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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 1 of genotype 6 and
between subtypes a and b of genotype 1. HCV-positive samples were genotyped manually using the Versant
HCYV 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
HCYV 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.
HCYV 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 1 (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
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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 ¢
to 1 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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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.

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 vO was used for the CE-marked kit). The limits of
detection described in the user manual are 2,106 IU/ml to >7.7 X 10° 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 TU/ml were collected. Genotypes and subtypes were
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TABLE 1. Overview of the original test results and the results after
one repeat test in clinical accuracy study

No. of specimens (%) with agreement between
reference method test result and:
Test result

Test result upon 1

Original test result repeat test

Correct genotype 302 (92.6) 311 (95.4)
Incorrect genotype 2 (0.6) 2 (0.6)
Uninterpretable 15 (4.6) 12 (3.5)
No amplification 7(2.1) 1(0.3)
Total 326 (100) 326 (100)

“ If a genotype result was obtained from the original test, repeat test results are
not included.

assigned by sequencing part of the NS5b region (from nucleotide 8256 to nucle-
otide 8636, approximately 340 bp) or the core region (from nucleotide 341 to
nucleotide 686, approximately 350 bp), followed by phylogenetic analysis. Phy-
logenetic analysis was performed using a set of reference sequences derived from
HCV complete genome sequences according to the work of Simmonds et al.
(26). Alignments were created using the Clustal X program. Distance matrices
were produced by DNADIST using the Kimura two-parameter settings and
further analyzed in NEIGHBOR using the neighbor-joining settings. Through-
out the text, this method is referred to as the “reference method.” All samples
were additionally genotyped using Versant HCV genotype assay (LiPA) 2.0.
Invalid runs and samples with invalid results were repeated/retested. Study re-
sults were compared with the specimen genotype reference sequence. Runs
producing results which were discordant with the specimen genotype or which
were uninterpretable were repeated.

Reproducibility study. To evaluate the reproducibility of Versant HCV geno-
type assay (LiPA) 2.0, a nine-member HCV genotype panel was tested in dupli-
cate in three separate runs per kit lot of the assay system, using three lots, at
three different sites by one operator per site. By use of this study design, each
panel member was tested 54 times, resulting in a total number of 486 (9 times 54)
reactions. Operators were blinded to the HCV genotype of the specimen. The
panel members were serum and EDTA plasma samples of each genotype, with
HCV viral loads ranging from 16,024 TU/ml to 1,379,458 IU/ml, and they were
prepared by dilution. There was one panel member for each of the HCV geno-
types 1a, 1b, 2, 3, 4, and 5. HCV genotype 6 was represented by subtypes 6a and
b and two representatives of subtypes c to 1, the last formerly known as genotypes
7, 8,9, and 11. Eight of nine panel members were sequenced in the NS5b region
to determine the true genotype of the samples. One panel member was se-
quenced in the core region. Invalid runs and samples with invalid results were
repeated/retested.

Comparison study. In order to demonstrate that the performance of Versant
HCV genotype assay (LiPA) 2.0 is equivalent to or better than that of the
currently established Versant HCV genotype assay (LiPA) 1.0, a total of 100
HCV-positive samples (serum, EDTA plasma, and citrate-phosphate-dextrose
anticoagulant plasma) with viral loads above 10,000 TU/ml were tested at two
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independent sites with the two assays according to the manufacturer’s instruc-
tions. Operators were blinded to the HCV genotype of the specimens. The
extracted RNA was divided into two aliquots. One aliquot was used with the
current Kit, and the other aliquot was used for parallel testing with Versant HCV
genotype assay (LiPA) 1.0. The amplicon for use with LiPA 1.0 was reverse
transcribed and the 5"UTR was amplified using site-specific reverse transcriptase
PCR methodology. At one site, the amplification was performed using a modi-
fied method starting from transcriptionally mediated amplification (HCV TMA;
Siemens Healthcare Diagnostics, CA). At the other site, amplification of the
5'UTR was performed with specific biotinylated primers (more detailed infor-
mation on the methodology used at both sites is available on request). Invalid
runs and samples with invalid results were repeated/retested. Specimens with
indeterminate results were retested by both methods. Specimens with discordant
results were sequenced in the NS5b region of the HCV genome.

Terms and statistical analysis. The analysis includes results only from valid
runs, i.e., from runs in which the positive and negative control strips gave the
correct results. Results were classified as either interpretable or indeterminate.
An indeterminate result occurs when a specimen yields either an amplification
failure or an uninterpretable result. An uninterpretable result occurs when the
strip has a positive AMPL CTRL 1 but has a line pattern that does not match any
of the patterns shown on the interpretation chart.

The genotype success rate is defined as percentage of valid results that give an
interpretable result. In the comparison study, specimens were considered to have
discordant results if the two versions of the assay produced results with different
genotypes or produced the same genotype result with different subtypes. An
improvement is defined as obtaining the correct result (based on NS5b sequenc-
ing) with Versant HCV genotype assay (LiPA) 2.0 when Versant HCV genotype
assay (LiPA) 1.0 does not produce a result or produces an incorrect result.

Lower 95% confidence limits (LCL) for percentages were all calculated using the
Clopper-Pearson method. In the reproducibility study, a permutation distribution
was used to estimate the P values for comparing sites and for comparing lots.

RESULTS

Clinical accuracy study. Table 1 summarizes the results for
the 326 specimens that were used for the reference method
comparison. Upon initial testing, 93.3% (304/326) of the spec-
imens gave interpretable genotype results, 2.1% (7/326) failed
to amplify, and 4.6% (15/326) amplified but gave uninterpret-
able results. Of the 304 specimens that yielded a genotype
result, 99.3% (302/304) gave results that agreed with the ref-
erence method. After specimens that yielded no genotype re-
sult were retested, 96.0% (313/326) of the specimens gave
interpretable genotype results, 3.5% (12/326) amplified but
remained uninterpretable, and 0.3% (1/326) failed to amplify.
Of the 313 specimens that yielded a genotype result after
repeat testing, 99.4% (311/313) gave results that agreed with
the reference method. Table 2 shows that the specimens that
did not amplify or give interpretable results were distributed

TABLE 2. Summary of the results of the clinical accuracy study for each genotype

No. of specimens exhibiting:

Reference HCV Total
genotype sample no. Amplification Amplification Uninterpretable Uninterpretable
failure failure repeat result repeat
Genotype 1 2 0 0 0 0
Genotype la 94 2 0 1 0
Genotype 1b 41 0 0 2 2
Genotype 2 53 2 1 3 2
Genotype 3 55 2 0 0 0
Genotype 4 30 0 0 4 4
Genotype 5a 15 1 0 1 0
Genotype 6 17 0 0 2 2
Genotype 6 (c to 1) 19 0 0 2 2
Total 326 7 1 15 12
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TABLE 3. Summary of valid, indeterminate, correct, and incorrect
genotype results for each panel member of reproducibility study

J. CLIN. MICROBIOL.

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

No. of specimens with indicated result

Panel HCV I\\I/:iigf Indeterminate Interpretable
b
memoer genOLPE results Did not Uni Incorrect  Correct
. ninterpretable
amplify genotype genotype
1 la 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 6° 54 0 2 0 52
9 6° 54 0 0 0 54
Total All 486 5 11 0 470

“ Required both 5"UTR and core region for genotyping.

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 1) 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 1) 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 X 10° IU/ml to 8.7 X
10° TU/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

No. of specimens giving:

Result Original test ~ Test result upon
result 1 repeat test
Identical result by both methods 63 67
Matched genotypes but one assay 16 16
having no subtype
Matched genotype but different 8 8
subtypes
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

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 ¢ to |, 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-
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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

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

1.0 result — Total
. 1 la 1b 2 2a/2c 2b 3 3a 3b 4 4a/4c/4d Sa 6a/6b 6 (ctol) Unint”
1 12 2 14
la 12 12
1b 6 12 2 20
2 2 2
2a/2¢ 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
Sa 2 2
6a/6b 1 1
6(ctol) 0
Unint” 1 2 1 1 3 8
Total 0 30 14 4 8 7 3 11 1 7 4 3 2 2 4 100

“ Specimens with concordant genotype results are shown in bold.
® Unint, uninterpretable result.

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 ¢ to 1 from HCV genotype 1 and has only
a limited subtyping accuracy (5, 29). To overcome the limita-
tions of the 5S'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 1 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 | 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 la 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 la- and
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HCYV 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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