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The TRUGENE HCV 5�NC genotyping kit (GeneLibrarian modules 3.1.1 and 3.1.2) and VERSANT HCV
genotyping assay were compared by using 96 hepatitis C virus (HCV) RNA-positive patient specimens,
including HCV genotypes 1, 2, 3, 4, 5, 6, and 10. The TRUGENE HCV 5�NC genotyping kit (GeneLibrarian
module 3.1.2) yielded the most accurate genotyping results.

Hepatitis C virus (HCV) has been classified into at least six
distinct genotypes that can be further differentiated into mul-
tiple subtypes (12, 13). Recent anti-HCV treatment algorithms
suggest that tailoring antiviral therapy based on HCV genotype
as well as HCV RNA titer can optimize therapeutic outcome
(2, 7). While sequence variability is found throughout the HCV
genome, the 5� noncoding (5�NC) region remains highly con-
served and is the target of choice for detection by reverse
transcription-PCR (RT-PCR) (5, 14, 15). Despite the limited
sequence diversity found within the HCV 5�NC region com-
pared to that of a highly diversified genomic target such as the
nonstructural (NS) 5B region, practical considerations have
made the 5�NC region the preferred target for HCV genotyp-
ing in most diagnostic laboratories (3, 6, 8). Several HCV
genotyping assays are currently commercially available, includ-
ing the TRUGENE HCV 5�NC genotyping kit (TRUGENE
5�NC; Bayer HealthCare LLC, Berkeley, Calif.) and the
VERSANT HCV genotype assay (LiPA; Bayer HealthCare
LLC). Recently, there have been several published compari-
sons of these two assays (1, 8, 10), in addition to several other
evaluations of the TRUGENE 5�NC (4, 11). To date, none of
these comparisons has evaluated the TRUGENE 5�NC in con-
junction with the new HCV 5�NC GeneLibrarian module 3.1.2
(GL 3.1.2; Bayer HealthCare LLC). The GL 3.1.2 is a new
5�NC sequence database validated by phylogenetic analysis of
the 5�NC and corresponding NS5B sequences from over 250
HCV strains collected worldwide and is designed for use with
the TRUGENE 5�NC (A. Grunwald-Petty, C. Sturchio, P.
Berger, M. Rosser, P. Nordstrom, A. Beyou, A. Buckton, B.
Clarke, S. Elagin, and A. De La Rosa, Abstr. 53rd Annu. Mtg.
Am. Assoc. Study Liver Dis., abstr. 757, 2002).

This study was undertaken to evaluate and compare the
HCV genotyping capability of the TRUGENE 5�NC using
both GL 3.1.1 and 3.1.2 with that of LiPA. Concordance be-

tween HCV genotyping results obtained from TRUGENE
5�NC and LiPA with clinical specimens was also compared.
An in-house TRUGENE HCV NS5B genotyping assay
(TRUGENE NS5B; Bayer HealthCare LLC) was used to test
specimens yielding discordant results between the TRUGENE
5�NC with GL 3.1.2 and LiPA.

A total of 96 unique HCV RNA-positive patient serum
specimens submitted to our diagnostic laboratory (Mayo Med-
ical Laboratories, Rochester, Minn.) for HCV genotyping by
LiPA were selected for this study. Of the 53 specimens col-
lected retrospectively between June 2000 and March 2002 (in-
cluding genotypes 1, 2, 3, 4, 5, 6, and 10), 4 specimens were
unsuccessfully genotyped by LiPA. The remaining 43 speci-
mens were collected prospectively between March 2002 and
April 2002. This study was approved by the Mayo Institutional
Review Board.

All specimens were subjected to RNA extraction and RT-
PCR amplification using the COBAS AMPLICOR Hepatitis C
Virus test, version 2.0 (Roche Molecular Systems, Inc.,
Branchburg, N.J.), following the manufacturer’s instructions.
The amplification products were used directly in LiPA and
purified with the QIAquick PCR purification kit (Qiagen, Inc.,
Valencia, Calif.) prior to use in the TRUGENE 5�NC. All
specimens further analyzed by TRUGENE NS5B were pro-
cessed with the Epicentre Masterpure RNA purification kit
(Epicentre Technologies, Madison, Wis.). For TRUGENE
NS5B, a portion of the HCV NS5B region was amplified from
each specimen with the Titan One Tube RT-PCR kit (Roche
Applied Science, Indianapolis, Ind.) and used directly in the
assay.

LiPA was performed with the AutoBlot 2000 instrument
(MedTec, Inc., Chapel Hill, N.C.) following the manufactur-
er’s instructions. TRUGENE 5�NC genotyping consisted of
CLIP sequencing, a proprietary single-tube DNA sequencing
technique utilizing fluorescently labeled primers to generate
bidirectional sequence data, followed by sequence analysis
with the OpenGene DNA sequencing system, GeneObjects
DNA analysis software, and GL 3.1.1 or 3.1.2. TRUGENE
NS5B genotyping was performed with HCV NS5B RT-PCR
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amplification products directly in CLIP sequencing reactions.
NS5B sequences were analyzed with the OpenGene DNA se-
quencing system, GeneObjects DNA analysis software, and a
prototype HCV NS5B GeneLibrarian module 5.1 (Grunwald
Petty et al., Abstr. 53rd Annu. Mtg. Am. Assoc. Study Liver
Dis.).

Concordance between TRUGENE 5�NC (with GL 3.1.1 and
3.1.2) and LiPA is summarized in Tables 1 and 2. The typing
efficiencies (genotype assignment with or without a subtype) of
the TRUGENE 5�NC using GL 3.1.1 and 3.1.2 were 94.8% (91
of 96) and 92.7% (89 of 96), respectively, compared with 94.8%
(91 of 96) when using LiPA. Subtyping efficiencies (specific
subtype assignment) among the assays were 60.4% (58 to 96),
86.5% (83 to 96), and 62.5% (60 to 96), respectively. Discor-
dant subtyping results (TRUGENE 5�NC versus LiPA) were

found in 4.5% (4 of 88) and 14.9% (13 of 87) of the specimens
with the GL 3.1.1 (Table 1) and the GL 3.1.2 (Table 2) mod-
ules, respectively.

The genotyping accuracy of TRUGENE 5�NC with GL 3.1.2
was confirmed by TRUGENE NS5B among specimens show-
ing discordant results between TRUGENE 5�NC with GL
3.1.2 and LiPA (Table 3). A single genotype-discordant result
(10a versus 3) between the TRUGENE 5�NC and LiPA can be
attributed to differences in the classification schemes used by
each assay. The genotype 3 designation is in concordance with
currently accepted HCV taxonomy (9). Among the specimens
included in Table 3, the subtyping results of TRUGENE 5�NC
with GL 3.1.2 were largely supported by those obtained with
TRUGENE NS5B. The two assays were in complete agree-
ment in 10 of 13 subtype-discordant specimens and 2 of 9

TABLE 1. Concordance between the TRUGENE 5�NC (GL 3.1.1) and LiPA

LiPA
genotype (n)

No. of specimens with TRUGENE 5�NC (GL 3.1.1) genotype concordancea

1 NS 1a 1b 1c 2 NS 2b 2c 3 NS 3a 4 NS 4a 5a 6a NTb

1 NS (2) 1 1
1a (24) 22 2
1b (10) 2 7 1
1a/1b (3) 3
2 NS (3) 1 1 1
2a/2c (7) 7
2b (7) 6 1
3a (7) 2 5
4 NS (8) 8
4c/4d (8) 8
4e (2) 1 1
4f (1) 1
4h (2) 2
5a (2) 1 1
6a (4) 4
10a (1) 1
NT (5) 1 1 1 2

a Discordant results are underlined. NT, not typeable; NS, no subtype assigned.
b Includes three specimens yielding no sequence by the TRUGENE 5�NC assay (HCV RNA titer � 615 IU/ml).

TABLE 2. Concordance between the TRUGENE 5�NC (GL 3.1.2) and LiPA

LiPA
genotype (n)

No. of specimens with TRUGENE 5�NC (GL 3.1.2) genotype concordancea

1 NS 1a 1b 2a 2b 2c 3 NS 3a 4 NS 4a 4i 5a 6a NTb

1 NS (2) 1 1
1a (24) 2 22
1b (10) 1 1 7 1
1a/1b (3) 3
2 NS (3) 1 1 1
2a/2c (7) 7
2b (7) 6 1
3a (7) 7
4 NS (8) 2 4 2
4c/4d (8) 8
4e (2) 2
4f (1) 1
4h (2) 2
5a (2) 1 1
6a (4) 4
10a (1) 1
NT (5) 1 1 3

a Discordant results are underlined. NT, not typeable; NS, no subtype assigned.
b Includes three specimens yielding no sequence by the TRUGENE 5�NC assay (HCV RNA titers � 615 IU/ml).
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specimens of “undetermined” discordance, whereas TRUGENE
NS5B supported the LiPA result in only 1 of 13 subtype-
discordant specimens (Table 3). TRUGENE 5�NC with GL
3.1.1 assigned a subtype in only 2 of 13 subtype-discordant
specimens and 3 of 9 specimens of “undetermined” discor-
dance. Furthermore, LiPA and TRUGENE 5�NC with GL
3.1.1 each yielded an additional type discrepancy compared to
TRUGENE NS5B (5a versus 1a and 4a versus 1a, respectively)
among the “undetermined” discordant results (Table 3).

The clinical significance of HCV genotyping has been well
documented, and many clinical laboratories are routinely per-
forming genotyping by a variety of methods. However, meth-
ods utilizing nucleic acid amplification products generated di-
rectly from the HCV 5�NC region are typically the most
efficient, since amplification products can be consistently gen-
erated from diverse HCV strains and may be readily available
from qualitative or quantitative HCV RNA testing. Both LiPA
and TRUGENE 5�NC are commercially available and are
compatible with HCV RNA target amplification assays target-
ing the HCV 5�NC region.

Despite their inability to accurately subtype some HCV
strains, both TRUGENE 5�NC and LiPA are currently accept-
able for routine clinical HCV genotyping. This is particularly
true because the clinical significance of HCV subtyping re-
mains unknown. In contrast to LiPA, TRUGENE 5�NC (with

GL 3.1.1 or 3.1.2) provided more detailed sequence informa-
tion, and, unlike LiPA, the OpenGene platform proved to be
flexible and easily updated with new sequence data (GL 3.1.2).
In summary, the introduction of the GL 3.1.2 represents a
significant improvement in the TRUGENE 5�NC, yielding im-
proved genotyping accuracy compared to that of TRUGENE
5�NC with GL 3.1.1 or LiPA. However, the TRUGENE 5�NC
with GL 3.1.2 remains limited in its ability to accurately sub-
type all HCV strains due to the high degree of sequence con-
servation found within the HCV 5�NC region.
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TABLE 3. Assay comparison among discordant LiPA and
TRUGENE 5�NC (GL 3.1.2) specimens

Discordance (n)

Genetype determined bya:

LiPA
TRUGENE 5�NC TRUGENE

NS5B
(GL 5.1)GL 3.1.1 GL 3.1.2

Type (1) 10a 3 NSb 3 NSb 10a

Subtype (13) 4e 4a 4a 4e
4h 4a 4a 4a
4h 4 NS 4a 4a
4e 4 NS 4a 4a
4c/4d 4 NS 4a 4a
4c/4d 4 NS 4a 4a
4c/4d 4 NS 4a 4a
4c/4d 4 NS 4a 4a
4c/4d 4 NS 4a 4a
4c/4d 4 NS 4a 4a
4c/4d 4 NS 4a 4a
4c/4d 4 NS 4a FS
1b 1 NS 1a FS

Undetermined (9) NT 4 NS 4a 4a
NT 2b 2b 2b
NT NT NT 4e
NT 4a NT 1a
5a 1b NT 1a
4f NT NT FS
NT FSc ND ND
2b FSc ND ND
1b FSc ND ND

a FS, failed sequence; ND, not done; NS, no subtype assigned; NT, not type-
able.

b HCV genotype 10a is reported as a subtype of genotype 3 in concordance
with NS5B phylogenetic analysis.

c HCV RNA titer � 615 IU/ml.
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