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OLGONUCLEOTDES AND METHODS FOR 
DETECTING HEPATITIS C WRAL NUCLEC 

ACDS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application is a Division of U.S. application 
Ser. No. 10/011,855, filed Dec. 4, 2001, incorporated herein 
by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to compo 
Sitions and methods for quantitatively and qualitatively 
detecting hepatitis C viral nucleic acids in a test Sample. 

BACKGROUND OF THE INVENTION 

0003. The following discussion of the background of the 
invention is merely provided to aid the reader in understand 
ing the invention and is not admitted to describe or constitute 
prior art to the present invention. 
0004 One of the major causes of hepatitis are specific 
hepatitis viruses. Among them, HCV is now known to cause 
most cases of what was previously termed non-A, non-B 
(NANB) hepatitis, and causes the vast majority of post 
transfusion and sporadic NANB hepatitis. HCV infections is 
generally Symptomatically mild. However, at least half of all 
infected individuals appear to develop chronic hepatitis, and 
20% of these may develop cirrhosis. 
0005 HCV is a small RNA virus containing a single 
molecule of RNA of about 10,000 nucleotides in length. The 
genome of HCV contains a single, long, open reading frame 
(ORF) that is translated into a single, large polyprotein and 
Subsequently processed, and exhibits a large degree of 
nucleic acid Sequence heterogeneity. The entire genome of 
HCV has been cloned and sequenced. To date, at least five 
related genotypes of the virus have been found. The relative 
abundance of each genotype throughout the World is the 
subject of intensive study. The 5'untranslated region (UTR) 
of the virus is remarkably well conserved and has provided 
an excellent site for oligonucleotide probes and primers 
(Bukh et al., Proc. Natl. Acad. Sci USA 88:942-946, 1992). 
0006 Since multiple HCV subtypes exist with varying 
amino acid Sequences, these Subtypes vary geographically 
and play a role in disease virulence. HCV can also alter its 
amino acid pattern over time in an infected perSon, ham 
pering vaccine development. Since most cases of hepatitis C 
are Subclinical, even in the acute Stage, hepatitis C is often 
uncovered by the serendipitous detection of anti-HCV in 
apparently healthy perSons. 
0007 HCV causes at least 80% of post-transfusion hepa 

titis cases and a Substantial proportion of Sporadic acute 
hepatitis cases. It is also implicated in many cases of chronic 
hepatitis, cryptogenic cirrhosis, and hepatocellular carci 
noma unrelated to HBV. Infection is most commonly 
acquired via blood, either from transfusion or IV drug use. 
Sexual transmission and Vertical transmission from mother 
to infant can occur but are relatively rare. A Small proportion 
of seemly healthy persons are chronic HCV carriers, who 
often have Subclinical chronic hepatitis or even cirrhosis. 
HCV is associated with many disorders including “immune' 
disorders, Such as glomerulonephritis. 
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0008 Diagnosis of hepatitis C is based on the presence of 
serum antibody (anti-HCV), which is not protective and 
implies active infection. First generation Serologic tests were 
often falsely positive, but Second and third generation tests 
are more reliable. Anti-HCV often appears several weeks 
after acute infection, So a negative test does not exclude 
recent infection. 

0009. The measurement of HCV nucleic acid in serum 
has become an important tool to identify individuals with 
high viral replication, to monitor patients on therapy, and to 
predict whether antiviral therapy will be successful. 

0010 Several tests have been employed to detect HCV in 
serum and other body fluids. Hybridization assays for 
detecting HCV polynucleotides are known in the art. For 
example, Matthews and Kricka, Analytical Biochemistry 
169:1, 1988; Landegren et al., Science 242:229, 1988; 
Mattlin, Clinical Chem. 35: 1819, 1989; and U.S. Pat. No. 
4,868,105. 

0011 To increase the sensitivity of such assays, HCV 
nucleic acid Sequences can be detected by reverse transcrib 
ing HCV genomic RNA to form cDNA, amplifying the 
resulting cDNA by, for example, the polymerase chain 
reaction (PCR), and detecting the presence of amplified 
product. The HCV detection assays based on PCR amplifi 
cation of HCV polynucleotide sequences were described in 
U.S. Pat. No. 5,527,669; European Patent Publication No. 
529,493; Young et al., J. Clin. Microbiol. 31(4): 882-886, 
1993; and Young et al., J. Sin. Microbiol. 33(3): 654-657, 
1995. Therefore, when active disease is suspended or post 
treatment follow up is desired, detection of HCV-RNA by 
PCR provides a sensitive technique for the direct detection 
of HCV-RNA in patient serum. 

0012 Because of the sequence heterogeneity among 
HCV strains, there is still a need for primer oligonucleotides 
for amplifying HCV Sequences, each chosen from a con 
Served region So that all, or almost all, Strains will be 
amplified. U.S. Pat. No. 5,837,442, which is incorporated 
herein by reference, provides primers for the amplification 
of HCV nucleic acid with significantly high efficiency. This 
patent provides that amplification of HCV RNA can be 
carried out using a combined reverse transcription-poly 
merase chain reaction (RT-PCR) amplification, in which a 
Single enzyme catalyzes the primer eXtension both from the 
initial genomic RNA template (i.e. reverse transcription) and 
from the DNA templates synthesized in the amplification 
proceSS. 

0013 Hybridization assays for detection of nucleic acids 
are described in, for example, U.S. Pat. Nos. 6,258,569; 
6,030,787; 5,952,202; 5,876,930; 5,866,336; 5,736,333; 
5,723,591; 5,691,146; and 5,538,848. Publications for detec 
tion of HCV using Real-time PCR (Taqman systems) 
include the following: Henning et al., Transfusion 41(9): 
1100-6, 2001; Meng et al., J. Clin. Microbiol. 39(8): 2937 
45, 2001; Komurian et al., J. Virol Methods 95(1-2): 111-9, 
2001; Kleiber et al., J. Mol. Diagn 2(3): 158-66, 2000; 
Beames et al., J. Virol. 74(24): 11764-72, 2000; Kawai et al., 
J. Med. Virol. 58(2): 121-6, 1999; Mercier et al., J. Virol 
Methods 77(1): 1-9, 1999; Martell et al., J. Clin. Microbiol. 
37(2): 327-32, 1999; Petrik et al., J. Virol Methods 64(2): 
147-59, 1997; and Morris et al., J. Clin. Microbiol. 34(12): 
2933-6, 1996. 
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SUMMARY OF THE INVENTION 

0.014. The present invention provides methods and com 
positions for determining the presence and/or amount of 
HCV nucleic acids in a test Sample. In particular, Substan 
tially purified oligonucleotides for qualitatively and quanti 
tatively detecting HCV nucleic acids in a test Sample by 
amplification methods are described herein. The present 
invention can provide a specific, Sensitive method that 
exhibits a broad dynamic range of detection of HCV nucleic 
acids, and which can advantageously provide quantitative as 
well as qualitative results. 
0.015. In various embodiments of the present invention, 
oligonucleotide primers and probes are used in the methods 
described herein to provide the HCV assay. Thus, in certain 
embodiments, the invention relates to primer Sequences that 
can be used to amplify HCV and/or control nucleic acid 
Sequences present in a Sample. In certain embodiments, 
primer Sequences can also be used to amplify one or more 
control nucleic acid Sequences, while in other embodiments, 
primer sequences simultaneously introduce HCV and T7 
RNA polymerase promoter Sequences into the control ampli 
con produced. By introducing T7 promoter Sequences into 
the control amplicon, the amplicon can be transcribed into 
an RNA molecule which is subsequently purified from its 
DNA predecessor. By introducing HCV sequences into the 
control amplicon and ultimately into the control RNA, the 
control can be introduced into test Samples, reverse tran 
Scribed and amplified by the same primers used to reverse 
transcribe and amplify the target HCV sequences, providing 
a convenient positive control. 
0016. In additional embodiments, the invention relates in 
part to probe nucleic acids that can be conjugated to a 
detectable label, preferably, a fluorescent dye, and most 
preferably a dye pair located at the 5' and 3' end of the 
oligonucleotides. Certain labeled oligonucleotides are 
described that hybridize to amplified HCV nucleic acids, if 
present, in the Sample. Similarly, certain labeled oligonucle 
otides are described that hybridize to a control amplicon that 
may have been introduced into the test Sample as a positive 
control. 

0.017. In a first aspect, the invention relates to a compo 
Sition of one or more Substantially purified oligonucleotides 
having Sequences Selected from the following group: 

0018, 5'-GCA GAA AGC GTC TAG CCATGG CGT-3' 
(SEQ ID NO:1), an HCV sequence; 
0019 5'-CTC GCA AGC ACC CTATCA GGC AGT-3' 
(SEQ ID NO:2), an HCV sequence; 
0020, 5'-CCG GGAGAGCCATAGTGG TCT GCG-3' 
(SEQ ID NO:3), an HCV sequence; 
0021 5'-TAA TAC GAC TCA CTA TAG GGG CAG 
AAA GCG TCT AGC CAT GGC GTA AAA TCC GGT 
AGT AACTTG CTA ACC-3' (SEQ ID NO:4), a hybrid 
nucleic acid comprising HCV, phage lambda, and T7 RNA 
polymerase promoter Sequences, 

0022 5'-CTC GCA AGC ACC CTA TCA GGC AGT 
TAG TGC GGG TGT TGA ATG ATTTCC-3' (SEQ ID 
NO:5)), a hybrid nucleic acid comprising both HCV and 
phage lambda Sequences, and 
0023 5'-TTG GCA ACA GTG GCA TGC ACC G-3' 
(SEQ ID NO:6), a phage lambda sequence. 
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0024. In preferred embodiments, one or more of the 
Selected oligonucleotides can be conjugated to a detectable 
label, preferably a fluorescent dye, and most preferably a 
dye pair. Particularly preferred oligonucleotide dye conju 
gates are 52'-chloro-7'-phenyl-1,4-dichloro-6-carboxyfluo 
rescein(VIC)-CCG GGAGAGCCATAGTGG TCTGCG 
6-carboxytetramethylrhodamine(TAMRA)3' (SEQ ID 
NO:7); and 56-carboxyfluorescein(FAM)-TTG GCA ACA 
GTG GCA TGC ACC G-6-carboxytetramethylrhodamin 
e(TAMRA)3' (SEQID NO:8). These may be used as probes 
for HCV and phage lambda, respectively, in methods to 
detect the presence or amount of Specific nucleic acids 
present in a test Sample. 

0025. In another aspect, the present invention relates in 
part to methods that use hybrid HCV-phage lambda and T7 
promoter-HCV-phage lambda nucleic acid primers to pro 
duce hybrid amplicons comprising a core phage lambda 
sequence, flanked by HCV sequences and a single T7 RNA 
polymerase promoter Sequence. In preferred embodiments, 
oligonucleotides having the sequences 5'-TAA TAC GAC 
TCA CTA TAG GGG CAG AAA GCG TCT AGC CAT 
GGC GTAAAATCC GGT AGT AACTTG CTA ACC-3' 
(SEQ ID NO:4), and 5'-CTC GCA AGC ACC CTATCA 
GGC AGT TAG TGC GGG TGT TGAATGATTTCC-3' 
(SEQ ID NO:5)), are used as primers to amplify a sample 
of phage lambda nucleic acid to produce the hybrid ampli 
COS. 

0026. In certain embodiments, T7-HCV-phage lambda 
hybrid amplicons can be used to prepare an HCV-phage 
lambda RNA transcript which is purified for use in HCV 
assays. In these embodiments, hybrid HCV-phage lambda 
nucleic acids can be introduced into a Sample to be analyzed 
for the presence or amount of HCV RNA. Because of the 
flanking HCV sequences present in the hybrid RNA, primers 
can be Selected that can reverse transcribe and amplify both 
the hybrid nucleic acid added, as well as any HCV present 
in the Sample. Depending on the timing at which the hybrid 
nucleic acid is introduced into the Sample, the hybrid nucleic 
acid can Serve as a positive control for -nucleic acid extrac 
tion from the sample, and/or for HCV-RNA reverse tran 
Scription and amplification reactions. 

0027. In another aspect, the present invention relates in 
part to methods for detecting the presence or amount of 
HCV nucleic acid present in a test sample. These methods 
preferably comprise amplifying HCV nucleic acids if 
present in Said Sample using a pair of oligonucleotide 
primers; hybridizing said amplified HCV nucleic acids with 
an oligonucleotide probe, and detecting a signal from Said 
hybridized HCV nucleic acids, wherein the signal is related 
to the presence or amount of HCV nucleic acids in the test 
Sample. 

0028. In various preferred embodiments, the oligonucle 
otide primers from HCV RNA 5' UTR have the sequences 
5'-GCAGAAAGC GTC TAG CCATGG CGT-3' (SEQ ID 
NO:1) and 5'-CTC GCAAGC ACC CTATCAGGC AGT-3' 
(SEQ ID NO:2); the oligonucleotide probe has the sequence 
5'-CCG GGAGAGCCATAGTGG TCT GCG-3' (SEQ ID 
NO:3); the oligonucleotide probe comprises a detectable 
label; the oligonucleotide probe has the sequence 5'(VIC)- 
CCG GGA GAG CCA TAG TGG TCT GCG-(TAMRA)3' 
(SEQID NO:7); a positive control nucleic acid is introduced 
into the test Sample during the isolation of HCV Sequences, 
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the positive control nucleic acid is an HCV-phage lambda 
hybrid; the positive control nucleic acid is reverse tran 
Scribed and amplified by the same primers used to reverse 
transcribe and amplify the HCV sequences; the positive 
control nucleic acid is detectable using an oligonucleotide 
probe having the sequence 5'-TTG GCA ACA GTG GCA 
TGC ACC G-3' (SEQ ID NO:6); and/or the positive control 
nucleic acid is detected using an oligonucleotide probe 
having the sequence 5'(FAM)-TTG GCA ACA GTG GCA 
TGC ACC G-(TAMRA)3' (SEQ ID NO:8). 
0029. In yet another aspect of the present invention, a 
“real time RT-PCR assay providing dynamic fluorescence 
detection of amplified HCV products produced in a RT-PCR 
amplification reaction using enzyme rTth to reverse tran 
scribe and PCR-amplify HCV RNA is described. During 
RT-PCR, the amplified products hybridize to probe nucleic 
acids, which are labeled with both a reporter dye and a 
quencher dye. When these two dyes are in close proximity, 
i.e. both are present in an intact probe oligonucleotide, the 
fluorescence of the reporter dye is Suppressed. However, a 
polymerase, Such as rTth, having 5'-3' nuclease activity can 
be provided in the RT-PCR reaction. This enzyme cleaves 
the fluorogenic probe if it is bound Specifically to the target 
nucleic acid Sequences between the priming sites. The 
reporter dye and quencher dye are separated upon cleavage, 
permitting fluorescent detection of the reporter dye. Upon 
excitation by a laser provided, e.g., by a Sequence detection 
apparatus, the fluorescent Signal produced by the reporter 
dye is detected and/or quantified. The increase in fluores 
cence is a direct consequence of amplification of target 
nucleic acids during RT-PCR. 
0.030. In various preferred embodiments, the oligonucle 
otide primers used in the RT-PCR amplification have the 
sequences 5'-GCAGAAAGC GTCTAG CCATGG CGT-3' 
(SEQ ID NO:1) and 5'-CTC GCA AGC ACC CTA TCA 
GGC AGT3' (SEQ ID NO:2); the reporter dye is VIC and 
the quencher dye is TAMRA; the HCV oligonucleotide 
probe has the sequence 5'(VIC)-CCGGGAGAGCCATAG 
TGG TCT GCG-(TAMRA)3' (SEQ ID NO:7); a positive 
control nucleic acid is introduced into the test Sample during 
the isolation of HCV Sequences, the positive control nucleic 
acid is a HCV-phage lambda hybrid; the positive control 
nucleic acid is reverse transcribed and amplified by the same 
primers used to reverse transcribe and amplify the HCV 
Sequences, the reporter dye is FAM and the quencher dye is 
TAMRA; and/or the positive control nucleic acid is detected 
using an oligonucleotide probe having the Sequence 
5'(FAM)-TTG GCA ACA GTG GCA TGC ACC 
G-(TAMRA)3 (SEQ ID NO:8). 
0031. In yet another aspect, the methods and composi 
tions for detecting and/or quantifying HCV of the present 
invention can be used for designing a treatment regimen. In 
particular, the detection of the presence or amount of HCV 
nucleic acid in a biological Sample following a Selected 
treatment(s) can be used to assess the Success or lack thereof 
in the treatment regimen. The present invention can also be 
used to compare the relative presence or amount of HCV 
nucleic acids in a patient before and after Such a treatment 
regimen. Similarly, methods and compositions described 
herein can be used for Screening therapeutic compounds. In 
particular, the quantitative detection of the presence or 
amount of HCV nucleic acids in a biological sample fol 
lowing administration of one or more compounds can be 
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used to assess therapeutic efficacy. The present invention can 
also be used to compare the relative presence or amount of 
HCV nucleic acids in a patient before and after administra 
tion of one or more compounds. 
0032. In another aspect, the present invention relates in 
part to kits comprising Sufficient materials for performing 
one or more methods described herein. In preferred embodi 
ments, a kit includes one or more materials Selected from the 
following group in an amount Sufficient to perform at least 
one HCV assay: Oligonucleotide primerS having the 
sequences 5'-GCAGAAAGC GTCTAGCCATGG CGT-3' 
(SEQ ID NO:1) and 5'-CTC GCA AGC ACC CTA TCA 
GGC AGT3' (SEQ ID NO:2); an oligonucleotide probe 
having the sequence 5'-CCG GGA GAGCCA TAG TGG 
TCT GCG-3' (SEQ ID NO:3); an oligonucleotide probe 
having the sequence 5'(VIC)-CCG GGA GAG CCA TAG 
TGG TCT GCG-(TAMRA)3' (SEQ ID NO:7); a positive 
control nucleic acid to be introduced into a test during the 
isolation of HCV Sequences, a positive control nucleic acid 
that is a HCV-phage lambda hybrid; a positive control 
nucleic acid that is detectable using an oligonucleotide probe 
having the sequence 5'-TTG GCA ACA GTG GCATGC 
ACC G-3' (SEQ ID NO:6); a positive control nucleic acid 
that is detected using an oligonucleotide probe having the 
sequence 5'(FAM)-TTG GCA ACA GTG GCATGC ACC 
G-(TAMRA)3' (SEQ ID NO:8). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033. The present invention provides methods and com 
positions for the rapid, accurate and Sensitive determination 
of HCV nucleic acids in test Samples. In particular, oligo 
nucleotide probes and primers are described that can be used 
in a method for quantitatively or qualitatively detecting 
HCV nucleic acids in a Sample. The present invention also 
provides primers and probes for generating and detecting 
control nucleic acid Sequences that provide a convenient 
method for assessing internal quality control of the HCV 
asSay. 

0034. As used herein, the term "HCV-phage lambda 
nucleic acid hybrids' refers to chimeric ribonucleic acid 
molecules containing both HCV and lambda phage nucleic 
acids sequences. Preferred HCV-phage lambda hybrids 
comprise a core Sequence from phage lambda, flanked by 
HCV sequences having sufficient length to hybridize to 
reverse transcription and amplification primerS. 
0035. As used herein, the term “purified” in reference to 
oligonucleotides does not require absolute purity. Instead, it 
represents an indication that the Sequence is relatively more 
pure than in the natural environment. Such oligonucleotides 
may be obtained by a number of methods including, for 
example, laboratory Synthesis, restriction enzyme digestion 
or PCR. A “substantially purified” oligonucleotide is pref 
erably greater than 50% pure, more preferably at least 75% 
pure, and most preferably at least 95% pure. 
0036 AS used herein, the term “oligonucleotides” refers 
to a short polymer composed of deoxyribonucleotides, ribo 
nucleotides or any combination thereof. These oligonucle 
otides are at least 9 nucleotides in length, preferably 20 to 70 
nucleotides long, with 21 to 26 nucleotides being the most 
common. In certain embodiments, the oligonucleotides are 
jointed together with a detectable label. 
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0037. As used herein, the term "HCV nucleic acids” 
mostly refers to RNA comprising a contiguous Sequence 
from a hepatitis C virus genome, or the complement of it, 
obtained by any method including obtaining the nucleic acid 
from a biological Source, Synthesizing the nucleic acid in 
Vitro, or amplifying the nucleic acid by any method known 
in the art. 

0038. As used herein, the term “hybridize” refers to 
process that two complementary nucleic acid Strands anneal 
to each other under appropriately Stringent conditions. 
Hybridizations are typically and preferably conducted with 
probe-length nucleic acid molecules, preferably 20-100 
nucleotides in length. Nucleic acid hybridization techniques 
are well known in the art. See, e.g., Sambrook, et al., 1989, 
Molecular Cloning: A Laboratory Manual, Second Edition, 
Cold Spring Harbor Press, Plainview, N.Y. Those skilled in 
the art understand how to estimate and adjust the Stringency 
of hybridization conditions Such that Sequences having at 
least a desired level of complementarity will stably hybrid 
ize, while those having lower complementarity will not. For 
examples of hybridization conditions and parameters, See, 
e.g., Sambrook, et al., 1989, Molecular Cloning: A Labora 
tory Manual, Second Edition, Cold Spring Harbor Press, 
Plainview, N.Y.; Ausubel, F. M. et al. 1994, Current Proto 
cols in Molecular Biology. John Wiley & Sons, Secaucus, 
N.J. 

0.039 The term “stringent hybridization conditions” as 
used herein refers to hybridization conditions at least as 
stringent as the following: hybridization in 50% formamide, 
5xSSC, 50 mM NaH2PO4, pH 6.8, 0.5% SDS, 0.1 mg/mL 
Sonicated salmon sperm DNA, and 5x Denhart's solution at 
42°C. overnight; washing with 2xSSC, 0.1% SDS at 45° C.; 
and washing with 0.2xSSC, 0.1% SDS at 45° C. In another 
example, Stringent hybridization conditions should not allow 
for hybridization of two nucleic acids which differ over a 
Stretch of 20 contiguous nucleotides by more than two bases. 
0040. The term “amplify” with respect to nucleic acid 
Sequences refers to methods that increase the representation 
of a population of nucleic acid Sequences in a Sample. 
Nucleic acid amplification methods, such as PCR, isother 
mal methods, rolling circle methods, etc., are well known to 
the skilled artisan. See, e.g., Saiki, "Amplification of 
Genomic DNA” in PCR Protocols, Innis et al., Eds., Aca 
demic Press, San Diego, Calif. 1990, pp 13-20; Wharam et 
al., Nucleic Acids Res. Jun. 1, 2001:29(11):E54-E54; Hafner 
et al., Biotechniques 2001 April;30(4):852-6, 858, 860 
passim; Zhong et al., Biotechniques 2001 April;30(4):852-6, 
858, 860 passim. 
0041 AS used herein, the term “test sample” refers to any 
liquid or Solid material believed to comprise HCV nucleic 
acids. In preferred embodiments, a test Sample is obtained 
from a biological Source, Such as cells in culture or a tissue 
Sample from an animal, most preferably, a human. Preferred 
Sample tissueS of the instant invention include, but are not 
limited to, plasma, Serum, whole blood, blood cells, lym 
phatic fluid, cerebroSpinal fluid, Synovial fluid, urine, Saliva, 
and skin or other organs (e.g. biopsy material). The term 
"patient Sample' as used herein refers to a tissue Sample 
obtained from a human Seeking diagnosis or treatment of a 
disease related to a HCV infection. 

0042. The term “detectable label” as used herein refers to 
a composition or moiety that is detectable by Spectroscopic, 
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photochemical, biochemical, immunochemical, electromag 
netic, radiochemical, or chemical means Such as fluores 
cence, chemifluoresence, or chemiluminescence, or any 
other appropriate means. Preferred detectable labels are 
fluorescent dye molecules, or fluorochromes, Such fluores 
cein, phycoerythrin, CY3, CY5, allophycocyanine, Texas 
Red, peridenin chlorophyll, cyanine, FAM, JOE, TAMRA, 
tandem conjugates Such as phycoerythrin-CY5, and the like. 
These examples are not meant to be limiting. Methods and 
compositions for detectably labeling molecules, Such as 
oligonucleotides, PNA-DNA hybrids, etc. are well known in 
the art. See, e.g., U.S. Pat. Nos. 6,316,230; 6,297,016; 
6,316,610; 6,060,240; 6,150,107; and 6,028,290, each of 
which are hereby incorporated by reference in their entirety. 

0043. The term “fluorochrome” as used herein refers to a 
molecule that absorbs a quantum of electromagnetic radia 
tion at one wavelength, and emits one or more photons at a 
different, typically longer, wavelength in response. In pre 
ferred embodiments, a fluorochrome can be a member of a 
pair of physically linked fluorochromes that exhibit fluores 
cence energy transfer. An energy transfer pair may be 
excited by a quantum of electromagnetic radiation at a 
wavelength at which the donor fluorochrome is excited; 
however, fluorescence from the donor fluorochrome that 
would be expected in the absence of the acceptor is 
quenched at least in part, and emission at an emission 
wavelength of the acceptor fluorochrome is observed. 

0044) In particularly preferred embodiments, a fluoro 
chrome is one member of a physically linked "molecular 
beacon' pair. In these embodiments, the molecular beacon 
pair may be excited by a quantum of electromagnetic 
radiation at a wavelength at which a first fluorochrome 
member of the pair is excited; however, fluorescence from 
the first fluorochrome that would be expected in the absence 
of the Second fluorochrome is quenched at least in part. 
Unlike energy transfer pairs, however, emission at an emis 
Sion wavelength of the acceptor fluorochrome is not 
observed. Thus, these labels comprise a pair of dyes, one of 
which is referred to as a “reporter,” and the second of which 
is referred to as a “quencher.” When the two dyes are held 
in close proximity, Such as at the ends of a nucleic acid 
probe, the quencher moiety prevents detection of a fluores 
cent Signal from the reporter moiety. When the two dyes are 
Separated, however, the fluorescent Signal from the reporter 
moiety becomes detectable. 

004.5 The term “linker” as used herein refers to one or 
more chemical bonds or a chemical group used to link one 
moiety to another, Serving as a divalent bridge, where it 
provides a group between two other chemical moieties. 
0046) Sample Preparation: 

0047 The presence or amount of HCV nucleic acids in a 
Sample can be determined by reverse transcribing and ampli 
fying the target regions within the HCV gene, preferably the 
5' UTR of HCV RNA. Thus, any liquid or solid material 
believed to comprise HCV nucleic acids can be an appro 
priate Sample. Preferred Sample tissues include plasma, 
serum, whole blood, blood cells, lymphatic fluid, cerebral 
Spinal fluid, Synovial fluid and others. 
0048 Such sample will often be taken from patients 
Suspected of having HCV infection, or having a wide 
spectrum of liver diseases related to HCV infection. Such 
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diseases include chronic hepatitis, cryptogenic cirrhosis, and 
hepatocellular carcinoma unrelated to HBV. 

0049 Nucleic acids, including the HCV sequence of 
interest, may be isolated from biological Samples. Various 
commercial nucleic acid purification kits, Such as 
QIAGEN(R) BioRobotTM and QIAamp(R) 96 VIRUS kit are 
known to the skilled artisan, and used to isolate nucleic 
acids, including the HCV Sequence of interest, from 
Samples. 
0050 Amplification of HCV Nucleic Acids of Interest: 
0051 Target samples or isolated nucleic acids may be 
amplified by various methods known to the skilled artisan. 
Preferably, RT-PCR is used to reverse transcribe and amplify 
HCV nucleic acids of interest. In this method, a single 
oligonucleotide primer binds to the nucleic acids of interest 
and through the reverse transcriptase activity of certain 
polymerases, a complementary DNA (cDNA) is produced. 
This primer, combined with a Second oligonucleotide primer 
that binds to the opposite end of the cDNA, are repetitively 
annealed to their complementary Sequences, extended by 
certain DNA polymerases, and heat denatured, resulting in 
exponential amplification of the target nucleic acid 
Sequences. The skilled artisan is capable of designing and 
preparing primers that are appropriate for reverse transcrib 
ing and amplifying a target Sequence. In preferred embodi 
ment of the instant invention, primers are designed for 
reverse transcribing and amplifying regions within the HCV 
RNA 5' untranslated region (UTR) that shows sequence 
conservation. Suitable primers are described in U.S. Pat. No. 
5,837,442, which is incorporated herein by reference. 
0052) Hybridization Probes 
0.053 Oligonucleotide probes complementary and 
hybridizing to the amplified target HCV nucleic acids are 
conjugated to a detectable label. Preferably, the detectable 
label is a fluorescence dye. Particularly preferred are detect 
able labels known as “TaqMan(R) probes.” These labels 
comprise a pair of dyes, one of which is referred to as a 
“reporter,” and the second of which is referred to as a 
“quencher.” When the two dyes are held in close proximity, 
Such as at the ends of a nucleic acid probe, the quencher 
moiety prevents detection of a fluorescent Signal from the 
reporter moiety. When the two dyes are Separated, however, 
the fluorescent signal from the reporter moiety becomes 
detectable. 

0054 TaqMan(R) probes can be utilized during PCR, for 
example, by using a DNA polymerase that cleaves a probe 
nucleic acid if it is bound Specifically to the target nucleic 
acid Sequence. Quantitative real-time RT-PCR using enzyme 
rTth to reverse transcribe and PCR-amplify HCV RNA is 
based on detection of a fluorescent Signal produced propor 
tionally during the amplification of a PCR product. A probe 
is designed to anneal to the target Sequence between the 
traditional forward and reverse primers. The probe is labeled 
at the 5' end with a reporter fluorochrome, and a quencher 
fluorochrome is added at any other position (or at the 3' end). 
The probe is designed to have a higher T than the primers. 
AS long as both fluorochromes are on the probe, the 
quencher molecule Stops all fluorescence by the reporter. 
However, as rTth polymerase extends the primer, the intrin 
sic 5' to 3' nuclease activity of rTth degrades the probe, 
releasing the reporter fluorochrome. The amount of fluores 
cence released during the amplification cycle is proportional 
to the amount of product generated in each cycle. See, e.g., 
van Schie et al., Biotechniques 29: 1296-1300 (2000). 
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0055 Methods for attaching detectable labels are well 
known in the art. For example, fluorochromes may be 
attached. See, e.g., Chu et al., Methods Mol. Biol. 26, 
145-165 (1994); Hileman et al., Bioconjug. Chem. 5, 436 
444 (1994). 
0056 Preparation of an Internal Control 
0057. As a quality control measure, an internal amplifi 
cation control may be included in one or more Samples to be 
extracted and amplified. While hybrid HCV-phage lambda 
nucleic acid are described herein, the skilled artisan will 
understand that any detectable Sequence that is not derived 
from HCV can be used as the control sequence. A control 
Sequence can be produced Synthetically, but is preferably 
produced by amplifying the control Sequence, e.g., lambda 
phage DNA, using a pair of primer Sequences comprising 
lambda phage Sequence flanked by HCV primer target 
sequences, one of which also contains the T7 RNA poly 
merase promoter Sequence at its 5' end. The resulting 
amplicon comprises a deoxyribonucleic acid molecule wheh 
can be reverse transcribed into a ribonucleic acid molecule 
using commercial in vitro transcription Systems known to 
the skilled artisan, such as the Promega Riboprobe(R) in vitro 
Transcription System. The resulting hybrid ribonucleic acid 
molecule is purified from its deoxyribonucleic acid prede 
ceSSor using components and methods described in Such 
Systems. The resulting purified hybrid ribonucleic acids 
comprise a lambda phage Sequence flanked by Sequences 
that hybridize to HCV primer sequences. These controls can 
be mixed with Sample (or purified nucleic acids isolated 
from the sample), and amplified with Sample nucleic acids 
using a pair of HCV primers. If RT-PCR amplification is 
Successful, the internal amplification control amplicons can 
then be detected and differentiated from HCV sequences 
using a probe Specific to the phage Sequence. Additionally, 
if included in the Sample prior to purification of nucleic 
acids, the control Sequences can also act as a positive 
purification control. 

0.058 HCV Assay 
0059. In preferred embodiments, the HCV specific prim 
ers are shown in SEQ ID:1 and SEQ ID:2, although the 
skilled artisan will understand that other probes may be 
used. Stock HCV standard curve dilutions may be run 
Simultaneously. The methods described herein can provide 
qualitative and quantitative results over the range of about 
350 to >6,800,000 HCV IU/ml of plasma specimen. 

EXAMPLES 

Example 1 

Sample Collection and Preparation 

0060 Serum: Blood was collected in a sterile tube with 
out anticoagulant and allowed to clot. The Serum was 
separated from the clot within 6 hours of collection and 
immediately stored at -20 or colder in a sterile screw 
capped cryogenic vial. Repeated freeze-thawing should be 
avoided. 

0061 Plasma: Anticoagulants of ACD, PPT or EDTA 
were used only. If EDTA or ACD plasma was used, sepa 
rated plasma within 6 hours of collection and stored at -20° 
or colder in a sterile screw-capped cryogenic vial. If PPT 
plasma was used, centrifuged plasma after 2 hours of 
collection and stored at -20° C. or colder for further use. 



US 2005/010O889 A1 

0062 Generally, 1.0 ml (minimum 0.4 ml) of serum or 
plasma Samples was aliquoted and Stored. These Samples are 
stable for 3 hours ambient, 1 week in the refrigerator, and 3 
months frozen. For longer term Storage, Serum or plasma 
was frozen at -20° C. or colder. Frozen specimens were 
thawed at 20-25 C. or in water at room temperature. Self 
defrosting freezers were not recommended. To prevent croSS 
contamination, no aliquot was ever returned to the original 
container. Repeated freeze-thawing and Specimen from leak 
ing, broken or uncapped containers were also rejected. 

Example 2 

Working Reagents 

0063) QIAGENGR BioRobotTM 9604 and QIAamp 96 
VIRUS BioPobotTM kit were used to isolate RNA from 
patient Specimens. All the working reagents were prepared 
using the methods described in the kit. 
0064. QIAGENCR Protease: The working protease solu 
tion was prepared as follows: 10 ml of protease Solvent 
(nuclease free water containing 0.04% Sodium azide pro 
vided with the kit) was added to each bottle containing 140 
mg lyophilized QIAGENCR protease provided in the 
QIAmp(R) 96DNA Blood BioPobotTM Kit. The resulting 
solution was aliquoted (1.25 ml) into 2.0 ml Sarstedt tubes. 
The working solution is stable for 2 months at 2-8 C. 
0065 Working Buffer AL: Buffer AL (a low pH buffered 
Solution containing chaotropic sale and detergent) was Sup 
plied in QIAGENCE) kit. The working solution was prepared 
as follows: 26 ml of Buffer AL was transferred into a 50 ml 
conical centrifuge tube; 1 vial (1350 lug) of QIAGEN(R) 
Carrier RNA was reconstituted with 800 uL of QIAGENGR) 
Buffer AVE; 1 tube of HCV Lambda Internal Control RNA 
(20 IU/uL) was thawed; and 600 uL of carrier RNA, 100 uL 
Internal Control RNA and 26 ml working Buffer AL were 
combined and mixed by gentle inversion. This Solution is 
stable for 2.5 hours at 20-25 C. 

0.066 QIAGENGR Buffer AW1: Buffer AW1 (A buffered 
Solution containing chaotropic Salt and ethanol) was Sup 
plied in the QIAGENGR) kit. The working buffer AW1 was 
prepared as follows: 230 ml of ethanol was added to a bottle 
containing 175 ml of Buffer AW1 concentrate, as described 
on the bottle. The working Buffer AW1 is stable for 1 year 
after addition of Ethanol, when Stored at room temperature. 
The working Buffer AW1 was mixed before use. 
0067 QIAGENGR Buffer AW2. Buffer AW2 (A buffered 
Solution of chaotropic Salt and ethanol) was also Supplied in 
the QIAGEN kit. The working buffer AW2 was prepared as 
follows: 640 ml of absolute ethanol (96-100%) was added to 
a bottle containing 274 ml of Buffer AW2 concentrate, as 
described on the bottle. The working Buffer AW2 is stable 
for one year after the addition of Ethanol, when stored at 
room temperature. The working Buffer AW2 was mixed 
before use. 

0068 PolyA RNA in solution (5 mg/ml). PolyARNA was 
prepared by adding 15 ml Ambion(R) DEPC water to 100 mg 
Poly A RNA in a vial, and vortexing the solution for 5 
minutes. The dissolved polyA RNA solution was transferred 
to a 50 ml conical centrifuge tube; 5 ml Ambion(R) DEPC 
water was then added to the Poly ARNA vial again, vortexed 
to dissolve remaining RNA, and transferred to the same 50 
ml conical centrifuge tube. The concentration of the com 
bined Poly ARNA solution was 100 mg/20 ml or 5 mg/ml of 
PolyARNA. This PolyARNA solution was aliquoted (1 ml) 
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in 2 ml Sartstedt screw cap tubes and labeled as “5 mg/ml 
Poly A RNA'. It is stable for 1 year at s -20° C. 
0069 RNA Diluent: The RNA Diluent was prepared as 
follows: mix 48.5 ml of Ambion DEPC water, 1 ml of 
previously prepared PolyA RNA (5 mg/ml) solution and 0.5 
ml of 1 M Tris (pH 7.0) in a 50 ml conical centrifuge tube, 
and vortex for 10 seconds. The mixture was then aliquoted 
(1 ml) in 2 ml Sartstedt screw cap tubes and labeled as “RNA 
Diluent”. The RNA Diluent is stable for 1 year at s -20°C. 
0070) 6-ROX solution (5 mM & 60 uM): The 6-ROX SE 
was purchased from Molecular Probes (5 mg, #C-6126, or 
equivalent). The working Solution was prepared as follows: 
add 1600 uL DMSO to a 5 mg vial of 6-ROX SE and 
Vigorously Vortex for at least 1 minute to ensure complete 
solubilization. 500 lull of the dissolved solution was then 
aliquoted in 2 ml Sarstedt Screw cap tubes. This Solution is 
stable for 1 year at s -20° C. The 5 mM 6-ROX solution 
was then diluted to 60 uM by adding 8200 uL DMSO to 100 
uL of 5mM 6-ROX. 
0.071) dNTP Mixture (10 mM): 300 uL of each dATP, 
dCTP, dGTP, dTTP and 1800 uL Ambion(R) DEPC water 
were combined in a 15 ml conical centrifuge tube, and 
Subsequently aliquoted 0.5 ml in Sarstedt Screw cap tubes. 
0072 Primers RD1 or RD2 (100 uM): HCV specific 
primers RD1 and RD2 were obtained from Operon (1.0 
uMole synthesis, HPLC purification). RD1 is 5'-GCA GAA 
AGC GTCTAG CCATGG CGT-3' (SEQ ID NO:1). RD2 is 
5'-CTC GCA AGC ACC CTATCA GGC AGT3' (SEQ ID 
NO:2). 
0073 HCV TaqMan(R) Master Mix This solution was 
prepared according to table 1 in a 15 ml conical centrifuge 
tube. Probe PR2 is 5IVIC-CCG GGA GAG CCA TAG 
TGG TCT GCG TAMRA3' (SEQ ID NO:7), used for 
detecting HCV nucleic acid, and probe PR4 is 5'6FAM 
TTG GCA ACA GTG GCATGC ACCG-TAMRA3' (SEQ 
ID NO:8), used for internal control. Probes and 6-ROX are 
light sensitive. The mixture was vortexed for 30 seconds and 
aliquoted in 2 ml of the HCV TaqMan(R) Mix. The mixture 
is stable for 1 year at s -20° C. 

TABLE 1. 

HCV TaqMan (8 Master Mix 

Component Final reaction concentration Volume (uL) 

5 x EZ Buffer 1X 5,000 
25 mM Manganese Acetate 2.5 mM 2,500 
100% DMSO 7% 1,625 
10 mM dNTP O.3 mM 750 

100 uM RD1 primer 0.1 uM 25 
100 uM RD2 primer 0.25 uM 62.5 
(x uM) PR2 probe 0.2 uM 5000/x uM* 
(y uM) PR4 probe 0.05 uM 1250/y uM* 
60 mM 6-ROX 300 nM 125 

Water infa to 10,500 

*Probes are supplied by the manufacturer in solution with specified con 
centrations, indicated in the above table as “x and “y”. 

0074 The working HCV TaqMan(R) Master Mix for 50 
reactions was then prepared by adding 200 u rTth to 1050 
uL of HCV TaqMan(R) Master Mix and vortexing for 3 
Seconds. A Single reaction would contain 4ttL rTth and 21 till 
of HCV TaqMan(R) Master Mix. The working HCV Taq 
Man(R) Master mix is stable for 2 hours at 4 C. in the dark. 

0075 Low DNA Mass Ladder (LDML) working reagent: 
200 uL Low DNA Mass Ladder (470 ng/4 uL, Gibco BRL(R) 
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Cati 10068-013) was combined with 100 uL 6x gel loading 
dye and 300 uL water, labeled as LDML (470 ng/12 uL). 
Such a solution will be stable for 1 year at s -20° C. 

0076) Primers LARD1 or LARD2 (50 uM): Primers 
LARD1 and LARD2 were used for amplifying HCV-lambda 
hybrids. Primer LARD1 has a sequence of 5'-TAA TAC 
GAC TCA CTA TAG GGG CAG AAA GCG TCT AGC 
CAT GGC GTA AAA TCC GGT AGT AAC TTG CTA 

ACC-3' (SEQ ID NO: 4). Primer LARD2 has a sequence of 
5'-CTC GCA AGC ACC CTATCA GGC AGT TAG TGC 
GGG TGTTGAATGATTTCC-3' (SEQ ID NO: 5). These 
primers were purchased from Operon (0.2 uMole Synthesis, 
HPLC purification). 

0077 Lambda Template DNA (10 ng?u): 5 ug Lambda 
DNA (Promega, #D1501) was dissolved in Ambion(R) DEPC 
water to a final volume of 500 lull. The final concentration of 
the Lambda Template DNA was 10 ng/ull. 

0078 Lambda PCR Master Mix: Lambda DNA PCR 
Master Mix was prepared according to table 2.50 till of this 
mixture was immediately aliquoted into 0.2 ml PCR micro 
tubes. 

TABLE 2 

Lambda PCR Master Mix 

Contents Volume 

10x GeneAmp PCR Buffer II 50 uL 
25 mM MgCl2 60 uL 
10 mM dNTP mixture 15 uL 
50 uM Primer LARD1 5 uL 
50 uM Primer LARD2 5 uL 
Water 342.5 uL 
AmpliTaq Gold TM 2.5 uL 
Lamdba DNA (20 ng/reaction) 20 uL 

Total Volume (10 reactions) 500 uL 
Volume per reaction 50 uL 

Example 3 

Purification of HCV Lambda Internal Control DNA 

0079 HCV Lambda Internal control DNA was amplified 
in a PE 9600. The PCR conditions were: 95 C., hold for 9 
min; 94° C., 2 temp. cycle (5x), 0.15 min, then 60° C., 0.15 
min; followed by 94 C., 2 temp cycle (25x), 0.15 min, then 
68 C., 0.25 min, hold at 68 C. for 10 min. 

0080. The amplified HCV Lambda Internal Control DNA 
was centrifuged for 5 minutes at 10,000xg. 12 till of the 
reaction was used for gel analysis, and 2x245 it of the 
reaction was applied to two MicroconE) YM-100 purifica 
tion columns (Millipore CathA2413) pre-rinsed with 100 uL 
Ambion(R) DEPC water, and centrifuged for 5 minutes at 
10,000xg. The flow-through was discarded. The wash step 
was repeated once. The purified HCV Lambda Internal 
Control DNA was eluted in 25 lull water from each column, 
and labeled as “LAHCV DNA’. This DNA will be stable for 
1 year at -20° C. Yield can be estimated/confirmed by 
running 2, 10 ulcrude, 2 till purified, and 4, 8, 12 till of Low 
DNA Mass Ladder (LDML) working reagent on 2% gel for 
20 minutes. 
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Example 4 

Preparation of HCV Lambda Internal Control RNA 
& Isolation of HCV RNA 

0081) A Promega RiboProbe(R) Transcription system kit 
was used for synthesis of HCV Lambda Internal Control 
RNA. Basically, the following reagents were combined in 
order in an 0.65 ml microfuge tube: 20 till 5x Transcription 
buffer, 10 till 100 mM DTT, 2.5 uL RNasin, 5 uL each of 
rATP, rCTP, rGTP, rUTP, 10 uL(-1ug) LAHCVDNA, 3 ul. 
T7 RNA polymerase, and kit supplied nuclease free water. 
The total volume was 100 ul. The mixture was vortexed for 
5 seconds, and then incubated 1 hour at 37° C. (heat block 
or programmed PE 4800 cycler). One unit (1 u) of RNase 
free Dnase was then added into the mixture after the 
incubation, the mixture Vortexed for 5 Seconds, and incu 
bated at 37 C. for 15 minutes. The mixture was then 
purified using phenol/chloroform by adding 100 lull of 
phenol/chloroform, Vortexing for 15 Seconds and centrifug 
ing for 2 minutes at 213,000xg. The upper aqueous phase 
was transferred to a new tube, and 100 lull chloroform was 
added, followed by Vortexing and centrifugation. The upper 
aqueous phase was transferred to a new tube, to which 2 ul 
(40 ug) glycogen, 10ul 3M NaOAc (pH=5.2), and 300 uL 
100% ethanol were added. The mixture was vortexed for 15 
seconds and incubated at -70° C. for 230 minutes. After the 
incubation, the mixture was centrifuged at (20-25° C) for 15 
minutes at 213,000xg. The Supernatant was removed, and 1 
ml of 70% ethanol was added. The solution was mixed by 
gentle inversion 5 times and centrifuged at (20-25 C.) for 
15 minutes at 213,000xg. The Supernatant containing HCV 
Lambda Internal Control RNA was then removed and 
SpeedVac dried for 20 minutes (no heat). The RNA pellet 
was resuspended in 500 u RNA Diluent, vortexed for 10 
Seconds, and held for 1 minute. VoretXing was then repeated 
5 times. 

0082 RNA was isolated from patient specimens using the 
QIAGEN BioPobot TM 9604 and QIAamp(R 96 Virus Kit. 
Internal control RNA was added during the RNA isolation to 
enable detection of false negative results. 

Example 5 

Preparation of HCV RNA Positive and Negative 
Controls 

0083) HCV RNA Positive Control (Assay Standards): 
HCV RNA positive materials were thawed thoroughly. The 
IU/ml of positive material should be at least 5,000,000 
IU/ml. Two 5 ml aliquots were prepared from the undiluted 
material. One of the 5 ml aliquots was thawed and the other 
was retained for back-up. Serial dilutions of positive mate 
rial were prepared in BaseMatrix to provide 5 equally 
Spaced (log-value) assay standards with lowest standard at a 
target of 350 IU/ml and highest Standard representing undi 
luted material (or diluted to a target of <10,000,000 IU/ml). 
Aliquots of S1-S4 (700 uL) and S5 (1400 uL) were prepared 
in screw cap Sarstedt tubes and stored at -70° C. After 
thawing, the pilot lot of HCV RNA standards material were 
calibrated against WHO HCV IU/ml standard (NIBSC 
Cath96/790) or secondary WHO-calibrated standard (see 
Calibration section below). The IU/ml of the undiluted bulk 
positive pool was calculated using the WHO-calibrated 
result. The reserved bulk positive material was thawed and 
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mixed thoroughly. Serial dilutions were prepared using the 
WHO-calibrated IU/ml value in the same lot of BaseMatrix 
to create standards S1-S5 as described previously, labeled as 
HCV S1-S5, and stored at s-70° C. stable for 1 year. 
0084 HCV Negative Control was prepared as follows: 1 
liter of BaseMatrix (BBI Cat #200158) at 2-8° C. was 
thawed in a Secondary container for about 72 hours, mixed 
thoroughly, and transferred to 50 ml centrifuge tubes (-50 
ml/tube). This was centrifuged at 20-25 C. for 15 minutes 
at 1500xg, and the Supernatant transferred to clean 50 ml 
centrifuge tubes without disturbing pelleted material. A 
Single use aliquot (700 uD) was prepared in Screw cap 
Sarstedt tubes and labeled as “HCV Negative Control'. Both 
solutions are stable for 1 year at 2-8 C. 

Example 6 

Calibration for Internal Control RNA and HCV 
ASSay Standards 

0085 For HCV Internal Control RNA, the current lot was 
serially diluted and tested in the QIAGENCR/TaqMan(R) 
System to determine the greatest level of dilution of the 
primary Synthesis lot that could provide consistent Signal. 
This dilution (approximately 8 logs) of internal control in 
Poly A RNA carrier was assigned a value of 500 IU/ml. This 
assigned value was used to calculate the IU/ml equivalent 
concentration of the primary synthesis lot (5x10 IU/uL). A 
single 50 lull aliquot of undiluted HCV Lambda Internal 
Control RNA from the current in use lot (primary synthesis 
lot) and the new lot to be calibrated were thawed. Serial log 
(1:10) dilutions were prepared of the two lots in RNA diluent 
(100 uL RNA+900 uL diluent). 
0086) The current lot Internal Control RNA dilutions 
were used as TaqMan(E) assay Standards. Aliquots (150 uD) 
of the diluted internal control was prepared and labeled as 
“HCV TaqMan(RIC". Such aliquots will be stable for 1 year 
at s-20 C. 

0087. For HCV Assay Standards, the 1 International 
HCV Standard (#96/790, 50,000 IU/vial) was reconstituted 
to 5,000 IU/ml from the World Health Organization using 
BBI BaseMatrix. A single use aliquot of the International 
Standard material (“WHO 5000”) was prepared and stored 
at -70° C. Three calibration runs consisting of two complete 
sets of the lot of TaqMan(R) pilot assay standards to be 
calibrated and four replicates of the WHO 5000 standards in 
each run were prepared. Preliminary values for the pilot lot 
of Standards were calculated using the estimated value of the 
HCV positive material. All standards in each run were used 
to generate a Standard curve and calculate IU/ml results for 
the WHO 5000 replicates. The mean result for the WHO 
5000 standard (12 replicate results) was calculated. The 
estimated IU/ml values of the standards were multiplied by 
the ratio of “(5000 IU/ml)/(mean obtained IU/ml)” to cal 
culate the WHO HCV standard-calibrated values of the pilot 
lot of assay Standards. The values assigned to the Standards 
were used to determine the WHO-calibrated IU/ml of the 
undiluted positive material. In most cases this would be the 
value assigned to the highest calibrator SI (unless it was a 
dilution of the positive bulk). The WHO-calibrated IU/ml 
value assigned to the positive bulk material was used to 
calculate an appropriate dilution Series to provide 5 equally 
(log value) spaced dilutions with the lowest Standard at a 
value of 350 IU/ml. 
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0088 For QIAGEN(E) BioRobotTM calibration and main 
tenance and for AB PRISMTM 7700 calibration and main 
tenance, it is referred to Standard operation protocols known 
in the art. 

Example 7 

Quality Control Acceptance Ranges 

0089 For HCV RNA Standards, standards S1-S4 were 
tested in replicates of two and Standard S5 was tested in 
replicates of 4 in each assay run to generate a Standard 
regression plot which was used to calculate Specimen and 
control results in HCV IU/ml. New Standard lots must be 
phased in against WHO-calibrated lots and produce plots 
with slope, intercept, and r values within acceptance ranges 
(target ranges: m=-2.92 to -3.83; b=47.97 to 40.28; 
r=0.964 to 1.000). 
0090. For Internal Control, HCV Lambda Internal Con 
trol RNA was added to Buffer AL before each run to monitor 
assay performance and guarded against false negative result 
reports in HCV negative specimens. Internal control lots 
must be phased in and demonstrate mean threshold cycle 
(Ct) values for at least 4 replicates over 3 Separate runs 
within acceptance range (target range=31.42 to 36.06). 
0091) For HCV RNA Negative Control, BBI BaseMatrix 
was included in duplicate in each run as the negative control. 
BaseMatrix was confirmed as HCV negative using the HCV 
TMA Quantitative ASSay with a sensitivity of detection to <3 
IU/ml. New lots of negative control must demonstrate 
results of <350 IU/ml for at least 4 replicates over 3 separate 
U.S. 

0092) For HCV RNA Positive Controls, BBI ACCURUN 
305 HCV RNA Positive Control Series 400 (5 ml/pk, BBI 
Cath;305-5424) and BBI ACCURUN Reference 405 HCV 
RNA Positive Control Series 5000 (5 ml/pk, BBI CathA405 
5024) were included in Single replicates in each run to 
monitor assay precision and accuracy. New lots of BBI 
controls must have their ranges determined and were cal 
culated as the meant2 SD. Target ranges may be established 
with less than 20 runs when approved. 
0093. For Master Mix and rTth enzyme lots, they would 
be phased in and meet the target acceptance ranges Specified 
in HCV Run Standards and HCV Positive Controls. Addi 
tionally, new master mix and enzyme lot may require 
parallel performance tests that compare Specimen results. 

Example 8 

Preparation for HCV Real-Time PCR and 
Fluorogenic Probe Hybridization 

0094. As discussed above, RNA was isolated from 
patient specimens using the QIAGENCR BiorobotTM and 
QIAamp(R) 96 Virus Kit. The QIAGEN(E) BioRobotTM was 
also used to transfer specimen RNA from the BioPobot's 
96-well isolation rack to the reverse transcription-PCR (RT 
PCR) amplification mixture. RT-PCR amplification of the 
Specimen RNA was performed in the presence of dual 
labeled fluorescent probes in an ABI PRISM(R) 7700 
Sequence Detection System. The amplification target is a 
244 bp Sequence within the highly conserved 5' untranslated 
region of the HCV genome. This region was the same as in 
the previous HCV Monitor Test Version (Young et al., 
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Journal of Clinical Microbiology 31: 882-886, 1993; Roche 
AMPLICOR(R) Hepatitis C Virus (HCV) Test, version 2 
Package Insert, Roche Diagnostic Systems, Branchburg 
N.J., 1998). The ABI PRISM(R) 7700 instrument measures 
the fluorescent signals generated during the PCR (5' 
nuclease) process by the HCV-specific and internal control 
specific probes. The amount of HCV RNA present in the 
Specimens is calculated by comparing fluorescent signals 
generated by the specimens with those produced by the HCV 
RNA calibration standards included in the run. 

0.095. In general, thawed patient specimens, controls, and 
standards for the run inside a Biosafety hood while the 
Biorobot was prepared for the run. The protocol “Ultra 
HCV RNA Isolation' was selected from the menu in the 
QIASoft(R) Execute environment and The racks with aliquot 
tubes were placed into barcode reader rack on the Biorobot. 

TABLE 3 

QIAamp 96 plate 

1. 2 3 4 5 6 7 8 9 10 11 12 

1 2 3 4 5 6 7 8 9 O S1 
S2 
S3 
S4 
S1 

51 52 53 54 55 56 57 58 59 60 S2 
61 62 63 64 65 66 67 68 69 70 S3 
71 72 73 74 75 76 77 78 79 80 S4 

0096. There was about 1 hour before interaction was 
required. However, Any incompletely vacuumed lysates or 
washes when prompted after vacuum Steps were removed 
and recorded. An MP-slot adapter was removed and placed 
in MP slot 3. The QIAamp 96 plate was then placed on top 
of the CMTR. Caps from Buffer AVE tubes were removed, 
and airpore tape was used during final centrifugation. The 
CMTR was covered but not capped until RNA had been 
added to master mix, which should be done within 1 hour of 
run completion, or cap and store RNA immediately at -70 
C. 

0097. The isolated RNA was then transferred to the 
Master Mix. The working Master Mix may be prepared up 
to 2 hours before the start of the Automated RNA isolation 
and loading. In general, two tubes of working Master Mix 
were prepared by adding 200 uL of rTth to 1050 uL of HCV 
TaqMan(R) Master Mix, described above, vortexing 3 sec 
onds and quickly centrifuging to Settle the contents. 25 till of 
working Master Mix from one tube was added to Opositions 
A1 through D12 (top half) of 96 well optical plate and 25 
Lull of Working Master Mix from the second tube was added 
to positions E1 through H12 (bottom half) of 96 well optical 
plate. 

0098. The isolated RNA was thawed, if stored frozen, and 
transferred to the Master Mix within 1 hour of thaw. The 
RNA was used immediately upon completion of centrifu 
gation for HCV TaqMan(R) RT-PCR. 

0099] The HCV TaqMan RT-PCR was performed in ABI 
PRISM(R) 7700 and associated Macintosh G4 computer. In 
the Thermalcycling Conditions, stage 1 is 62 C. for 30 
minutes, stage 2 is 40 cycles of 90° C. for 10seconds and 58 
C. for 25 seconds. The reaction volume was set to 50 lull. In 
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Sample type setup, STD and UNKN reporters were selected 
as VIC and the IPC+ reporter was selected as FAM. All 
others were set to NONE. In the TrayMap FAM dye layer, 
all wells were set to IPC+, for VIC dye layer, all were set to 
UNKN except for the normal STND well positions. 

Example 9 

Data Analysis and Reporting 

0100 For a complete run to be accepted, all the following 
were required to be valid without modification: both Nega 
tive Controls<350 IU/ml with Ct values for IC-40 cycles; 
Low Standard: at least 2 of 4 lowest calibrator have Ct-40 
cycles; Both Positive Controls>350 IU/ml and at least one of 
two positive controls in range. Standard Curve should have 
a slope of -2.92 to -3.83 and intercept of 47.97 to 40.28 with 
r=0.964 to 1.000. 

0101 The measurement of HCV RNA in serum and/or 
plasma may be used to quantitate HCV viral replication, 
monitor therapy and predict the Success of antiviral therapy. 
The method used to quantitate HCV in this test is the 
fluorogenic 5' nuclease (TaqMan(R) RT-PCR. The test has a 
linear range of 350 to 6,800,000 IU/ml. 
0102) While the invention has be described and exem 
plified in Sufficient detail for those skilled in this art to make 
and use it, various alternatives, modifications, and improve 
ments should be apparent without departing from the Spirit 
and Scope of the invention. 
0103) One skilled in the art readily appreciates that the 
present invention is well adapted to carry out the objects and 
obtain the ends and advantages mentioned, as well as those 
inherent therein. Modifications therein and other uses will 
occur to those skilled in the art. These modifications are 
encompassed within the Spirit of the invention and are 
defined by the Scope of the claims. 
0104. It will be readily apparent to a person skilled in the 
art that varying Substitutions and modifications may be made 
to the invention disclosed herein without departing from the 
Scope and Spirit of the invention. 
0105 All patents and publications mentioned in the 
Specification are indicative of the levels of those of ordinary 
skill in the art to which the invention pertains. All patents 
and publications are herein incorporated by reference to the 
Same extent as if each individual publication was specifi 
cally and individually indicated to be incorporated by ref 
CCCC. 

0106 The invention illustratively described herein suit 
ably may be practiced in the absence of any element or 
elements, limitation or limitations which is not specifically 
disclosed herein. Thus, for example, in each instance herein 
any of the terms “comprising”, “consisting essentially of 
and “consisting of may be replaced with either of the other 
two terms. The terms and expressions which have been 
employed are used as terms of description and not of 
limitation, and there is no intention that in the use of Such 
terms and expressions of eXcluding any equivalents of the 
features shown and described or portions thereof, but it is 
recognized that various modifications are possible within the 
Scope of the invention claimed. Thus, it should be under 
stood that although the present invention has been Specifi 
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cally disclosed by preferred embodiments and optional 
features, modification and variation of the concepts herein 
disclosed may be resorted to by those skilled in the art, and 
that Such modifications and variations are considered to be 
within the Scope of this invention as defined by the appended 
claims. 

0107. In addition, where features or aspects of the inven 
tion are described in terms of Markush groups, those skilled 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 8 

<210> SEQ ID NO 1 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

May 12, 2005 

in the art will recognize that the invention is also thereby 
described in terms of any individual member or Subgroup of 
members of the Markush group. For example, if X is 
described as Selected from the group consisting of bromine, 
chlorine, and iodine, claims for X being bromine and claims 
for X being bromine and chlorine are fully described. 
0108). Other embodiments are set forth within the follow 
ing claims. 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400 SEQUENCE: 1 

gcagaaag.cg to tag coat g gogt 

<210> SEQ ID NO 2 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

24 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400 SEQUENCE: 2 

citc.gcaa.gca cccitatcagg cagt 

<210> SEQ ID NO 3 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

24 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400 SEQUENCE: 3 

CCgggaga.gc catagtggtc. tcc.g 

<210> SEQ ID NO 4 
&2 11s LENGTH 69 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

24 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<400 SEQUENCE: 4 

taatacgact cactataggg gCagaaag.cg totagocatg gogtaaaatc cqgtagtaac 60 

ttgctaacc 

<210 SEQ ID NO 5 
&2 11s LENGTH 48 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&22O > FEATURE 

69 
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-continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<400 SEQUENCE: 5 

citc.gcaa.gca cccitat cagg cagttagtgc gggtgttgaa to attitcc 

<210> SEQ ID NO 6 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide 

<400 SEQUENCE: 6 

ttggcaa.cag togcatccac cq 

<210 SEQ ID NO 7 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide 

<400 SEQUENCE: 7 

CCgggaga.gc Catagtgg to td.cg 

<210 SEQ ID NO 8 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Description of Artificial Sequence: 

oligonucleotide 

<400 SEQUENCE: 8 

ttggcaa.cag togcatccac cq 

What is claimed is: 
1. A method for detecting the presence or amount of HCV 

nucleic acids in a test Sample, comprising: 
(a) introducing lambda phage-HCV nucleic acid hybrids 

into Said test Sample; 
(b) reverse transcribing and amplifying: 

i) HCV nucleic acid if present in Said sample and using 
a pair of oligonucleotide primerS having the 
sequences set forth in SEQ ID NO: 1 and SEQ ID 
NO: 2, to generate HCV amplicons; and 

ii) lambda phage-HCV hybrid nucleic acid using a pair 
of oligonucleotide primerS having the Sequences Set 
forth in SEO ID NO: 1 and SEQ ID NO: 2, to 
generate a lambda phage-HCV hybrid amplicons, 

(c) hybridizing said HCV amplicons with an oligonucle 
otide probe comprising the Sequence Set forth in SEQ 
ID NO:3 in the presence of an enzyme that cleaves said 
probe when said probe hybridizes to said HCV nucleic 
acids, wherein Said probe is conjugated to a first 
detectable label that generates a detectable signal upon 
Said cleavage; 

Synthetic 

48 

Synthetic 

22 

Synthetic 

24 

Synthetic 

22 

(d) hybridizing said lambda phage-HCV hybrid ampli 
cons to a control oligonucleotide probe in the presence 
of an enzyme that cleaves Said control oligonucleotide 
probe when said control probe hybridizes to said 
lambda phage-HCV hybrid amplicons, wherein said 
control probe is conjugated to a Second detectable label 
that generates a detectable signal upon said cleavage; 
and 

(e) detecting a signal from Said first and Second detectable 
labels, wherein Said Signal from Said first detectable 
label indicates the presence or amount of HCV nucleic 
acids in Said test Sample. 

2. The method of claim 1 wherein said control probe has 
the sequence set forth in SEQ ID NO: 6. 

3. The method of claim 1, wherein said first and second 
detectable labels are 2'-chloro-7'-phenyl-1,4-dichloro-6-car 
boxyfluorescein (VIC) and 6-carboxytetramethylrhodamine 
(TAMRA), or 6-carboxyfluorescein (FAM) and 6-carbox 
ytetramethylrhodamine (TAMRA). 

4. The method of claim 1, wherein Said lambda phage 
HCV nucleic acid hybrids have the sequence set forth in 
SEO ID NO: 5. 
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5. The method of claim 1, wherein said lambda phage- 8. The method of claim 1, wherein nucleic acids are 
HCV nucleic acid hybrids further comprises a T7 RNA purified from said sample prior to said reverse transcription 
polymerase promoter nucleic acid Sequence. and amplification Step (a). 

6. The method of claim 5, wherein said T7 RNA poly 
merase promoter-lambda phage-HCV nucleic acid hybrids 9. The method of claim 1. wherein lambda phage-HCV 
have the sequence set forth in SEQ ID NO: 4. ribonucleic acid hybrids are introduced into Said test Sample 

7. The method of claim 1, wherein said test sample is prior to isolating nucleic acids from Said Sample. 
Selected from the group consisting of Serum, blood, plasma, 
cerebral Spinal fluid, Synovial fluid, and urine. k . . . . 


