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Hepatitis C virus (HCV) infection is an increasing health problem worldwide. Quantitative assays for HCV
viral load are valuable in predicting response to therapy and for following treatment efficacy. Unfortunately,
most quantitative tests for HCV RNA are limited by poor sensitivity. We have developed a convenient, highly
sensitive real-time reverse transcription-PCR assay for HCV RNA. The assay amplifies a portion of the 5�
untranslated region of HCV, which is then quantitated using the TaqMan 7700 detection system. Extraction of
viral RNA for our assay is fully automated with the MagNA Pure LC extraction system (Roche). Our assay has
a 100% detection rate for samples containing 50 IU of HCV RNA/ml and is linear up to viral loads of at least
109 IU/ml. The assay detects genotypes 1a, 2a, and 3a with equal efficiency. Quantitative results by our assay
correlate well with HCV viral load as determined by the Bayer VERSANT HCV RNA 3.0 bDNA assay. In clinical
use, our assay is highly reproducible, with high and low control specimens showing a coefficient of variation for
the logarithmic result of 2.8 and 7.0%, respectively. The combination of reproducibility, extreme sensitivity, and
ease of performance makes this assay an attractive option for routine HCV viral load testing.

Hepatitis C virus (HCV) is an increasingly important infec-
tious agent in the United States, with an estimated 1.8% of the
U.S. population currently infected (1). Only about 20% of
infected individuals spontaneously clear the virus, while the
rest become chronically infected. Of chronically infected indi-
viduals, 10 to 30% will eventually develop cirrhosis or hepato-
cellular carcinoma. The most effective current therapy for
HCV infection includes a combination of pegylated interferon
and ribavirin and is associated with an approximately 50 to
60% long-term virological response (3, 6, 12). The response to
pegylated interferon and ribavirin therapy is influenced by the
genotype of HCV and also by the viral load at the initiation of
therapy. For patients with unfavorable genotypes or viral loads,
an extended period of therapy may be warranted. Measure-
ment of viral load is also useful in monitoring response to
therapy after initiation of treatment.

Several alternatives are available for the determination of
HCV viral loads. The comparison of these assays has been
facilitated by the recent introduction of the World Health
Organization international standard, which expresses viral load
in international units (IU) (22). Commercial assays are avail-
able which rely on amplification of HCV nucleic acid by re-
verse transcription-PCR (RT-PCR; Amplicor; Roche) or on
amplification of signal from hybridization product (bDNA;
Bayer). In general, the available assays have suffered from
limitations due to trade-offs between sensitivity and the ability

to provide quantitative results. Thus, the most sensitive assays
have provided only qualitative results, while assays with the
most accurate quantitation have offered limited sensitivity.

We have developed a real-time RT-PCR assay for HCV
RNA using the TaqMan 7700 detection system combined with
an automated RNA extraction system (MagNA Pure LC;
Roche). The assay is extremely sensitive, with a lower limit of
detection of less than 50 IU/ml. The assay allows linear and
accurate quantitation of HCV loads from less than 50 IU/ml up
to at least 109 IU/ml. Because the extraction, amplification,
and detection steps have all been automated, our assay is rapid
and requires a minimum of technologist hands-on time. This
approach should be attractive to laboratories seeking a sensi-
tive, quantitative, and cost-effective method for determination
of HCV viral load.

MATERIALS AND METHODS

Patient sample selection. A total of 486 patient EDTA plasma or serum
samples were used for method comparison testing. All samples had originally
been submitted to the clinical laboratories for either HCV qualitative or quan-
titative testing. The initial clinical qualitative testing was done with the COBAS
Amplicor 2.0 system (Roche Diagnostics Corp., Indianapolis, Ind.), and the
quantitative testing was done with the VERSANT HCV RNA 3.0 bDNA assay
(Bayer Diagnostics, Tarrytown, N.J.) according to the manufacturers’ protocols.
HCV RNA-positive samples were selected to obtain samples with a range of
quantitative values spanning the bDNA assay measuring range, with an enhanced
number of the less common genotypes, as follows: 1a, n � 107; 1b, n � 68; 2a,
n � 44; 2b, n � 48; 3a, n � 60; and 4, n � 2. A small group of samples was
selected that had been previously demonstrated to be bDNA negative and
Amplicor positive (100 to 800 IU/ml). A second group of samples was selected
that had very high levels of HCV above the measuring range of the bDNA assay
(�7.7 million IU/ml). For most comparison studies between methods, original
sample results from the Amplicor or bDNA assays were compared to results
obtained with the real-time assay after sample storage at �70°C for 3 to 24
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months. In a few instances when results were discrepant and additional sample
was available, either the real-time assay and/or bDNA assay or the Amplicor
assay was repeated on the stored sample.

Sample extraction and RNA purification. Initial studies were performed on
samples extracted using the QIAamp viral RNA mini kit (QIAGEN, Valencia,
Calif.). Initial sample volume was 140 ml, and elution volume was 60 ml (2.2�
concentrated). The majority of samples were extracted with the Roche MagNA
Pure LC instrument with the MagNA Pure LC total nucleic acid isolation kit,
large volume, according to the manufacturer’s instructions. Initial sample volume
was 1.0 ml, and elution volume was 80 ml (12.5� concentrated). For all MagNA
Pure LC extractions, as an extraction control the GeneAmplimer pAW 109 RNA
primer sequencer (Applied Biosystems, Inc., Foster City, Calif.) was doped into
the extraction buffer to make a solution containing 10,000 copies/ml. GeneAm-
plimer pAW 109 RNA primer sequencer is an RNA template transcribed from
the plasmid pAW109. The quantity of GeneAmplimer pAW 109 RNA primer
sequencer present in each sample at the end of extraction was approximately 600
copies/ml.

RT-PCR assay. Purified RNA was amplified according to the manufacturer’s
recommendations with the EZ RT-PCR core reagents (Applied Biosystems) to
measure HCV and an internal control.

(i) HCV assay. Twenty microliters of RNA was added to 30 ml of master mix
for the HCV amplification and detection reaction. Each HCV reaction was done
in duplicate. The Mn concentration was 3 mM. Each of the three 5� primers was
at a final concentration of 360 nM, and the probes were each at 80 nM. A mixture
of four different primers and two probes was used to amplify a region of the 5�
untranslated region (5�UTR) of HCV. Multiple primers and probes were nec-
essary to ensure efficient amplification with all major U.S. genotypes. The primer
set was originally designed by Glen Knight at the Lahey Clinic, Burlington, Mass.
(unpublished data). The 5� primers (spanning bp 19 to 41, 20 to 41, and 23 to 41,
respectively, relative to the HCV-H strain) were GCGACACTCCACCATAGA
TCACT, CGACACTCCACCATGAATCACT, and CACTCCGCCATGAAY
CACT (where Y � C or T). The 3� primer (spanning bp 294 to 313 relative to
the HCV-H strain) was CACTCGCAAGCACCCTATCA. The probes (span-
ning bp 256 to 281 and 256 to 280, respectively, relative to the HCV-H strain)
were 6-carboxyfluorescein–AGGCCTTTCGCGACCCAACACTACTC–tetra
methyl carboxyrhodamine (TAMRA) and 6-carboxyfluorescein–AGGCCTTTC
GCAACCCAACGCTACT–tetramethyl carboxyrhodamine.

(ii) Internal control assay (GeneAmplimer pAW 109 RNA primer sequencer).
A single separate reaction well was used to determine extraction quality. Ten
microliters of RNA was added to 40 ml of master mix. The 5� primer GCCTG
GGTTCCCTGTTCC and the 3� primer CGACGTACCCCTGACATGG were
each used at a final concentration of 1,080 nM, and the probe VIC-CAGGCC
AATGTCTCACCAAGCTCTG-minor groove binder, nonfluorescent quencher
was used at a final concentration of 480 nM. The HCV and GeneAmplimer pAW
109 RNA primer sequencer reactions were performed under identical condi-
tions. The amplification reaction was carried out in an ABI 7700 instrument with
the following cycles: 50°C for 2 min, 60°C for 30 min, 95°C for 2 min, then repeat
cycling of 95°C for 15 s and then 60°C for 1 min for a total of 45 cycles. Analysis
was performed with the ABI SDS software. The failure rate for the internal
control reaction in clinical use was 0.4%.

Assay standards and controls. The HCV standard consisted of the Con1/SG-
Neo(I) plasmid, an HCV genotype 1b subgenomic replicon with an NS5a mu-
tation (Apath, St. Louis, Mo.). It was grown and purified to yield stock solutions
of DNA plasmid or RNA with concentrations of approximately 1012 copies/ml.
DNA amplification was done with the TOPO TA cloning kit (Invitrogen, Carls-
bad, Calif.) according to the kit instructions. RNA transcription was done from
the linearized DNA plasmid with the T7 MEGAshortscript high-yield transcrip-
tion kit (Ambion Inc., Austin, Tex.). To determine the concentration of the RNA
and DNA standards, dilution curves of each were run in parallel with AcroMetrix
nucleic acid panel (NAP) HCV secondary standards (AcroMetrix, Benicia,
Calif.) on five separate runs, and the quantities (in international units per mil-
liliter) of RNA and DNA were calculated using the NAP HCV standards.
Dilutions of the DNA or RNA were made to produce a standard curve equiv-
alent to patient samples containing about 2 � 109, 2 � 106, 2,000, 200, and 20
IU/ml. All subsequent runs containing patient samples were done using the DNA
plasmid as standard. For the GeneAmplimer pAW 109 RNA primer sequencer
assay, a three-point standard curve was made from dilutions of the stock, with
standard curve points of approximately 100, 1,000, and 10,000 copies/ml. Samples
which were less than 25% of the mean GeneAmplimer pAW 109 RNA primer
sequencer quantity for each run were considered failed extractions and were
repeated.

To monitor assay stability over time, two positive control samples were in-
cluded with each clinical run. Each consisted of pooled patient serum specimens.

The high serum pool control had a mean HCV concentration of 1.17 � 106

IU/ml, and the low serum pool control had a mean of 422 IU/ml.

RESULTS

Performance characteristics of the HCV real-time RT-PCR
assay. (i) Selection of standard curve material. Because of the
expense of running the AcroMetrix secondary standards, we
produced both RNA and a DNA plasmid containing the ap-
propriate region of the 5�UTR of the virus. Serial dilutions of
both plasmids were run in parallel with RNA extracted from
the NAP standard curve materials. The DNA plasmid pro-
duced a standard curve with a slope more similar to that of the
NAP materials than did the RNA (Fig. 1). Based on these
results, we determined to use the DNA plasmid as the standard
for all subsequent experiments. Assigned quantities for each
standard point were determined from means of five different
runs, where the DNA quantity (in international units per mil-
liliter) was calculated from the NAP standard curve.

(ii) Reproducibility of automated RNA extraction. Several
systems are now available that allow automation of the extrac-
tion process for viral RNA. Automated extraction is attractive
because it increases laboratory throughput and lessens the
likelihood of repetitive stress injury. Additionally, automated
extractions may be expected to have increased reproducibility
compared to manual extractions. We chose to evaluate the
MagNA Pure LC automated extraction system (Roche), be-
cause it allows extraction of relatively large amounts of speci-
men (up to 1 ml), which should improve the sensitivity of our
assay. We therefore evaluated the reproducibility of auto-
mated extractions with the MagNA Pure LC system relative to
that of manual extractions with manual QIAGEN columns.
Internal control GeneAmplimer pAW 109 RNA primer se-
quencer RNA was exogenously added to clinical specimens.
After extraction, the GeneAmplimer pAW 109 RNA primer
sequencer was amplified and detected by real-time RT-PCR.
The CV for threshold cycle values (Ct) was very small for both
methods, averaging 0.9% for manual extractions and ranging
from 0.9 to 1.33% for MagNA Pure LC extractions (Table 1).

FIG. 1. Standard curves generated from the commercial NAP stan-
dard, plasmid DNA, or in vitro-transcribed RNA. Serial dilutions of
plasmid DNA or in vitro-transcribed RNA were run in parallel with
serial dilutions of the commercial NAP standard. Shown is the thresh-
old cycle (CT) for the indicated amounts of input nucleic acid.
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The CV for the absolute GeneAmplimer pAW 109 RNA
primer sequencer quantitative result ranged from 22.6 to
30.4% for the manual extraction and 21.5 to 27.8% for the
MagNA Pure LC extraction. Thus, automated extraction of
HCV RNA using the MagNA Pure LC system is at least as
reproducible as manual extraction by highly experienced tech-
nologists.

(iii) Sensitivity. We next sought to determine the sensitivity
of our assay for the detection of very low levels of HCV RNA.
The assay routinely detects better than 99% of the time the
28-IU/ml DNA standard, run in duplicate in each assay. How-
ever, since this standard is DNA, it is not taken through the
extraction process or the RT step. To establish the sensitivity
of patient samples taken through the entire test process, we did
testing in two ways. First, we ran the NAP 100 and the 95-
IU/ml sample pool in duplicate (76 wells) over 38 runs. All 76
wells were positive. Second, we used the NAP 50 standard, the
95-IU/ml sample pool, and dilutions of the 95-IU/ml sample
pool to 71 and 47.5 IU/ml. All four sample types were extracted
in multiples and run by RT-PCR in multiples to determine the
positive rate. All assays (6 for the NAP 50 and 12 each for the
95-, 71-, and 47.5-IU/ml samples) were positive. Thus, our
assay is extremely sensitive with a 100% detection rate down to
at least 50 IU/ml.

(iv) Extraction linearity at high viral loads. Some extraction
methods show loss of linearity at high amounts of input nucleic
acid, as the binding capacity of the capture matrix is exceeded.
Since the levels of HCV RNA in infected patients can vary
widely (by 9 logs or more), we evaluated the linearity of our
extraction procedures through this dynamic range. Dilutions of
the RNA standard into normal serum (lyophilized normal hu-
man serum; Bio-Rad, Hercules, Calif.) were made, and then
each dilution was extracted with either the MagNA Pure or the
manual QIAGEN method. Similar extraction efficiencies were
seen at the lower concentrations, but at the high end the
manual method gave a lower yield than the MagNA pure
method (Fig. 2). Overall, the MagNA Pure LC extraction sys-
tem showed very good linearity throughout the tested range
(102 to 109 IU/ml). The manual extraction in general also
performed well, except for an approximately 1.5 log underes-
timation of viral quantity at the upper end, i.e., 109 IU/ml of
input HCV RNA (Fig. 2). We conclude that the MagNA Pure
LC system shows good linearity of extraction efficiency
throughout the clinically relevant measuring range, and it may
be superior to manual extraction with the QIAGEN QIAamp
viral RNA mini kit at high levels of input HCV RNA.

(v) Effect of viral genotype on assay linearity. HCV has
multiple genotypes, and the RNA sequences of these geno-
types can vary in the 5�UTR amplified in our assay. To allow
detection of these various sequences, we used a cocktail of

three 5� primers, one 3� primer, and two TaqMan probes for
our assay. We therefore sought to determine whether our assay
would in fact detect the HCV genotypes relevant to our patient
population and whether these genotypes would amplify with
similar efficiencies, thus allowing accurate quantitation. To ad-
dress this issue, three patient samples, one each of the 1a, 2a,
and 3a genotypes, each of which had �5,000,000 IU/ml HCV,
were serially 40-fold diluted into normal serum, and then each
dilution was extracted with the MagNA Pure system. For all
three genotypes, the experimental result closely matched the
expected result throughout the measured range (Fig. 3), and
the slope of the regression line was very similar for all three
genotypes (R2 � 1.19, 1.14, and 0.99). We conclude that our
assay detects genotypes 1a, 2a, and 3a with equal efficiency and
allows accurate quantitation of viral load.

Clinical performance of HCV real-time RT-PCR. (i) Com-
parison of real-time RT-PCR versus bDNA for HCV. We next
evaluated the performance of our real-time RT-PCR assay by

FIG. 2. Comparison of extraction linearity for HCV RNA with the
QIAGEN manual method versus the MagNA Pure LC automated
extraction system. The RNA standard was serially diluted and then
extracted by either the QIAGEN manual method or the MagNA Pure
LC automated extraction system. Shown is the theoretical quantity
based on the dilution factor (x axis) versus the actual real-time RT-
PCR result for each dilution (y axis).

TABLE 1. Extraction efficiency and yield for a spiked internal control (GeneAmplimer pAW 109 RNA primer sequencer)

Extraction method No. of runs,
(no. of samples)

CV of actual
Ct values

(%)

CV of quantitative
result (%) Yield (%)

Manual Qiagen column 2 (10 each) 0.9 22.4 60.4
0.9 30.4

MagNA Pure instrument 2 (32 and 24) 1.3 27.8 59.2
0.9 21.5
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using actual clinical specimens submitted for HCV RNA test-
ing. A total of 486 patient samples previously tested with Bayer
VERSANT HCV RNA 3.0 or Roche Amplicor were analyzed,
including negative samples and a range of positive samples
with an approximately equal mix of genotypes 1a, 1b, 2a, 2b,
and 3a. The samples were extracted either manually or by using
the MagNA Pure LC instrument. A total of 325 samples pos-
itive for HCV RNA by bDNA were tested, of which 323 were
positive with our assay (Table 2). Of the 157 samples reported
as negative by the ultrasensitive (but qualitative) Amplicor
assay, all were negative by our real-time RT-PCR assay as well.
Four specimens were available that were bDNA negative but
positive by the qualitative Amplicor assay, presumably because
they were near or below the lower limit of detection of the
bDNA assay (280, 350, 821, and 2,083 IU/ml). All four of these
were clearly positive by our real-time RT-PCR assay. Two
samples were weakly positive by bDNA (1,564 and 7,787 IU/
ml) but negative by our real-time RT-PCR assay. The bDNA
3.0 assay has been reported to have a specificity of 95.9 to
98.2% (4, 16, 26), and so given that we tested 325 bDNA-
positive specimens, several false positives would be expected.

Unfortunately, insufficient material was available for further
studies on these discrepant samples.

We then compared the levels of HCV RNA determined by
our assay with the HCV RNA levels determined by bDNA. In
general our real-time RT-PCR assay agreed well with the
bDNA assay, whether performed on specimens extracted man-
ually (Fig. 4A) (n � 199; slope � 1.16; R2 � 0.808) or using the
MagNA Pure LC system (Fig. 4B) (n � 124; slope � 1.08; R2

� 0.871). Approximately 77% of specimens showed agreement
of viral load within 0.5 log, as determined by the real-time
RT-PCR versus bDNA methods, and approximately 95%
agreed within 1 log. We also identified nine genotype 4 samples
and three genotype 6 samples which had been previously eval-
uated by our genotyping assay. These genotypes are rare in our
patient population, and only two of the samples (both geno-
type 4) had sufficient volume to perform both RT-PCR and
bDNA. All 12 genotype 4 or 6 samples were amplified and
detected by our RT-PCR assay. For the two samples that could
be tested by both methods, the RT-PCR and bDNA assays
agreed within 0.4 to 0.9 log. Thus, our assay provides quanti-
tative results for HCV RNA comparable to that of the bDNA
assay, but with the advantage of sensitivity to 50 IU/ml or less,
compared to 615 IU/ml for the bDNA assay.

(ii) Reproducibility of real-time RT-PCR in clinical use. In
40 consecutive runs containing clinical patients, run by two
different technologists, the high serum pool control (mean,
1.17 � 106) had a CV for the logarithmic value of 2.8% (the
CV of the non-log-transformed value was 43.3%), and the low
serum pool control (mean, 422) had a CV for the logarithmic
value of 7.0% (the CV of the non-log-transformed value was
48.3%) (Fig. 5A). The GeneAmplimer pAW 109 RNA primer
sequencer internal control (mean, 664 copies/ml) had a CV for
the logarithmic value of 2.4% (the CV of the non-log-trans-
formed value was 14.9%) (Fig. 5B). Out of 1,280 extractions on
the 40 runs, there were 5 failed extractions in which the Ge-
neAmplimer pAW 109 RNA primer sequencer result was less
than 25% of the GeneAmplimer pAW 109 RNA primer se-
quencer mean for that run, for an overall failure rate of 0.4%.
Based on these results, the real-time RT-PCR assay was dem-
onstrated to be extremely reproducible during routine use in
the clinical laboratory.

DISCUSSION

Testing for HCV RNA is an important part of the clinical
care for HCV-infected patients. RT-PCR testing is indicated
as follow-up to the detection of antibody directed to HCV,
both as a confirmatory test and to differentiate active viremia
from resolved infections. Quantitative determination of viral
load is an important part of the pretreatment evaluation of
patients with HCV infection. Low pretreatment HCV RNA
levels are a predictor of sustained response to therapy (21, 24).
An early viral response, defined as a minimum 2-log decrease
in viral load during the first 12 to 24 weeks of treatment, is
predictive of a sustained virologic response. Patients who fail
to achieve an early viral response by 24 weeks have only a small
chance of achieving a sustained viral response even if treated
for 1 year (2). Treatment may be discontinued for such pa-
tients, or alternative therapies may be considered. Most pa-

FIG. 3. Linearity of yield with RNA dilutions isolated from geno-
type 1a, 2a, and 3a samples. A sample from each genotype was serially
diluted, extracted using the MagNA Pure LC instrument, and sub-
jected to real-time RT-PCR. Shown is the theoretical quantity based
on the dilution factor (x axis) versus the actual real-time RT-PCR
result from each dilution (y axis).

TABLE 2. Summary of patient results with TaqMan RT-PCR
versus bDNA and Amplicor

Comparison test(s) and
result(s)

No. of patients tested by Taqman
that were:

Positive Negative

bDNA positive 323 2
Amplicor negative 0 157
bDNA negative, Roche

Amplicor positive
4
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tients who are HCV RNA negative 6 months after completion
of therapy will remain negative indefinitely (11).

Before the development of our real-time RT-PCR assay, our
laboratory used the Bayer Versant bDNA 3.0 assay for quan-
titation of HCV RNA. This assay shows good intra- and inter-
assay CVs (26). However, the bDNA assay is limited by rela-
tively poor sensitivity, with a lower limit of detection of 615
IU/ml. Therefore, we previously used the Roche Amplicor

version 2.0 system for detection of low-level viremia. This assay
has a much better lower limit of detection (100 IU/ml), but it
does not provide quantitative results. While the combination
of the bDNA and Amplicor assays allowed us to detect spec-
imens containing 100 or more IU of HCV RNA/ml and to
quantitate those above 615 IU/ml, it was relatively inefficient
for us to perform, since any specimens testing negative by
bDNA would need follow-up testing by the Amplicor assay.

FIG. 4. Comparison of quantitation of HCV RNA in clinical specimens by real-time RT-PCR versus bDNA. (A) A total of 199 clinical
specimens previously found to be HCV positive by bDNA were subjected to manual QIAGEN RNA extraction followed by real-time RT-PCR.
Shown in the left panel is the comparison of the viral quantitation by each method. The right panel is an agreement plot, with the x axis representing
the quantity of virus by RT-PCR and the y axis representing the difference in quantity by the two methods [(log copy by RT-PCR) � (log copy
by bDNA)]. Reference lines represent the mean difference and 95% agreement limits. (B) A total of 124 clinical specimens previously found to
be HCV positive by bDNA were subjected to automated RNA extraction using the MagNA Pure LC instrument, followed by real-time RT-PCR.
Shown in the left panel is a comparison of the viral quantitation by each method. The right panel is an agreement plot, with the x axis representing
the quantity of virus by RT-PCR and the y axis representing the difference in quantity by the two methods [(log copy by RT-PCR) � (log copy
by bDNA)]. Reference lines represent the mean difference and 95% agreement limits.
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For those specimens subsequently positive by the Amplicor
assay, the result would be delayed until the next day after the
initial bDNA test. Thus, the goal in the development of our
assay was to replace the combination of the bDNA and Am-
plicor tests with a convenient single quantitative assay having a
lower limit of detection of 100 IU/ml or better.

Several groups have reported the use of quantitative real-
time RT-PCR assays for HCV. Many of the early real-time
RT-PCR assays were less sensitive than the second-generation
Roche Amplicor assay (lower limit of detection, 100 IU/ml),
but comparison is difficult for assays described before adoption
of the standardized international unit (5, 8, 10, 13, 17, 18, 23,
25, 27, 28). However, more recent real-time RT-PCR assays
have achieved sensitivities of approximately 100 IU/ml or bet-
ter (9, 14, 19, 20). While sensitive and accurate, these assays
may not be ideal for laboratories performing large test vol-
umes, due to the necessity of manual RNA extraction of spec-
imens. Manual extraction by less-experienced technologists
may also increase inaccuracy in quantitative results, due to
inter- and intraoperator variations in the extraction process.

To address the issues of efficient specimen throughput and
reproducibility, we developed a fully automated real-time RT-
PCR assay for HCV, in which the extraction process was per-
formed by the MagNA Pure LC robotic extraction system.
Mitsunaga et al. previously reported automated extraction for
HCV RT-PCR using the QIAGEN 9604 Biorobot (15). This
assay was developed for nucleic acid testing of blood products,
rather than for diagnostic use on patient samples. It reportedly
was able to detect 87% of an in-house-prepared positive con-
trol specimen containing 100 HCV genome equivalents/ml. In
our hands, extraction via the MagNA Pure LC allowed an
approximately 5.8-fold increase in sensitivity of the assay com-
pared to the manual QIAGEN spin column extractions or the
QIAGEN 9604 Biorobot (data not shown). This finding is not
surprising, given the larger volume of material that can be
extracted by the MagNA Pure LC (1 ml, versus 0.2 ml for the
Biorobot). Similar results were reported by Germer et al., who
found a threefold improvement in the COBAS Amplicor HCV
test version 2.0 with the 1-ml MagNA Pure LC extraction
compared to MagNA Pure LC or manual extractions using
only 0.2 ml (7).

Our automated assay has proven to be highly sensitive
(lower limit of detection of less than 50 IU/ml) and reproduc-
ible. In clinical use the assay showed a CV for the logarithmic
results of 2.8% at the high end and 7.0% at the low end,
despite the test being performed by four different individuals
on two different TaqMan 7700 instruments. Implementation of
the new assay has decreased the testing volume in the labora-
tory by about 15% due to the reduction in the amount of
follow-up testing (usually a quantitative test followed by a
more sensitive qualitative test, or sometimes the reverse). In
addition, the new assay is more efficient. The newer test re-
quires about 60 h of technologist time per week compared to
the 90� h per week required by our old test. Anecdotally,
automation of the extraction process has had the additional
benefit of reducing the risk of repetitive use injuries.

In summary, our laboratory has developed a fully automated
real-time RT-PCR assay for the quantification of HCV RNA.
The assay is faster and less expensive than commercial assays
and is at least as sensitive. Because the extraction process is
fully automated, technologist manipulation of the specimen is
minimized, resulting in improved reproducibility and improved
throughput. As the systems continue to improve, it is likely that
automated extraction will become standard practice for clinical
PCR-based assays.
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