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The key parameter for diagnosis and management of hepatitis C virus (HCV) infection is HCV RNA.
Standardization of HCV RNA assays to IU is mainly based on genotype 1 panels. Little is known about the
variability of commercially available HCV RNA assays for quantification of different genotypes. Two real-time
reverse transcription (RT)-PCR assays (COBAS TaqMan HCV Test for use with the High-Pure System
[HPS/CTM] and COBAS Ampliprep/COBAS TaqMan HCV Test [CAP/CTM]), one standard RT-PCR assay
(COBAS Amplicor HCV Monitor 2.0 [CAM]), and one signal amplification assay (Versant Quantitative 3.0
[branched DNA {bDNA}]) were compared for quantification of genotypes 1 to 5 (n � 108). Using CAM as a
reference assay for genotype 1-infected patients, the mean interassay differences compared with CAP/CTM,
HPS/CTM, and bDNA were 0.16, �0.13, and �0.48 log10 IU/ml HCV RNA, respectively. Comparison of CAM
with CAP/CTM, HPS/CTM, and bDNA for the remaining genotypes showed the following results, respectively:
2a/c, �0.24, �0.78, and �0.49; 2b, �0.21, �0.18, and �0.64; 3a, 0.13, �1.04, and �0.55; 4, �0.52, �1.51, and
�0.05; and 5, �0.28, �1.00, and �0.24 log IU/ml HCV RNA. A correct decision for treatment discontinuation
in genotype 1 patients at week 12 was possible only when the same assay was used at baseline and week 12.
Comparison of CAM with the CAP/CTM assay showed equal quantifications of genotype 1, 2, 3, and 5 samples,
while genotype 4 samples were slightly underestimated. For the HPS/CTM assay, a significant underestimation
of the HCV RNA concentrations of genotypes 2a/c, 3, 4, and 5 was observed. For the bDNA assay, a constant
lower quantification of genotypes 1 to 3 was detected.

Present recommendations for the management of alpha in-
terferon-based treatment in patients with chronic hepatitis C
virus (HCV) infection are based on HCV RNA measurements
before, during, and after antiviral therapy (6, 22). Changes in
HCV RNA serum concentrations during the early phase of
interferon-based therapy have been analyzed based on com-
plex models of viral kinetics and applied to the prediction of
treatment outcomes (13, 16, 31). In different studies, a high
predictive value for virologic nonresponse (98 to 100%) was
observed for HCV genotype 1- and genotype 4- to 6-infected
patients, with a decline in the HCV RNA serum concentration
of less than 2 log steps between baseline and week 12 of
(pegylated) alpha interferon-ribavirin combination therapy (3,
5, 8). Alternatively, an absolute HCV RNA concentration
above 30,000 IU/ml may be used for decisions about early
treatment discontinuation at week 12 (3). In addition, for ge-
notype 1- and genotype 4- to 6-infected patients at week 24 of
treatment, it is recommended that therapy be discontinued on
the basis of detectable HCV RNA in serum by qualitative
PCR-based assays (3, 5, 19). Recently, for patients infected
with genotype 2 or 3, the HCV RNA concentration at baseline
and viral decline at week 4 have been described as highly

predictive for virologic response to pegylated alpha interferon-
ribavirin combination therapy (4, 18, 30, 32). Furthermore, for
assessment of virologic response to currently developed direct
antiviral drugs (i.e., protease and polymerase inhibitors),
proper HCV RNA quantification for the different HCV geno-
types is critical (1, 14, 25, 26).

For measurements of HCV RNA, different qualitative and
quantitative tests based on target (reverse transcription [RT]-
PCR and transcription-mediated amplification) and signal am-
plification (branched DNA [bDNA]) techniques with different
lower detection limits and linear ranges of amplification are
commercially available. All quantitative HCV RNA assays are
standardized to IU on the basis of the first WHO HCV inter-
national standard, 96/790 (2, 7, 11, 17, 23, 24, 27). However,
continuing limitations are the lack of complete automation
(22), the necessity for dilutions for quantification by standard
PCR-based assays (6), the relatively low sensitivity of quanti-
tative HCV RNA assays (31), and the need for different test
systems for qualitative and quantitative HCV RNA measure-
ments (31). Furthermore, standardization of results to IU are
mainly based on HCV genotype 1 panels, and little is known
about the variability of commercially available HCV RNA
assays for quantification of different HCV genotypes.

Real-time PCR methods for the quantification of HCV
RNA have the advantage of linear amplification over a broad
dynamic range, together with an integrated, automated detec-
tion system. With efficient HCV RNA extraction, they have the
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potential to achieve lower detection limits of less than 10
IU/ml.

In the present study, we compared two real-time RT-PCR-
based assays (HCV RNA extraction with the manual High
Pure System, together with the COBAS TaqMan 48 Analyzer
[HPS/CTM], and HCV RNA extraction with the automated
COBAS Ampliprep instrument, together with the COBAS
TaqMan 48 Analyzer [CAP/CTM]), one standard RT-PCR-
based assay (COBAS Amplicor HCV Monitor 2.0 [CAM]),
and one signal amplification assay (Versant HCV Quantitative
3.0 [bDNA]) for HCV RNA quantification of clinical samples
of HCV genotype 1a-, 1b-, 2a/c-, 2b-, 3a-, 4-, and 5-infected
patients in Europe. For genotype 1- and genotype 2- and 3-in-
fected patients, in addition to baseline samples, week 12 and
week 4 samples, respectively, were analyzed. For estimation of
assay precision in the lower range and investigation of appar-
ent underquantification of certain HCV genotypes by the HPS/
CTM assay, HCV RNA measurements of samples after 1:20
dilution were performed.

MATERIALS AND METHODS

Comparative analyses of serum or plasma samples from patients with chronic
hepatitis C were performed with the following quantitative HCV RNA assays: (i)
HPS/CTM for real-time HCV RNA amplification and detection (Roche Diag-
nostics), (ii) CAP/CTM for real-time HCV RNA amplification and detection
(Roche Diagnostics), (iii) CAM as a standard nucleic acid extraction/RT-PCR-
based assay (Roche Diagnostics), and (iv) bDNA as a signal amplification assay
based on branched DNA technology (Bayer Diagnostics).

The COBAS TaqMan HCV Test for use with the High Pure System, the COBAS
AmpliPrep/COBAS TaqMan HCV Test, and the COBAS Amplicor HCV Monitor
Test v2.0 are currently not available for in vitro diagnostic use in the United States.

Undiluted clinical serum or plasma samples from European patients with
chronic hepatitis C infected with HCV genotype 1a/b (n � 40), 2a/c (n � 14), 2b
(n � 11), 3a (n � 24), 4 (n � 9), or 5 (n � 10) were used for parallel testing with
the four different assays in a single determination. To guarantee identical con-
ditions, serum or plasma samples stored at �80°C were thawed to generate
appropriate aliquots (50 to 850 �l) for the different assays. Prior to being tested
with the four different assays, all aliquots were stored again at �80°C. The same
procedure was carried out for testing of 1:20 dilutions in a subset of samples with
sufficient volumes available. For testing at week 12 and week 4, 24 samples from
genotype 1a/b- and 24 samples from genotype 2- and 3-infected patients were
available. All HCV RNA measurements with the four different assays were per-
formed in the virologic laboratories of the Saarland University Hospital.

All patients had been enrolled in prospective studies and had been treated in
the hepatology outpatient clinics of the University Hospitals of Homburg and
Frankfurt, Germany. Treatment was performed with polyethylene glycol-alpha
interferon 2a at 180 �g per week subcutaneously, plus ribavirin orally (800 mg for
genotype 2- and 3- and 1,000/1,200 mg for genotype 1- and genotype 4- and
5-infected patients). Genotype 2- and 3-infected patients were treated for 24
weeks, and genotype 1- and genotype 4- and 5-infected patients were treated for
a maximum of 48 weeks.

Virologic response in the trials was assessed by a qualitative HCV RNA assay
with a lower sensitivity of 50 IU/ml (COBAS Amplicor HCV 2.0; Roche Diag-

nostics). According to the qualitative HCV RNA results, patients were defined as
(i) virologic nonresponders (NR) (HCV RNA positive at the end of treatment),
(ii) end-of-treatment responders with relapse (REL) (HCV RNA negative at the
end of treatment but positive thereafter), and (iii) virologic sustained responders
(SR) (HCV RNA negative at the end of treatment and at the end of follow-up).
Genotype 1-infected patients with a positive qualitative HCV RNA test at week
24 were defined as nonresponders, and treatment was discontinued according to
the study protocol.

Written informed consent was obtained from each patient, and the studies
were approved by the Ethics Committees of Medical Research in Homburg and
Frankfurt in accordance with the 1975 Declaration of Helsinki. All specimens in
this evaluation represented leftover samples from the studies described above;
no bleeds were obtained from patients specifically for this HCV RNA quantifi-
cation study of different HCV gentoypes.

Genotyping of HCV according to the classification of Simmonds et al. (29) was
performed by reverse hybridization assay (INNO LiPA HCV-II; Innogenetics,
Gent, Belgium).

Real-time RT-PCR-based assays (HPS/CTM and CAP/CTM). For testing with
the HPS/CTM assay, HCV RNA was isolated from a 0.5-ml aliquot of controls and
clinical specimens using the manual High Pure System Viral Nucleic Acid kit pro-
cedure. A known amount of HCV quantification standard RNA was introduced into
each specimen, along with the lysis reagent. For adsorption of HCV RNA and
quantification standard to a glass fiber surface, isopropanol was added to the lysis
mixture before centrifugation through a column with a glass fiber filter insert. After
removal of unbound substances, HCV RNA and HCV quantification standard RNA
were eluted from the glass fiber particles.

For testing with the CAP/CTM assay, HCV RNA was isolated from 0.85-ml
aliquots of controls and clinical specimens using the automated COBAS Amplip-
rep instrument. HCV quantification standard was added to the sample in order to
achieve full process control. After a protease incubation step, the lysis reagent,
together with the magnetic glass particles, was introduced into each specimen. HCV
RNA and HCV quantification standard RNA were bound to the surfaces of mag-
netic glass particles. After completion of several washing steps, the adsorbed nucleic
acids were eluted at elevated temperature with an aqueous solution.

After HPS- and CAP-based extraction of nucleic acids, samples and controls
were processed for amplification and detection using the COBAS TaqMan 48
Analyzer according to the instructions of the manufacturer. While the compo-
sitions of the reagents for amplification and detection are not identical, both
assays (HPS/CTM and CAP/CTM) rely on the same test principles. Reverse
transcription and amplification were carried out using primers that bind within
the highly conserved 5� nontranslated region of HCV; deoxynucleoside triphos-
phates, including deoxyuridine and Thermus species strain Z05 polymerase (a
single-tube, single-enzyme, single-primer set process). In the presence of man-
ganese (Mn2�), Z05 has both reverse transcription and DNA polymerase activ-
ities. The quantification standard represents a noninfectious RNA construct
containing fragments of HCV sequences with primer binding regions identical to
those of the HCV 5� nontranslated region, leading to an amplification product of
the same length and base composition as the HCV target RNA. For destruction
of potential contaminating DNA from previous amplifications, the AmpErase
system (AmpErase) was used. For detection of amplification products, the assays
utilize real-time PCR technology with two different dual-labeled fluorescent
oligonucleotide probes, which are able to bind HCV target amplicon and quan-
tification standard amplicon, respectively, within the regions spanned by the
primers. The two different probes for the HCV target and the quantification
standard are labeled with two different fluorescent reporter dyes. The reporter
fluorescence is suppressed in the intact probe by the proximity of the quencher
dye due to inductive-resonance-based energy transfer (Förster-type energy trans-
fer). During elongation, the hybridized dual-labeled oligonucleotide probe is

TABLE 1. HCV RNA concentrations of genotype 1- to 5-infected patients by four different assays

Genotype n

CAM CAP/CTM HPS/CTM bDNA

Mean concn
(IU/ml log10)

Range
(IU/ml log10)

Mean concn
(IU/ml log10)

Difference
from CAM

Mean concn
(IU/ml log10)

Difference
from CAM

Mean concn
(IU/ml log10)

Difference
from CAM

1a/b 40 6.18 4.08–7.19 6.34 0.16 6.05 �0.13 5.70 �0.48
2a/c 14 6.02 4.43–7.36 5.78 �0.24 5.24 �0.78 5.54 �0.49
2b 11 6.57 5.08–7.16 6.36 �0.21 6.39 �0.18 5.93 �0.64
3a 24 6.03 4.04–7.27 6.16 0.13 4.99 �1.04 5.48 �0.55
4 9 5.46 4.42–5.96 4.94 �0.52 3.95 �1.51 5.41 �0.05
5 10 6.00 5.61–6.34 5.72 �0.28 5.00 �1.00 5.76 �0.24

730 SARRAZIN ET AL. J. CLIN. MICROBIOL.



cleaved by the 5�-3� exonuclease activity of Z05 polymerase, leading to the
separation of reporter and quencher dyes. Within each cycle during the anneal-
ing and elongation phase of PCR, the increasing emission of fluorescence light
from such cleaved dual-labeled oligonucleotides is collected independently for
the HCV target and quantification standard at different wavelengths. The larger
the original HCV RNA amount of a specimen, the earlier the fluorescence of the
reporter dye rises above certain assigned fluorescence levels (the critical-thresh-
old value), whereas for the constant titer of quantification standard RNA, the
fluorescence of the reporter dye should appear at the same cycle for all speci-
mens. By comparison of critical-threshold values obtained for the target HCV
RNA and the quantification standard RNA, the original HCV RNA concentra-
tion of the specimen is calculated.

Due to the large dynamic range of the HPS/CTM and CAP/CTM assays, none
of the specimens investigated in the first part of this study, addressing the analysis
of undiluted pretreatment samples, had to be diluted.

Standard RT-PCR-based assay. Extraction of nucleic acids for testing with the
CAM assay was carried out from a 0.1-ml aliquot of controls and clinical spec-
imens according to the manufacturer’s instructions. Briefly, nucleic acids (HCV
RNA, together with the quantification standard RNA) were isolated by lysis of
virus particles with a chaotropic reagent, followed by a standard precipitation of
RNA with alcohol. Subsequently, reverse transcription and PCR amplification by
Thermus thermophilus polymerase and HCV RNA quantification with the CAM
assay were performed as previously described in detail (9). Predilutions were per-
formed for HCV RNA concentrations above 500,000 IU/ml. The lower detection
limit of the CAM version 2.0 assay, according to the manufacturer, is 600 IU/ml.

The CAM, HPS/CTM, and CAP/CTM assays are standardized against the first
WHO HCV international standard (96/790), and titer results are automatically
reported in international units (IU/ml).

Signal amplification-, bDNA-based assay. HCV RNA quantification with a
signal amplification-based assay was performed with the third generation of the

FIG. 1. Correlation of HCV RNA concentrations of clinical samples between the CAM and the CAP/CTM assays. Results are shown separately
for HCV genotype 1a/b, 2a/c, 2b, 3a, 4, and 5 samples. In addition to the single HCV RNA concentrations, the identity line and the regression line
(boldface) are shown.
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branched DNA nucleic acid probe test (bDNA). Several modifications to en-
hance signal amplification and to reduce nonspecific binding in comparison to
version 2.0 were introduced; the bDNA 3.0 test procedure has been described in
detail elsewhere (27).

The bDNA assay version 3.0 is standardized for IU, and the assay has been
reported to be linear over its entire dynamic range from the lower detection limit
of 615 IU/ml up to 8 million IU/ml (27).

Dilutions. In samples of different HCV genotypes (1a/b, n � 5; 2a/c, n � 3; 2b,
n � 4; 3a, n � 3; 4, n � 3; and 5, n � 3) with sufficient volume remaining after
initial testing, 1:20 dilutions were performed, and six replicates of each sample
were tested by each of the four quantitative HCV RNA assays. The results for
diluted samples were compared with the HCV RNA concentrations derived from
a single determination of the original undiluted specimens divided by 20.

Data analysis. Results are expressed as mean, median, and standard deviation
(SD) as appropriate. Correlation coefficients (R) were calculated for the linearity
of the assays.

RESULTS

Analyses of undiluted pretreatment samples. For analyses of
the different assays throughout their complete dynamic ranges
of quantification, undiluted HCV RNA concentrations of the
different HCV genotypes ranging from approximately 1 � 104

to 1 � 105 or 1 � 107 IU/ml were available (Table 1). For

FIG. 2. Correlation of HCV RNA concentrations of clinical samples between the CAM and the HPS/CTM assays. Results are shown separately
for HCV genotype 1a/b, 2a/c, 2b, 3a, 4, and 5 samples. In addition to the single HCV RNA concentrations, the identity line and the regression line
(boldface) are shown.
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comparison of the different HCV RNA quantification assays,
the results of the CAM test were used as a reference. The
mean HCV RNA concentration and range results for the CAM
assay are shown in Table 1.

Comparison of CAM with CAP/CTM. Comparison of CAM
with CAP/CTM showed a good correlation for genotypes 1,
2a/c, 2b, 3a, and 5 with differences ranging from �0.28 to
�0.16 log10 IU/ml (Table 1). For HCV genotype 4 samples, a
slightly higher mean deviation of �0.52 log10 IU/ml was ob-
served. The correlation coefficients (R) were calculated indi-
vidually for all of the different genotypes (Fig. 1). The results
for R for genotypes 1, 2b, 3a, and 4 ranged from 0.92 to 0.97

(Fig. 1). A slightly lower correlation coefficient for genotype
2a/c (R � 0.90) is explained by a higher variability of individual
results of HCV RNA concentrations by the CAP/CTM assay
than by CAM (Fig. 1). For genotype 5 samples, only patients
with relative high viral loads were available (5.61 to 6.34 log10

IU/ml), which also led to a lower correlation coefficient (R �
0.87) (Fig. 1).

Comparison of CAM with HPS/CTM. Comparison of CAM
with HPS/CTM showed a good correlation for genotype 1 and
2b samples only, with differences of �0.13 and �0.18 log10

IU/ml, respectively (Table 1). For HCV genotypes 2a/c, 3a, 4,
and 5, a significant underquantification was observed, ranging

FIG. 3. Correlation of HCV RNA concentrations of clinical samples between the CAM and the bDNA assays. Results are shown separately
for HCV genotype 1a/b, 2a/c, 2b, 3a, 4, and 5 samples. In addition to the single HCV RNA concentrations, the identity line and the regression line
(boldface) are shown.
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from �0.78 to �1.51 log10 IU/ml (Table 1 and Fig. 2). The
correlation coefficients were calculated individually for all the
different genotypes and ranged from 0.74 to 0.95 (Fig. 2).

Comparison of CAM with bDNA. Comparison of CAM with
bDNA showed constant lower HCV RNA concentrations for
genotype 1, 2a, 2b, and 3a samples, with mean differences of
�0.48 to �0.65 log10 IU/ml (Table 1). For HCV genotypes 4
and 5, a good correlation between CAM and bDNA assays was
observed, with differences of �0.05 and �0.24 log10 IU/ml,
respectively (Table 1). The correlation coefficients for geno-
types 1 to 4 were high (R � 0.95 to 0.97) (Fig. 3). Due to the
restriction to relatively highly concentrated specimens (5.61 to
6.34 log10 HCV RNA IU/ml), the correlation coefficient for
comparison with HCV genotype 5 samples was relatively low
(R � 0.87) (Fig. 3).

Analyses of prediluted samples. For estimation of the pre-
cision of the different assays in the lower range and for further
analyses of apparent underquantification of HCV genotype
2a/c, 3a, 4, and 5 samples by the HPS/CTM assay, 1:20 dilu-
tions were performed for three to five samples of each geno-
type/subtype (Table 2). The 1:20 dilutions were tested in six
replicates with the CAM, the CAP/CTM, the HPS/CTM, and
the VERSANT bDNA tests. The mean titers of the 1:20 dilu-
tions were compared to the expected titers; expected titers
were obtained by dividing the titer of the undiluted specimen
which had been tested in a single determination by the dilution
factor of 20.

For the CAM assay, a mean SD of a sixfold measurement of
each sample from 0.04 to 0.10 log10 IU/ml was observed for
HCV genotype 1 to 5 samples (Table 2). The differences be-
tween observed and calculated results fell between �0.37 and
0.40 log10 IU/ml (Table 2). For the CAP/CTM assay, a mean
SD of 0.05 to 0.09 log10 IU/ml and differences between ob-
served and calculated results of �0.45 to 0.03 were detected
(Table 2). For the HPS/CTM assay, relatively high mean SDs
of 0.08 to 0.37 were observed (Table 2). Interestingly, espe-
cially for genotype 3a-, 4-, and 5-infected patients, underquan-
tification in comparison with CAM was partially compensated
for by 1:20 dilution. Mean HCV RNA concentrations for ge-
notype 3a, 4, and 5 samples after 1:20 dilution were 0.38 to 0.62
log10 IU/ml higher, as was to be expected (Table 2), thereby
partially compensating for the underquantification of 1.00 to
1.51 log10 IU/ml (Table 1). Finally, for the bDNA assay, very
high accuracy of results after 1:20 dilution was observed, with
mean SDs of 0.02 to 0.04 log10 IU/ml and differences between
observed and expected results ranging from �0.08 to 0.06 log10

IU/ml.
Analyses of week 4 and 12 samples. For genotype 1-infected

patients, HCV RNA concentrations at baseline and week 12
were analyzed with the four different assays. A mean HCV
RNA decline of �2 log10 IU/ml was observed for all SR and
REL patients by the CAP/CTM and HPS/CTM assays due to
the lower detection limit of approximately 10 IU/ml for these
assays (28). However, also for the CAM and bDNA assays,
results at week 12 were either �2 log units below baseline or
below the detection limit of 600 to 615 IU/ml for all SR and
REL patients (Table 3). Prediction of a virologic relapse after
the end of treatment was not possible on the basis of the HCV
RNA decline between baseline and week 12. The mean differ-
ences of HCV RNA concentrations between baseline and
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week 12 were even higher in REL patients than in SR patients
(Table 3).

For NR patients, the mean difference between baseline and
week 12 HCV RNA concentrations was �2 log IU/ml by all
assays (Table 3). However, three of eight NR patients had a
decline of �2 log IU/ml at week 12 but were HCV RNA
positive at week 24.

Furthermore, measurement of HCV RNA concentrations at
baseline and week 12 with different assays (e.g., CAP/CTM at
baseline and bDNA at week 12) would have led to an aberrant
continuation of therapy in up to three NR patients.

For all HCV genotype 2- and 3-infected patients, a sharp
HCV RNA decline was observed from baseline to week 4, and
only one patient exhibited virologic nonresponse due to break-
through during further antiviral therapy (Table 4). As for geno-
type 1-infected patients, prediction of virologic relapse was not
possible by analyses of HCV RNA decline between baseline
and week 4 in patients with genotype 2 and 3 infections.

For all patients, a highly precise estimation of HCV RNA
decline early during therapy was possible by the CAP/CTM
and HPS/CTM assays due to their lower detection limits of
around 10 IU/ml (28). The range of decline was approximately
1 to 2 log steps higher for the CAP/CTM and HPS/CTM assays
than with the CAM and bDNA tests with lower detection limits
of 600 to 615 IU/ml (Tables 3 and 4).

For genotype 1 and genotypes 2 and 3, mean HCV RNA
concentrations at baseline were higher in REL than in SR
patients (7.0 � 106 versus 3.8 � 106 IU/ml and 6.4 � 106 versus
4.1 � 106 IU/ml, respectively). However, the differences did
not reach statistical significance (Mann-Whitney U test).

DISCUSSION

HCV RNA is the key parameter for management of acute
and chronic hepatitis C. Different methods have been devel-
oped for commercially available assays for the measurement of
HCV RNA in blood samples. Polymerase and ligase chain
reactions, as well as transcription-mediated amplification, am-

plify the HCV RNA before detection by colorimetric measure-
ments using specifically labeled primers or DNA probes. As an
alternative to amplification of the target, the original concen-
tration within a given sample can be quantified by enhancing
the fluorescent signal of specifically hybridized probes above a
detectable limit (bDNA). However, the different techniques
have their restrictions, which have led to diversification of
assays suitable either for sensitive qualitative or less sensitive
quantitative detection of HCV RNA. Real-time PCR technol-
ogy has the potential to overcome these restrictions by linear
online detection of HCV RNA from very low to extremely high
concentrations and therefore is considered the technique of
choice for highly sensitive quantification of DNA or RNA
targets (10, 15, 20).

A dual-labeled probe-based real-time RT-PCR assay
(TaqMan) has been automated and standardized for detection
of different RNA and DNA targets, including HCV RNA
(CTM). For measurement of HCV RNA concentrations, the
COBAS TaqMan test was combined with a manual (HPS)
sample preparation assay or an automated (CAP) sample
preparation step. In the present study, these new real-time
RT-PCR-based assays (HPS/CTM and CAP/CTM) were com-
pared with the widely distributed quantitative HCV RNA as-
says CAM and bDNA.

For comparison of the CAP/CTM assay with CAM as a
reference test, a high correlation for HCV RNA concentra-
tions of genotype 1, 2a/c, 2b, 3a, and 5 samples was observed.
The mean differences were always below �0.3 log10 IU/ml (i.e.,
twofold), and thus, a linear correlation between the two assays
is present. Only in genotype 4 samples was a slight underquan-
tification (mean HCV RNA concentrations, �0.52 log IU/ml)
detected, which requires further investigation on the basis of a
larger number of samples.

Comparison of the HPS/CTM assays with the CAM test
showed a good correlation for genotype 1 and 2b samples, with
a mean difference of �0.13 and �0.18 log10 IU/ml. For geno-
type 2a/c, 3a, 4, and 5 samples, a significant underquantifica-

TABLE 3. HCV RNA concentrations of genotype 1-infected patients: baseline compared with week 12 during therapy

Virologic
response n

CAM CAP/CTM HPS/CTM bDNA

Bl vs. week 12
(IU/ml log10)a Range Bl vs. week 12

(IU/ml log10) Range Bl vs. week 12
(IU/ml log10) Range Bl vs. week 12

(IU/ml log10) Range

SR 8 3.29 1.76–4.15 5.00 3.42–6.29 4.54 3.01–5.81 2.72 0.93–3.74
REL 8 3.87 2.97–4.49 5.17 2.91–6.63 5.17 3.69–6.18 3.23 2.35–4.04
NR 8 1.34 0.04–2.64 1.50 0.44–2.79 1.36 0.12–2.60 1.40 0.42–2.77

a Mean differences between HCV RNA concentrations at baseline (Bl) and week 12 of antiviral therapy.

TABLE 4. HCV RNA concentrations of genotype 2- and 3-infected patients: baseline compared with week 4 during therapy

Virologic
response n

CAM CAP/CTM HPS/CTM bDNA

Bl vs. week 4
(IU/ml log10)a Range Bl vs. week 4

(IU/ml log10) Range Bl vs. week 4
(IU/ml log10) Range Bl vs. week 4

(IU/ml log10) Range

SR 20 2.99 1.20–4.58 4.69 1.92–6.44 3.69 1.36–5.59 2.46 0.74–3.84
REL 3 3.93 3.28–4.29 4.99 2.63–6.44 3.71 2.18–4.68 3.30 2.83–3.70
NR (BT)b 1 4.10 6.15 5.00 3.51

a Mean differences between HCV RNA concentrations at baseline (Bl) and week 4 of antiviral therapy.
b BT, breakthrough.
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tion of �0.78 to �1.51 log10 IU/ml was observed. Due to this
underquantification, version 1 of the HPS/CTM assay is re-
stricted by the manufacturer to use in patients with genotype 1
and 6 infections only. Unfortunately for the present study, no
specimens of genotype 6-infected patients, which are very rare
in Europe, were available. The reasons for underquantification
of certain HCV genotypes by the HPS/CTM assay are un-
known. Because real-time RT-PCR-based assays represent a
complex optimization of the different steps of nucleic acid
preparation, amplification, and detection for the different
HCV isolates, subtypes, and genotypes, multiple reasons for
the underquantification of specific HCV genotypes have to be
considered. General mismatch of primers or the TaqMan
probe located within a highly conserved part of the 5� non-
translated region of the HCV genome, which was already used
for amplification by the CAM assay, was excluded by the man-
ufacturer. However, suboptimal binding of oligonucleotides
due to the secondary structure of the internal ribosome entry
site located within the 5� nontranslated region may be possible.
In the present study, we demonstrate that the underquantifi-
cation in the HPS/CTM assay can be partially compensated for
by 1:20 predilution of the samples. Thus, transfer of an inhib-
itor for PCR amplification or detection from nucleic acid ex-
traction appears to be a conceivable explanation for the under-
quantification by the HPS/CTM assay. Restriction to certain
HCV genotypes (2a/c, 3a, 4, and 5) may be explained by differ-
ences in the amplification efficiencies between HCV genotypes.

For the comparison of the bDNA assay with CAM, relatively
stable lower HCV RNA concentrations were observed in ge-
notype 1, 2a/c, 2b, and 3a samples (�0.48 to �0.64 log10

IU/ml), despite the standardization of both assays to the first
international WHO HCV standard (96/790). For genotype 4
and 5 samples, a good correlation of HCV RNA concentra-
tions between bDNA and CAM was detected. It is known that
linearity of quantification is lost for CAM for HCV RNA
concentrations above 1 � 105 to 5 � 105 IU/ml (2, 11). How-
ever, in previous studies, predilution for the CAM assay was
performed for samples of 	850,000 IU/ml only (2, 11). In the
present study, HCV RNA titers above 500,000 IU/ml were
considered to be outside the linear range of the CAM assay
and were retested after dilution. This may explain differences
from previous CAM/bDNA comparative studies. Interestingly,
after predilution (1:20) for samples of all genotypes, the cor-
relation between CAM and bDNA improved to a mean differ-
ence of approximately 0.3 log10 IU/ml. This is in accordance
with recent findings, with a recommendation of predilution for
all samples before measurement with CAM due to saturation
effects (21). However, also in the prediluted samples, a prin-
cipal difference of a significantly lower estimation of HCV
RNA concentrations in genotype 1 to 3 samples by the bDNA
assay compared to the CAM and CAP/CTM assays was de-
tectable throughout the present study, which may reflect dif-
ferences in the process for calibration to the WHO standard of
the assays.

In patients with chronic hepatitis C genotype 1 infection
treated with (pegylated) interferon plus ribavirin, decisions
about early treatment discontinuation are currently based
on quantitative HCV RNA measurements at baseline and
week 12 of therapy and a qualitative HCV RNA measure-
ment at week 24 (3, 5, 8, 22). In the present study, reliable

treatment decisions at week 12 could be made on the basis
of all HCV RNA assays tested (HPS/CTM, CAP/CTM,
CAM, and bDNA). However, it is important to note that a
change between different quantitative HCV RNA assays
from baseline to week 12 may lead to incorrect treatment
decisions and therefore should be avoided. Furthermore, the
importance of the week 24 discontinuation rule was demon-
strated by the fact that a significant number of NR patients
achieved a 	2-log-unit decline at week 12 but were HCV RNA
positive at week 24.

Taken together, comparison of the standard PCR-based
CAM assay with the real-time PCR-based, automated CAP/
CTM assay showed a good correlation of HCV RNA quan-
tification for HCV genotypes 1 to 5. By comparison of the
CAM assay with the HPS/CTM test, a significant under-
quantification of HCV genotypes 2a/c, 3a, 4, and 5 was
observed, while for genotype 1 and 2b samples, a high con-
cordance of HCV RNA concentrations was detected. For
the bDNA assay, constant 
0.5-log-unit-lower HCV RNA
concentrations were observed in comparison with the CAM
assay for genotype 1 to 3 samples.

Because of the high significance of HCV RNA concentra-
tions in the management of the current (pegylated) interferon-
ribavirin combination therapies and for future antiviral treat-
ment options based on direct antiviral drugs (3, 12, 14, 26, 32),
HCV RNA assays must be carefully analyzed for reliable quan-
tification of all of the different HCV genotypes.
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