genotyping in clinical laboratories.

Several hepatitis C virus (HCV) genotyping assays are cur-
rently commercially available in the United States, including
semiautomated DNA sequence analysis by TRUGENE (TRU-
GENE HCV 5� NC Genotyping Kit; Bayer HealthCare LLC,
Tarrytown NY), differential hybridization of HCV RNA am-
plification products with LiPA (VERSANT HCV Genotype
Assay; Bayer HealthCare LLC), and homogeneous reverse
transcription (RT)-PCR using the Abbott HCV Genotyping
ASR assay (Abbott Molecular Diagnostics, Abbott Park, IL).
TRUGENE and LiPA each require approximately 4 h to com-
plete following RT-PCR amplification (8), while the Abbott
HCV Genotyping ASR assay requires a separate RT-PCR
amplification procedure that can take up to 5 h to complete,
according to the manufacturer. Furthermore, both TRU-
GENE and LiPA are currently incompatible with both the
recently introduced COBAS TaqMan (COBAS TaqMan HCV
Test; Roche Molecular Systems, Inc., Branchburg, NJ) and
TaqMan HCV Analyte Specific Reagent (Roche Molecular
Systems, Inc.) assays.

The Invader HCV Genotyping Assay (Third Wave Technol-
ogies, Inc., Madison, WI) is an alternative test method recently
made available for the rapid differentiation of HCV genotypes
1 to 6 based on sequence variation within the HCV 5� non-
coding (NC) region. This assay, currently available as Invader
1.0 (Invader HCV Genotyping Assay, version 1.0) for research
use only (RUO) or as Invader HCVG Analyte Specific Re-

agents (ASR), can be performed directly on HCV 5� NC re-
gion amplification products from a variety of commercially
available RT-PCR assays without purification. Invader 1.0 uti-
lizes Cleavase technology (Third Wave Technologies, Inc.) and
fluorescence resonance energy transfer (FRET) technology
combined with automated, computerized data analysis to pro-
vide test results in about 1 h (5).

In this study, we have determined the HCV RNA titer
thresholds, in IU/ml, necessary for successful HCV genotyping
by Invader 1.0 using amplification products generated by three
commercially available HCV RNA amplification assays: CO-
BAS MONITOR (COBAS AMPLICOR HCV MONITOR
Test, version 2.0; Roche Molecular Systems, Inc.), COBAS
AMPLICOR (COBAS AMPLICOR Hepatitis C Virus Test,
version 2.0; Roche Molecular Systems, Inc.), and COBAS Taq-
Man. We also examined the concordance of HCV genotype
results generated by Invader 1.0 and TRUGENE among ret-
rospectively collected clinical specimens submitted to our di-
agnostic laboratory for HCV genotype determination by TRU-
GENE.

MATERIALS AND METHODS

HCV analytical standards. A commercially available standard containing
HCV genotype 1 at a concentration of 200,000 IU/ml (OptiQuant HCV RNA;
AcroMetrix Corp., Benicia, CA) was used along with NAT Dilution Matrix
(AcroMetrix Corp.) to prepare HCV dilutions for use in this evaluation. Dilu-
tions of 5,000, 1,000, 500, 100, 50, and 10 IU/ml were prepared along with HCV
RNA-negative (0 IU/ml) control replicates. All dilutions were prepared and
stored at �70°C prior to RT-PCR amplification by COBAS MONITOR (5,000,
1,000, and 0 IU/ml), COBAS AMPLICOR (5,000, 1,000, 500, 100, and 0 IU/ml),
and COBAS TaqMan (5,000, 1,000, 500, 100, 50, 10, and 0 IU/ml). The concen-
trations of HCV RNA selected for testing by these three assays were based on
the lower limits of quantification for COBAS MONITOR (600 IU/ml) (6) and

* Corresponding author. Mailing address: Division of Clinical Mi-
crobiology, Hilton 4-60, Mayo Clinic, 200 First Street S.W., Rochester,
MN 55905. Phone: (507) 284-2255. Fax: (507) 284-4272. E-mail: jdcyao
@mayo.edu.
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For the discordant specimen containing genotype 3b, initial
Invader 1.0 testing of the 1:500 dilution yielded invalid and
unable-to-call results following 30- and 60-min incubations,
respectively. Additional Invader 1.0 testing, performed in du-
plicate from the original amplification products from this spec-
imen diluted 1:20, yielded genotype 3 and 4 assignments fol-
lowing a 30-min incubation and genotype 3 assignments (both
replicates) after a 60-min incubation. Examination of the In-
vader 1.0 fluorescence data for assay F, which is critical for
differentiation of genotypes 3 and 4, revealed that the genotype
4 assignment at 30 min was the direct result of a low signal
ratio (0.290) in this particular assay, compared to the signal
ratio (0.325) of the other replicate with a genotype 3 assign-
ment and to the ratio threshold (0.300) required for a positive
assay F result. Following a 60-min incubation, the assay F
signal ratio for the replicate previously identified as genotype 4
(30-min incubation) was 0.516 (i.e., above the threshold of
0.300), thus resulting in a genotype 3 assignment. Repeat
TRUGENE testing was not performed with this specimen due
to the extremely low HCV RNA titer (15.1 IU/ml) and the low
likelihood of obtaining a second interpretable result from this
assay. Due to the limited quantity and low viral titer of this
specimen, supplemental LiPA testing was also not performed.
However, HCV NS5B sequencing by the TRUGENE HCV
NS5B Genotyping Assay was attempted with this specimen but
failed to generate a result. COBAS TaqMan amplification
products from this specimen were also subjected to nested
PCR, and testing of these nested PCR amplification products
by Invader 1.0 yielded a genotype 3 assignment following a
30-min incubation. Invader 1.0 testing of 22 individual clones
derived from this nested PCR also yielded genotype 3 assign-
ments in all but one clone, which consistently yielded a geno-
type 4 assignment. While the HCV 5� NC region sequence of
this clone was consistent with that of genotype 3b, further
examination of the sequence indicated that two unexpected
single-nucleotide polymorphisms in the assay F target region
(with respect to the Invader 1.0 probe sequences) may have led
to the erroneous genotype 4 assignment (Scott Law, personal
communication). The presence of this novel sequence in the
COBAS TaqMan amplification products of this clinical speci-
men may have contributed to the inconsistent results observed
initially with Invader 1.0.

For the discordant specimen containing genotype 6a, initial
Invader 1.0 testing of a 1:500 dilution of amplification products
yielded a genotype 1 assignment following 30- and 60-min
incubations. Additional Invader 1.0 testing was performed in
duplicate with both 1:500 and 1:20 dilutions of the original
COBAS TaqMan amplification products. The 1:20 dilution was
tested despite the fact that COBAS TaqMan yielded a rela-
tively high HCV RNA titer of 3,690,000 IU/ml in this speci-
men. Both replicates of the 1:500 dilution yielded genotype 1
assignments following 30- and 60-min incubations, while the
1:20 dilution replicates consistently yielded genotype 6 assign-
ments. Examination of the Invader 1.0 fluorescence data from
assay H following both 30- and 60-min incubations of the 1:500
dilution replicates revealed signal ratios (0.114 to 0.491) that
were well above background (0.003 to 0.013) but still below the
assay H threshold ratio (1.00) necessary for a genotype 6 as-
signment (instead of genotype 1). Repeat testing of this spec-
imen by TRUGENE consistently yielded a genotype 6a

assignment. While LiPA was unable to provide a genotype
assignment with this discordant specimen, the TRUGENE re-
sult was confirmed by the TRUGENE HCV NS5B Genotyping
Assay (data not shown).

For the specimen initially yielding mixed genotypes 1 and 2
by Invader 1.0, additional Invader 1.0 testing of duplicate 1:500
and 1:20 dilutions of the COBAS TaqMan amplification prod-
ucts confirmed the original mixed-genotype result, while LiPA
detected only genotype 2 in this specimen. Invader 1.0 testing
of the COBAS AMPLICOR amplification products from this
specimen performed in duplicate at a dilution of 1:20 yielded
genotype 2 assignments following 30-min incubations but
yielded uninterpretable results with increased signal strength
in assays A and B (characteristic of genotype 1) detected after
a 60-min incubation. Thus, the Invader 1.0 results obtained
from COBAS TaqMan and COBAS AMPLICOR amplifica-
tion products both yielded results suggestive of mixed geno-
types 1 and 2 in this specimen. However, the presence of HCV
genotype 1 in this specimen could not be demonstrated con-
clusively despite the screening of 62 individual clones derived
from nested PCR amplification products (COBAS AMPLI-
COR) with Invader 1.0.

Performance of Invader 1.0 was further evaluated by review-
ing our clinical study data to determine our test failure rate.
The failure rate, defined as the frequency of invalid and un-
able-to-call Invader 1.0 results, was �2% over the 11 runs
required to complete testing of the 111 clinical specimens. One
failure involved an invalid test result presumably due to inad-
equate mixing of Invader 1.0 reaction components. Setting up
Invader 1.0 involves the pipetting of small volumes of reaction
mixture (10 �l) and diluted amplification products (10 �l)
using a multichannel pipette. Based on our initial experience
with Invader 1.0, failure to deliver and adequately mix these
reaction components can result in an invalid result due to a
lack of HCV internal control and/or genotype-specific reactiv-
ity in one or more of the individual reactions (A to H). In this
case, repeat testing of a 1:500 dilution of amplification product
resulted in a valid Invader 1.0 result. A second failure involved
an unable-to-call result associated with a very low titer speci-
men (15.1 IU/ml). In this case, testing at a 1:20 dilution was
required to generate a valid Invader 1.0 result.

The total duration of the entire Invader 1.0 test performed
with a full 96-well plate (11 samples plus a negative control)
and a 30-min incubation was approximately 71 min, including
35 min of actual hands-on time. The time to completion for
two staggered runs (22 samples plus negative controls in two
plates), each with a 30-min incubation, was approximately 121
min.

DISCUSSION

Clinical laboratories will likely continue to face increasing
HCV test volumes, according to projected increases in the
diagnosis of chronic HCV infection in the United States over
the next several decades (1). As a result, clinical laboratories
must continue to rapidly adopt new technologies capable of
improving HCV test performance and efficiency. In addition to
sensitive detection and accurate quantification of HCV RNA,
HCV genotype determination will also likely continue to play
an important role in anti-HCV treatment algorithms. The In-
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Abstract

The correct assessment of hepatitis C virus (HCV) genotypes and subtypes by commercial assays is of utmost importance mainly for the
therapeutic management of patients suffering from HCV infections. In this study, the performance characteristics of a newly designed genotyping
assay were evaluated that does not rely exclusively on sequence information derived from the 5′untranslated region but also takes into account
part of the HCV core. One hundred and ten clinical specimens were tested by this new assay prior to its commercialisation. The obtained typing
results were compared to those recorded by the 5′UTR-based Versant HCV Genotyping Assay, version 1, the core-related Gen-Eti K DEIA, and
phylogenetic analyses of partial HCV core and NS5B sequences. The HCV genotypes and subtypes identified by the newly devised kit were
completely in line with the assignments achieved by DEIA and phylogenetic analyses. In particular, all 64 HCV strains belonging to subtypes 1a
or 1b were recognised correctly, and HCV 6e and 6f isolates were adequately assigned to subtypes 6c–l. Thus, the second generation of the Versant
genotyping assay could overcome the drawbacks of its exclusively 5′UTR-based predecessor and will turn out to be a reliable tool for HCV typing
in clinical laboratories.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Hepatitis C virus; Genotyping; Reverse hybridisation test; DNA immunoassay; Phylogenetic analyses

1. Introduction

The hepatitis C virus (HCV) is a positive-stranded RNA
pathogen that, after its first description in 1989 (Choo et al.,
1989), was soon identified as the main causative agent of the
previously so-called posttransfusion non-A, non-B hepatitis
(Garnier et al., 2002). The genome of this virus is highly variable,
and up to now, six major HCV genotypes and almost 80 con-
firmed or at least provisionally assigned subtypes were reported
(Simmonds et al., 2005).

The existence of such evolutionary diverse forms of HCV is
not only interesting from the point of view of viral phylogeny
and taxonomy but, more importantly, involves serious clinical,
epidemiological, and sometimes forensic implications. Many
studies, for instance, unequivocally demonstrated the associ-
ation between the HCV genotype and the responsiveness to

∗ Corresponding author. Tel.: +49 201 7233561; fax: +49 201 7235929.
E-mail address: stefan.ross@uni-due.de (R.S. Ross).

antiviral combination therapy with pegylated interferon alpha
and ribavirin (Hnatyszyn, 2005), making HCV genotyping an
indispensable tool for the tailoring of antiviral treatment and the
diagnostic follow-up of the patients (Anonymous, 2002). On the
other hand, epidemiological investigations aimed at the moni-
toring of the geographic clustering of HCV strains (Lavanchy
and McMahon, 2000) as well as the elucidation of their distribu-
tion in different age groups (Ross et al., 2000b) and in cohorts of
individuals known to be at risk for HCV infections (Alter et al.,
2000) require the identification of the multiple HCV subtypes
which, as a first step, is also crucial in forensic medical cases
related to the transmission of HCV (Ross et al., 1999).

To satisfy these practical needs, commercially available
assays for HCV typing ideally should enable a reliable discrim-
ination of both HCV genotypes and subtypes, and manufactures
of diagnostic kits have undertaken considerable efforts to
achieve this ambitious goal during recent years (Weck, 2005).
Here, the results of the evaluation of a newly designed HCV typ-
ing assay are reported, which uses sequence information from
the 5′untranslated (5′UTR) and the neighbouring core regions

0166-0934/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The hepatitis C virus (HCV) is a positive-stranded RNA
pathogen that, after its first description in 1989 (Choo et al.,
1989), was soon identified as the main causative agent of the
previously so-called posttransfusion non-A, non-B hepatitis
(Garnier et al., 2002). The genome of this virus is highly variable,
and up to now, six major HCV genotypes and almost 80 con-
firmed or at least provisionally assigned subtypes were reported
(Simmonds et al., 2005).

The existence of such evolutionary diverse forms of HCV is
not only interesting from the point of view of viral phylogeny
and taxonomy but, more importantly, involves serious clinical,
epidemiological, and sometimes forensic implications. Many
studies, for instance, unequivocally demonstrated the associ-
ation between the HCV genotype and the responsiveness to
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antiviral combination therapy with pegylated interferon alpha
and ribavirin (Hnatyszyn, 2005), making HCV genotyping an
indispensable tool for the tailoring of antiviral treatment and the
diagnostic follow-up of the patients (Anonymous, 2002). On the
other hand, epidemiological investigations aimed at the moni-
toring of the geographic clustering of HCV strains (Lavanchy
and McMahon, 2000) as well as the elucidation of their distribu-
tion in different age groups (Ross et al., 2000b) and in cohorts of
individuals known to be at risk for HCV infections (Alter et al.,
2000) require the identification of the multiple HCV subtypes
which, as a first step, is also crucial in forensic medical cases
related to the transmission of HCV (Ross et al., 1999).

To satisfy these practical needs, commercially available
assays for HCV typing ideally should enable a reliable discrim-
ination of both HCV genotypes and subtypes, and manufactures
of diagnostic kits have undertaken considerable efforts to
achieve this ambitious goal during recent years (Weck, 2005).
Here, the results of the evaluation of a newly designed HCV typ-
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Hepatitis C viruses (HCVs) display a high level of sequence diversity and are currently divided into six
genotypes. A line probe assay (LiPA), which targets the 5� untranslated region (5�UTR) of the HCV genome,
is widely used for genotyping. However, this assay cannot distinguish many genotype 6 subtypes from genotype
1 due to high sequence similarity in the 5�UTR. We investigated the accuracy of a new generation LiPA
(VERSANT HCV genotype 2.0 assay), in which genotyping is based on 5�UTR and core sequences, by testing
75 selected HCV RNA-positive sera from Southeast Asia (Vietnam and Thailand). For comparison, sera were
tested on the 5�UTR based VERSANT HCV genotype assay and processed for sequence analysis of the
5�UTR-to-core and NS5b regions as well. Phylogenetic analysis of both regions revealed the presence of
genotype 1, 2, 3, and 6 viruses. Using the new LiPA assay, genotypes 6c to 6l and 1a/b samples were more
accurately genotyped than with the previous test only targeting the 5�UTR (96% versus 71%, respectively).
These results indicate that the VERSANT HCV genotype 2.0 assay is able to discriminate genotypes 6c to 6l
from genotype 1 and allows a more accurate identification of genotype 1a from 1b by using the genotype-specific
core information.

Hepatitis C virus (HCV), an enveloped positive-stranded
RNA virus of the family Flaviviridae, is recognized as a major
cause of chronic liver disease. Because of its high genetic
heterogeneity, HCV has been classified into six genotypes and
a huge number of subtypes (18, 20). Genotypes 1, 2, and 3 are
widely distributed around the world, whereas genotypes 4 and
5 have been identified mainly in Africa (22). Genotype 6 was
found locally in Southeast Asia (SEA) (11, 26, 27, 28).

Genotype identification is clinically important for prediction
of responses to, and in determining the duration of, antiviral
therapy (30). This is illustrated by the fact that genotypes 1 and
4 are more resistant to treatment with pegylated alpha inter-
feron and ribavirin than genotypes 2 and 3 (9, 31). Moreover,
it has been suggested that patients with chronic HCV genotype
1b infection show more severe liver disease than patients in-
fected with other genotypes (17). Nowadays, most treatment
protocols require preceding genotype information for HCV-
infected patients.

A variety of technologies has been developed for HCV ge-
notype determination. Most of these assays rely on the ampli-
fication of short HCV RNA regions from clinical specimens,
followed by a type-specific assay, such as line probe reverse
hybridization (23, 25), restriction fragment length polymor-

phism analysis (1), or sequence analysis (20, 29). Almost all
available commercial assays target the 5� untranslated region
(5�UTR), because the highly conserved sequences of this re-
gion are most suitable for reverse transcription-PCR (RT-
PCR) amplification.

The VERSANT HCV genotype assay (LiPA) is one of the
most widely used methods for HCV genotyping. In this assay
the 5�UTR of HCV is amplified with biotinylated primers,
after which the PCR product is hybridized to a membrane
impregnated with genotype-specific probes and detected with
streptavidin linked to a colorimetric detector (24). Despite the
high conservation of the 5�UTR, genotype determination of
HCV based on the 5�UTR is accurate for most genotypes (8,
21, 29). However, it has been noted that methods that are
based on the use of the 5�UTR falsely identify genotypes 6c
to 6l from SEA as genotype 1, which is also the case in the
VERSANT HCV genotype assay (3, 24). Moreover, this assay
is unable to distinguish genotype 1a from 1b in 5 to 10% of the
cases (2, 21). Therefore, the use of other coding regions of the
HCV genome (e.g., core, E1, and/or NS5b) has been recom-
mended for genotype identification (18).

A new generation of the line probe assay (VERSANT HCV
genotype 2.0 assay) was recently developed that uses core
sequence information, in addition to 5�UTR, to improve the
accuracy of HCV genotyping. After amplification of the
5�UTR-to-core region and hybridization to type-specific
probes of the 5�UTR and core, it is possible to distinguish
between genotypes 1a, 1b, and 6c to 6l. In the present study, we
selected 75 sera of HCV RNA-positive blood donors collected
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presence of a coinfecting strain as a minor population cannot
entirely be ruled out.

DISCUSSION

Clinical studies have shown that the HCV genotype is an
important predictor for efficiency of antiviral treatment.
Therefore, many efforts have been made to develop assays for
HCV genotyping, and several commercial tests are available
(13). The gold standard for determination of HCV genotype is
sequence analysis of phylogenetically informative coding re-
gions of the HCV genome and comparison to consensus se-
quences of known genotypes. However, sequence analysis of
amplicons is laborious and is not accurate in identifying mixed
infections. Moreover, since the informative sequences on the
genome are also regions with a relatively high heterogeneity,
primers may fail to anneal, resulting in assay failures.

Hybridization of HCV 5�UTR sequences to genotype-spe-
cific probes with the VERSANT HCV genotype assay has thus
far been the keystone for HCV genotyping because the high
degree of sequence conservation makes this region ideal for
RT-PCR amplification. However, this region contains lower
phylogenetic information than other genomic sequences such
as core and NS5b (15). Not surprisingly, this assay’s ability to
discriminate between HCV genotypes was challenged by the
high diversity of HCV sequences, especially by genotypes 6c to
6l from SEA (19, 21, 24; the present study). Because of the
high homology of the 5�UTR between genotype 1 and geno-
types 6c to 6l, the latter are claimed to be genotype 1 by the
assay (24) (Fig. 2 and Table 1). Moreover, it has been reported
that the VERSANT HCV genotype assay could not accurately
distinguish between genotypes 1a and 1b in 5 to 10% of cases
because specific probes for both subtypes are lacking (2).
Mistyping of genotype 6 as genotype 1 may influence the clin-
ical management of patients, since genotype 6 viruses show a
higher response to therapy than genotype 1 (4).

The new VERSANT HCV genotype 2.0 assay is designed to
increase the accuracy of HCV genotype/subtype identification
by including core-specific probes that discriminate between
genotypes 1a, 1b, and 6c to 6l. Because of the retained phylo-
genetic information in this region, the core gene is one of the
recommended regions for HCV genotyping (18). Although
attempts have been made previously to design specific 5�UTR-
core probes for genotype identification, these were not tested
for genotype 6 viruses (25). In the present study, we tested the
new VERSANT HCV genotype 2.0 line probe assay with 73
samples obtained from SEA, of which 45% (33 of 73) were of
genotype 6. A marked improvement in accurate genotyping is
seen with the new assay compared to the old assay that only
targeted the 5�UTR (�96% versus 71%). As expected, the
increase in precision is largely due to correct genotyping and
subtyping of 6c to 6l and 1a/b viruses, respectively. Our sample
set not only contains genotype 6a but also the new variants of
genotypes 6d, 6e, 6f, 6i, 6l, and 6n (Fig. 1). All of these were
correctly identified by the VERSANT HCV genotype 2.0 as-
say. With regard to the heterogeneity of genotype 6 sequences,
5�UTR/core line probe assay proved its ability to recognize a
broad variety of genotype 6 viruses.

Only 4% (3 of 73) of the samples could not be genotyped.
One of these showed a new pattern for genotypes 6c to 6l

(Th52). Two other samples (Th6 and Th44) showed specific
hybridization with probes of genotypes 1b and 6c to 6l. Al-
though sequence variation between HCV strains offers an ex-
planation since only few nucleotide changes could cause cross-
reactivity with probes thought to be subtype specific, this seems
not very likely. Alternatively, these results could indicate the
presence of genotypically different viruses in the samples. At-
tempts to confirm this by sequence analysis were not success-
ful, possibly because the detection of mixed infections by se-
quence analysis of amplified fragments is not sensitive enough
(6, 14). The hybridization patterns, indicating a possible mixed
infection of genotype 1 and 6 viruses, are not evident from the
line patterns observed with the old version of the LiPA test.

One of the other commercial assays that is frequently used
for genotyping HCV is the Trugene HCV 5�NC genotyping kit.
In comparative studies between this assay and the previous
VERSANT HCV genotype test, the accuracy of genotyping
was similar, although Trugene showed a slightly higher per-
centage of correct subtype identifications (5). The efficiency of
Trugene in discriminating genotype 6 subtypes is currently not
known. However, its exclusive use of the 5�UTR region for
genotype identification points toward a reduced efficiency in
the correct assignment of genotype 6c to 6l viruses. Therefore,
the new VERSANT HCV genotype 2.0 assay, which also takes
into account HCV core sequences, may actually be the most
suitable current tool for routine HCV genotyping. This assay
may not only be crucial for clinical evaluation of patients but
also for future epidemiological, evolutionary, and pathogenesis
studies.
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Background/Aims: Hepatitis C virus (HCV) infected patients with high serum levels of bile acids (BAs) usually fail to

respond to antiviral therapy. Besides, BAs are essential factors for replication of the porcine enteric calicivirus by inhib-

iting interferon signaling. The role of BAs on HCV RNA replication was thus assessed.

Methods: BAs and other compounds were tested using an HCV-replication model containing a luciferase reporter
gene.

Results: BAs, especially chenodeoxycholate and deoxycholate, up-regulated genotype 1 HCV RNA replication by more

than tenfold. Only free but not conjugated BAs were active, suggesting that their effect was mediated by a nuclear receptor.

Only farnesoid X receptor (FXR) ligands stimulated HCV replication while FXR silencing and FXR antagonism by

guggulsterone blocked the up-regulation induced by BAs. Furthermore, guggulsterone alone inhibited basal level of

HCV replication by tenfold. Modulation of HCV replication by FXR ligands occurred in the same proportion in presence

or absence of type I interferon, suggesting a mechanism of action independent of this control of viral replication. However,

BAs or guggulsterone did not affect replication of genotype 2a-JFH1.
Conclusions: Exposure to routinely measured concentrations of BAs increases HCV replication by a novel mechanism

involving activation of the nuclear receptor FXR.

� 2007 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Hepatitis C virus (HCV) is a single-stranded positive
RNA virus, which belongs to the genus Hepacivirus of
the family Flaviviridæ. Around 170 million patients

worldwide are chronically infected with HCV, fre-
quently resulting in liver cirrhosis or hepatocellular car-
cinoma [1]. The outcome of HCV infection varies among
individuals and the likelihood of achieving a sustained
response to antiviral treatment (SVR) depends on both
viral and host characteristics. HCV variants are classi-
fied into six major genotypes that have a varied response
to antiviral therapy. Indeed, only 45% of genotype 1
infected patients but 80% of those infected with geno-
type 2 or 3 reach a SVR with the current therapy com-
bining ribavirin and peginterferon [2]. Among host
factors associated with therapy outcome, serum bile
acids (BAs) have been recently described as prognostic
markers predicting a failure to reach SVR [3,4].
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Abstract
Background/Aim: Hepatitis C virus (HCV) has been the subject of intense research and clinical
investigation as its major role in human disease has emerged. Although homologous recombination
has been demonstrated in many members of the family Flaviviridae, to which HCV belongs, there
have been few studies reporting recombination on natural populations of HCV. Recombination
break-points have been identified in non structural proteins of the HCV genome. Given the
implications that recombination has for RNA virus evolution, it is clearly important to determine
the extent to which recombination plays a role in HCV evolution. In order to gain insight into these
matters, we have performed a phylogenetic analysis of 89 full-length HCV strains from all types and
sub-types, isolated all over the world, in order to detect possible recombination events.

Method: Putative recombinant sequences were identified with the use of SimPlot program.
Recombination events were confirmed by bootscaning, using putative recombinant sequence as a
query.

Results: Two crossing over events were identified in the E1/E2 structural region of an intra-typic
(1a/1c) recombinant strain.

Conclusion: Only one of 89 full-length strains studied resulted to be a recombinant HCV strain,
revealing that homologous recombination does not play an extensive roll in HCV evolution.
Nevertheless, this mechanism can not be denied as a source for generating genetic diversity in
natural populations of HCV, since a new intra-typic recombinant strain was found. Moreover, the
recombination break-points were found in the structural region of the HCV genome.

Background
Hepatitis C virus (HCV) is estimated to infect 170 million
people worldwide and creates a huge disease burden from
chronic, progressive liver disease [1]. HCV has become a
major cause of liver cancer and one of the commonest
indications of liver transplantation [2,3]. HCV has been
classified in the family Flaviviridae, although it differs

from other members of the family in many details of its
genome organization from the original (vector-borne)
members of the family [1]. Like most RNA viruses, HCV
circulates in vivo as a complex population of different but
closely related viral variants, commonly referred to as a
quasispecies [4-7].
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Abstract
Background: Hepatitis C virus (HCV) has been the subject of intense research and clinical investigation as its major
role in human disease has emerged. Previous and recent studies have suggested a diversification of type 1 HCV in the
South American region. The degree of genetic variation among HCV strains circulating in Bolivia and Colombia is
currently unknown. In order to get insight into these matters, we performed a phylogenetic analysis of HCV 5' non-
coding region (5'NCR) sequences from strains isolated in Bolivia, Colombia and Uruguay, as well as available comparable
sequences of HCV strains isolated in South America.

Methods: Phylogenetic tree analysis was performed using the neighbor-joining method under a matrix of genetic
distances established under the Kimura-two parameter model. Signature pattern analysis, which identifies particular sites
in nucleic acid alignments of variable sequences that are distinctly representative relative to a background set, was
performed using the method of Korber & Myers, as implemented in the VESPA program. Prediction of RNA secondary
structures was done by the method of Zuker & Turner, as implemented in the mfold program.

Results: Phylogenetic tree analysis of HCV strains isolated in the South American region revealed the presence of a
distinct genetic lineage inside genotype 1. Signature pattern analysis revealed that the presence of this lineage is consistent
with the presence of a sequence signature in the 5'NCR of HCV strains isolated in South America. Comparisons of these
results with the ones found for Europe or North America revealed that this sequence signature is characteristic of the
South American region.

Published: 2 August 2007

Virology Journal 2007, 4:79 doi:10.1186/1743-422X-4-79

Received: 3 May 2007
Accepted: 2 August 2007

This article is available from: http://www.virologyj.com/content/4/1/79

© 2007 Moratorio et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

userr
Highlight

userr
Highlight

Administrator
Typewriter
Virology Journal 2007, 4:79

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17683527
http://www.virologyj.com/content/4/1/79
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


BioMed Central

Page 1 of 8
(page number not for citation purposes)

Virology Journal

Open AccessResearch
Evidence of structural genomic region recombination in Hepatitis C 
virus
Juan Cristina*1 and Rodney Colina1,2

Address: 1Laboratorio de Virología Molecular, Centro de Investigaciones Nucleares, Facultad de Ciencias, Universidad de la República, Iguá 4225, 
11400 Montevideo, Uruguay and 2Department of Biochemistry and McGill Cancer Center, McGill University, Montreal, Quebec, H3G 1Y6, 
Canada

Email: Juan Cristina* - cristina@cin.edu.uy; Rodney Colina - rcolina@cin.edu.uy

* Corresponding author    

Abstract
Background/Aim: Hepatitis C virus (HCV) has been the subject of intense research and clinical
investigation as its major role in human disease has emerged. Although homologous recombination
has been demonstrated in many members of the family Flaviviridae, to which HCV belongs, there
have been few studies reporting recombination on natural populations of HCV. Recombination
break-points have been identified in non structural proteins of the HCV genome. Given the
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(1a/1c) recombinant strain.

Conclusion: Only one of 89 full-length strains studied resulted to be a recombinant HCV strain,
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Nevertheless, this mechanism can not be denied as a source for generating genetic diversity in
natural populations of HCV, since a new intra-typic recombinant strain was found. Moreover, the
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Background
Hepatitis C virus (HCV) is estimated to infect 170 million
people worldwide and creates a huge disease burden from
chronic, progressive liver disease [1]. HCV has become a
major cause of liver cancer and one of the commonest
indications of liver transplantation [2,3]. HCV has been
classified in the family Flaviviridae, although it differs

from other members of the family in many details of its
genome organization from the original (vector-borne)
members of the family [1]. Like most RNA viruses, HCV
circulates in vivo as a complex population of different but
closely related viral variants, commonly referred to as a
quasispecies [4-7].
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Hepatitis C virus: Wikis
  

Hepatitis C virus (HCV) is a small (5565 nm in size), enveloped, positive sense single strand RNA virus in the 

family Flaviviridae. Although Hepatitis A virus, Hepatitis B virus, and Hepatitis C virus have similar names (because they 

all cause liver inflammation), these are distinctly different viruses both genetically and clinically.
Structure

Simplified diagram of the structure of the Hepatitis C virus particle

The hepatitis C virus particle consists of a core of genetic material (RNA), surrounded by an icosahedralprotective shell 

of protein, and further encased in a lipid (fatty) envelope of cellular origin. Two viral envelopeglycoproteins, E1 and E2, 

are embedded in the lipid envelope.[1]
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Once inside the hepatocyte, HCV initiates the lytic cycle. It utilizes the intracellular machinery necessary to accomplish 

its own replication.[6] The HCV genome is translated to produce a single protein of around 3011 amino acids. The 

polyprotein is then proteolytically processed by viral and cellular proteases to produce three structural (virionassociated) 

and seven nonstructural (NS) proteins. Alternatively, a frameshift may occur in the Core region to produce an Alternate 

Reading Frame Protein (ARFP). HCV encodes two proteases, the NS2 cysteine autoprotease and the NS34A serine 

protease. The NS proteins then recruit the viral genome into an RNA replication complex, which is associated with 

rearranged cytoplasmic membranes. RNA replication takes places via the viral RNAdependentRNA polymerase NS5B, 

which produces a negativestrand RNA intermediate. The negative strand RNA then serves as a template for the 

production of new positivestrand viral genomes. Nascent genomes can then be translated, further replicated, or 

packaged within new virus particles. New virus particles are thought to bud into the secretory pathway and are released 

at the cell surface.
Diagnosis

Diagnosis of HCV can occur via DNA analysis of the 5’ noncoding region (5’ NCR). However results vary according 

to the HCV genotype and viral load. Nonwestern HCV genotypes have not been studied as much. In 2009 it was shown 

that the 3’ Xtail element of the HCV genome is highly conserved across genotypes. It could be tested for $US8.70 

within a couple of hours and could also be a valuable tool for screening of blood supplies.[7]

Genotypes

Based on genetic differences between HCV isolates, the hepatitis C virus species is classified into six genotypes (16) 

with several subtypes within each genotype (represented by letters). Subtypes are further broken down into quasispecies 

based on their genetic diversity. The preponderance and distribution of HCV genotypes varies globally. For example, 

in North America, genotype 1a predominates followed by 1b, 2a, 2b, and 3a. In Europe, genotype 1b is predominant 

followed by 2a, 2b, 2c, and 3a. Genotypes 4 and 5 are found almost exclusively in Africa. Genotype is clinically important 

in determining potential response to interferonbased therapy and the required duration of such therapy. Genotypes 1 
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Background: Occult hepatitis C virus (HCV) infection is characterised by the presence of HCV-RNA in the
liver in the absence of anti-HCV, and serum viral RNA. Up to 70% of these patients also have HCV-RNA in
peripheral blood mononuclear cells (PBMC) but it is not known if HCV is replicating in these cells.
Aim: We studied possible HCV replication in PBMC of 18 patients with an occult HCV infection who were
selected on the basis of HCV-RNA positivity in PBMC.
Methods: Detection of HCV-RNA positive and negative strands in PBMC was done by strand specific
reverse transcriptase-polymerase chain reaction (RT-PCR) and by in situ hybridisation.
Results: The presence of HCV-RNA positive strand in PBMC was confirmed in all patients by strand specific
RT-PCR and by in situ hybridisation. Mean percentage of PBMC which had the HCV-RNA positive strand
was 3.3% (95% confidence interval (CI) 2.1–4.4) The HCV-RNA negative strand was found in the PBMC of
11/18 (61%) patients by strand specific RT-PCR and confirmed by in situ hybridisation, and the
percentage of PBMC harbouring the HCV-RNA negative strand was 3.1% (95% CI 0.8–5.5). There was a
significant correlation (p = 0.001, r=0.84) between the percentage of PBMC with the HCV-RNA positive
strand and that of PBMC with the HCV-RNA negative strand.
Conclusion: HCV replicates in the PBMC of patients with occult HCV infection and thus, although these
patients do not have serum HCV-RNA, they could be potentially infectious.

H
epatitis C virus (HCV) is a single stranded positive RNA
virus belonging to the Flaviviridae family.1 Although the
mechanism of HCV replication is not fully understood,

it is assumed that virus replication involves the synthesis of a
negative strand RNA molecule that acts as a template for
production of positive strand or genomic HCV-RNA.2 Thus
detection of the HCV-RNA negative strand is indicative of
viral replication. The liver is the main site of virus replication
but it can also replicate at extrahepatic sites such as
peripheral blood mononuclear cells (PBMC).3–6 Regarding
this infection of PBMC, it has been shown that HCV can
propagate in lymphoid cell cultures and that the virus derived
is infectious.7 8 In addition, it has been proposed that PBMC
could be the source of recurrent HCV infection after liver
transplantation.9 10

We recently described the existence of occult HCV
infections, defined by the presence of HCV-RNA in the liver
in the absence of anti-HCV and serum HCV-RNA.11 In
addition, up to 70% of these patients also had HCV-RNA in
their PBMC.11 As these patients do not have detectable
circulating viral RNA, an important question with regard to
transmission of occult HCV infection is whether HCV
replicates in PBMC. Thus in the present work we investigated
HCV replication in PBMC of patients with occult HCV
infection by detection of HCV-RNA positive and negative
strands using a strand specific reverse transcriptase-poly-
merase chain reaction (RT-PCR) and in situ hybridisation.

PATIENTS AND METHODS
In a previous report,11 we described a group of patients with
abnormal liver function tests of unknown aetiology who had
an occult HCV infection (HCV-RNA in the liver, as detected
by RT-PCR and in situ hybridisation but anti-HCV and serum
HCV-RNA negative). Among them, we selected for the
present work those who: (i) were also HCV-RNA positive in
the PBMC sample obtained on the same day of the liver

biopsy and (ii) had available aliquots of that PBMC sample
stored in liquid nitrogen. A total of 18 patients fulfilled the
inclusion criteria and were included in this study, after giving
written informed consent to participate. The characteristics of
these 18 patients are shown in table 1. None reported risk
factors (blood transfusions, drug abuse, sexual behaviour,
tattoos, etc) for HCV infection. Four of these 18 patients had
abnormal levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and gamma-glutamyl transpepti-
dase (GGTP) simultaneously; five had abnormal values of
two liver enzymes (ALT and GGTP four patients; ALT and
AST one patient), and the remaining nine patients had
abnormal levels of only one liver enzyme (GGTP six patients
and ALT three patients). PBMC samples from six healthy
volunteers with normal liver function tests, who were
repeatedly HCV-RNA negative in PBMC, were used as
negative controls.
Total RNA was isolated from PBMC using the SV Total

RNA Isolation System (Promega Corp., Madison, Wisconsin,
USA) and, after precipitation, the RNA pellet was dissolved in
diethyl-pyrocarbonate treated water. The amount of total
RNA was determined by spectrophotometry and 0.5 mg of
RNA were used for detection of HCV-RNA of both polarities.

Synthetic HCV-RNA
Synthetic HCV-RNA positive and negative strands were
generated by in vitro transcription of the recombinant
plasmid pC59NCR, which contains the complete 59 non-
coding region of the HCV genome. After plasmid linearisa-
tion, the RNA positive and negative strands were synthesised

Abbreviations: FISH, fluorescent in situ hybridisation; HCV, hepatitis C
virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
GGTP, gamma-glutamyl transpeptidase; PBMC, peripheral blood
mononuclear cells; RT-PCR, reverse transcriptase-polymerase chain
reaction
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