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A simple, rapid, specific and sensitive method for the detection of serum hepatitis C virus
(HCV) RNA using the reverse transcription-polymerase chain reaction (RT-PCR) technique
without conventional RNA extraction was developed. HCV template RNA from serum was ob-
tained by boiling the serum at 95°C for 2 min, cooling rapidly in ice and removing the pro-
teins by cetrifugation. RT-PCR amplifications including the reverse transcription and first PCR
amplification were performed in one vessel containing both of reverse transcriptase and 7ag
DNA polymerase. The detection of HCV RNA fram 107 ul serum was possible with this
method. The suitability of this method for clinical analysis was evaluated by assaying HCV
RNA in 225 patient samples including anti-HCV antibody negatives (13 samples) and po-
sitives (212 samples) by enzyme-linked immunosorbent assay test (ELISA). Detections of HCV
RNA with this method were in 4 of 13 anti-HCV antibody negative samples (30.8%) and 95
of 212 positive samples (44.8%). The present method can be completed in 1 hr and has a

wide range of application for the clinical utilities to determine the viral RNAs,
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INTRODUCTION

Hepatitis C virus (HCV) is the principal causative
agent for parentally transmitted non-A, non-B (NANB)
hepatitis (Choo et al, 1989). Two major techniques
to detect HCV infections are currently in use. The
first technigue detects antibody produced in response
to HCV infection (anti-HCV antibody) with im-
munoassay (Alter et al, 1989). However, the de-
tection with antibody is associated with both false-po-
sitive and negative reaction (Gary ef al, 1990; Aach
et al, 1991). Several weeks are required for de-
velopment of anti-HCV antibody after HCV infection,
which makes it impossible to detect HCV infection in
early stage. Because anti-HCV antibody is an indirect
index of HCV infection, this does not provide the
means to differentiate the infection status between ac-
tive infection, chronic infection and resolved in-
fection. Direct detection of HCV RNA has been re-
quired to evaluate the infectivity. Since HCV genome
is a single positive stranded RNA molecule, am-
plification of viral RNA by reverse transcription and
nested polymerase chain reaction (RT-nested PCR)
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has been an adequate means for the direct detection
of HCV (Garson and Tedder, 1990; Okamoto et al.,
1990; Weiner et al, 1990). With RT-nested PCR
method, HCV infections have been demonstrated in
haemophiliacs treated with HCV contaminated factor
VIl concentrates (Garson et al., 1990), in liver biopsy
specimens of chronic liver disease patients (Shieh et
al, 1991), and in sporadic acute NANBs hepatitis pa-
tients (Sakamoto et al, 1993). However, the routine
clinical usage of RT-nested PCR based detection of
HCV RNA is seriously hampered by technical dif-
ficulties. Main restraints are the time and labor con-
suming step for extraction of viral RNA under RNase-
free condition and the sequential reactions of reverse
transcription (RT), Tst PCR and 2nd PCR, which raise
the risks of contamination. To overcome the dif-
ficulties, direct slot hybridization of HCV RNA (Hu et
al., 1992), RT-one stage PCR with sensitive detection
methods such as Southern blot or liquid hybridization
with radioactive oligonucleotide probes (Gretch et al.,
1993), and combined RT-PCR assay using Thermus
thermophilus DNA  polymerase which possesses
enhanced reverse transcriptase activity in the pres-
ence of manganese (Young et al, 1993), have been
demonstrated previously.

We have developed a simple and rapid procedure
for RT-nested PCR amplification of HCV RNA from
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human serum with eliminating the RNA extraction
step and performing the reverse transcription (RT) and
1st PCR amplification in one vessel containing both
of reverse transcriptase and T7ag DNA polymerase.
These methods have been applied for the screening
of HCV RNA in patient samples.

MATERIALS AND METHODS

RNA preparation from serum by boiling method

Normal and HCV infected sera were kindly pro-
vided by fellows in Korea Research Institute of Stan-
dards and Science and Dr. Y. G. Kim in Korea Univ-
ersity Medical School. One volume of human serum
boiled at 95°C for 2 min and cooled rapidly in ice
was diluted with two volumes of diethyl-
pyrocarbonate (0.01%) treated sterile water and re-
turned to the ice bath until centrifugation. After cen-
trifugation at 12,000 rpm for 5 min, the supernatant
was used as RNA template or stored at -70°C.

Rapid RT-PCR method

The combined RT-1st PCR amplifications were car-
ried out in 10 pl reaction mixtures containing 3 pl of
template, 50 uM each dNTP, 0.5 puM each 5-non-
coding region outer primer 1CH, 5'-GATGC ACGGT
CTACG AGACC TC-3', and 2CH, 5'-AACTA CTGTC
TTCAC GCAGA A-3' obtained from Oligo et al.
(Lazizi et al, 1992), 5 U of cloned Moloney murine
leukemia virus reverse transcriptase (New England
Biolabs, Inc.), 0.2 U of Tag DNA polymerase and 1x
RT-PCR buffer (10x buffer consists of 500 mM Tris-
HCl (pH 8.3), 200 mM KCI, 30 mM MgCl,, 5% di-
methylsulfoxide and 2.5 mg/ml bovine serum al-
bumin). The reactions were performed in FTC 2000
capillary thermal cycler (Daehan Medical Co., Korea)
which was developed for usage of PCR in clinical ap-
plication because of its fast PCR reaction (30 min for
30 cycles) using glass capillary containing 10 pl reac-
tion volume without a mineral oil overlay with air
flow system. RT reaction was allowed to proceed for 5
min at 37°C and was followed by 1st PCR reaction
proceeded with 20 cycles at 94°C for 5 s, 50°C for 5
s and 72°C for 10 s. The 1st PCR reaction product
was stored in refrigerator for 5 min to minimize the
contamination. The 2nd PCR amplifications were car-
ried out in 10 pl reaction mixtures containing 1 pl of
1st PCR product, 0.5 uM each inner primer (1TS, 5'-
GAGCA CCAAC ACTAC TCGCT-3', and 4CH, 5'-
ATGGC GTTAG TATGA GTG-3"Y) (Lazizi et al., 1992),
200 uM each dNTP and 0.4 U of Tag DNA po-
lymerase. The 2nd PCR reaction was allowed to
proceed 30 cycles at 94°C for 5 s, 50°C for 10 s and
72°C for 15 s. Amplified samples (188 bp product)
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were separated by electrophoresis on 2% agarose gel
and detected by ethidium bromide staining.

Conventional RNA preparation method

RNA was extracted by the acid guanidium
thiocyanate-phenol-chloroform method {Chomczynski
and Sacchi, 1992) from 100 pl of serum. Extracted
RNA was suspended in 10 pl of diethylpyrocarbonate
(0.01%) treated sterile water. First strand cDNA was
synthesized from 5 pl of the RNA at 37°C for 1 hr
with 50 U of cloned Moloney murine leukemia virus
reverse transcriptase in 10 pl buffer containing 50
mM Tris-HCI (pH 8.3), 20 mM KCI, 3 mM MgCl,, 1
mM DTT, T mM EDTA, 500 uM each dNTP, 2 uM
primer (1CH) and 20 U of RNasin (Promega, USA).
The 1st PCR reactions were carried out in 10 pl reac-
tion mixtures containing 5 pl of cDNA, 200 uM each
dNTP, 2 uM each outer primer, 0.4 U of Tag DNA
polymerase and 1x PCR buffer same as described in
above boiling method. The reactions were performed
in FTC 2000 capillary thermal cycler over 30 cycles
at 94°C for 5s, 50°C for 5s and 72°C for 10s. The 2nd
PCR was carried out with same condition as des-
cribed in above boiling method.

RESULTS AND DISCUSSION

Fig. 1 demonstrates the difference in signal intensity
of amplification products after combined RT-nested
PCR depending on the RNA preparation methods.
Amplification efficiencies from 1 pl of boiled serum
without RNA extraction (Fig. 1B} are higher than
those from extracted RNA of 50 ul serum with con-
ventional method (Fig. 1A). Because these results
were reproducible, positive band in anti-HCV an-
tibody negative sample (lane 5 of Fig. 1B) could be
detected as HCV-RNA positive by lowering the de-
tection limit with this boiled method without RNA ex-
traction. When boiled HCV positive serum was seri-
ally diluted 10-fold, HCV RNA was successfully det-
ermined in 2 pl~0.001 pl of serum (Fig. 2). This in-
dicates that the sensitivity of present method allows
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Fig. 1. Comparison of RNA template preparation method
for RT-nested PCR as RNA template between (A) con-
ventional RNA preparation method and (B) boiling method.
Lane 1, pBR322/HinAl digest; lane 2-6, anti-HCV antibody
negative sera; lane 7-10, anti-HCV antibody positive sera.
1CH/2CH and 1TS/4CH primer sets were employed.
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Fig. 2. Sensitivity of RT-PCR amplification for HCV RNA
from boiled serum. The supernatants of boiled serum were
serially diluted with diethylpyrocarbonate treated sterile wat-
er for using as RNA template. Lane 1, pBR322/Hinfl digest;
lane 2, reagent control without RNA template; lane 3, ne-
gative control; lane 4, 2 ul serum; lane 5-11, serial 10-fold
dilution of boiled serum ranging from 1 ul to 0.000001 pl,
respectively; lane 12, 1 ul serum without reverse tran-
scriptase

the detection of HCV RNA in a wide range of con-
centration.

An important drawback for clinical use of RT-nest-
ed PCR for HCV RNA detection is time and labor
consuming process, and sample-to-sample carryover
or contamination. To overcome these problems, com-
bined RT-1st PCR as described in MATERIALS AND
METHODS makes the procedure be simple (it takes a-
bout 1 hr from RNA preparation to combined RT-nest-
ed PCR) and dramatically reduces the contamination
possibilities. In this experiment, RT reaction was al-
lowed to proceed for 5 min which was enough time
to synthesize the cDNA. But there was no more in-
crease of efficiency of cDNA synthesis when RT reac-
tion was carried out for longer time than 5 min (data
not shown). It caused rather increase the con-
tamination possibilities because of the net increase of
total RT-1st PCR reaction time. It is important to
reduce the total RT-1st PCR reaction time (20 cycles
in our experiments) and to minimize the con-
centrations of PCR reaction components (i.e. con-
centrations of dNTP, primer, Tag DNA polymerase,
reverse transcriptase) for eliminating the con-
tamination possibilities.

HCV RNA was screened by present method in 225
clinical samples from anti-HCV antibody negatives (13
samples) and positives (212 samples) sera detected by
ELISA test (Innotest HCV kit, Green Cross Co., Korea).
Negative control sample and reagent control (no nu-
cleic acid) were included in each set of amplification
reaction to test the contamination (Fig. 3). HCV RNA
with this method was detected in 4 of 13 anti-HCV
antibody negative samples (30.8%) and 95 of 212 po-
sitive samples (44.8%). When screening of clinical
samples were repeated three times to find out false-
positive, the results were exactly reproducible which
means no contamination events during the am-
plification process. The results show that there are dis-
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Fig. 3. Detection of combined RT-nested PCR products (188
bp) from 3 ul of boiled serum from anti-HCV antibody po-
sitive or negative patients using 1CH/2CH and 1TS/4CH
primer sets. Lane 1, pBR322/HinAl digest; lane 2, reagent
control without RNA template; lane 3, negative control;
lane 4, positive control; lane 5-8, anti-HCV antibody ne-
gative sera; lane 9-12, anti-HCV positive sera

crepancies between HCV-RNA positive and anti-HCV
antibody positive as expected. Lane 7 in Fig. 3 is an
example to illustrate the HCV RNA positive even it is
anti-HCV antibody negative sample. It is possible to
detect HCV RNA in negative anti-HCV antibody sam-
ples because of the high sensitivity of this method.
The discrepancies of ELISA results using the various
company ELISA kits for detecting the anti-HCV an-
tibody were observed. Because 212 anti-HCV an-
tibody positive samples were collected from various
places, sample storage conditions and the detection
method using various ELISA kits should be con-
sidered. It is possible to explain the negative de-
tection with RT-PCR in anti-HCV antibody positive
samples as causing from the RNA degradation by the
careless transfer of samples or the discrepancies of EL-
ISA data. With this consequence, it is more beneficial
to combine the ELISA test in which several sero-
logical HCV markers have to be used simultaneously
and RT-nested PCR technique in which the possibility
of contamination should be eliminated for diagnosis
of HCV infection. Combining RT-nested PCR tech-
nique using boiled serum as RNA template could fa-
cilitate diagnostic assays for detecting HCV RNA, con-
firm the discrepant results obtained by various ELISA
kits and may have a wide range of application for the
clinical utilities to determine other single (or double)
stranded RNA viruses.

In conclusion, a simple and rapid combined RT-
nested PCR protocol without RNA extraction has
been described for the clinical utility to determine
HCV RNA in human serum. HCV RNA detection in
225 clinical samples was very reproducible, which
can exclude the possibility of contamination. In ad-
dition, the present assay protocol can be applied to
the amplification of any RNA templates including
RNA viruses, especially for the clinical samples
which require the speedy analysis of large number of
specimen.
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