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METHOD OF DETERMINING AND CONFIRMING THE PRESENCE OF AN HPV IN A
SAMPLE

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Patent Application
Number 61/299,729, filed on January 29, 2010, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to methods and compositions for determining and
confirming the presence of a target nucleic acid in a sample and genotyping the target nucleic

acid.

BACKGROUND

[0003] Preservation of biological samples, especially clinical samples, is necessary in
order to ensure continued use of the sample for various levels of analysis. Oftentimes, an
investigator or physician will want to run multiple tests on a single sample so that results in one
test may be correlated with the others. Moreover, where clinical samples are difficult,
uncomfortable, or painful to obtain, it is preferred to not have to do so on multiple occasions for
the same subject or patient. As such, a need exists to minimize the amount of sample used in
certain tests so as to maximize the number of tests that may be performed on a single sample.
[0004] As just one example, cervical samples are commonly collected during
gynecological examinations. Where abnormal cytological examinations of such samples are
observed, it is often beneficial to determine whether the tissue is infected with a human
papillomavirus (HPV) associated with cervical cancer. The most commonly used tests for HPV
infection typically only distinguish between high-risk and low-risk HPV infections, but cannot
distinguish between various species of high-risk or low-risk HPVs. In some circumstance, it
may be useful to determine the specific genotype of HPV infection.

[0005] The digene HPV Genotyping PS™ Test (PS test) was developed for the specific
detection of HPV 16, 18, and 45 and is intended to be utilized as a reflex genotyping test for
samples qualitatively determined to contain a high-risk human papillomavirus (HR-HPV). The
PS test often is used to genotype HR-HPV-positive samples identified by the digene hc2 HPV
test (HC2 test), which is described in U.S. Patent Nos. 4,849,331; 4,849,332; 4,849,334,
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4,908,3006; 5,411,857, 5,643,715; 5,712,092; 5,876,922; 5,952,487, 5,958,674; 6,107,086; and
5,981,173, each of which is herein incorporated by reference. Both the PS test and the HC2 test
are based on hybrid capture technology, which is described in, among other references, U.S.
Patent Nos. 4,732,847, 4,865,980; and 6,228,578 B1, each of which is herein incorporated by
reference. The PS test has been demonstrated to be compatible with Specimen Transport
Medium™ (STM) media and the commonly used liquid based cytology (LBC) media,
PreservCyt® (PC). However, it has not been tested with another frequently used LBC media,
SurePath®. In addition, the intended use of the PS Test is to detect HPV genotypes separately,
which requires separate aliquots of each patient specimen for each genotype tested. In addition,
some specimens may lack sufficient volume after qualitative testing for performing separate tests
for each genotype to be evaluated. Accordingly, it would be beneficial to develop materials and
methods for performing the PS test in SP samples and with reduced volume.

SUMMARY
[0006] The present disclosure in aspects and embodiments addresses these various needs
and problems by providing a method of genotyping an target nucleic acid in a sample.
[0007] In an aspect, a method for genotyping a target nucleic acid in a sample is provided
comprising:

(a) generating a first detection mixture by a method comprising contacting a portion
of the sample with a first probe set, wherein the first probe set comprises a nucleic
acid probe specific for a first genotype of the target nucleic acid and a nucleic
acid probe specific for a second genotype of the target nucleic acid, but does not
comprise a nucleic acid probe specific for a third genotype of the target nucleic
acid;

(b) generating a second detection mixture by a method comprising contacting a
portion of the sample with a second probe set, wherein the second probe set
comprises a nucleic acid probe specific for the second genotype of the target
nucleic acid and a nucleic acid probe specific for the third genotype of the target
nucleic acid, but does not comprise a nucleic acid probe specific for the first

genotype of the target nucleic acid; and
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() treating the first and second detection mixtures under conditions wherein the
nucleic acid probes hybridize specifically to the first, second, and/or third
genotype of the target nucleic acid; and

(d) detecting hybridization of the nucleic acid probe to the target nucleic acid,
wherein:

(1) hybridization in the first detection mixture, but not the second detection
mixture indicates that the sample comprises the first genotype of the target
nucleic acid;

(i)  hybridization in the second detection mixture, but not the first detection
mixture, indicates that the sample comprises the third genotype of the
target nucleic acid; and

(i)  hybridization in the first detection mixture and the second detection
mixture indicates that the sample comprises the second genotype of the

target nucleic acid.
[0008] In an aspect, the target nucleic acid is an HPV nucleic acid.

[0009] In an aspect, the first, second, and third genotypes of the target nucleic acid are
selected from the group consisting of HPV2, HPV3, HPV6, HPV10, HPV11, HPV16, HPV1S,
HPV26, HPV27, HPV28, HPV29, HPV30, HPV31, HPV32, HPV33, HPV34, HPV35, HPV39,
HPV42, HPV45, HPVS51, HPV52, HPVS53, HPV54, HPV56, HPVS57, HPVSS, HPV59, HPV64,
HPV66, HPV67, HPV68, HPV69, HPV70, HPV73, HPVE2, HPV84, HPVS5, HPV86, HPVE7,
and HPV94 nucleic acids.

[0010] In an aspect, the first, second, and third genotypes of the target nucleic acid are

HPV16, HPV18, and HPV45 nucleic acids.

[0011] In an aspect, the sample is a clinical sample preserved in a liquid based cytology
medium.
[0012] In an aspect, the liquid based cytology medium is selected from the group

consisting of Preserveyt and SurePath.

[0013] In an aspect, hybridization of the nucleic acid probe forms a DNA:RNA hybrid.



WO 2011/094528 PCT/US2011/022904

[0014] In an aspect, the DNA:RNA hybrid is detected by a method comprising
contacting the DNA:RNA hybrid with a DNA:RNA-specific antibody.

[0015] In an aspect, the target nucleic acid is first identified as being the first, second, or
third genotypes of the target nucleic acid by a method comprising amplifying the HPV nucleic
acid with a consensus primer capable of amplifying at least a portion of each of the first, second,

and third genotypes of the target nucleic acid.

[0016] In an aspect, the target nucleic acid is amplified by a method comprising
qualitative PCR.
[0017] In an aspect, the target nucleic acid is first identified as being the first, second, or

third genotypes of the target nucleic acid by a method comprising hybridizing a consensus probe
to the genotypes of the target nucleic acid, wherein the consensus probe is specific for each of

the first, second, and third genotypes of the target nucleic acid.

[0018] In an aspect, hybridization of the consensus probe to the first, second, and/or third

HPV nucleic acids generates a DNA:RNA hybrid.

[0019] In an aspect, the DNA:RNA hybrid is detected by a method comprising
contacting the DNA:RNA hybrid with a DNA:RNA-specific antibody.

[0020] In an aspect, the DNA:RNA hybrid is detected by a method comprising

contacting the DNA:RNA hybrid with a DNA:RNA-specific antibody.

[0021] In an aspect, the method comprises, consists essentially of, or consists of: (1)
performing a qualitative PCR reaction on the sample to obtain an initial indication of the
presence of an HR-HPV genotype; (2) performing a hybrid capture assay to confirm a
determination of the presence of the HR-HPV; and (3) conducting a PS test to genotype the HR-

HPV determined to be present in the sample.

BRIEF DESCRIPTION OF THE FIGURES

[0022] Fig. 1 demonstrates an exemplary workflow for determining the presence of an
HPV in a sample.
[0023] Fig. 2 shows an exemplary workflow for performing a PS test.
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[0024] Fig. 3 compares multi-probe mixes with single probe mixes for sensitivity of
detection of plasmid DNA at 2 pg/mL concentration.
DETAILED DESCRIPTION

[0025] The present disclosure covers methods, compositions, reagents, and kits for
determining the genotype of at least one HPV nucleic acid in a sample. The methods,
compositions, reagents, systems, and kits may be used for clinical diagnostic purposes, including
but not limited to the detection and identification of HPV-infected tissue and the determination
of the risk of developing a pathological state associated with that HPV infection.

[0026] In an aspect, a method for genotyping an HPV nucleic acid in a sample is
provided comprising:

(a) generating a first detection mixture by a method comprising contacting a portion
of the sample with a first probe set, wherein the first probe set comprises a nucleic
acid probe specific for a first HPV nucleic acid and a nucleic acid probe specific
for a second HPV nucleic acid, but does not comprise a nucleic acid probe
specific for a third HPV nucleic acid;

(b) generating a second detection mixture by a method comprising contacting a
portion of the sample with a first probe set, wherein the second probe set
comprises a nucleic acid probe specific for the second HPV nucleic acid and a
nucleic acid probe specific for the third HPV nucleic acid, but does not comprise
a nucleic acid probe specific for the first HPV nucleic acid; and

() treating the first and second detection mixtures under conditions wherein the
nucleic acid probes hybridize specifically to the first, second, and/or third HPV
nucleic acid; and

(d) detecting hybridization of the nucleic acid probe to the HPV nucleic acid,
wherein:

(1) hybridization in the first detection mixture, but not the second detection
mixture indicates that the sample comprises the first HPV nucleic acid;

(i)  hybridization in the second detection mixture, but not the first detection
mixture, indicates that the sample comprises the third HPV nucleic acid;

and
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(i)  hybridization in the first detection mixture and the second detection
mixture indicates that the sample comprises the second HPV nucleic acid.

A. Samples

[0027] Any sample may be used as a starting point, including, without limitation, a
specimen or culture (e.g., cellular, microbiological and viral cultures) including clinical and
laboratory biological and environmental samples. Biological samples may be from an animal,
including a human, fluid, solid (e.g., stool) or tissue, as well as liquid and solid food and feed
products and ingredients such as dairy items, vegetables, meat and meat by-products, and waste.
Environmental samples include environmental material such as surface matter, soil, water and
industrial samples, as well as samples obtained from food and dairy processing instruments,

apparatus, equipment, utensils, disposable and non-disposable items.

[0028] Exemplary biological samples include, but are not limited to, cervical epithelial
cells (e.g., a sample obtained from a cervical swab), adenoid cells, anal epithelial cells, blood,

saliva, cerebral spinal fluid, pleural fluid, milk, lymph, sputum and semen.

[0029] In an aspect, the biological sample is collected and stored in a collection medium.
The collection medium has several functions including as a preservative medium to preserve
nucleic acids and inhibit nucleases to prevent degradation of nucleic acids prior to analysis. In
one aspect, the collection medium is detergent-based. Without being limited, exemplary
collection media include those found in U.S. Patent Publication No. US 2010-0105060 A1 and
U.S. Patent Publication No. US 2010-0159463 A1, both of which are hereby incorporated by

reference in their entirety.

[0030] In one aspect the detergent-based collection medium comprises, consists
essentially of, or consists of 1.0% NP-40, 0.25% sodium deoxycholate, 50 mM Tris-HCI, 25 mM
EDTA, 150 mM NaCl and 0.05% sodium azide. In another aspect the detergent-based collection
medium comprises, consists essentially of, or consists of about 0.5% to about 2.0% NP-40, about
0.10% to about 0.40% sodium deoxycholate, about 25 mM to about 75 mM Tris-HCI, about 10
mM to about 50 mM EDTA, about 50 mM to about 200 mM NaCl, and about 0.01% to about
0.10% sodium azide. In other aspects the detergent-based collection medium comprises, consists

essentially of, or consists of about 0.8% to about 1.5% NP-40, about 0.20% to about 0.40%
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sodium deoxycholate, about 30 mM to about 60 mM Tris-HCI, about 20 mM to about 40 mM
EDTA, about 100 mM to about 200 mM NaCl, and about 0.025% to about 0.075% sodium azide.
In yet another aspect the detergent-based collection medium comprises, consists essentially of, or
consists of about 0.9% to about 1.2% NP-40, about 0.20% to about 0.30% sodium deoxycholate,
about 30 mM to about 60 mM Tris-HCI, about 20 mM to about 30 mM EDTA, about 100 mM to
about 150 mM NaCl, and about 0.04% to about 0.06% sodium azide.

[0031] In an aspect, the collection medium comprises, consists essentially of, or consists
of NP-40 and EDTA. In another aspect, the collection medium comprises, consists essentially
of, or consists of NP-40, EDTA, and sodium azide. In one aspect, the collection medium
comprises, consists essentially of, or consists of sodium deoxycholate, EDTA, and sodium azide.
In an aspect, the collection medium comprises, consists essentially of, or consists of about NP-
40, sodium deoxycholate, EDTA, and sodium azide. In an aspect, the collection medium
comprises, consists essentially of, or consists of NP-40, sodium deoxycholate, Tris-HCI, EDTA,

and sodium azide.

[0032] In another aspect, the collection medium comprises, consists essentially of, or
consists of 0.5% to about 2.0% NP-40 and 10 mM to about 50 mM EDTA. In another aspect,
the collection medium comprises, consists essentially of, or consists of 0.5% to about 2.0% NP-
40, 10 mM to about 50 mM EDTA, and about 0.01 % to about 0.10 % sodium azide. In one
aspect, the collection medium comprises, consists essentially of, or consists of about 0.10% to
about 0.40% sodium deoxycholate, 10 mM to about 50 mM EDTA, and about 0.01% to about
0.10% sodium azide. In an aspect, the collection medium comprises, consists essentially of, or
consists of about 0.5% to about 2.0% NP-40, about 0.10% to about 0.40% sodium deoxycholate,
10 mM to about 50 mM EDTA, and about 0.01% to about 0.10% sodium azide. In an aspect, the
collection medium comprises, consists essentially of, or consists of about 0.5% to about 2.0%
NP-40, about 0.10% to about 0.40% sodium deoxycholate, about 25 mM to about 75 mM Tris-
HCI, about 10 mM to about 50 mM EDTA, and about 0.01% to about 0.10% sodium azide. In
certain aspects, the medium comprises or consists essentially of 1% NP-40, 0.25% sodium
deoxycholate, S0mM Tris-HCI, 25 mM EDTA, 150 mM NaCl and 0.09% sodium azide. This

medium is often referred to herein as Digene Collection Medium or DCM.
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[0033] Samples may be collected in other known collection mediums and can be used in
the methods described herein. Examples of other collection media include PRESERVCYT,
SUREPATH, urine, and STM (Sample/Specimen Transport Medium). Samples collected in
some of these media may require processing before the nucleic acids in the samples can be
detected and analyzed. Various methods of processing samples (also known as preparing the
samples) are known in the art. For example, cervical cell samples collected for cytological
analysis in medium such as PRESERVCYT may be combined with a detergent-based lysis

buffer followed by the addition of magnetic beads comprising nucleic acid binding surfaces.

[0034] In another aspect, the sample may comprise, consist, or consist essentially of
nucleic acids that have been extracted from a biological sample. Numerous methods are known
for extracting nucleic acids from a biological or environmental sample, including but not limited
to: phenol/chloroform extraction; anion exchange chromatography; cesium chloride gradient
ultracentrifugation; size exclusion chromatography; and silca/chaotropic salt extraction.
Extracted nucleic acids may be further separated according to size by gel electrophoresis and

extracted from the gel if samples comprising specific nucleic acid sizes are desired.

B. Target nucleic acids

[0035] As noted above, the methods disclosed herein relate to the detection and
genotyping of target nucleic acid in a sample. The target nucleic acid may be DNA or RNA or
both DNA and RNA and can be single-stranded, double-stranded, or partially single-stranded.
The target nucleic acid can be contained within a larger nucleic acid. Detection of either the
target nucleic acid or the larger nucleic acid comprising the target nucleic acid is contemplated

by this disclosure.

[0036] The target nucleic acids may include, without limitation, nucleic acids found in
specimens or cultures (e.g., cellular, microbiological and viral cultures) including biological and
environmental samples. The target nucleic acids may be found in biological samples from an
animal, including a human, fluid, solid (e.g., stool) or tissue, as well as liquid and solid food and
feed products and ingredients such as dairy items, vegetables, meat and meat by-products, and
waste. Target nucleic acids may be found in environmental samples and include environmental

material such as surface matter, soil, water and industrial samples, as well as samples obtained
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from food and dairy processing instruments, apparatus, equipment, utensils, disposable and non-

disposable items.

[0037] The target nucleic acids found in biological samples include, but are not limited
to, cervical samples (e.g., a sample obtained from a cervical swab) or cervical cell samples,
adenoid cells, anal epithelial cells, blood, saliva, cerebral spinal fluid, pleural fluid, milk, lymph,
sputum, urine and semen. The target nucleic acids may be from other viral, bacteria,
mycobacteria or plasmodia, such as cytomegalovirus (CMV), herpes simplex virus (HSV),
human immunodeficiency virus (HIV), HIN1, Neisseria gonorrhoeae (GC), Chlamydia
trachomatis (CT), Trichomonas vaginalis, Staphylococcus aureus, mycobacterium tuberculosis,

SARS-associated coronavirus or influenza.

[0038] In an aspect the target nucleic acids are at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 98%, at least 99%, or
100% identical to nucleic acids associated with any one of cervical samples (e.g., a sample
obtained from a cervical swab) or cervical cell samples, adenoid cells, anal epithelial cells,
blood, saliva, cerebral spinal fluid, pleural fluid, milk, lymph, sputum, urine and semen, other
viral, bacteria, mycobacteria or plasmodia, for example cytomegalovirus (CMV), herpes simplex
virus (HSV), human immunodeficiency virus (HIV), HIN1, Neisseria gonorrhoeae (GC),
Chlamydia trachomatis (CT), Trichomonas vaginalis, Staphylococcus aureus, mycobacterium

tuberculosis, SARS-associated coronavirus or influenza.

[0039] In one aspect, the target nucleic acid is an HPV nucleic acid. In another aspect,
the HPV nucleic acid is HPV DNA of a HR-HPV type. In another aspect, the HPV nucleic acid
is HPV RNA of a LR-HPV type. In another aspect the target nucleic acids are any one of HR-
HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82 or any one¢ of LR-
HPV types 2, 3, 6,7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72,
74, 81, 83, 84, 85, 86, 87, 89, 90, and 91.

[0040] In another aspect, a plurality of target nucleic acid is targeted. In one aspect, the

plurality of target nucleic acids consists of a set of 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,
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69, 70,71, 72,73, 74,75, 76,77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, or 100 nucleic acids having distinct nucleotide sequences. Any set of nucleic
acids to be targeted can be used. In one aspect, the plurality of target nucleic acids is selected
such that each is related to the others. By way of example and not limitation, the set of nucleic
acids can be: structurally related to one another (for example, members of a gene family);
functionally related to one another (for example, nucleic acids encoding proinflammatory
cytokines); phylogenetically related to one another (for example, nucleic acids specific for
different members of a family of viruses, such as HPV-family viruses); related by virtue of
differential expression in a different cell or tissue type (for example, macrophage-associated
nucleic acids and prostate-associated nucleic acids) or disease states (cervical cancer associated

nucleic acids). In another aspect, the set of nucleic acids is unrelated.

[0041] In one aspect, a set of target nucleic acids comprises, consists, or consists
essentially of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82, or
any subset thereof. In another aspect, a set of target nucleic acids comprises, consists, or consists
essentially of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62,
67,69,70,71,72,74, 81, 83, 84, 85, 86, 87, 89, 90, and 91, or any subset thereof. In another
aspect a set of target nucleic acids comprises, consists, or consists essentially of HR-HPV types
16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82, or any subset thereof; and LR-
HPV types 2, 3, 6,7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72,
74, 81, 83, 84, 85, 86, 87, 89, 90, and 91, or any subset thercof. In another aspect, the target
nucleic acid is at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 98%, at least 99%, or 100% identical to nucleic acids
associated with any one of HPV, genetic variants of HPV, HPV DNA of a HR-HPV type, or
HPV RNA of a HR-HPV type. In another aspect the target nucleic acids are at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at
least 98%, at least 99%, or 100% identical to nucleic acids associated with any one of HR-HPV
types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82 or any one of LR-HPV
types 2, 3, 6,7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72, 74,
81, 83, 84, 85, 86, 87, 89, 90, and 91.

10
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[0042] In another aspect, a subset of HPVs may first be identified as candidates for
infection, which may then be specifically genotyped by the methods disclosed herein. Numerous
tests are commercially available for determining the presence of a high-risk nucleic acid in a
sample, such as the HC2® HPYV test available from Qiagen Gaithersburg, Inc. Such tests
commonly identify a group of HPV nucleic acids which are related by their clinical association
with pathological conditions, such as cervical cancer. However, they generally have not been

used for specifically genotyping the type of infection.

[0043] In one aspect, a set of three target nucleic acids are selected. By way of example
and not limitation, HPV 16, HPV 18, and HPV 45 are the three HPV variants most commonly
associated with the development of HPV-associated cervical cancer. Thus, the method could
comprise first identifying abnormal cervical cells by cytological analysis, confirming the
presence of one of HPV 16, HPV 18, or HPV 45 in the sample, and then genotyping according to

the methods described herein.

C. Sample preparation

[0044] After the sample is collected in a collection medium as described above, the
sample may be treated with a denaturation reagent to render the target nucleic acid accessible to
hybridization. In one aspect, the sample is denatured with an alkaline solution. Without being

limited, suitable alkali include NaOH and KOH.

[0045] Alkaline treatment of protein effectively homogenizes the specimen to ensure
reproducibility of analysis results for a given sample. It can also reduce the viscosity of the
sample to increase kinetics, homogenize the sample, and reduce background by destroying any
endogenous single stranded RNA nucleic acids, DNA-RNA hybrids or RNA-RNA hybrids in the
sample. It also helps inactivate enzymes such as RNases and DNases that may be present in the
sample. One skilled in that art would appreciate that if RNA is the target nucleic acid (as
opposed to DNA), different reagents may be preferable including, but not limited to phenol
extraction and TCA/acetone precipitation, and guanidinium thiocyanate-phenol-chloroform

extraction.

11
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[0046] Other methods of denaturation may be employed such as utilizing a heating step,
for example, heating the sample to about 95°C to separate the strands of nucleic acid. Enzymes

such as helicase may be used as well.

D. Detection Mixtures

[0047] After the sample comprising the nucleic acid is prepared for hybridization, it is
separated into two aliquots, each of which is contacted with a probe set comprising at least one
polynucleotide probe specific for each genotype of target nucleic acid being tested under a
condition sufficient for the probes to hybridize to the at least one target nucleic acid in the
sample. The at least one polynucleotide probe can be full length, truncated, or synthetic DNA or

full length, truncated, or synthetic RNA.

[0048] In an aspect, a plurality of polynucleotide probes for each is used for each
genotype. In one aspect, 2, 3,4, 5, 6,7, 8,9, or 10 polynucleotide probes may be provided that
are specific for each genotype. In another aspect, each polynucleotide probe is selected such that
it is specific only for one genotype and does not cross-react with any other target nucleic acids in
stringent conditions. In yet another aspect, at least two polynucleotide probes are provided for
cach genotype, wherein each polynucleotide probe hybridizes to a distinct region of the target
nucleic acid. By way of example, where the target nucleic acids comprise HPV nucleic acids, at
least one polynucleotide may be chosen for each of the E6/E7 and L1 regions of the HPV nucleic

acid.

[0049] In one aspect, the polynucleotide probe is used to purify the target nucleic acid
before detection. In such a case, each polynucleotide probe may be specific for only a single
genotype or may be designed so as to hybridize to a each genotype being targeted in the
detection mixture under stringent conditions. By way of example and not limitation, a
polynucleotide probe may be designed against a highly conserved region of nucleic acids
encoding a specific gene product, such that the polynucleotide probe would be expected to

hybridize under stringent conditions to substantially all nucleic acids encoding that gene product.

[0050] In an aspect, the polynucleotide probe is capable of hybridizing or binding to
nucleic acids at least 75%, at lecast 80%, at lcast 85%, at least 90%, at least 95%, at least 96%, at
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least 97%, at least 98%, at least 98%, at least 99%, or 100% identical to nucleic acids associated
with HPV, genetic variants of HPV, HPV DNA of a HR-HPV type, or HPV RNA of a HR-HPV
type, or any one of one of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68, and 82 or any one of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54,
55,61, 62,67, 69,70,71, 72,74, 81, 83, 84, 85, 86, 87, 89, 90, and 91. In another aspect, the
probe is complementary to HPV, genetic variants of HPV, HPV DNA of a HR-HPV type, HPV
RNA of a HR-HPV type, or any one of one of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, 68, and 82 or any one of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32,
40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72, 74, 81, 83, 84, 85, 86, 87, 89, 90, and 91.

[0051] In another aspect, a plurality of polynucleotide probes is provided, the plurality
being selected to hybridize to and purify each genotype being targeted in the detection mixture.
In one aspect, the plurality of polynucleotide probes is capable of hybridizing to each nucleic
acid of a set of target nucleic acids consisting of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 66, 68, and 82 nucleic acids, or any subset thereof. In one aspect, the plurality
of polynucleotide probes is capable of hybridizing to each nucleic acid of a set of target nucleic
acids consisting of LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61,
62, 67,69, 70,71, 72,74, 81, 83, 84, 85, 86, 87, 89, 90, and 91, or any subset thercof. In one
aspect, the plurality of polynucleotide probes is capable of hybridizing to each nucleic acid of a
set of target nucleic acids consisting of HR-HPV types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 56,
58,59, 66, 68, and 82, or any subset thereof; and LR-HPV types 2, 3, 6, 7, 10, 11, 13, 27, 28, 30,
32,40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72, 74, 81, 83, 84, 85, 86, 87, 89, 90, and 91, or

any subset thereof.

[0052] If the target nucleic acid was denatured using an alkaline treatment, the one or
more polynucleotide probes may be diluted in a probe diluent that also can act as a neutralizing

hybridization buffer (to neutralize the basic denaturation reagent).

[0053] The probe diluent used for DNA or RNA probes will differ due to the different
requirements necessary for DNA versus RNA stability. For example, if the probes are RNA, it is
preferable to neutralize the sample first and then add the probe or alternatively, add the RNA

probe and neutralizing agent (probe diluent) to the sample at the same time as excessive
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alkalinity can destroy RNA. The probe diluent can be used to dissolve and dilute the probe and
also help restore the sample to about a neutral pH, e.g., about pH 6 to about pH 9, to provide a
more favorable environment for hybridization. Sufficient volume of probe diluent, preferably

one-half volume of the sample, may be used to neutralize the base-treated sample.

[0054] For full length probes, a heated alkaline solution may be added to the sample, then
probe diluent may be added to the sample at room temperature, and then the sample may be
reheated. Such a process can inhibit secondary structure from forming. Antibodies tend to
irreversibly bind to structures with secondary structure. When using non-full length probes such
as truncated or synthetic probes, heating the solutions or sample may not be necessary because
secondary structures issues are not present. In an aspect, the sample is not heated when used

with truncated or synthetic probes.

[0055] After treatment with the denaturation reagent, an aliquot of neutralization buffer,
in an aspect the probe diluent described, in which the one or more probes are dissolved, can be
added to the sample under appropriate conditions to allow hybridization or binding of the probe
and the at least one target nucleic acid to occur. The neutralization buffer may contain a single
buffering salt. In an aspect, the neutralization buffer does not contain more than a single
buffering salt. The hybridization condition is sufficient to allow the one or more polynucleotide
probes to anneal to a corresponding complementary nucleic acid sequence, if present, in the

sample to form a double-stranded nucleic acid hybrid.

[0056] Hybridization conditions suitable for the particular probes and diluents described
herein are employed. For example, the probes and sample nucleic acids can be incubated for a
hybridization time, preferably at least about 5 to about 30 minutes, about 5 to about 20 minutes,
or from about 7 to about 15 minutes, or about 10 minutes, as well as any number within the
recited ranges sufficient to allow the one or more polynucleotide probes to anneal to a
corresponding complementary nucleic acid sequence. The hybridization condition can include a
hybridization temperature of at least about 65°C, about 68.5°C, and about 67°C to about 70°C, as
well as any number within the recited ranges. For a given at least one target nucleic acid and a
given probe, one of ordinary skill in the art can readily determine desired hybridization

conditions by routine experimentation. One of ordinary skill in the art will further appreciate
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that the time and temperature of hybridization must be optimized, one with respect to the other.
Thus, higher hybridization temperatures may be carried out for shorter periods of time and vice
versa. Without being limited, stringent hybridization conditions may be controlled by increasing
the temperature, increasing the ionic conditions to above 0.5M (for example, NaCl), or reducing
the concentration of PAA. As a non-limiting example, stringent hybridization conditions may
include performing a hybridization reaction at elevated temperatures, such as of at least about
65°C, at least about 68.5°C, between about 67°C to about 70°C , and between about 69°C to
about 70°C. Stringent hybridization conditions may also include elevated temperatures, such as
of at least about 65°C, at least about 68.5°C, and between about 67°C to about 70°C. An
extensive guide to the hybridization of nucleic acids is found in Tijssen, Laboratory Techniques
in Biochemistry and Molecular Biology--Hybridization with Nucleic Acid Probes, Part I,
Chapter 2 “Overview of principles of hybridization and the strategy of nucleic acid probe
assays”, Elsevier, New York (1993); and Current Protocols in Molecular Biology, Chapter 2,
Ausubel, et al., Eds., Greene Publishing and Wiley-Interscience, New York (1995), incorporated

by reference in its entirety.

[0057] For present purposes, “stringent conditions” encompass conditions under which
hybridization will only occur if there is 25% mismatch or less between the hybridization
molecule and the target sequence. "Stringent conditions" may be broken down into particular
levels of stringency for more precise definition. Thus, as used herein, "moderate stringency”
conditions are those under which molecules with more than 25% sequence mismatch will not
hybridize; conditions of "medium stringency"” are those under which molecules with more than
15% mismatch will not hybridize, and conditions of "high stringency" are those under which
sequences with more than 10% mismatch will not hybridize. Conditions of "very high
stringency” are those under which sequences with more than 6% mismatch will not hybridize.
Calculations regarding hybridization conditions required for attaining particular degrees of
stringency are also discussed by Sambrook et al. (ed.), Molecular Cloning: A Laboratory
Manual, 2nd ed., vol. 1-3, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,

1989, chapters 9 and 11, herein incorporated by reference in its entirety.

[0058] In an aspect, the hybridization step is completed at 50°C in about 15 — 25

minutes; at 50°C in about 20 — 25 minutes; or at 50°C in about 22.5 minutes.
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[0059] In one aspect, each detection mixture is formed by suspending the sample in
collection medium, denaturing the target nucleic acid with a denaturation reagent, and
hybridizing the target nucleic acid to nucleic acid probes suspended in a neutralizing buffer. In
another aspect the neutralizing buffer is a probe diluent comprising 2.2 M BES (N,N-bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid), 2.6% polyacrylic acid, 0.7 N NaOH and 0.05%

sodium azide.

E. Detection

[0060] After the probes are allowed to hybridize to the at least one target nucleic acid and
form a double-stranded nucleic acid hybrid, the hybrid is detected.

[0061] In an aspect, the hybrid is first immobilized to a solid phase before detection.
Following immobilization of the hybrid to the solid phase, the captured hybrid may be separated
from the rest of the sample by washing away of non-captured nucleic acids. The nucleic acid

hybrid is then detected.

[0062] In one aspect, the probes are either immobilized to a solid phase (such as by
covalent bonding) or adapted to be immobilized to a solid phase (such as via streptavidin-biotin
interactions). In such a case, hybridization of the nucleic acid probe to the target nucleic acid

will result in the target nucleic acid being immobilized to solid phase.

[0063] In another aspect, the nucleic acid probe is not immobilized or adapted to be
immobilized to a solid phase. In such a case, the hybrid may be immobilized to a solid phase by
contacting it with an anti-hybrid antibody. In another aspect, the anti-hybrid antibodies are
immobilized onto a support before the double-stranded nucleic acid hybrid is captured. Methods
of immobilizing antibodies to solid supports are well known in the art. By way of example and
not limitation, the antibodies can be covalently linked to the solid support. As another example,
the antibody can be adsorbed onto the solid phase via, for example, protein-protein interactions,
protein-G beads, biotin-streptavidin interaction, EDAC to link to a carboxyl or tosyl group, etc.,
or hybridization directly onto the solid support using, for example, sequence specific nucleic
acids in an affinity column. In another aspect, the anti-hybrid antibodies may be complexed with

the double-stranded nucleic acid hybrid before being immobilized on the solid support. By way
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of example and not limitation the anti-hybrid antibody may be conjugated with a biotin label,
while the support may be conjugated with a streptavidin moiety. Anti-hybrid antibody/double-
stranded nucleic acid-hybrid complexes can then be allowed in the absence of the solid support.
When the solid support is added to the reaction mixture, the anti-hybrid antibody/double-
stranded nucleic acid-hybrid complexes will be immobilized to the solid support by virtue of the

interaction between the biotin conjugate and the streptavidin moiety.
[0064] Once immobilized, detection may then be performed.

[0065] In one aspect, the hybrid can be detected by hybridizing a detectably labeled
second nucleic acid probe to the target nucleic acid. In another aspect, the hybrid is detected by
contacting it with a molecule that binds specifically to double-stranded nucleic acid hybrids.
Molecules specific for the double-stranded nucleic acid hybrids include, but are not limited to,
monoclonal antibodies, polyclonal antibodies, proteins such as but not limited to RNAse H,
nucleic acids including but not limited to aptamers, or sequence specific nucleic acids. Aptamers
are short stretches of random sequences that are successively selected from a library of
sequences by hybridizing to a target, amplifying the hybridized aptamers, and repeating the
selection process. The molecule that binds specifically to double-stranded nucleic acid hybrids

may be detectably labeled.

[0066] In one aspect, the probe forms a DNA:RNA hybrid with the target nucleic acid
when hybridized thereto. In such a circumstance, the immobilized hybrid may be detected using
an antibody that is specific for double-stranded DNA:RNA hybrids. The antibody may be
detectably labeled, either directly or indirectly, and may be a monoclonal or polyclonal antibody.
In an aspect, the antibody is monoclonal. In another aspect, the antibody is directly labeled with
a detectable marker and is monoclonal. In one aspect, the antibody has a label that must react
with a substrate to provide a signal that can be detected. The antibody may be dissolved in a
suitable buffer. In one aspect the buffer comprises 100 mM TrisHCL, pH 7.4, 0.5 M NaCl, 0.1
mM ZnCI2, 1.0 mM MgCI2, 0.25% Tween 20, 0.2 mg/ml RNase A, 4% hydroxypropyl-b-
cyclodextrin (cyclodextrin), 30% bead dilution buffer as discussed previously, 0.05% goat IgG,

0.05% sodium azide.
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[0067] In one aspect, the probe forms a DNA:RNA hybrid with the target nucleic acid
when hybridized thereto, is immobilized to the solid phase using an antibody that is specific for
double-stranded DNA:RNA hybrids, and is detected with a second antibody specific for a
double-stranded DNA:RNA hybrid.

[0068] Solid supports include but are not limited to beads; magnetic beads, including
paramagnetic, diamagnetic, ferromagnetic, ferromagnetic, and diamagnetic beads, columns,
plates, filter paper, polydimethylsiloxane (PDMS); dipsticks; coated tubes, plates, and dishes;
and resin columns. Any support can be used as long as it allows extraction of the liquid phase
and provides the ability to separate out bound and unbound antibodies. Paramagnetic beads are
particularly useful in that they can be left in the solution and the liquid phase can be extracted or
decanted, if a magnetic field is applied to immobilize the beads. Beads that are small and have a
high surface area are preferable, such as beads about 1 um in diameter. Other beads that employ

charge switching or silica capture (as opposed to magnetic fields) may be used as well.

[0069] In an aspect, the hybrids are incubated with the anti-hybrid antibody attached to
the support for a sufficient amount of time to allow capture of the double-stranded nucleic acid
hybrids by the immobilized anti-hybrid antibodies. In an aspect, the support is a bead. The anti-
hybrid antibody may be monoclonal or polyclonal. In one aspect the antibody is monoclonal. In
one aspect, the antibody is coupled to the support by a 1-ethyl-3-[3-dimethylaminopropyl]
carbodiimide hydrochloride (EDAC) linker. In one aspect, the support is a polystyrene bead. In
an aspect, the support or bead coupled to the antibody is diluted in a bead dilution buffer. The
bead dilution buffer is helpful in minimizing protein denaturation on the bead. One example of a
bead dilution buffer comprises 6% casein, 100 mM Tris-HCI, 300 mM NaCl, and 0.05% sodium

azide.

[0070] In an aspect, the beads coated with the anti-hybrid antibody are incubated with the
sample at about 67°C to about 70°C for about 30 minutes. In another aspect, the beads and
sample are incubated at about 68°C to about 69°C for about 30 minutes. In yet another aspect,
the beads and sample are incubated at about 68.5°C for 30 minutes. The incubation time can
range from about 5 minutes to about 60 minutes, from about 15 minutes to about 45 minutes,

from about 20 minutes to about 40 minutes, or any number within the recited ranges, and is
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generally inversely proportional to the temperature. It will be understood by those skilled in the
art that the incubation time, temperature and/or shaking conditions can be varied to achieve

alternative capture kinetics as desired.

[0071] It will be understood by those skilled in the art that any detectable label such as,
but not limited to, an enzyme, radioactive molecule, fluorescent molecule, or metal particle such
as gold particle can be used. In certain aspects, the detectable label may be alkaline phosphatase.
Methods of conjugating a label to an antibody are known. For example, an antibody can be
reduced with dithiothreitol (DTT) to yield monovalent antibody fragments. The reduced
antibody can then be directly conjugated to maleinated alkaline phosphatase by the methods of
Ishikawa et al., J. Immunoassay 4:209-237 (1983) and Means et al., Chem. 1: 2-12 (1990), the
contents of each of which are incorporated herein by reference in its entirety, and the resulting
conjugate can be purified by HPLC. The conjugate may also be purified using any type of size-
exclusion chromatography. One benefit of purification is that the conjugates of one protein to

one antibody can be separated from those conjugates with other ratios of protein to antibody.

[0072] In another aspect, the double-stranded nucleic acid hybrids can be detected with a
second anti-hybrid antibody that is not directly labeled. For example, the second antibody can be

a mouse immunoglobulin that is detected by a labeled goat anti-mouse antibody.

[0073] The label present on the labeled solid support may be used to identify the
particular genotype of the target nucleic acid. The label on the probe or detection antibody may
convey information about the quantity of each target nucleic acid purified and may, in addition,

convey additional information about the genotype of the target nucleic acids.

[0074] Methods for detecting various labels are known in the art. For example,
colorimetry, radioactive, surface plasmon resonance, or chemiluminescence methods are
described by e.g., Coutlee et al., J. Clin. Microbiol. 27:1002-1007 (1989), the contents of which
are incorporated herein by reference in its entirety. For example, a bound alkaline phosphatase
conjugate can be detected by chemiluminescence with a reagent such as a LUMI-PHOS 530
reagent (Lumigen, Detroit, MI) or DR2 (Applied Biosystems, Foster City, CA) using a detector
such as an E/LUMINA luminometer (Source Scientific Systems, Inc., Garden Grove, CA), an

OPTOCOMP I Luminometer (MGM Instruments, Hamden, CT), or the like, such as a Veritas
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Microplate Luminometer by Turner Biosystems. Multiple detection techniques can also be used
in sequence or in parallel. For example, the conjugate may be detected by chemiluminescence

and fluorescence. In another aspect, the conjugate can be detected by chemiluminescence.

[0075] Detectors using different detection techniques for the conjugate may be reversible
or irreversibly attached, for example in a modular fashion, to a machine that is capable of
performing the method for determining the presence of at least one target nucleic acid in a

sample.

[0076] All probes used herein may be short synthetic RNA probes that specifically bind
only to the at least one target nucleic acid. Examples are described in U.S. Patent Application
Publication No. US 2009-0298187 A1, the contents of which are incorporated herein by

reference in its entirety.

[0077] The present disclosure also provides for assay compositions, probes, and
conditions wherein cross-reactivity between HR-HPV probe sets and LR-HPV types is
dramatically reduced when compared to the standard FDA approved HPV assay and probe set.
In one aspect, the HPV high-risk probe set is selected from the group consisting of HPV high-
risk types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82 or LR-HPV types 2, 3, 6,
7,10, 11, 13,27, 28, 30, 32, 40, 42, 43, 53, 54, 55, 61, 62, 67, 69, 70, 71, 72, 74, 81, 83, 84, 85,
86, 87, 89, 90, and 91. Using the present assay with these HR-HPV probes, cross-reactivity
between LR-HPV types and HR-HPV probes is reduced. See, for example, U.S. Patent
Application Publication No. US 2009-0298187 Al.

[0078] The present disclosure also provides methods and assays for detecting cancer, for
example cervical cancer, by detecting the presence of a at least one target nucleic acid, such as

HPV, in a sample.

[0079] It will be understood to those skilled in the art that the present invention can be
carried out on a number of platforms including, but not limited to, tubes, dipsticks, microarrays,
microplates, 384 well plates, other microtiter plates and microfluidic systems. It will be
understood to those skilled in the art that the present, as relevant to developing countries, can

utilize low technology methods such as dropper bottles, rubber bulbs, Pasteur pipettes, or squirt
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bottles for steps involving movement of liquid. These devices deliver relatively precise volumes
within the approximate ranges that are needed for the assay. In an aspect, the methods of the
disclosure do not include automatic pipettors or other battery powered or energy powered

pipetting devices.

EXAMPLES

L SP Samples
[0080] The reflex genotyping PS test is a non-target amplification platform for
genotyping samples that have been qualitatively determined to be HR-HPV positive. Sample
input volume for the PS test is identical to the sample input volume required for the HC2
screening test for STM, PC, and SurePath media. Sample preparation for the LBC media is also
identical to the preparation required for performing the HC2 test. To demonstrate compatibility
of the SurePath media with the Genotyping PS test, SurePath cervical specimens were used. In
addition, to demonstrate equivalence between STM and SurePath solution specimens, recovery

of HPV target, in each of the media, was examined and compared.

[0081] It was demonstrated with SurePath clinical specimens that the PS test is not only
compatible with STM and PC but also with the SurePath media. The PS test detected HPV 16,
18, and/or 45 infections at 5000 copies per assay or greater in the SurePath clinical specimens
with the results being confirmed by qPCR. In addition, the results demonstrated that recovery of
HPV DNA is equivalent for STM and SurePath media. Each specimen type was processed

according to its respective processing/denaturation procedures and tested with the PS test.

[0082] The compatibility of the HPV Genotyping ProbeSet Test (PS) with SurePath
specimen was evaluated with quantitative PCR (qQPCR) used as the reference or confirmatory
method.

[0083] The HC2 Test is used to generate a qualitative signal for whether a sample

contains a high-risk human papillomavirus (HR-HPV) in the cervical specimens. The HC2 test
was performed on 700 uL of SurePath specimen. There were 50 HC2 positive and 10 HC2
negative specimens identified and used in this study.

[0084] From each sample, a 250 uL aliquot of crude SurePath was transferred to a micro-
centrifuge tube for DNA isolation. Cells were pelleted by centrifugation and resuspended in 200
uL of 100mM Tris pH 8.0. A buffer solution containing an 80:20 ratio of Buffer ATL and
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Proteinase K was added to each sample. The samples were incubated at 60°C for two hours with
shaking at 600 rpm. Following digestion with Proteinase K, samples were processed using the
QIAamp® MinElute® Virus Spin kit in accordance with the manufacturer’s protocol. QPCR
analysis was performed as the reference method, in three separate PCR reactions, to determine
the presence and viral load of HPV 16, 18, and/or 45.

[0085] The remaining SurePath volume (~1850 pL) after the HC2 Test and sample prep
for qPCR was pelleted by centrifugation. The supernatant was discarded and the cells were
resuspended in 150 uLL of STM and 75 uL of Denaturation Reagent. Subsequently, 75 uL was
transferred into three separate wells to identify the genotype individually. Samples were
denatured and the DNA:RNA hybrids were captured onto HC2 capture plates and detected via
proprictary hybrid-specific antibodies conjugated with alkaline phosphatase. Finally, a
chemiluminescent substrate was added, and the wells were read on a luminometer to measure the
Relative Light Units (RLU). Samples were classified as positive for the genotype if the RLU
value/ cut-off (RLU/CO) value was greater than or equal to 1.3. The cut-off value is determined

by the mean of the assay positive calibrator. Results are shown in Table 1:

RLU/CO PS Test Results gPCR Test Discordants
Results

0.8-0.9 5 0 0
1.0-12 2 0 0
13-19 4 0 (4)
20-4.9 3 2 (M

>5.0 13 12 (M

Table 1
[0086] A total of 16 of the specimens tested positive specimens with the PS test, with a

total of 20 positive results, including 4 multiple infection. Of all the samples tested, 56 out of 60
(93.3%) specimen results according to the PS test agreed with the qPCR (4 discordants) and
174/180 (96.7%) of the genotype result agreed with qPCR (6 discordant). All discordant results
are PS positive and qPCR negative.

11 PreservCyt Samples
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[0087] The intended use of the PS Test is to detect multiple HPV genotypes separately,
which requires multiple aliquots of each patient specimen. After HC2 testing, some PC
specimens may lack sufficient volume for number of tests desired. Employing probe cocktailing
may limit the number of tests required and provide an alternative solution that significantly
reduces the specimen input volume.

[0088] There were 28 HC2 positive PC specimens utilized in this study. Following the
standard HC2 conversion protocol for the media, 12 ml of PC specimen were processed. PS
testing was performed simultanecously on six aliquots from each denatured specimen. Three tests
detected HPV 16, 18 and 45 separately, using three individual probe mixes with each probe mix
containing only one type-specific probe. Three additional tests were performed on each specimen
to detect for two or more of the genotypes together. To detect for more than one target in a
single test, two or three of the individual probes were combined into a single mix. Multi-probe
cocktails were used to detect HPV 16 and 18 together, HPV 18 and 45 together, and all three
types in one test. Analytical performance was evaluated by using a probe cocktail to detect HPV
plasmid at a concentration of 2 pg/ml. Results are expressed as relative light units to cut-off

(RLU/CO). Experiments were conducted according to the scheme set forth in Table 2

# of Test Options 3 2 1

# of Probe Mixes N eeded 3 2 1

HPV 16 Robe Volume (ul)

HPV 45 Robe Volume (ul)

5.5%NP40 Volume (ul)

*Method can be applied to test for HPV 16 &18 together, HP/45 alone.

Table 2

[0089] There were 28 HC2 positive PC specimens tested for HPV 16, 18 and 45 using
the PS Test. Each specimen was tested using individual probes for type-specific detection and

probe cocktails to detect two or more HPV genotypes together. Results were concordant for all
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specimens. Of the 28 HC2 positive samples, 18 were negative for HPV 16, 18 and 45. Data
presented in Table 2 details the HPV 16, 18 and 45 positive specimen results. A positive result
has an RLU/CO value greater than or equal to 1.3. Data presented in Fig. 3 demonstrates the
equivalent sensitivity of multi-probe detection of individual HPV types as compared to single

probe detection.

Single-Probe Detection Multi-Probe Detection

Sedmen Number PStest RU/CO

Table 3
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What is claimed is:

1. A method for genotyping a target nucleic acid in a sample is provided comprising:

(a) generating a first detection mixture by a method comprising contacting a portion
of the sample with a first probe set, wherein the first probe set comprises a nucleic
acid probe specific for a first genotype of the target nucleic acid and a nucleic
acid probe specific for a second genotype of the target nucleic acid, but does not
comprise a nucleic acid probe specific for a third genotype of the target nucleic
acid;

(b) generating a second detection mixture by a method comprising contacting a
portion of the sample with a second probe set, wherein the second probe set
comprises a nucleic acid probe specific for the second genotype of the target
nucleic acid and a nucleic acid probe specific for the third genotype of the target
nucleic acid, but does not comprise a nucleic acid probe specific for the first
genotype of the target nucleic acid; and

() treating the first and second detection mixtures under conditions wherein the
nucleic acid probes hybridize specifically to the first, second, and/or third
genotype of the target nucleic acid; and

(d) detecting hybridization of the nucleic acid probe to the target nucleic acid,
wherein:

(1) hybridization in the first detection mixture, but not the second detection
mixture indicates that the sample comprises the first genotype of the target
nucleic acid;

(i)  hybridization in the second detection mixture, but not the first detection
mixture, indicates that the sample comprises the third genotype of the
target nucleic acid; and

(i)  hybridization in the first detection mixture and the second detection
mixture indicates that the sample comprises the second genotype of the

target nucleic acid.

2. The method of claim 1 wherein the target nucleic acid is an HPV nucleic acid and the

first, second, and third genotypes of the target nucleic acid are selected from the group consisting
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of HPV2, HPV3, HPV6, HPV10, HPV11, HPV16, HPV18, HPV26, HPV27, HPV2§, HPV29,
HPV30, HPV31, HPV32, HPV33, HPV34, HPV35, HPV39, HPV42, HPV45, HPVS1, HPVS2,
HPVS53, HPV54, HPV56, HPVS57, HPV58, HPV59, HPV64, HPV66, HPV67, HPV6E, HPV69,
HPV70, HPV73, HPVS2, HPV84, HPV&5, HPV86, HPVE7, and HPV94.

3. The method of claim 2 wherein the first, second, and third genotypes of the target nucleic

acid arc HPV16, HPV 18, and HPV45.

4. The method of any of claims 1-3 wherein the sample is a clinical sample preserved in a

liquid based cytology medium.

5. The method of claim 4 wherein the liquid based cytology medium is selected from the

group consisting of Preservcyt and SurePath.

6. The method of any of claims 1-5 wherein hybridization of the nucleic acid probe forms a

DNA:RNA hybrid.

7. The method of claim 6 wherein DNA:RNA hybrid is detected by a method comprising
contacting the DNA:RNA hybrid with a DNA:RNA-specific antibody.

8. The method of any of claims 1-7 wherein the target nucleic acid is first identified as
being the first, second, or third genotypes of the target nucleic acid by a method comprising
amplifying the target nucleic acid with a consensus primer capable of amplifying at least a

portion of each of the first, second, and third genotypes of the target nucleic acid.

9. The method of claim 8 wherein the target nucleic acid is amplified by a method

comprising qualitative PCR.

10.  The method of any of claims 1-9 wherein the target nucleic acid is first identified as
being the first, second, or third genotypes of the target nucleic acid by a method comprising
hybridizing a consensus probe to the target nucleic acid, wherein the consensus probe is specific

for each of the first, second, and third genotypes of the target nucleic acid.

11. The method of claim 10 wherein hybridization of the consensus probe to the first, second,

and/or third HPV nucleic acids generates a DNA:RNA hybrid.
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12.  The method of claim 11 wherein DNA:RNA hybrid is detected by a method comprising
contacting the DNA:RNA hybrid with a DNA:RNA-specific antibody.

13.  The method of claim 6 wherein DNA:RNA hybrid is detected by a method comprising
contacting the DNA:RNA hybrid with a DNA:RNA-specific antibody

14.  The method of claim 1 comprising: (1) performing a qualitative PCR reaction on the
sample to obtain an initial indication of the presence of an HR-HPV genotype; (2) performing a
hybrid capture assay to confirm a determination of the presence of the HR-HPV; and (3)
conducting a PS test to genotype the HR-HPV determined to be present in the sample.
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