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Accurate hepatitis C virus (HCV) RNA quantification is mandatory for the management of chronic hepatitis C therapy. The first-gen-
eration Cobas AmpliPrep/Cobas TaqMan HCV test (CAP/CTM HCV) underestimated HCV RNA levels by >1-log10 international
units/ml in a number of patients infected with HCV genotype 4 and occasionally failed to detect it. The aim of this study was to evaluate
the ability of the Cobas AmpliPrep/Cobas TaqMan HCV test, version 2.0 (CAP/CTM HCV v2.0), to accurately quantify HCV RNA in a
large series of patients infected with different subtypes of HCV genotype 4. Group A comprised 122 patients with chronic HCV geno-
type 4 infection, and group B comprised 4 patients with HCV genotype 4 in whom HCV RNA was undetectable using the CAP/CTM
HCV. Each specimen was tested with the third-generation branched DNA (bDNA) assay, CAP/CTM HCV, and CAP/CTM HCV v2.0.
The HCV RNA level was lower in CAP/CTM HCV than in bDNA in 76.2% of cases, regardless of the HCV genotype 4 subtype. In con-
trast, the correlation between bDNA and CAP/CTM HCV v2.0 values was excellent. CAP/CTM HCV v2.0 accurately quantified HCV
RNA levels in the presence of an A-to-T substitution at position 165 alone or combined with a G-to-A substitution at position 145 of the
5= untranslated region of HCV genome. In conclusion, CAP/CTM HCV v2.0 accurately quantifies HCV RNA in genotype 4 clinical
specimens, regardless of the subtype, and can be confidently used in clinical trials and clinical practice with this genotype.

Accurate hepatitis C virus (HCV) RNA quantification is man-
datory for the management of chronic hepatitis C therapy.

HCV RNA level monitoring during antiviral treatment with pegy-
lated alpha interferon (IFN-�) and ribavirin is key to assess viro-
logic responses, guide treatment duration, and decide futility (1–
3). In patients infected with HCV genotype 1, treatment is now
based on a triple combination of pegylated IFN-�, ribavirin, and
one of two protease inhibitors, either telaprevir or boceprevir. A
rapid virologic response (defined as an undetectable HCV RNA at
week 4 of protease inhibitor administration) is a strong predictor
of sustained viral eradication with this triple combination (3–7).
Futility rules have been established in order to prevent unneces-
sary exposure to the protease inhibitor and to avoid adverse
events, the emergence of viral resistance, and useless costs. They
are defined by an HCV RNA level of �1,000 international units
(IU)/ml at week 4 or 12 or detectable at week 24 for telaprevir or by
an HCV RNA level of �100 IU/ml at week 12 or detectable at week
24 for boceprevir (3, 8, 9).

Numerous new direct-acting antiviral (DAA) drugs and host-
targeted agents (HTA) that block the HCV life cycle have reached
early to late clinical development. A number of trials are ongoing
in treatment-naive and treatment-experienced patients infected
with HCV genotypes 1 to 4, including (i) triple combinations of
pegylated IFN-�, ribavirin, and a DAA or HTA, (ii) quadruple
combinations of pegylated IFN-�, ribavirin, and two DAAs, or
(iii) all-oral, IFN-free DAA/HTA-based regimens (10). With these
new therapies, HCV RNA level monitoring is and will remain the
most useful parameter to assess treatment responses and guide
treatment decisions.

Assays based on real-time PCR are recommended for HCV
RNA detection and quantification by international Clinical Prac-
tice Guidelines and now widely used in clinical virology laborato-

ries (1–3). Among them, the Cobas AmpliPrep/Cobas TaqMan
HCV test (CAP/CTM HCV; Roche Molecular Systems, Pleasan-
ton, CA) is fully automated, making use of automated extraction
with the Cobas AmpliPrep and automated real-time PCR ampli-
fication and quantification with the Cobas TaqMan device. The
first-generation of this assay, CAP/CTM HCV, faced a number of
technical issues (11–15). In particular, we showed that approxi-
mately 30% of HCV genotype 4 infections were underestimated
by �1 log10 IU/ml with this assay (12). In addition, CAP/CTM
HCV failed to detect HCV RNA in patients infected with HCV
genotype 4 with high HCV RNA levels in other assays (11, 13).
Sequence analysis of the 5= untranslated region (5=UTR) of HCV
genome, the region targeted by the assay primers and probe, al-
lowed us to identify single nucleotide polymorphisms at 5=UTR
positions 145 and 165 as the main causes of underestimation or
lack of detection of HCV RNA in patients infected with HCV
genotype 4 (14). We confirmed this finding by generating in vitro
RNA transcripts from a plasmid containing either wild-type or
mutated sequences and showing that the presence of one of these
substitutions substantially reduced the HCV RNA level measured
with CAP/CTM HCV, whereas the presence of both substitutions
abolished HCV RNA detection (14).
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HCV genotype 4 is currently increasing in incidence and prev-
alence in the intravenous drug user community in Western Eu-
rope and many industrialized areas (16, 17). It now represents
approximately 10% of cases in France (17). HCV genotype 4 in-
fection is difficult to treat and thus an important target of new
HCV drug development. Therefore, accurate detection and quan-
tification of HCV genotype 4 RNA is mandated in clinical trials
with new HCV therapies and in clinical practice.

A second generation of the CAP/CTM assay for HCV RNA, the
Cobas AmpliPrep/Cobas TaqMan HCV test, version 2.0 (CAP/
CTM HCV v2.0), has been recently released. Several changes have
been made, including a required volume of 650 �l instead of 850
�l in version 1, and the addition of a second probe to improve
quantification of genotype 4 RNA. The aim of the present study
was to evaluate the ability of the newly developed CAP/CTM HCV
v2.0 assay to accurately quantify HCV RNA in a large series of
patients infected with different subtypes of HCV genotype 4, fre-
quently encountered in clinical practice.

MATERIALS AND METHODS
Clinical specimens. Plasma and serum samples were obtained from pa-
tients infected with HCV genotype 4 referred to our Hepatology Reference
Center with a diagnosis of chronic HCV infection and tested in our labo-
ratory or diagnosed with HCV infection at the Cerba laboratory. Residual
samples were used, and the patients gave their consent to their use. Group
A comprised 122 patients with chronic HCV genotype 4 infection, all with
detectable anti-HCV antibodies and HCV RNA. Group B comprised 4
patients chronically infected with HCV genotype 4 in whom HCV RNA
was undetectable in CAP/CTM HCV but detectable with the Abbott Re-
alTime HCV assay (Abbott Molecular, Des Plaines, IL) and the branched
DNA (bDNA)-based Versant HCV RNA 3.0 assay (Siemens Medical So-
lutions Diagnostics, Tarrytown, NY). All samples were collected in 2011
and 2012.

The genotype and subtype were determined by means of the reference
method, i.e., sequencing of nonstructural 5B region of the HCV genome,
followed by phylogenetic analysis, as previously described (18). Group A
comprised 43 patients with subtype 4a, 4 with subtype 4c, 34 with subtype
4d, 9 with subtype 4e, 9 with subtype 4f, 2 with subtype 4g, 5 with subtype
4h, 4 with subtype 4k, 1 with subtype 4n, 8 with subtype 4r, and 3 with
subtype 4t. Group B comprised 2 patients with subtype 4h, 1 with subtype
4l, and 1 with subtype 4k.

Study design. Each clinical specimen was tested with three different
HCV RNA detection and quantification assays, including the bDNA-
based Versant HCV RNA 3.0 assay, used as a reference method for accu-
rate quantification, as well as CAP/CTM HCV and CAP/CTM HCV v2.0.
The sequence of the nearly full-length 5=UTR of HCV genome, the target
of CAP/CTM primers and probes, was determined in the 126 HCV RNA
positive clinical samples from groups A and B.

HCV RNA quantification. (i) CAP/CTM HCV and CAP/CTM HCV
v2.0 assays. HCV RNA was extracted from 850 �l for CAP/CTM HCV
and from 650 �l for CAP/CTM HCV v2.0 by means of the Cobas Ampli-
Prep automated extractor, according to the manufacturer’s instructions.
The Cobas TaqMan 96 analyzer was used for automated real-time PCR
amplification and detection of PCR products according to the manufac-
turer’s instructions. The data were analyzed with Amplilink software, ver-
sion 3.3. HCV RNA levels were expressed in IU/ml. The dynamic range of
quantification of CAP/CTM HCV is 43 to 69,000,000 IU/ml (1.6 to 7.8
log10 IU/ml), with a lower limit of detection of 15 IU/ml. The dynamic
range of quantification of CAP/CTM HCV v2.0 is 15 to 100,000,000 IU/ml
(1.2 to 8.0 log10 IU/ml), with the claimed lower limit of detection equal to
the lower limit of quantification (15 IU/ml, i.e., 1.2 log10 IU/ml).

(ii) Branched DNA assay. In the Versant HCV RNA 3.0 assay, HCV
RNA was recovered from 50 �l of serum or plasma and quantified by the
semiautomated system 340 bDNA analyzer (Siemens Medical Solutions

Diagnostics), according to the manufacturer’s instructions. HCV RNA
levels were expressed in IU/ml. The dynamic range of quantification of
this assay is 615 to 7,692,310 IU/ml (2.8 to 6.9 log10 IU/ml).

Sequence analysis of the 5=UTR. Sequence analysis of the almost full-
length 5=UTR was performed after nested PCR amplification of a 306-bp
fragment with the sense primers 5=NCRS and HCV28 and the antisense
primers 5=NCE/AS and 5=NCIAS, as previously described (12, 19).

Statistical analysis. Descriptive statistics are shown as the mean � the
standard deviation. Relationships between quantitative variables were
studied by means of regression analysis. For this, we used Deming regres-
sion, a statistical method for comparing non-gold-standard laboratory
methods that takes measurement errors for both methods into account.
For better visualization of differences between the quantification assays,
we also used the Bland-Altman plot method, in which the differences
between the two techniques are plotted against the averages of the two
techniques. P values of �0.05 were considered significant.

RESULTS
HCV RNA quantification accuracy and influence of the HCV
subtype. Figure 1 shows the relationships between HCV RNA
levels measured with bDNA and with the two versions of CAP/
CTM. This figure includes Deming regressions and Bland-Altman
representations for pairwise comparisons of the assays. Figure 2
shows a box plot representation of the individual differences be-
tween the CAP/CTM methods and bDNA according to the geno-
type 4 subtype (only subtypes for which enough specimens were
available to draw box plots, i.e., �5, are shown).

As shown in Fig. 1A, there was a good correlation between
HCV RNA levels measured in the same samples with bDNA and
CAP/CTM HCV, respectively (Deming regression equation: CAP/
CTM HCV � 1.15 � bDNA � 1.08). However, the HCV RNA
level measured with CAP/CTM HCV was lower than in the bDNA
in 93 of the 122 clinical specimens (76.2%), with a mean CAP/
CTM HCV minus bDNA of �0.25 � 0.26 (one standard devia-
tion) log10 IU/ml and a range of �1.27 to 	0.50 log10 IU/ml (Fig.
1B). Seven clinical specimens (5.7%) had their HCV RNA level
underestimated by �1.0 log10 IU/ml in CAP/CTM HCV versus
bDNA, including two with subtype 4a, one with subtype 4d, two
with subtype 4g, one with subtype 4h, and one with subtype 4k. As
shown in Fig. 2, underestimation of HCV RNA levels by CAP/
CTM HCV occurred regardless of the HCV genotype 4 subtype,
with median differences of �0.18, �0.26, �0.27, �0.02, and
	0.06 log10 IU/ml for subtypes 4a, 4d, 4e, 4f, and 4r, respectively.

Figure 1C shows the correlation between HCV RNA levels
measured with CAP/CTM HCV v2.0 and bDNA (Deming regres-
sion equation: CAP/CTM HCV v2.0 � 0.97 � bDNA 	 0.54). The
correlation between individual HCV RNA levels was improved
compared to CAP/CTM HCV, as shown in Fig. 1C and D. HCV
RNA levels were overestimated by CAP/CTM HCV v2.0 com-
pared to bDNA (mean CAP/CTM HCV v2.0 minus bDNA:
	0.35 � 0.14 log10 IU/ml, with a range of �0.08 to 	0.79 log10

IU/ml; Fig. 1D). Figure 2 confirms the overestimation of HCV
RNA levels by CAP/CTM HCV v2.0 compared to bDNA (median
difference: 	0.36, 	0.28, 	0.32, 	0.43, and 	0.50 log10 IU/ml
for subtypes 4a, 4d, 4e, 4f, and 4r, respectively). Compared to
CAP/CTM HCV, the range of differences between CAP/CTM
HCV v2.0 and bDNA was narrower, and only two samples were
slightly underestimated.

Finally, Fig. 1E and F show the relationship between both ver-
sions of CAP/CTM (Deming regression equation: CAP/CTM
HCV v2.0 � 0.84 � CAP/CTM HCV 	 1.47; mean CAP/CTM
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FIG 1 Deming correlation and Bland-Altman plot analyses of HCV RNA levels determined by bDNA, CAP/CTM HCV, and CAP/CTM HCV v2.0 in 122 clinical
samples (group A) containing different subtypes of HCV genotype 4. (A) Deming regression of CAP/CTM HCV versus bDNA. (B) Bland-Altman plots of
CAP/CTM HCV versus bDNA. (C) Deming regression of CAP/CTM HCV v.2.0 versus bDNA. (D) Bland-Altman plots of CAP/CTM HCV v2.0 versus bDNA.
(E) Deming regression of CAP/CTM HCV v2.0 versus CAP/CTM HCV. (F) Bland-Altman plots of CAP/CTM HCV v2.0 versus CAP/CTM HCV. In the Deming
regression figures, the dashed line is the identity line; the black line surrounded by two dashed lines shows the Deming fit and 95% confidence interval,
respectively. In the Bland-Altman figures, the difference between the HCV RNA levels obtained by the two assays is plotted as a function of the mean of the two
values; the gray area and numbers correspond to the mean difference � 1.96 standard deviation.
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HCV v2.0 minus CAP/CTM HCV: 	0.60 � 0.27 log10 IU/ml,
range, �0.15 to 	1.50 log10 IU/ml).

HCV RNA quantification according to single nucleotide
polymorphisms at positions 145 and 165 of the 5=UTR. The
nearly full-length 5=UTR of HCV genome was sequenced in 118 of
the 122 patients from groups A and B in order to assess the impact
on CAP/CTM HCV v2.0 quantification of nucleotide polymor-
phisms at positions 145 and 165, known to be responsible for
HCV RNA level underestimation with CAP/CTM HCV in pa-
tients infected with HCV genotype 4 (13, 14). The 5=UTR of the
remaining four samples could not be amplified despite detectable
HCV RNA levels (the median HCV RNA concentrations in these
samples were 5.7 log10 IU/ml in bDNA, 5.4 log10 IU/ml in CAP/
CTM HCV, and 6.1 log10 IU/ml in CAP/CTM HCV v2.0; thus,
amplification failure was not explained by a low viral level). None
of the 118 clinical specimens harbored a G-to-A substitution at
position 145, whereas 13 harbored an A-to-T substitution at po-
sition 165 (Table 1). These included four of the seven patients in
whom HCV RNA level was underestimated by �1 log10 IU/ml in

CAP/CTM HCV. In these 13 specimens, the mean difference be-
tween CAP/CTM HCV and bDNA was �0.70 � 0.40 log10 IU/ml
compared to 	0.30 � 0.15 log10 IU/ml with CAP/CTM HCV
v2.0, confirming the ability of the new version of the CAP/CTM
assay to more accurately quantify HCV RNA levels in the presence
of an A-to-T substitution at position 165.

The four clinical specimens from group B harbored both a
G-to-A substitution at position 145 and an A-to-T substitution at
position 165. Their HCV RNA was undetectable with CAP/CTM
HCV but detectable and quantifiable with the third-generation
bDNA assay and with the Abbott RealTime HCV assay. As shown
in Table 2, HCV RNA was detected in these four specimens by
CAP/CTM HCV v2.0; HCV RNA levels were greater than those
obtained with other quantitative assays for three of four speci-
mens.

DISCUSSION

Real-time PCR is now the reference method for quantification of
HCV RNA levels in clinical practice (1, 2). Among these tech-
niques, the Cobas TaqMan assays are the most widely used world-
wide. The main concern with the first-generation assays was the
substantial proportion of genotype 4 clinical specimens in which
HCV RNA levels were underestimated, sometimes by �1 log10

IU/ml, preventing their confident use in clinical trials or practice
with this genotype (12). Even more challenging was the identifi-

TABLE 1 HCV RNA quantification by CAP/CTM HCV, CAP/CTM
HCV v2.0, and bDNA in the 13 clinical specimens from group A
harboring an A-to-T substitution at nucleotide 165 (no patient
harbored a G-to-A substitution at nucleotide 145)

Genotype 4
subtype

HCV RNA level (log10 IU/ml)

CAP/CTM HCV CAP/CTM HCV v2.0 bDNA

4g 4.0 5.5 5.2
4g 4.1 5.5 5.2
4h 4.5 5.8 5.8
4c 6.0 6.7 6.2
4c 5.2 6.2 6.1
4e 5.3 6.2 5.8
4e 5.6 6.1 5.9
4e 5.2 5.8 5.4
4h 5.8 6.5 5.8
4k 4.9 6.1 5.9
4k 5.1 6.3 5.9
4d 4.4 5.8 5.6
4h 5.0 5.5 5.3

TABLE 2 HCV RNA quantification by CAP/CTM HCV, CAP/CTM
HCV v2.0, Abbott RealTime HCV, and bDNA in the four clinical
specimens from group B harboring a G-to-A substitution at nucleotide
145 and an A-to-T substitution at nucleotide 165 with undetectable
HCV RNA with CAP/CTM HCV

Genotype 4
subtype

HCV RNA level (log10 IU/ml)

CAP/CTM
HCV

CAP/CTM
HCV v2.0

Abbott RealTime
HCV bDNA

4h �1.08 5.8 5.4 5.0
4l �1.08 6.3 6.0 5.7
4h �1.08 6.7 6.5 6.2
4k �1.08 5.4 5.7 5.8

FIG 2 Box plot representation of the distribution of the differences between the HCV RNA levels obtained by the CAP/CTM HCV v2.0 assay and those obtained
by the bDNA assay, according to the HCV genotype 4 subtype. Only subtypes with more than five samples are represented. The midline and lower and upper
edges of the boxes represent the median value, 25th percentile, and 75th percentile, respectively. The lower and upper error bars represent the 10th and 90th
percentiles, respectively. The dots represent values that are below the 10th percentile or above the 90th percentile.
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cation of clinical samples in which the first-generation Cobas
TaqMan assays did not detect HCV RNA, whereas high virus titers
were found with other assays, including real-time PCR assays (11,
13). We identified single nucleotide polymorphisms in the 5=UTR
of HCV genome that are not rare in genotype 4 sequences and
were responsible for mismatches with the probe used for quanti-
fication in the first-generation Cobas TaqMan assays (14, 20).
Since accurate quantification regardless of the HCV genotype is
required in clinical practice, the manufacturer developed a new
version (v2.0) of its TaqMan assay.

In the present study, based on a large number of clinical spec-
imens covering a number of different HCV subtypes frequently
encountered in genotype 4-infected patients in Western Europe,
we showed that CAP/CTM HCV v2.0 no longer underestimated
HCV RNA levels in this population. The third-generation bDNA
assay can be used as a reference method because of its accuracy and
the lack of influence of the HCV genotype on quantification, due
to the use of a large number of hybridization probes without the
need for prior PCR amplification. We found that HCV RNA levels
were overestimated by CAP/CTM HCV v2.0 compared to bDNA.
This was in line with our previous findings showing that, for ge-
notypes other than 4, HCV RNA levels were slightly and homog-
enously overestimated with CAP/CTM HCV versus bDNA (12).
This is not surprising, because different assays often have slight
differences in their calibration in spite of the use of the World
Health Organization standard, with no impact in clinical practice.

Most importantly, CAP/CTM HCV v2.0 was able to detect and
accurately quantify HCV RNA levels in samples that were substan-
tially underestimated or HCV RNA-negative with first-generation
CAP/CTM HCV. Sequence analysis of the 5=UTR confirmed the
important role of single nucleotide polymorphisms at positions
145 and/or 165 in HCV RNA level underestimation by CAP/CTM
HCV and the lack of effect of these polymorphisms on quantifi-
cation with CAP/CTM HCV v2.0. These results, generated with
the commercial version of the test, confirmed data obtained with
a prototype version of this assay, showing that CAP/CTM HCV
v2.0 was able to accurately quantify plasmids containing these
substitutions, whereas version 1 was not (20).

In conclusion, we show here that the main flaw of CAP/CTM
HCV has been corrected in the second-generation of this assay
and that CAP/CTM HCV v2.0 can be confidently used to detect
and quantify HCV genotype 4 RNA in both clinical trials with new
anti-HCV drugs and clinical practice.
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