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We developed and evaluated a prototype automated specimen preparation instrument for the specific
capture of hepatitis C virus (HCV) RNA with probes and magnetic bead-fluid separation. HCV RNA was
isolated from serum by lysis of virus particles with a chaotropic agent, followed by hybridization of the RNA
with biotinylated probes and capture of the hybridized RNA with streptavidin-coated paramagnetic particles.
After washing of the hybrid-particle complexes to remove nonspecifically bound materials, the particles were
resuspended in a specimen diluent and were then ready for amplification and detection with a fully automated
PCR system (COBAS AMPLICOR; Roche Diagnostic Systems). The analytical sensitivity in the dilution series
was 33 copies per ml or greater. Comparison of the test results with those obtained by a manual method based
on organic extraction and precipitation of RNA (SepaGene RV-R; Sanko Junyaku Co., Ltd.) showed 93% (49
of 53 samples) sensitivity and 100% (12 of 12 samples) specificity. There was 94% overall agreement between
results. When RNA was extracted by the manual method from serum containing 103 or 105 copies of HCV per
ml in the presence of heparin, there was an inhibitory effect on detection of both HCV RNA and the internal
control. In contrast, when RNA was extracted from the serum by the automated method, there was no
inhibitory effect. This inhibitory effect of heparin on the manual method was also observed for a series of serum
specimens from a hemodialysis patient, but the inhibitory effect was eliminated by the automated specimen
preparation method. In summary, a fully automated RNA extraction system for PCR detection of HCV RNA
by use of specific capture with probes and magnetic bead-fluid separation was shown to have performance
similar to that of the conventional manual method. In addition, it successfully eliminated the inhibitory effect
of the heparin in the serum and permitted the detection of HCV RNA in serum samples from a hemodialysis
patient. The prototype automated RNA extraction system is suitable as a totally automated system, starting
with RNA extraction to detection of HCV, if it was combined with the fully automated COBAS AMPLICOR
PCR system.

Advances in molecular biology and biotechnology have fa-
cilitated analyses for detection of DNA or RNA sequences
(16). New technological advances have led to the automation
of major portions of the assay process (2, 8). Automated sys-
tems have been developed for amplification and detection of
the nucleic acid sequences of infectious agents by PCR. An
example of this is the COBAS AMPLICOR system (Roche
Diagnostic Systems, Branchburg, N.J.), which amplifies target
nucleic acid sequences, captures the biotinylated and amplified
products on oligonucleotide-coated paramagnetic micropar-
ticles, and detects the products with an avidin-horseradish per-
oxidase conjugate system (3, 7). The remaining portion of the
process to be automated is extraction of nucleic acid from
clinical specimens.

Extraction of RNA from serum specimens for laboratory use
has been widely performed with commercially available kits.
However, they are not very user-friendly when one is handling
numerous samples at once, and the extraction efficiency varies
among samples. Moreover, those kits cannot eliminate some
inhibitors of enzymatic amplification that may be present in
clinical specimens and that may cause false-negative PCR re-
sults (1, 14). Heparin is a potent inhibitor that may be present

in blood specimens. It has been used as an anticoagulant for
blood collection and hemodialysis and for the treatment of
disseminated intravascular coagulation. Because the presence
of heparin in a sample makes the interpretation of results
difficult, sera from patients undergoing hemodialysis may not
be appropriate for testing by PCR (15). Since a high preva-
lence of hepatitis C virus (HCV) infection has been reported in
patients undergoing hemodialysis (6, 13), accurate assays for
the detection of HCV RNA in those patients need to be de-
veloped. In the study described here, we developed and eval-
uated a prototype automated specimen preparation instrument
for the specific capture of HCV RNA with probes and mag-
netic bead-fluid (B-F) separation. In particular, we addressed
the questions of whether the extraction system could eliminate
the inhibitory effects of heparin and whether it was suitable for
automated RNA extraction followed by detection of HCV with
the fully automated COBAS AMPLICOR PCR system.

MATERIALS AND METHODS

Clinical specimens. The serum specimens used in this study were obtained
from 65 patients referred to Tokai University Hospital for chronic liver diseases.
To determine the limit of detection of the assay, serial dilutions of serum from
a patient containing 530 copies of HCV per ml were prepared in HCV-negative
serum. To assess the effect of heparin, a series of serum samples was obtained
from a hemodialysis patient who was anticoagulated with 3,400 U of heparin.
When needed, HCV RNA was quantitatively measured by the AMPLICOR
HCV MONITOR test (Roche Diagnostic Systems) (5). All samples were sepa-
rated from clots within 4 h of collection, divided into aliquots, and stored at
280°C until the RNA was extracted.
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RNA extraction. HCV RNA was isolated from serum with a prototype instru-
ment for an automated system consisting of the reagents developed by Roche
Molecular Systems (Pleasanton, Calif.) and a robotic processor developed by
Precision System Science Co. Ltd. (Tokyo, Japan) (Fig. 1). Briefly, HCV RNA
was isolated from 300 ml of serum by lysis of virus particles with 500 ml of
guanidinium thiocyanate solution at 60°C for 20 min. The RNA was hybridized
with biotinylated probes (KY78) that were specific to the 59 untranslated region
of the HCV genome (11) and that were identical to the downstream primer for
amplification. The hybridized RNA was then captured with streptavidin-coated
paramagnetic particles. The internal control (40 copies) was introduced into the
specimen during the lysis reaction. After washing of the hybrid-particle com-
plexes to remove nonspecifically bound materials, the particles were resuspended
in 50 ml of a specimen diluent and were then ready for amplification and
detection by the COBAS AMPLICOR HCV test.

RNA was also isolated from 300 ml of serum by a manual method based on
guanidinium thiocyanate lysis and isopropanol precipitation (SepaGene RV-R;
Sanko Junyaku Co., Ltd., Tokyo, Japan). Briefly, 300 ml of guanidinium thiocy-
anate solution was added to the specimen, and the phases were then separated
by adding 300 ml of sodium acetate and 600 ml of chloroform-agglutination
solution, followed by centrifugation at 12,000 3 g for 15 min. The RNA was
precipitated from the upper phase with isopropanol and was resuspended in 50
ml of a specimen diluent. The internal control (20 copies) was added to the
specimen diluent prior to amplification.

COBAS AMPLICOR HCV test. The COBAS AMPLICOR HCV test has been
described previously (3, 7). The optical density of each reaction mixture at 660
nm was measured. Optical density readings of .0.200 for HCV RNA were
considered positive, and those of 0.100 to 0.200 were considered equivocal.
Optical density readings of .0.200 for the internal control were considered
positive.

All samples were extracted once, and a single amplification and detection were
performed with each extract unless stated otherwise. One positive control and
two negative controls provided with the kit were run with each batch of patient
specimens.

Interference by heparin. To assess the effect of heparin, 3 to 13 U of sodium
heparin per ml was added to a serum sample containing 103 or 105 copies of
HCV per ml. The RNA was extracted from the serum by the SepaGene RV-R
method and the specific capture with probes and magnetic B-F separation. To
assess the effect of heparin treatment in vivo, a series of serum specimens
containing 5.1 3 105 copies of HCV per ml, as quantified by the AMPLICOR
HCV MONITOR test, was serially obtained from a patient before and at 1, 3,
and 5 h after hemodialysis in which 3,400 U of heparin was used as an antico-
agulant. RNA was extracted from the serum, and then HCV RNA was amplified
by the COBAS AMPLICOR HCV test. To demonstrate the presence of inhib-
itors, the series of serum samples obtained after hemodialysis from the hemo-
dialysis patient was diluted 1:10 in HCV-negative serum, and RNA was then
extracted from the serum by the SepaGene RV-R method.

RESULTS

Assay performance. The analytical sensitivity based on test-
ing of the serial dilutions was 33 copies of HCV per ml or
greater (Table 1). Comparison of test results with those ob-
tained by the manual method showed 93% (49 of 53 samples)
sensitivity and 100% (12 of 12 samples) specificity. There was
94% overall agreement between the results obtained by the
automated method and those obtained by the manual method
(Table 2).

Elimination of inhibitory effect of heparin. Heparin was
added at up to 13 U/ml to serum containing 103 or 105 copies
of HCV per ml, and then RNA was extracted. When RNA was
extracted from both of these serum samples by the manual
method, the PCR results were negative (Table 3). Analysis of
the results for the internal control indicated that there was
PCR inhibition for the PCR-negative samples. In contrast,
when RNA was extracted by the automated method, there was
a lack of inhibition.

Elimination of inhibitory effects on PCR with serum from a
hemodialysis patient. When RNA was extracted by the manual
method from serum obtained at various times after hemodial-
ysis, the HCV PCR assay was negative at least until 3 h after
hemodialysis (Fig. 2A). Analysis of the results for the internal
control indicated that there was PCR inhibition for these PCR-
negative samples. Dilution of the sample 1:10 and a repeat
assay produced positive PCR results for both HCV RNA and
the internal control (Fig. 2B). In contrast, with extraction by
the automated method, the inhibitory effect on detection of
both HCV RNA and the internal control was abolished for the
serum sample obtained immediately after hemodialysis (Fig.
2C).

DISCUSSION

In the study described in this report, we developed and
evaluated a prototype automated specimen preparation instru-
ment for the specific capture of HCV RNA with probes and
magnetic B-F separation. Extracted RNA was successfully

FIG. 1. Assay format. (a) Virus is lysed to release nucleic acid. (b) Nucleic
acid is bound to biotinylated (B) probe. (c) Biotinylated (B) probe is captured
onto streptavidin (SA)-coated paramagnetic particles. (d) Paramagnetic particles
are separated and washed on a magnet. 59 UTR, 59 untranslated region.

TABLE 1. Limit of detection of automated specimen
preparation method

No. of viral
copies/ml

No. of samples with positive
results/total no. tested % Agreement

265 2/2 100
132 6/6 100
66 6/6 100
33 6/6 100
16.6 4/6 67
0 0/6 100

TABLE 2. Comparison of extraction methods for detection of
HCV RNA

SepaGene RV-R
method result

No. of samples with the following automated
extraction resulta:

Positive Negative Total

Positive 49 4 53
Negative 0 12 12

Total 49 16 65

a Sensitivity, 93% (49 of 53 samples); specificity, 100% (12 of 12 samples);
agreement, 94% (61 of 65 samples).
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used in an automated PCR assay for the detection of HCV
RNA with the COBAS AMPLICOR system. The analytical
sensitivity of the automated extraction procedure was similar
to that of the SepaGene RV-R method. There was 94% overall
agreement between the results obtained by the automated
method and those obtained by the manual method. The auto-
mated RNA extraction system would be suitable as a totally
automated system starting with RNA extraction to detection of
HCV if it was combined with a fully automated PCR system.

An automated system for PCR assays provides improve-
ments not only in labor efficiency but also in the accuracy of
results. Major problems with PCR assays are false-positive
results because of carryover contamination of previously am-
plified products and false-negative results because of the am-
plification inhibitors present in clinical specimens (4, 12). In
the COBAS AMPLICOR system, the use of dUTP and uracil-
N-glycosylase reduces the risk of carryover contamination (9).
With regard to total quality control, false-negative PCR results
become more problematic. In particular, the inhibitory effect
of heparin on PCR has been problematic with samples from
hemodialysis patients (1). When RNA was extracted from sera
by the SepaGene RV-R method, there was an inhibitory effect
on the detection of both HCV RNA and the internal control at
least until 3 h after hemodialysis. The inhibitory effect of hep-
arin was successfully eliminated when RNA was extracted by
the automated probe capture and magnetic B-F separation
method. This extraction system would be applicable to PCR
assays of serum specimens from hemodialysis patients.

One of the major advantages of nucleic acid amplification
over conventional methods for the diagnosis of an infectious
disease is sensitive detection of agents directly from clinical
specimens. However, clinical specimens may contain a variety
of amplification inhibitors such as heparin, hemoglobin, heme,
urea, and so on (4, 12). The nature of many inhibitors is still
unknown. Therefore, it is desirable to use an extraction
method that can eliminate inhibitors as much as possible and
monitor the efficacy of extraction. The extraction method used
in the present study is theoretically suitable for eliminating any
inhibitors in the serum, because it is based on specific capture
with probes and magnetic B-F separation. On the other hand,
conventional manual methods such as the SepaGene RV-R
method are not able to eliminate heparin, which is thought to

bind to nucleic acids (1). In the present study, the internal
control was demonstrated to be useful for monitoring for the
presence of inhibitors in a patient under hemodialysis as well
as in an in vitro interference study. It could be used to deter-
mine which samples yield invalid results and therefore need to
be retested (10). Since many kinds of clinical specimens, from
body fluids to tissues, are subjected to tests for direct detection
of infectious agents, development of automated systems is de-
sirable for nucleic acid extraction procedures that can be ap-

TABLE 3. Inhibitory effects of heparin on PCRa

No. of viral
copies/ml

Extraction
method RNA

Test results (A660) for serum samples
with the following heparin concn (U/

ml):

3 6.5 13

103 Manual HCV 2 (0.028) 2 (0.022) 2 (0.018)
IC 2 (0.014) 2 (0.009) 2 (0.012)

Automated HCV 1 (3.992) 1 (3.992) 1 (3.992)
IC 1 (3.993) 1 (3.993) 1 (3.993)

105 Manual HCV 2 (0.042) 2 (0.018) 2 (0.019)
IC 2 (0.012) 2 (0.010) 2 (0.007)

Automated HCV 1 (3.995) 1 (3.995) 1 (3.995)
IC 1 (3.993) 1 (3.993) 1 (3.843)

a Heparin was added to serum containing 103 or 105 copies of HCV per ml.
RNA was extracted by the conventional manual method (the SepaGene RV-R
method) and the automated method based on probe capture and magnetic B-F
separation, and the HCV RNA was amplified with the COBAS AMPLICOR
system. Data are means of duplicate assays. IC, internal control.

FIG. 2. Elimination of inhibitory effects on PCR of serum from a hemodial-
ysis patient by the automated specific capture with probes and magnetic B-F
separation. HCV RNA-positive serum was obtained from a hemodialysis patient,
who was anticoagulated with 3,400 U of heparin, at 0, 1, 3, and 5 h following
hemodialysis. Serum samples were diluted 1:10 in HCV RNA-negative serum.
RNA was extracted from undiluted (A) and diluted (B) aliquots by the manual
method (the SepaGene RV-R method) and then amplified for HCV RNA and
the internal control with the COBAS AMPLICOR system. HCV RNA was
extracted from undiluted aliquots by the automated extraction method based on
probe capture and magnetic B-F separation, and then amplified for HCV RNA
with the COBAS AMPLICOR system (C). Data are means of duplicate assays.
F, HCV RNA; Œ, internal control.
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plied to a variety of clinical specimens, in addition to serum
specimens.

In summary, a fully automated RNA extraction system was
developed. The system was based on the specific capture with
probes and magnetic B-F separation, with the performance of
the assay being comparable to that of the conventional manual
method. In addition to that, it successfully eliminated inhibi-
tors, such as heparin, from serum and can be used for the assay
of serum from patients undergoing hemodialysis. The auto-
mated RNA extraction system is suitable for use as a totally
automated system, starting with RNA extraction to detection
of HCV, when combined with a fully automated PCR system.
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