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Detection of HCV RNA by the Asymmetric
Gap Ligase Chain Reaction

R.L. Marshall, T.G. Laffler, M.B. Cerney, J.C. Sustachek, J.D. Kratochvil, and R.L. Morgan

Abbott Laboratories, Molecular Diagnostics, Abott Park, Illinois 60064

The ligase chain reaction (LCR) and
the gap ligase chain reaction (gLCR)
are exponential amplification tech-
niques for the detection of DNA se-
quences in a sample. Both techniques
depend on the enzyme, DNA ligase,
to join adjacent probes annealed to a
DNA molecule. However, DNA ligase
joins DNA inefficiently on an RNA tar-
get. Consequently, LCR and gLCR can-
not amplify RNA efficiently. RNA de-
tection methods using LCR or gLCR
require a cDNA synthesis step. The
carryover of four dNTPs from the
cDNA reaction inhibits gLCR. Al-
though LCR can use c¢cDNA reaction
products directly, background gener-
ated by blunt-end ligation does not
allow the high sensitivity typically
needed for HIV or HCV detection. The
asymmetric gap ligase chain reaction
(AGLCR) is a modification of gLCR
that allows for the detection of RNA
by using <3 of the 4 nucleotides in
the ¢cDNA step and the gLCR step.
Fewer than 50 copies of synthetic
RNA transcript can be reproducibly
detected. HCV, an RNA virus with no
DNA intermediate, was chosen as the
initial RNA model system. HCV anti-
body-positive and normal samples
were analyzed, and the results were
found to correlate with the results
obtained using nested RNA-PCR.
AGLCR provides a new nucleic acid
amplification technique that can aid
in the diagnosis of disease when the
detection of RNA is critical.

80 PCR Methods and Applications

A number of techniques are available
for the detection of RNA. For high sensi-
tivity, exponential amplification tech-
niques such as PCR and ligase chain re-
action (LCR) are necessary. LCR utilizes
four probes: two adjacent probes specific
for one strand of the DNA and two adja-
cent probes complementary to the first
two probes. Hybridization of adjacent
probes to a DNA target forms a ligatable
substrate for thermostable DNA ligase.
The ligated probes subsequently serve as
a DNA target for aligning the opposite
sense adjacent probes. Repeated cycles of
denaturation, annealing, and ligation re-
sult in exponential amplification.?~'®
The sensitivity of blunt LCR may be lim-
ited, possibly by target-independent liga-
tion.® This may preclude the use of this
method when high sensitivity is needed.
Gap LCR (gLCR) is a version of LCR
where the probes are not adjacent but
are separated by 2 to 3 bases on both the
sense and antisense strand.*'% This
prevents target-independent ligation. A
thermostable DNA polymerase, supplied
with <4 dNTPs, adds the missing bases
to the 3’ internal end of one of the two
probes using the DNA target as template.
Once the gap between the two probes is
filled, the probes are once again adjacent
and can be ligated. The same process oc-
curs on the opposite strand. Both LCR
and gLCR work well on DNA but not on
RNA targets. DNA ligase ligates adjacent
DNA oligonucleotides that are hybrid-
ized to an RNA target very inefficiently
(data not shown). RNA is detected indi-
rectly by synthesis of a ¢cDNA prior to
LCR or gLCR. The presence of all four
dNTPs from the cDNA reaction interferes
with gLCR by allowing uncontrolled ex-
tension of the LCR probes by the poly-
merase. Therefore, the dNTPs must be
removed from the cDNA product quan-

titatively before the cDNA can be ampli-
fied by gLCR.

Asymmetric gLCR (AGLCR) is a ver-
sion of gLCR that allows the direct use of
cDNA reaction products. Sequences have
been identified and probes designed to
give asymmetric gaps between the sense
and antisense gLCR probes. The se-
quences of the gaps contain <3 of the 4
possible nucleotides. This controls ex-
tension of the probes and allows the
product of the cDNA reaction to be used
directly in the gLCR step. Such se-
quences are abundant in hepatitis C vi-
rus (HCV), human immunodeficiency
virus (HIV), and all of the potential tar-
gets investigated to date. The gaps are
described as asymmetric because there is
a large gap between the probes that are
complementary to the RNA target and a
small gap between the probes that are
the same sense as the RNA target. A four-
probe AGLCR design is illustrated in Fig-
ure 1. This design typically allows the 9-
to 15-base cDNA extension of the AGLCR
probe (probe 4) using <3 of the 4 dNTPS.
The extended portion is complementary
to a 9- to 15-base sequence at the 3’ end
of the opposite sense AGLCR probe
(probe 1). When all AGLCR probes are
allowed to hybridize, the extended cDNA
AGLCR probe (probe 4) enables the for-
mation of a four-probe DNA complex li-
gatable by DNA ligase. This ligated DNA
product is then amplified by gLCR. If
no RNA target-dependent cDNA exten-
sion occurs, the hybridization complex
cannot form and amplification cannot
take place.

MATERIALS AND METHODS
AGLCR

The first step of AGLCR is a limited cDNA
synthesis in which one of the four LCR
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Hepatitis C
n 1 1 _2"
2 base gap 313

»3 of A&C, notT

#1 Bt-GCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGT __TGCCTGATAGGGTGCTTGCGAGTG-FI #3
#2 Bt-TCGGCTCATCACAACCCAGCGCTTT TGACGGACTATCCCACGAACGCTCA-FI| #4

11 base gap

of AC, &G, notT "T" is the stop-base
FIGURE 1 Design of AGLCR probes. The AGLCR probes map to the highly conserved 5'-untrans-
lated region of HCV (bases 252-313, HP CHUMR, GenBank v. 71, accession no. M58335). A
potential AGLCR gap sequence has the properties of a short 2- to 4-base run of less than all 4
nucleotides on the sense strand and a much longer run of 9-15 bases of the same nucleotides
proceeding in the opposite direction on the antisense strand. The runs, referred to as gaps, are
underlined. The HCV design is referred to as an 11-2 because there is a 2-base gap on the sense
strand and an 11-base gap on the antisense strand. During AGLCR only the nucleotides that
comprise the gap are supplied. Consequently, the omitted nucleotide T serves as a stop base. The
absence of the stop base terminates extension during both the cDNA and LCR steps of AGLCR
(see Fig. 2). Probe length is chosen to give probe 1 and 2 and 3 and 4 hybrid pairs melting
temperatures of ~75°C in the LCR buffer. The probes themselves do not include the sequences
in the lined gaps.

RNAUAGUGUUGGGUCGCGAAAGGCCUUGUGGUACUGCCUGAUAGGGUGCUUGCGAGUGCCCCGGGAGGUCUCGRNA
TGACGGACTATCCCACGAACGCTCA---Probe #4

STEP 1

Reverse transcription with
dCTP, dGTP, dATP only!

RNAUAGUGUUGGGUCGCGAAAGGCCUUGUGGUACUGCCUGAUAGGGUGCUUGCGAGUGCCCCGGGAGGUCUCGRNA
CCGGAACACCATGACGGACTATCCCACGAACGCTCA-extended Probe #4
-

Addition of remaining 3 LCR Probes,

Extension stops
STEP 2 l Ligase & Polymerase.

when dTTP is required.

Probe 1-GCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGT TGCCTGATAGGGTGCTTGCGAGTG-Probe 3
CCGGAACACCATGACGGACTATCCCACGAACGCTCA -Extended
pProbe 2-TCGGCTCATCACAACCCAGCGCTTT

Probe 4
Extension- dependent Hybridization

Probe 1-GCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGT _TGCCTGATAGGGTGCTTGCGAGTG-Probe 3
Probe 2-TCGGCTCATCACAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAACGCTCA-Extended

Probe 4
gLCR L

Probe 1-GCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTG-Probe 3
Probe 2-TCGGCTCATCACAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAACGCTCA-Extended

‘ Probe 4

LCR-Amplifiable DNA from original RNA

FIGURE 2 The first step of AGLCR is a limited cDNA extension of probe 4. The probe hybridizes
to the target RNA, and reverse transcriptase extends the probe with the nucleotides A, G, and C.
The extension is terminated precisely by the absence of the nucleotide T in the reaction. The
nucleotide A in the template RNA serves as a terminator base for cONA/AGLCR. In the second step
of AGLCR, the remaining three AGLCR probes, thermostable ligase, and thermostable DNA
polymerase are added. The second step of AGLCR takes advantage of the extension to the cDNA
probe 4 from step 1. Probe 4, with its extension underlined, can now hybridize to probe 1 via its
11-base overlap. If no extension occurred during the cDNA step this would not be possible. Probe
2 hybridizes to probe 1, and probe 3 hybridizes to probe 4 to form a four-probe-DNA hybrid-
ization complex. In this complex the extended probe 4 can be ligated directly to probe 2 by DNA
ligase. On the sense strand, probe 1 first must be extended 2 nucleotides by DNA polymerase. The
absence of T allows the precise termination of the extension. After extension by polymerase,
probe 1 becomes directly ligatable to probe 3. When the ligations are completed, a DNA replica
of the RNA has been formed. The ligated DNA hybridization complex can be denatured, and each
DNA strand serve as a template for further gap LCR amplification. This amplification normally
requires 40-50 cycles of thermal denaturation (97°C for 1 sec) followed by extension and ligation
(62°C for 50 sec). This DNA amplification is identical to that described for routine gLCR.

Ligase, Polymerase
(dCTP, dGTP, dATP from step 1)

probes (probe 4) is extended on an RNA
target in the presence of <3 of the 4
dNTPs by reverse transcription (Fig. 2).
This extension terminates precisely
when the RNA sequence specifies the ad-
dition of the base that is not supplied.
The extended cDNA probe is denatured
from the RNA, and the three additional
AGLCR probes, a thermostable DNA li-
gase, and a thermostable DNA poly-
merase are then added. The second step
of AGLCR uses the newly synthesized 3’
extension of the ¢cDNA probe 4 as a
‘““sticky end”’ complementary to the op-
posite sense 3’ end of probe 1. A ligatable
four-probe hybridization complex is
formed with the remaining AGLCR
probes. DNA ligase can ligate the ex-
tended cDNA probe 4 to its immediately
adjacent 3" AGLCR probe 2 when the two
probes are both hybridized to the oppo-
site sense AGLCR probe 1. The opposite
sense AGLCR probes 1 and 3 both can
hybridize to the extended cDNA probe,
but a gap of a few bases lies between
them. The thermostable DNA poly-
merase fills the gap using the extension
of cDNA probe 4 as a template. Once the
gap is filled, the oligonucleotide probes
are immediately adjacent and DNA li-
gase joins them. These two ligated probe
products now function as AGLCR-ampli-
fiable DNA targets when denatured from
one another. As the process of exten-
sion-ligation is repeated in each thermal
cycle of denaturation and annealing, ex-
ponential amplification results. If no
RNA target is present in the sample, the
four-probe hybridization complex can-
not form and no amplification results.
RNA is required only during the initial
cDNA step. The cDNA step can use either
reverse transcriptase or a thermostable
DNA polymerase shown to have reverse

transcriptase activity in the presence of
Mn*+ (16,17)

AGLCR Using Reverse Transcriptase
for the cDNA Step

The cDNA reaction (20 pl) was incubated
in 650-pl Slickseal microcentrifuge tubes
(ISS, Natick, MA). Reaction components
were 2 pl of RNA target, 20 units of
Moloney murine leukemia virus (MMLV)
reverse transcriptase (BRL, Gaithersberg,
MD), 10 um dANTPs (Pharmacia, Piscat-
away, NJ), and 1X 102 molecules of the
cDNA AGLCR probe in buffer consisting
of 10 mm Tris-HCI (pH 8.0), SO mM KCl,
and 5 mm MgCI,. The reaction was incu-
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bated at 37°C for 30 min followed by
99°C for 5 min to inactivate the reverse
transcriptase and 4°C for 5 min.

AGLCR cDNA Amplification

The AGLCR mixture (180 pl) was added
to the 20-pl cDNA reaction. The LCR
mixture contained 1x10'2 molecules of
LCR probes 1, 2, and 3, 9000 units of
thermostable Thermus thermophilus DNA
ligase (Abbott Laboratories, Abbott Park,
I1), and 0.5 units of thermostable Ther-
mus sp. DNA polymerase (MBR, Milwau-
kee, WI) in a buffer consisting of Tris-
HCl (pH 7.7), 19 mM KCl, and 30 mm
MgCl,. The LCR reaction was cycled (de-
naturation and annealing extension/li-
gation) for 40-43 cycles of 97°C for 1 sec,
55°C for 1 sec, and 62°C for 50 sec in a
model 480 Thermal Cycler (Perkin-
Elmer, Norwalk, CT).

IMx Microparticle Enzyme
Immunoassay Detection

AGLCR product was detected by micro-
particle enzyme immunoassay (MEIA)
automated by the Abbott IMx.'® Only
the complete bidentate LCR product
could be captured by microparticles and
detected by conjugate. The hapten fluo-
rescein (Fl1) was used on the 5’ end of
probe 1 and the 3’ end of probe 2 to
enable the anti-hapten-antibody micro-
particle capture of AGLCR product. The
hapten biotin was used on the 3’ end of
probe 3 and the 5’ end of probe 4 to
enable the anti-hapten-antibody alka-
line phosphatase conjugate detection.
The substrate methylumbelliferyl phos-
phate (MUP) is converted to a fluores-
cent product by alkaline phosphatase,

indicating the presence of complete
LCR product. The rate at which the flu-
orescent product is generated was ex-
pressed in counts per second per second
(c/sls).

Oligonucleotide Probe Synthesis

Oligonucleotide probes were synthe-
sized on an ABI 394 DNA synthesizer and
purified by gel electrophoresis. Quanti-
tation was by OD .

HCV Probes and Primers

HCV AGLCR and PCR primers were cho-
sen from the highly conserved 5'-un-
translated region of the HCV virus. The
set of four AGLCR probes mapped to nu-
cleotide positions 253-313 (Table 1 and
Fig. 1). The set of first-round PCR prim-
ers (C2 and 19-1) amplified a 250-bp
product in the 5'-untranslated region of
HCV. The internal primer set (C1 and
4-1) resulted in the amplification of a
157-bp nested PCR product (Table 1).

RNA Templates

Plasmid pHCV 136-7, containing the
5’-untranslated region of HCV was
provided by Suresh Desai (Abbott Labo-
ratories). It was confirmed by DNA se-
quencing to contain the 281-bp HCV nu-
cleotide sequence 19-299 (HPCHUMR,
GenBank v. 71, accession no. M58335).
HindlIll-linearized pHCV136-7 was used
for transcription.

Positive control RNA was made by
transcription using the Riboprobe II kit
(Promega Corp., Madison, WI) accord-
ing to the manufacturer’s instructions.
Reactions were extracted with 1 volume

of 10 mMm Tris-HCI (pH 8) and 1 mm
EDTA (TE)-saturated phenol/chloroform.
The upper aqueous phase was isolated
and extracted with an equal volume of
chloroform/isoamyl alcohol (24:1). The
upper aqueous phase was reisolated, and
0.5 volume of 7.5 M ammonium acetate
and 2.5 volumes of ethanol were added.
RNA was precipitated for 30 min at
—20°C followed by a S5-min centrifuga-
tion at 10,000g. The RNA pellet was
washed with 70% ethanol, centrifuged,
and resuspended in TE. The RNA con-
centration was determined spectropho-
tometrically by OD,¢,. Ribosomal 16S
and 23S RNA (Boehringer Mannheim,
Indianapolis, IN) at 2.0 ng/2 pl was used
as a carrier in all dilutions of RNA and as
an AGLCR/PCR-negative control.

Clinical Samples

HCV plasma samples from both anti-
body-negative and -positive human do-
nors were purchased from Antibody Sys-
tems, Inc. (Bedford, TX), Consumer
Biologicals, Inc. (Miami, FL), Serologi-
cals, Inc. (Clarkston, GA), LifeSource
(Glenview, IL), and The Blood Center
of Southeastern Wisconsin (Milwau-
kee, WI).

Sample Preparation

RNA was isolated using the RNAzol B kit
(Tel/Test, Inc., Friendswood, TX) accord-
ing to the manufacturer’s instructions.
Plasma (100 pl) was added to 900 pl of
the RNAzol B reagent. MS2 RNA was used
as carrier RNA for the precipitation steps.
The prepared RNA was precipitated as
above and resuspended in 20 ul of di-
ethyl pyrocarbonate (DEPC)-treated wa-

TABLE 1 Oligonucleotide Probes and Primers

HCV target
type position Sequence (5' — 3')
AGLCR 1 253-287 (5" UTR) bt-GCCGAGTAGTGTTGGGTCGCGAAAGGCCTTGTGGT
AGLCR 3 290-313 (5’ UTR) p-TGCCTGATAGGGTGCTTGCGAGTG-1
AGLCR 4 ¢312-288 (5" UTR) fl.-ACTCGCAAGCACCCTATCAGGCAGT
AGLCR 2 c276-252 (5 UTR) p-TTTCGCGACCCAACACTACTCGGCT-bt
PCR (19-1) 19-45 (5" UTR) C ACCATAGATCACTCCCCTGTGAGGAA
PCR (C2) €268~250 (5’ UTR) C TTTCGCGACCCAACACTA
PCR (4-1) 100-121 (5" UTR) A GCCTCCAGGACCCCCCCTCCC
PCR (C-1) c237-256 (5" UTR) A ACACTACTCGGCTAGCAGT

Nucleotide sequences were derived from GenBank v. 71, HCV accession number M58335. The haptens fluorescein (fl) and biotin (bt) were used for
detection of AGLCR product by enzyme immunoassay. AGLCR probes 3’ to the gap were 5’ phosphorylated (p) to allow ligation to the 3" hydroxyl
groups. Nucleotide sequences complementary to HCV RNA are designated by the letter c.
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ter (5'-3’ Inc., Boulder, CO). Purified
RNA (2 pl) equivalent to 10 ul of origi-
nal plasma, was used in AGLCR and
PCR assays.

RNA-PCR

RNA was reverse transcribed and ampli-
fied using the GeneAmp RNA PCR kit
(Perkin-Elmer, Norwalk, CT) as follows.
Reverse transcription reactions were per-
formed by incubating 2 pl of RNA in
a 20-pl reaction containing 1 mwm of
each deoxyribonucleotide (dATP, dGTP,
dCTP, dTTP), 50 units of reverse tran-
scriptase, 20 units of RNase inhibitor,
0.75 uM antisense primer (C2), 10 mm
Tris-HCI (pH 8.3), 50 mm KCl, and S mm
MgCl,. Reactions were terminated by in-
cubation at 99°C for 5 min, followed by
5°C for 5 min. PCR amplification of the
c¢DNA was performed in a 100-ul volume
containing a final concentration of 2.5
units of AmpliTaq DNA polymerase and
0.15 M sense primer (19-1) in 10 mMm
Tris-HCl (pH 8.3) 50 mm KCl, and 2 mm
MgCl,. Reactions were incubated at 95°C
for 2 min, followed by 35 cycles of de-
naturation at 95°C for 1 min and anneal-
ing/extension at 60°C for 1 min. A final
extension was performed at 60°C for 7
min. Thermal cycling was performed
with a model 480 thermal cycler (Perkin-
Elmer, Norwalk, CT).

Nested PCR (nPCR) was performed by
the addition of 2 pl (Y50 volume) of the
first-round PCR reaction to 98 pl of PCR
mixture containing a final concentra-
tion of 0.15 uM each of antisense primer
(C1) and sense primer (4-1), 200 um
dATP, dGTP, dCTP, and dTTP, and 2.5
units of AmpliTaq DNA polymerase in 10
mwm Tris-HCI (pH 8.3), 50 mm KCl, and 2
mM MgCl,. Cycling conditions were
identical to first-round PCR. PCR prod-
ucts were electrophoresed on 3% Nu-
Sieve/1% SeaKem LE agarose (FMC
Corp., Rockland, MA) in the presence of
90 mwm Tris-borate (pH 8.0) and 2 mMm
EDTA buffer (TBE), containing 500 ng/
ml of ethidium bromide (EtBr).

RESULTS
Sensitivity of AGLCR

Twenty molecules of HCV-purified re-
combinant RNA transcript were detected
by AGLCR (Fig. 3). In our hands, this was
equivalent to the sensitivity of nested
RNA-PCR using gel electrophoresis and

EtBr as the product detection method
(data not shown). No amplification was
detected using RNA as a target when re-
verse transcriptase was omitted from the
cDNA step. This verified that the reac-
tion detected RNA and not residual DNA.

Sample Data

The ability of HCV AGLCR to differenti-
ate negative from positive samples was
tested with 50 normal HCV antibody-
negative donor samples and 18 HCV-
positive donor samples. Two microliters
of each purified RNA, equivalent to 10 pl
of plasma, was tested. HCV viremia was
detected in all 18 of the HCV antibody-
positive samples, and none of the nor-
mal donor samples were positive for
HCV RNA (Fig. 4). The mean of the an-
tibody-negative samples was 32.18 c/s/s
with a standard deviation of 25.32 c/s/s.
Ten standard deviations above the mean
of the negative sample population
(285.38 c/s/s) was chosen as the cutoff to
differentiate positive samples from neg-
ative samples. This number of standard
deviations would be acceptable for a
screening assay. The AGLCR results cor-
related 100% with HCV antibody status
and with PCR in this limited study.

HCV Ab/nPCR Negatives

2000

1600

1200

rate (c/s/s)

800

4004

IMx

o0
0 20 200 2000 20000

Molecules of RNA Target

FIGURE 3 Sensitivity of AGLCR. The sensitiv-
ity of AGLCR was determined using purified
synthetic RNA transcripts made from HCV
DNA cloned into the transcription vector
pKS+ Bluescript (pHCV 136-7). The RNA
was quantitated spectrophotometrically by
Ajgo- Dilutions of the HCV RNA were made
into 2 ng/pl of carrier RNA (165/23S rRNA).
The carrier RNA also served as the negative
control. RNA (2 pl) was tested in duplicate by
AGLCR. MMLYV reverse transcriptase was used
in the cDNA step and followed by 40 cycles of
gLCR. Twenty molecules of purified HCV
transcript RNA were detected over the TRNA
used as a negative control (shown as the
0 target data point). Error bars (1 s.p.) are
included for all data points. The 20-mole-
cule RNA control mean is separated from the
rRNA negative control mean by 5 s.ps. The
amount of amplicon produced was quanti-
tated by a MEIA performed on the Abbott IMx
analyzer.

HCV Ab/nPCR Positives ||

24

10 sd cutoff

Frequency

IMx Rate (c/s/s)

FIGURE 4 Performance of AGLCR on HCV clinical samples. RNA was extracted from 100 ul of
plasma using a commercially available solvent-based extraction product [RNAzol B (Tel-Test,
Inc., Friendswood, TX)]. RNA pellets were dissolved in 20 ul of DEPC-treated water containing
400 ng of MS2 RNA as carrier. AGLCR determinations were performed on 2 pl aliquots equivalent
to 10 pl of original plasma. The test population included 50 normal HCV antibody/nPCR-nega-
tive and 18 HCV antibody/nPCR-positive donors. The cutoff value of 285.38 ¢/s/s is 10 s.D.s above
the mean of the negative samples. Note that the right portion of the graph (>500 c/s/s) was
compressed for illustration. The amount of amplicon produced was quantitated by MEIA per-
formed on the Abbott IMx analyzer. The sensitivity of AGLCR was 20 molecules, based on
purified synthetic RNA transcript. The positive sample cutoff was 10 s.D.s above the mean of the

HCV-negative samples.
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DISCUSSION

AGLCR is a variant of gLCR, which al-
lows the sensitive detection of RNA as
well as DNA. Its ability to detect RNA
was demonstrated with HCV-containing
samples where no DNA exists. We have
shown that AGLCR can detect as few as
20 copies of purified recombinant RNA
templates and is comparable to RNA-
PCR, using EtBr-stained gels as the PCR
product detection method. AGLCR de-
tects DNA ~10-fold better than RNA
(data not shown). This indicates an ap-
parent inefficiency in the cDNA step.
Therefore, appropriate techniques or
controls must be included to ensure that
AGLCR or RNA-PCR signal is generated
from RNA and not DNA.

The AGLCR technique has been ap-
plied to the detection of HCV RNA in
clinical samples. HCV viremia was de-
tected easily in HCV antibody-positive
donors but not in antibody-negative
normal donors. AGLCR has the poten-
tial, as does RNA-PCR, to detect HCV
early in the course of infection before
seroconversion or antigenemia has oc-
curred. Seroconversion takes an average
of 22 weeks to occur after infection, but
viral RNA can be detected as early as 10—
14 days postexposure.'”-*® The utility of
AGLCR for the detection of HCV viremia
prior to seroconversion and its value for
the study of the natural history of HCV
infection and therapeutic monitoring
are under investigation. The use of HCV
RNA as a marker for persistent HCV vire-
mia has been demonstrated.*” It may
be used also to differentiate patients
with ongoing active HCV infection from
those with an acute resolving disease.®
AGLCR is a new nucleic acid amplifi-
cation technique for RNA detection.
AGLCR should prove to be a highly sen-
sitive and valuable research and diag-
nostic tool for the detection of RNA
pathogens. Potentially, AGLCR may be
useful in the analysis of mRNAs in ge-
netic diseases, mRNA expression levels,
and the detection of structural RNAs
of pathogens.
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