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Performance of an automated system for quantification of
hepatitis C virus RNA
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Abstract

The Amplicor HCV Monitor™ test for quantitative determination of serum or plasma hepatitis C virus (HCV)
RNA was modified recently and introduced onto the Cobas Amplicor™ instrument to automate fully amplification,
detection and calculation of results. This new version (v2.0) was evaluated in a routine diagnostic laboratory. The
sensitivity and reproducibility were assessed on well-characterized panels (Eurohep) and clinical samples. HCV RNA
levels measured by the v2.0 Monitor test were about 1 log10 higher than those detected by the previous version test,
and genotypes 1 and 3 were quantified with equal sensitivity. Within the linear dynamic range of 103 to 106 copies/ml,
the coefficients of variation for both intra- and inter-assay reproducibility ranged from 1.9 to 2.95%. This test system
was found to be a reliable and labor saving assay for the quantification of HCV RNA. © 2000 Elsevier Science B.V.
All rights reserved.
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The detection of HCV RNA by reverse tran-
scription-PCR is crucial for the diagnosis of active
HCV infection or for monitoring the efficacy of
antiviral treatment. Recent data suggest that pre-
treatment viral load and early changes in serum
HCV RNA levels may predict the long-term re-

sponse to antiviral therapy (Shiratori et al., 1997;
Martinot-Peignoux et al. 1998; Tong et al., 1998),
creating a need for standardized HCV RNA
quantification assays. A standardized quantitative
(Amplicor HCV test) and a quantitative (Am-
plicor HCV Monitor test) HCV RNA assays have
been introduced. Both tests are based on a single-
tube RT-PCR followed by colorimetric detection
of amplified products in microwell plates. More
recently, PCR amplification and detection of am-
plified products have been automated fully with
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the Cobas Amplicor system (DiDomenico et al.,
1996; Kessler et al., 1997; Albaladejo et al., 1998;
Doglio et al., 1999). This study describes the
performance of the new version 2.0, Cobas Am-
plicor HCV Monitor test for the quantification of
HCV RNA using well characterized panels as well
as routine clinical specimens.

Screening of sera was undertaken using a third
generation Elisa (Ortho HCV 3.0; Ortho-Clinical
Diagnostics, Neckargemünd, Germany). Anti-
HCV immunoreactivity was confirmed with the
third generation RIBA HCV 3.0 SIA (Chiron
Corporation, Emeryville, CA, USA) following the
manufacturer’s instructions. All HCV antibody
positive specimens were tested for the presence of
HCV RNA using the first generation Cobas Am-
plicor HCV test (detection threshold: 1000 copies/
ml). Quantification of serum HCV RNA levels
was carried out with the manual first version 1.0
(Colucci and Gutekunst, 1997) and the newly
introduced version 2.0 of the Amplicor HCV
Monitor test. The version 2.0 test presents three
substantial improvements: dimethyl-sulfoxide
(DMSO) has been included in the amplification
mix, manganese is provided as a separate add-in
reagent, and the v2.0 quantitation standard
molecule is the same RNA transcript that is used
as internal control in Amplicor HCV qualitative
tests. The two versions of quantitation standard
RNA have identical size, base composition,
primers and probe binding sites. However, the
internal sequences of the v2.0 standard are ran-
domized differently to have fewer HCV-like se-
quences. Both Monitor tests use the same primers:
5%-biotin-labelled anti-sense primer KY78 and
sense primer KY80 (Young, et al. 1993), spanning
a 244 bp sequence from the highly conserved
5%-untranslated region of the HCV genome. A
known number of quantitation standard RNA
molecules are introduced into each specimen,
along with the lysis reagent, and both the patient
and quantitation standard RNA are co-extracted
manually. Amplification, detection of amplicons
and calculation of results are fully automated on
the Cobas Amplicor. After amplification, the in-
strument adds an alkaline denaturation solution
to the PCR products. Aliquots of denatured am-
plicons are transferred automatically to detection

tubes and diluted serially. Magnetic microparticles
coated with a probe directed either against HCV
(KY150) or the Quantitation Standard (SK535)
are added and used to capture the biotin-labeled
HCV or quantitation standard amplicons. After
hybridization and removal of unbound particles,
biotin-labeled amplicons are detected by an en-
zyme-linked immunosorbent assay. The calcula-
tion of patient viral copy number is carried out
automatically by comparing the signal generated
by the known number of quantitation standard
copies to the signal generated by the HCV target.
Three external control samples are included in
each quantification assay to ensure each assay run
integrity. In our hands, the negative control was
always found below the threshold detection and
the high (:5 log10 copies/ml) and low-titer (:
4 log10 copies/ml) controls were found within the
expected values with respective coefficients of
variation of 2.38% and 3.7%. Therefore, it was
not necessary to repeat any run throughout the
evaluation. Sensitivity of Monitor v2.0 assay was
assessed on two dilution panels of the Eurohep
genotype 1 and 3 plasma standards (Pelicheck
HCV-RNA, Netherlands Red Cross Blood Trans-
fusion Service, Amsterdam). The plasma stan-
dards and the Pelicheck HCV-RNA sensitivity
panel have been characterized in the second col-
laborative Eurohep study from the results of 44
laboratories (Damen, et al. 1996): the undiluted
genotype 1 standard should contain 36×105

genome equivalents per ml (gEq/ml) according to
6-fold analysis using the bDNA 1.0 assay (Quan-
tiplex™ HCV-RNA, Bayer Diagnostics), and
2.8×105 copies/ml using the Amplicor HCV
Monitor, v1.0 assay; the undiluted genotype 3
panel should contain 6.500 copies/ml by the Mon-
itor v1.0 assay and 12×105 gEq/ml based on
bDNA standards. Both 1/1000 dilutions of the
Eurohep plasma standards were reactive with the
Monitor v2.0 assay (Table 1).

To determine the linear dynamic range, ten
high-titer HCV positive samples were diluted seri-
ally 10-fold into negative human plasma: five
from genotype 1b, two from genotype 1a, two
from genotype 3a and one from genotype 4. Each
dilution was examined twice over 15 days by two
operators. All measures were plotted in a single
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graph by using S-Plus software 4.0 (Mathsoft
International, Surrey, United Kingdom, 1997).
The linear dynamic range was 103 to 106 copies/ml
with a 95% confidence interval (Fig. 1).

Intra- and inter-assay reproducibility was as-
sessed on three sera from patients infected with
HCV genotype 1b. Each sera was tested 10 times
in two separate assays, using two lots of reagents.
There was a trend for higher coefficients of varia-
tion at low viral titers. Within the linear range,
intra- and inter-assay coefficients of variation
ranged from 1.9 to 2.95% (Table 2). To assess the
inter-laboratory reproducibility, 30 sera collected
at random were aliquoted in duplicate and ana-
lyzed once by two laboratories. Ten samples were
found within the linear range or slightly above 106

copies/ml by both laboratories, with a mean9SD
coefficient of variation of 5.45%96.8. However,
coefficients of variation reached 9.43 and 23.8%
for low viral loads (Table 3). Qualitative concor-
dance was found for the 20 remaining specimens.

The comparison of viral loads measured by the
two versions of the Amplicor HCV Monitor test
on 31 genotyped samples (1a=14, 1b=8, 2=1,
3=5, 4=3) is shown in Fig. 2. As reported in
other studies (Hawkins et al., 1997; Lunel et al.,
1999), Monitor, v1.0 assay detected significantly
higher levels of viremia in patients infected by
HCV genotype 1 when compared to other geno-
types (P=0.01). A significant difference between
genotypes was not observed with the new Moni-
tor v2.0 test. Fifteen and 10 samples were found
slightly above, or within the linearity range of
Monitor v1.0 (3–5.7 log10 copies/ml) and Monitor
v2.0 (3–6 log10 copies/ml), respectively. With
these latter ten specimens, Monitor v2.0 gave
higher HCV-RNA concentrations with a mean
difference of +0.74 log10 copies/ml. The pub-
lished quantification results of the undiluted Eu-
rohep standards were multiplied by the dilution
factor of the panels and compared to the Monitor
v2.0 results (Table 1). Although calculated values
had not been evaluated in an equivalent manner

Table 1
Quantification of the EUROHEP panels with the cobas amplicor HCV Monitor test

Quantificaiton difference MonitorbDNA 1.0a,c Monitor 2.0 log10 copies/mlDilution Monitor 1.0b

log10 copies/ml 2.0 versuslog10 gEq/ml

bDNA 1.0 Monitor 1.0

Genotype 1 dilution panel
+0.11 +1.224.673.454.56100

1000 +0.503.56 +1.612.45 4.06
1.45 B3.0 / /4000 2.56

/16000 /1.56 0.45 B3.0
Mean difference +0.3 +1.41

Genotype 3 dilution panel
5.07 2.8110 5.11 +0.04 +2.30

+0.06 +2.20100 4.07 1.81 4.01
3.07 0.811000 3.17 +0.10 +2.36

4000 2.07 0.08 B3.0 / /
+2.3+0.06Mean difference

+0.16Genotype 1+ Mean quantification differ- +1.94
genotype 3 ence

a According to analysis in b-DNA assay on undiluted Eurohep genotype 1 standard: mean=36.4×105 genome equivalent/ml
(Quantiplex HCV-RNA assay, version 1.0 Bayer Diagnostics).

b According to analysis in Monitor v1.0 assay on undiluted Eurohep genotype 1 standard: mean=2.8×105 copies/ml and
genotype 3 standard: mean 6500 copies/ml (Amplicor HCV Monitor, Roche Diagnostics).

c According to the second collaborative Eurohep study, the undiluted genotype 3 plasma standard would contain 1.2×106 genome
equivalent/ml based on Chiron bDNA standards.
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Fig. 1. Cobas amplicor HCV Monitor test: linear dynamic range. The straight line y=x (solid line) is included in the 95% confidence
interval (two outer solid lines) of the regression curve (dashed line) for values ranging from 103 to 106 copies/ml. This was not the
case for higher values. 	, Genotype 1b samples; �, genotype non 1b samples.

Table 2
Cobas amplicor HCV Monitor test: intra- and inter-assay reproducibility

MeanSamples log (SD)Results (log10 copies/ml) CV (%) intra-assay CV(%) inter-assay

6.61A lot 1 6.676.61 6.59 6.57 6.61 0.036 0.55 0.58
6.67 6.64 6.61 6.666.56 6.63A lot 2 0.043 0.65

5.53B lot 1 5.36 5.21 5.37 5.50 5.41 0.128 2.37 2.23
B lot 2 5.465.42 5.50 5.41 5.67 5.50 0.104 1.90

4.72 4.54 4.75 4.434.55 4.61C lot 1 0.135 2.95 2.64
4.46C lot2 4.554.72 4.70 4.50 4.60 0.121 2.64

as those of the Monitor v2.0, the comparison
supported the trend of higher HCV RNA concen-
trations provided by Monitor v2.0: mean differ-
ence of +0.16 compared with bDNA 1.0 and
+1.94 log10 copies/ml when compared with Mon-
itor v1.0. Indeed, it has been reported previously
that HCV RNA concentrations measured by
Monitor v1.0 were about 1 log10 lower than those
given by the bDNA assay and that Monitor v1.0
was less efficient for the quantification of non 1
genotypes (Tong et al., 1998; Lunel et al., 1999).
Without any modification of HCV primers and

probe, the addition of DMSO to the v2.0 master
mix and the improved stability of the manganese
reagent seem to have resulted in more efficient
annealing and amplification for all genotypes. The
new version of the Amplicor HCV Monitor assay
gives HCV RNA concentrations of the same or-
der of magnitude as bDNA 1.0 assay within the
3–6 log10 copies linearity range. This marked in-
crease in HCV RNA levels was observed without
lost of specificity: a control group of 100 anti-
HCV seronegative sera were all found to be below
the detection threshold.



A.M.R. Afonso et al. / Journal of Virological Methods 86 (2000) 55–60 59

Table 3
Cobas Amplicor HCV Monitor test: inter-laboratory reproducibilitya

Laboratory 2 log10 copies/mlLaboratory 1 log10 copies/ml
B3B3 Qualitative concordance low valuesSamples 1 to 5
]6.2Samples 6 to 20 Qualitative concordance high values]6.4

Log (SD) CV(%)

6.121 0.146.3 2.28
622 0.216.3 3.45
6.1 0.146.3 2.2823

24 6.1 5.9 0.14 2.36
5.9 0.146.1 2.3625

626 6.2 0.14 2.32
5.6 0.2127 3.695.9
5.4 0.145.6 2.5728

4.929 4.5 0.92 23.8
2.8 0.2830 9.433.2

Mean 5.45

a Samples 21 to 30 were found slightly above or within the linearity range by both laboratories.

This report is the first analytical study of a new
standardized test for HCV RNA quantification,
developed for the Cobas Amplicor system which
is now used by many clinical laboratories. The
results show that this system has good reliability
and reproducibility and provides a valuable tool
for HCV RNA quantification irrespective of the
different HCV genotypes tested, in contrast to the
previous version of the test.
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