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We compared the performances of three hepatitis C virus genotyping methodologies supplied by Bayer,
Abbott, and Third Wave Technologies. Genotypes were determined for 136 of 137 specimens by the Bayer
method, 121 of 137 specimens by the Invader assay, and only 77 of 137 specimens by the Abbott assay. All
reported genotypes were concordant by all three methods.

Infections caused by specific hepatitis C virus (HCV) geno-
types, such as 1a and 1b, are more refractory to antiviral ther-
apy than those caused by other genotypes commonly seen in
the United States (3–4, 10). For this reason, HCV genotyping
has become a critical component of the standard of care of
HCV-infected patients (6). Several commercial HCV genotyp-
ing assays are currently available to clinical laboratories. Two
Food and Drug Administration-approved methods in wide use
are the Trugene 5� NC genotyping kit (2, 7) and the Versant
HCV genotyping kit (both from Bayer Diagnostics, Tarrytown,
NY) (1, 7). The former method is based on the sequencing of
a segment of the 5� noncoding (5�-NC) region of the HCV
genome. The latter method is based on differential hybridiza-
tion of the same region of the HCV genome to oligonucleo-
tides immobilized on a nylon strip.

More recently, two alternative methods have become avail-
able as analyte-specific reagents. The Abbott HCV genotyping
kit is based on real-time reverse transcription-PCR technology.
Unlike the two Bayer assays, the Abbott method is performed
directly on RNA extracted from a patient specimen (plasma)
and not from previously amplified viral nucleic acid. As with
the Trugene and Versant genotyping methods, the Abbott
assay also targets sequences from the 5�-NC region of the HCV
genome. The other method is the Invader HCV genotyping
assay, developed by Third Wave Technologies, Inc. (TWT) (1).
This assay also targets sequences in the 5�-NC region of the
HCV genome to determine the genotype. The assay utilizes
cleavase and fluorescence resonance energy transfer technol-
ogies, combined with automated, computerized data analysis,
to provide test results in about 1 h (1). The RNA extraction
step is not necessary to perform the TWT Invader assay.

In this study, we compared the performance of the Trugene,
Abbott, and Invader methods using a panel of 137 plasma
samples submitted to the Molecular Infectious Diseases Lab-
oratory at Vanderbilt University Medical Center. HCV viral
loads and genotyping were determined previously using the
Cobas Amplicor HCV Monitor test (Roche Molecular Sys-
tems, Inc.) and the Trugene HCV 5� genotyping kit, respec-

tively. The viral loads of the samples ranged from less than 300
to 1.4 � 107 HCV RNA IU/ml. The starting samples for the
Trugene and the TWT genotyping methods were amplicons
generated using a COBAS MONITOR HCV test (Roche Di-
agnostic Corporation, Indianapolis, IN) and a user-devel-
oped, real-time TaqMan assay, respectively, as described
previously (8, 9). These samples were extracted with the
QIAGEN Viral RNA Mini kit before amplification. RNA sam-
ples to be analyzed by the Abbott method were extracted from
400 �l of plasma using the QIAGEN M48 Biorobot and Ma-
gAttract Viral RNA Mini kit reagents using the virus IC1.1.1
protocol. The final elution volume of extracted RNA was 100
�l in RNase-free water. Genotyping with the Invader assay was
performed as previously described (1).

Genotyping using the Abbott assay was performed as fol-
lows: three parallel real-time PCR master mixes were assem-
bled, each containing Abbott’s proprietary HCV genotyping
reagents, Z05 DNA polymerase, manganese, and one of three
different primer/probe cocktails. Eight microliters of the ex-
tracted RNA was added to 22 �l of each master mix. Ampli-
fication and detection were performed using an ABI 7000
real-time PCR system provided by Abbott. Data analysis was
performed using software provided by the manufacturer.

In terms of complexity of use, the Bayer Trugene method
was the most labor-intensive, requiring several manual pipet-
ting steps, sequencing gel preparation, and setup of the se-
quencing gel towers. Both the Abbott and TWT Invader meth-
ods required significantly fewer pipetting steps and less
preparation time (Table 1). In this study, the time to result for
the Bayer assay was approximately 6 h (exclusive of RNA
extraction), significantly longer than the 4 h previously de-
scribed (5). Not including RNA extraction, the times to result
of the Abbott and TWT genotyping methods were approxi-
mately 2.5 h and 1.5 h, respectively (Table 1). Throughput was
highest with the Abbott TaqMan method (32 samples per run),
followed by Bayer and TWT (12 and 11 patient samples, re-
spectively) (Table 1).

The Bayer Trugene method was able to successfully geno-
type 136 of the 137 patient plasma specimens utilized in this
study, giving a typeable rate of 99.3%. Genotypes were deter-
mined for 121 (88.3%) and 77 (56.2%) specimens using the
TWT Invader and Abbott TaqMan PCR assays, respectively.
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When generated, genotyping results were concordant across all
three assays, with one exception: both the TWT and Abbott
methods were able to detect a mixed infection with genotypes
1 and 2 (1b/2b with the Abbot assay), which was detected as
type 1b by the Bayer Trugene method (Table 2). The TWT
Invader method gave a “low-template” result for 15 specimens,
14 of which had HCV viral loads below 300 IU/ml, with one
specimen having a viral load of 12,100 IU/ml. There is no
explanation as to why there was a “low-template” result for the
latter specimen. The Abbott method was unable to generate
genotypes for all 17 specimens with viral loads less than 300
IU/ml: 15 results were not typeable, and 2 were reported as
indeterminate. An additional 42 specimens, all with viral loads
well over 1,000 IU/ml were reported to be not typeable (20
specimens) or indeterminate (22 specimens) (Table 2).

Both the Abbott and Trugene methods were able to subtype
genotypes 1 and 2. Additionally, the latter method could sub-
type genotypes 3, 4, and 6. No subtyping results were generated
using the TWT Invader methodology.

In conclusion, both the Bayer Trugene and TWT Invader
HCV genotyping methods successfully genotyped nearly all of
the plasma specimens with viral loads above 300 IU/ml; geno-
typing was successful with the former assay for all but one
specimen used in this study. Complete concordance was ob-
tained across all three platforms when genotypes were success-
fully reported. Both the Bayer Trugene and TWT Invader
assays resulted in the highest number of successful genotypes.
Similar to the TWT Invader method, the Abbott TaqMan
assay was unsuccessful at genotyping all plasma samples con-
taining less than 300 IU/ml and failed to type an additional 42
samples, even though viral loads were in excess of 1,000 IU/ml.
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TABLE 1. Comparison of Abbott, Third Wave, and Bayer HCV genotyping assays

Method Starting sample Extraction
required

Total no. of
samples/runa

Time required for:

Extraction Assay setup Incubation Data analysis

Abbott Plasma Yes 32 3.5 hc 1 h 1 h 20 min 15 min
Third Wave Amplified DNAb No 11 2.5 hd 0.5 h 0.5 h 15 min
Bayer Trugene Amplified DNAb No 12 2.5 hd 1.5 h 3 h 30 mine 1 h

a Including controls.
b Amplification products from the Roche Cobas Amplicor HCV Monitor viral load assay.
c For a batch of 48 samples using the QIAGEN M48 Biorobot.
d Time used for RNA extraction from original specimens was included.
e This includes the sequencing reaction plus the time to run three gel electrophoresis experiments (four samples per gel using two electrophoresis towers).

TABLE 2. Results of the Bayer Trugene, TWT Invader, and
Abbott TaqMan HCV genotyping assays

Genotype result

No. of specimens

Bayer
Trugene

Third Wave
Invader

Abbot
Diagnostics

1 9 94 0
1a 63 0 40
1b 30 0 16
2 0 12 0
2a 3 0 0
2b 13 0 0
3 1 7 6
3a 8 0 0
4 0 5 2
4a 4 0 0
4c 1 0 0
4i 1 0 0
6 1 2 2
6b 1 0 0
Mixed (1 and 2) 0 1 1
Low template 0 15 0
Not typeable 1 0 35
Indeterminate 0 0 24

Totala 136 121 77

a Total number of samples with a successful genotype determination.
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