wo 20097102369 A2 I 0E 0 OO0 AR O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

20 August 2009 (20.08.2009)

(10) International Publication Number

WO 2009/102369 A2

(51) International Patent Classification:
C12Q 1/70 (2006.01)
(21) International Application Number:
PCT/US2008/084244
(22) International Filing Date:
20 November 2008 (20.11.2008)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
60/989,394 20 November 2007 (20.11.2007) Us
(71) Applicant (for all designated States except US): AUTO-
GENOMICS, INC. [US/US]; 2251 Rutherford Road,
Carlsbad, CA 92008 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US ornly): CORBEIL,

Jacques [CA/CA]; 4911 Rue St-Felix, St-augustin de
Desmaures, Québec G3A 1B4 (CA). RAYMOND,
Fredric [CA/CA]; 56 Rue des Gaspesiens, Quebec, G2ZM
IR2 (CA). BOIVIN, Guy [CA/CAJ; 2531 Montbray,
Quebec, G1V 1E7 (CA).

(74) Agents: FESSENMAIER, Martin et al.; Fish & Asso-
ciates, PC, 2603 Main Street, Suite 1050, Irvine, CA
92614 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

62y

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

[Continued on next page]

(54) Title: MULTIPLEX ASSAY FOR RESPIRATORY VIRUSES

(57) Abstract: A method of detecting the presence of a plurality of respira-
tory viruses using a multiplexed diagnostic assay is disclosed. The method
provides a plurality of oligonucleotides that each is specific for a specific
respiratory virus. A multiplex PCR is run using the oligonucleotides,
which produces double-stranded products. The method also provides a
plurality of extension oligonucleotides that each is specific for a specific
double-stranded product. Each extension oligonucleotide also has a dis-
tinct second portion having a unique sequence. A primer extension reac-
tion is run using the extension oligonucleotides, which produces single-
stranded products. The single-stranded products are hybridized to a solid
carrier.

[Stcp 100: providing a plurality of oligonucleotides that include (a) a)
first oligonuclcotide that is specific for a first respiratory virus: and
(b) a second oligonucleotide that is specific for a second respiratory

\ virus )

f Step 110: providing instructions to run a multiplex PCR using the
first and second oligonucleotides, such that at Icast onc of a first and
a second double-stranded product is produced, respectively;

.

Step 120: providing a plurality of cxtension oligonucleotides that\
mclude (a) a third oligonucleotide having a first portion that is
specific for the first double-stranded product; (b) a fourth
oligonucleotide having a first portion that is specific for the sccond
double-stranded product; (¢) wherein each of the third and fourth
oligonucleotides has a distinct sccond portion that comprises a

Step 130: providing instructions to run a primer cxtension rcaction
using the third and fourth oligonucleotides, such that at least one of
a third and a fourth single-stranded product is produced,
respectively

Step 140: providing instructions to hybridize the single-stranded
products to a solid carricr

Figure 1
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MULTIPLEX ASSAY FOR RESPIRATORY VIRUSES

This application claims priority to our copending U.S. provisional application with
the serial number 60/989394, which was filed November 20, 2007, which is incorporated by

reference herein.

Field of The Invention

The field of the invention is clinical diagnosis, and especially kits and methods in
which a multiplexed diagnostic assay is used to detect one or more respiratory virus

genotypes.

Background of The Invention

From the avian flu to severe acute respiratory syndrome (SARS), respiratory viruses
are currently the cause of great concern worldwide. Approximately 500 million non-influenza
related viral respiratory tract infections (VRTI) episodes occur per year in the United States.
These episodes alone had an estimated cost of $39.5 billion for the year 2000, which included
$17 billion of direct costs and $22.5 billion of indirect costs. Some respiratory virus illnesses
cause a heavy burden in terms of morbidity and mortality, primarily among infants and the
elderly. Moreover, it is often difficult to distinguish between the different possible causes of
respiratory infections. Many viruses have similar symptoms and their precise diagnosis often
requires microbiological laboratory testing. Because of cost and technical limitations, such

testing is sporadically performed and only for a limited number of viruses.

For example, traditional detection of respiratory viruses involves observing virus
growth on a cell culture with or without direct immunoassays. Though very specific, this
method has many disadvantages, as it often lacks sensitivity, is burdensome, requires skilled
personnel, and takes between five and ten days before obtaining results. To more efficiently
detect a respiratory virus, immunoassays have been developed that measure the concentration
of a virus using the reaction of an antibody to its antigen (e.g., various immunoassays are
commercially available for influenza A detection). While often relatively inexpensive and
rapid, immunoassays are typically limited to the detection of a single virus species, and have
reduced sensitivity and specificity. In addition, the development of such tests is impractical

for some viruses having many subtypes including for example, enteroviruses.
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In response to these deficiencies, certain tests have been developed that use multiplex
polymerase chain reaction (PCR) to detect many viruses in one assay. Examples for such
PCR-based tests are described in U.S. Patent No. 6,015,664 to Henrickson et al., and U.S.
Patent No. 6,881,835 to Bai et al. Both Henrickson and Bai utilize primers in a PCR process
to amplify viral sequences if present in the sample. The amplified sequences are then
hybridized to a solid support. One problem with these methods is the many required washing
steps that can result in loss of signal and/or additional noise in the results, as well as
increased time and cost for handling and detection. Furthermore, at least some of the

detection methods can be cumbersome and have a relatively low sensitivity.

Consequently, although many kits and methods for respiratory virus detection are
known in the art, all or almost all of them suffer from one or more disadvantages. Thus, there
is still a need to provide kits and methods for genotyping a plurality of respiratory viruses

using a multiplex assay.

Summary of the Invention

The present invention is directed to a method of facilitating the detection of a plurality
of respiratory viruses using a rapid, single-tube multiplexed diagnostic assay with multiplex
primer extension. Most preferably, a plurality of oligonucleotides is provided, with each
oligonucleotide specific for a respiratory virus or genotype. It should be noted that different
respiratory viruses can include different types of a single respiratory virus, as well as
different viruses, or any combination thereof. By providing oligonucleotides with unique
hybridization sequences and different target specificities, multiple viruses can be tested in a

single process.

In a particularly preferred embodiment, the oligonucleotides are each selected from
the group consisting of SEQ ID Nos. 1-23. This is advantageous as each sequence is
complementary to a different respiratory virus, while allowing multiplex PCR at a common
temperature profile. At least two reverse oligonucleotides can also be provided, and are
preferably selected from the group consisting of SEQ ID Nos. 25-45. While specific
sequences have been provided, it is also contemplated to use any equivalent sequence having
one or more substitutions, deletions, or additions for one or more of the nucleotides of any of
SEQ ID Nos. 1-23 and 25-45, provided that the oligonucleotides retain approximately the

same annealing temperatures and the same specificity (infra). Unless a contrary intent is
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apparent from the context, all ranges recited herein are inclusive of their endpoints, and open-

ended ranges should be interpreted to include only commercially practical values.

In further contemplated aspects, instructions can be provided to run a multiplex PCR
using the provided oligonucleotides, such that each oligonucleotide produces at least one
double-stranded product. Advantageously, a labeled deoxynucleotide triphosphate (ANTP)
can be used in the multiplex PCR to allow the double-stranded products to be easily detected
and differentiated. The labeled dNTP can comprise any suitable label, and preferably

comprises a fluorophor.

It is further preferred that a Shrimp Alkaline Phosphatase/Exonuclease I (SAP/EXO)
mixture can be added to the PCR product mixture. Instructions to run a cleanup cycle using

the SAP/EXO mixture can also be provided.

In another aspect of the inventive subject matter, a plurality of extension
oligonucleotides can be provided with each oligonucleotide having a first portion specific for
a double-stranded product of the PCR process. Each oligonucleotide can also have a distinct
second portion comprising a unique sequence. This is beneficial as it allows quicker
separation and identification of resulting extension products. A spacer coupling the first and
second portions can optionally be provided and can be any suitable linker (e.g., internal three
carbon spacer, a photo-cleavable spacer, a six carbon glycol spacer, a triethylene glycol

spacer, an 18-atom hexacthylene glycol spacer, a 1°,2’-dideoxyribose, etc.).

In a preferred embodiment, the extension oligonucleotides are each selected from the
group consisting of SEQ ID Nos. 47-81. This is advantageous as each sequence is
complementary to a different PCR product, and allows primer extension at a common
temperature profile. While specific sequences have been provided, it is also contemplated to
use any equivalent sequence having one or more substitutions, deletions, or additions for one
or more of the nucleotides of any of SEQ ID Nos. 47-81, provided that the oligonucleotides
retain approximately the same annealing temperatures and the same specificity. In a further
contemplated aspect, instructions can be provided to run a primer extension reaction using
the extension oligonucleotides, such that each produces at least one single-stranded product.
Advantageously, the single-stranded products can be labeled to allow the single-stranded

products to be casily detected and differentiated.
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Instructions can also be provided to hybridize the single-stranded products to a solid
carrier. Any suitable device that facilitates the separation of the double-stranded products
can be used as the solid carrier. Preferably, the solid carrier comprises a chip which
immobilizes the single-stranded products in a predetermined pattern for later observation. In
an alternate embodiment, the solid carrier can comprise a plurality of color-coded beads, with
each color of bead having the same nucleotide sequences of immobilized single-stranded

products. The solid carrier can also comprise a microarray.

In a further contemplated aspect, instructions can be provided to run a complementary
deoxyribonucleic acid (cDNA) synthesis on a sample of ribonucleic acid (RNA) using
reverse transcription. This is advantageous as most of the respiratory viruses are RNA

viruses.

A particularly contemplated embodiment is a kit for genotyping at least one
respiratory virus. The kit can include at least two oligonucleotides. Preferably, the
oligonucleotides are selected from the group consisting of SEQ ID Nos. 1-23. The kit can
also include at least two extension oligonucleotides preferably selected from the group
consisting of SEQ ID Nos. 47-81. The kit can further include at least two reverse
oligonucleotides preferably selected from the group consisting of SEQ ID Nos. 25-45. As
discussed above, it is contemplated that the oligonucleotides can have one or more
substitutions, deletions, or additions for one or more nucleotides without departing from the
scope of the present invention. It is also contemplated that the kit can include a SAP/EXO

mixture to be used to destroy excess oligonucleotides and dNTPs.

Advantageously, the kit can also include a solid carrier to separate the products and
efficiently determine which viruses are present for which nucleic acid. The solid carrier can
be any suitable device that facilitates separation and classification of the single-stranded
products including for example, a plurality of single-stranded nucleic acids in respective
predetermined positions, a plurality of color-coded beads, and a microarray, as discussed

above.

Various objects, features, aspects and advantages of the present invention will become
more apparent from the following detailed description of preferred embodiments of the

invention.
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Brief Description of the Drawing

Figure 1 is a flowchart of a method of facilitating detection of a plurality of

respiratory viruses.
Figure 2 is a diagram of a kit for genotyping a respiratory virus.

Detailed Description

The present invention is directed to methods and kits for facilitating detection of a
plurality of respiratory viruses. For example, contemplated samples, kits, and methods can
detect at least two respiratory viruses using a multiplexed diagnostic assay. The respiratory
virus can be any DNA or RNA virus affecting the respiratory system including for example,
an adenovirus, a coronavirus, an enterovirus, a rhinovirus, an influenza virus, a human
metapneumovirus (HMPV), a human respiratory syncytial virus (HRSV), a human

parainfluenza viruses (HPIV), as well as all sero- and genotypes and combinations thereof.

Any suitable RNA sample can be tested to determine the presence of at least one
respiratory virus. Preferably, the sample comprises a bodily fluid. More preferably, the
sample comprises a nasopharyngeal aspirate or nasal swab. Once the sample has been
obtained, instructions can be provided to run RNA isolation and cDNA synthesis using
reverse transcription. Of course, it should be appreciated that the nucleic acid that is isolated
from the patient sample may be a viral RNA and/or a DNA, and most preferably, the RNA
and/or DNA isolation is performed in a single step using commercially available reagents and
supplies. Where the viral nucleic acid is an RNA it is especially preferred that the reverse

transcription is performed in a single step reaction with the PCR.

In a preferred aspect shown in Figure 1, a method of facilitating the detection of a
plurality of respiratory viruses is disclosed that uses a multiplexed diagnostic assay. Initially,
a plurality of oligonucleotides can be provided that include first and second oligonucleotides
specific for first and second respiratory viruses, respectively (step 100). The oligonucleotides
are preferably selected from the group consisting of SEQ ID Nos. 1-23. The selected
oligonucleotides can be specific for different sero- or genotypes of a respiratory virus,
different respiratory viruses altogether, or mixtures thereof. While it is contemplated that the
oligonucleotides can comprise any practical length, preferably, the oligonucleotides have a

length of between 12 and 40 nucleotides.
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While specific sequences are provided herein, it is particularly contemplated that the
oligonucleotides can be any equivalent sequence of those specified, which specifically
hybridize to the targeted sequence of the original oligonucleotide and at approximately the
same annealing temperature. For the PCR oligonucleotides, any equivalent sequence must
also allow for multiplex PCR and primer extension with respective single temperature
profiles. Preferably, the approximate annealing temperature is defined as a temperature
within 2 °C of the average melting point of SEQ ID Nos. 1-23 and SEQ ID Nos. 47-81,
respectively, under otherwise identical conditions. More preferably, the temperature is
within 1 °C, and most preferably, the temperature is within 0.5 °C. In addition, the equivalent
sequence must be relatively specific to the target sequence. As used herein, “relatively
specific” is defined to allow for one or more mismatches of the nucleotide pairs at any
portion of the sequence excluding the 3’ end, and preferably, excluding the last three

nucleotides of the 3° end, while still hybridizing to the intended viral sero-/genotype.

Such equivalent sequences can have one or more substitutions, deletions or additions
for one or more of the nucleotides of the specified sequences. For example, one or more
degenerate bases might be substituted for one or more nucleotides of the sequence.
Contemplated equivalent sequences might also or alternatively include the use of non-natural
bases including 7-deaza-guanine, 8-oxo-guanine, 6-mercaptoguanine, 4-acetylcytidine, 5-
(carboxyhydroxyethyl)uridine, 2'-O-methylcytidine, 5-carboxymethylamino-methyl-2-
thioridine, 5-carboxymethylaminomethyluridine, dihydrouridine, 2'-O-methylpseudouridine,
B,D-galactosylqueosine, 2'-O-methylguanosine, inosine, N6-isopentenyladenosine, 1-
methyladenosine, 1-methylpseeudouridine, 1-methylguanosine, 1-methylinosine, 2,2-
dimethylguanosine, 2-methyladenosine, 2-methylguanosine, 3-methylcytidine, 5-
methylcytidine, N6-methyladenosine, 7-methylguanosine, 5-methylaminomethyluridine, 5-
methoxyaminomethyl-2-thiouridine, ,D-mannosylqueosine, 5-
methoxycarbonylmethyluridine, 5-methoxyuridine, 2-methylthio-N6-isopentenyladenosine,
N-((9-B-D-ribofuranosyl-2-methylthiopurine-6-yl)carbamoyl)threonine, N-((9-p-D-
ribofuranosylpurine-6-yl)N-methylcarbamoyl)threonine, uridine-5-oxyacetic acid
methylester, uridine-5-oxyacetic acid, wybutoxosine, pseudouridine, queosine, 2-
thiocytidine, 5-methyl-2-thiouridine, 2-thiouridine, 2-thiouridine, 5-methylurdine, N-((9--
Dribofuranosylpurine-6-yl)carbamoyl)threonine, 2'-O-methyl-5-methyluridine,2'-O-

methyluridine, wybutosine, and 3-(3-amino-3-carboxypropyl)uridine.
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Furthermore, any oligonucleotide backbone can be employed including for example,
DNA, RNA (although less preferred), modified sugars such as carbocycles, and sugars
containing 2'-substitutions such as fluoro- and methoxygroups. The oligonucleotides can be
oligonucleotides wherein at least one, or all, of the internucleotide bridging phosphate
residues are modified phosphates, such as methyl phosphonates, methyl phosphonothioates,
phosphoromorpholidates, phosphoropiperazidates and phosphoramidates (for example, every
other one of the internucleotide bridging phosphate residues may be modified as described).

The oligonucleotide can also be a peptide nucleic acid.

In a further contemplated aspect, at least two reverse oligonucleotides can be
provided. Preferably, the reverse oligonucleotides are selected from the group consisting of
SEQ ID Nos. 25-45, and specifically, the sequences that correspond to the plurality of
oligonucleotides provided. With respect to equivalent sequences, the same conditions as

discussed above for SEQ ID Nos. 1-23 apply.

Once the first and second oligonucleotides have been provided, instructions can then
be provided to run a multiplex PCR using the oligonucleotides, which can produce first and
second double-stranded products, respectively (step 110). A labeled dNTP can be used to
distinguish the various products of the multiplex PCR. Preferably, the labeled dNTP is a
fluorophor. However, the labeled ANTP can be a ANTP having any atom or molecule that
can provide a detectable signal. Labels can provide signals detectable by various techniques
including for example, colorimetric, fluorescent, electrophoretic, electrochemical,
spectroscopic, chromatographic, chemiluminescent, densitometric, and radiographic
techniques. Labels can also be molecules that can only produce a detectable signal when used
with another label including for example, a quencher of a quencher-dye pair, and an enzyme-

catalyzed conversion of a dye.

After running the multiplex PCR (which may be performed in the same tube and
reaction sequence than the reverse transcription), a SAP/EXO mixture can optionally be
provided to destroy the oligonucleotides and remaining dNTPs from the PCR reaction.
Instructions to run a cleanup cycle using the SAP/EXO mixture can also be provided. This is

advantageous, as the process helps ensure clean and properly labeled DNA sequences.

In a further contemplated aspect, a plurality of extension oligonucleotides can be
provided that include third and fourth oligonucleotides specific for first and second double-

7
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stranded products, respectively (step 120). The extension oligonucleotides are preferably
selected from the group consisting of SEQ ID Nos. 47-81. With respect to equivalent
sequences, the same conditions as discussed above for SEQ ID Nos. 1-23 apply. In addition,
the third and fourth oligonucleotides can have distinct second portions that each comprise a
unique sequence. The sequence can be any sequence that allows for later distinction and
identification of the oligonucleotides. For example, the unique second portions can be used
to hybridize the extension oligonucleotides to a solid carrier as described by Fan, et al., in
volume 10 of Genome Research on pages 853-860. While it is contemplated that the unique
sequences can comprise any practical length, preferably, the unique sequences have a length
of between 8 and 50 nucleotides. More preferably, the unique sequences have a length of

between 12 and 25 nucleotides.

A spacer can be used to couple the first and second portions to improve hybridization
to a solid phase, and any commercially available spacer is deemed suitable for use herein.
For example, contemplated spacers include an internal three carbon spacer, a photo-cleavable
spacer, a six carbon glycol spacer, a triethylene glycol spacer, an 18-atom hexacthylene

glycol spacer, and a 1°,2’-dideoxyribose.

Once the third and fourth oligonucleotides have been provided, instructions can then
be provided to run a primer extension reaction using the oligonucleotides, which can produce
third and fourth single-stranded products, respectively (step 130). Advantageously, the
single-stranded products can be labeled to allow the single-stranded products to be easily
detected and differentiated. Any suitable label can be used including for example, those

labels discussed above.

After providing instructions to run a primer extension reaction, instructions can then
be provided to hybridize the single-stranded products to a solid carrier (step 140). Any type
of solid carrier capable of immobilizing the extension products can be used. In one
embodiment, the solid carrier can be a chip. Any suitable chip can be used, and preferably
the chip is configured to immobilize the single-stranded products in a predetermined pattern.

Most preferably, the solid carrier is configured as a microarray. In an alternate embodiment,
the solid carrier can be a plurality of color-coded beads on which the single-stranded products

are immobilized. Preferably, each bead color corresponds to the unique sequence of the
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second portion of an oligonucleotide. Thus, for example, each virus and subsets within a

virus might correspond to a specific color of bead.

In further contemplated aspects, a kit is provided, an example of which is illustrated
in Figure 2. The kit 200 comprises at least two oligonucleotides 210. Preferably, the
oligonucleotides 210 are selected from the group consisting of SEQ ID Nos. 1-23. It is also
contemplated that the kit can include at least two reverse oligonucleotides 220, which are
preferably selected from the group consisting of SEQ ID Nos. 25-45. More preferably, the
reverse oligonucleotides are selected to form an amplicon with one of the first and second
oligonucleotides 210. As discussed above, it is contemplated that all oligonucleotides
presented herein can also include any equivalent sequence of the specified sequences,
provided the equivalent sequence retains the same approximate annealing temperature and
specificity as the original sequence. It is also contemplated that the kit 200 can include a
plurality of extension oligonucleotides 230, which are preferably selected from the group

consisting of SEQ ID Nos. 47-81. Optionally, the kit can contain a SAP/EXO mixture 250.

The kit can also comprise a solid carrier 240. Any suitable carrier that immobilizes
nucleic acids can be used as solid carrier 240. In one embodiment, the solid carrier
comprises a plurality of single-stranded nucleic acids in respective predetermined positions.
In another embodiment, the solid carrier comprises a plurality of color-coded beads.
Preferably, each of the same color beads comprises a plurality of single-stranded nucleic
acids having the same nucleotide sequences. In addition, the solid carrier can comprise a
microarray. Preferred solid carriers are described in U.S. Patent Publication Numbers US
2004/0005697 (pub. Jan. 2004) and US 2005/0221283 (pub. Oct. 2005). These and all other
extrinsic materials discussed herein are incorporated by reference in their entirety. Where a
definition or use of a term in an incorporated reference is inconsistent or contrary to the
definition of that term provided herein, the definition of that term provided herein applies and

the definition of that term in the reference does not apply.

EXAMPLE

Comparison of microarray and real-time PCR assays for the diagnosis of respiratory viruses
in children
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Specimen collection and preparation

The inventors tested nasopharyngeal aspirate (NPA) specimens of 221 children <3
years old who were hospitalized between November 2001 and April 2002 for an acute
respiratory infection with an onset of symptoms within < 7 days as previously described.
NPAs were aliquoted and stored at -80 °C. Clinical information and clinical laboratory results
were prospectively collected. Before nucleic acid extraction, NPAs were thawed on ice and
0.5 ul of Armored RNA was added to each NPA. Nucleic acid extraction was performed with
the QiAmp Viral RNA mini kit (QIAGEN, Mississauga, Ontario) using the protocol
suggested by the manufacturer. The final elution volume was 40 ul. Reverse transcription
was done using Superscript II Reverse Transcriptase (Invitrogen, Carlsbad, CA). Reaction
solution was composed of 1 ul of 50 ng/ul random primer (Amersham, Piscataway, NJ), 1 ul
of 10 uM dNTPs and 10 ul of extracted RNA. It was incubated at 65 °C for 5 min, then put
on ice. The following was then added to the solution: 4 ul of 5X first strand Buffer
(Invitrogen), 2 ul of 0.1 M DTT (Invitrogen) and 1ul of 40 U/ul RNAsin (Promega, Madison,
WI). The solution was incubated at room temperature for two minutes, then 200 units of
Superscript II (Invitrogen) was added. The solution was incubated at room temperature for 10

min, then at 42 °C for 50 min and finally at 70 °C for 15 min. The cDNA was kept at -20 °C.

Primers and probes

PCR primers used in the multiplex PCR are those listed in SEQ ID Nos. 1-46. PCR
primers used in the real-time PCR assay are those listed in SEQ ID Nos. 83-123. TaqgMan
were specific to the real-time PCR assay, and included the primers listed in SEQ ID Nos.
124-147. The TaqMan sequences comprise a fluorescent portion (6 - Carboxyfluorescein
(6FAM) or VIC from Applied Biosystems) coupled to the 5’ end, and a molecular-groove
binding non-fluorescence quencher (MGBNFQ) coupled to the 3’ end. All primers were
obtained from Invitrogen Canada. TagMan-MGB probes were obtained from Applied
Biosystems (Streetsville, Ontario). Multiplex PCR primer mix contains all PCR primers at
concentrations ranging between 50 and 200 nM, depending on the targeted virus. Primers
used for primer extension are composed of a tag sequence followed by a specific detection
sequence. The primers used for primer extension are those listed in SEQ ID Nos. 47-82 (tag

sequences not shown). Tag sequences hybridize to the microarray.

10
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Quantitative Reverse Transcription PCR (qRT-PCR) assay

To compare the multiplex PCR/primer extension/solid phase hybridization to a PCR-
Taqman assay, the following qRT-PCR assay was developed and performed with
substantially the same amplification primers as described above. All reactions were
performed in a 96 well plate using TagMan Universal PCR mastermix (Applied Biosystems)
in an ABI 7500 apparatus (Applied Biosystems). PCR primers were used at a 200 nM
concentration and TagMan probes were used at a 250 nM concentration. Each 96 well PCR
plate allows for the testing of four specimens, one positive and negative control for each
virus. Each specimen tested uses 16 wells of the plate, testing one virus species per well,
along with one well targeting the Armored RNA internal control. One pul of specimen cDNA
or control was added to each well of the plate. The PCR program consisted in the following
steps: 2 min at 50 °C, 10 min at 95 °C, followed by 50 cycles of 15 s at 95 °C, 15 s at 55 °C
and 40 s at 60 °C.

INFINITI microarray assay

Multiplex PCR was performed in a T1plus thermocycler (Biometra, Montreal
Biotech, Montreal). The amplification solution was composed of 10X buffer, 0.2 uM dNTPs,
1.5 mM MgCl2, multiplex PCR primer mix, 0.5 units of Platinum Taq DNA polymerase
(Invitrogen Canada), and 2.5 ul of cDNA. The PCR program consisted in the following steps:
60 s at 94 °C followed by 39 cycles of 30 s at 94 °C, 30 s at 55 °C and 60 s at 72 °C. The
reaction was then incubated at 72 °C for 3 min. Then, 3 units of Shrimp Alkaline Phosphatase
(Clontech, Mountain View, CA), 7.5 units of exonuclease (Clonetech) and 0.25 ul of 50X
Titanium DNA polymerase (Clontech) were added to the solution, which was incubated at 37
°C for 50 minutes and at 94 °C for 20 minutes. RVP Primer extension solution
(AutoGenomics, Carlsbad, CA) was then added to the solution. Primer extension reaction
consisted in the following steps: 60 sat 94 °C followed by 39 cycles of 15 s at 94 °C and 15 s
at 50 °C. Following the primer extension reaction, 80 ul of hybridization solution
(AutoGenomics) was added to each reaction. The total volume of 120 pul was then hybridized
to a DNA microarray (AutoGenomics) for 90 minutes at 42 °C at high humidity. After
hybridization each chip was washed 5 times with 300 ul of 1X SSC. Chips were dried and
scanned on the INFINITI system (AutoGenomics).

11
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Results

Sensitivity of the real-time PCR assay

Both techniques yielded excellent results for each targeted virus when tested with
laboratory isolates or, if no isolate was available for a virus, with a synthetic oligonucleotide
of the targeted sequence. For both assays, primer sets were modified until all appropriate
isolates or oligonucleotides were properly detected by each method. The inventors also
conducted sensitivity for the studied viruses, using cloned amplicons when the virus was
available or using synthetic oligonucleotides. Sensitivities of each TagMan qRT-PCR assay
ranged from 10 copies to 1000 copies per reaction, depending on the targeted virus, as shown

in Table 1 (below):

Table 1. Sensitivity of qRT-PCR assay.

Virus Gene Method Threshold Sensitivity
(copy number)
Adenovirus IVA2 Plasmid 40 10
Coronavirus 229E Nucleocapsid Not performed 39 NA
Coronavirus HKU1 Nucleocapsid Oligo 40 50
Coronavirus NL63 Nucleocapsid Not performed 45 NA
Coronavirus OC43 Nucleocapsid Plasmid 45 50
Coronavirus SARS Corp Oligo 40 1000
Enterovirus/Rhinovirus 5' UTR Plasmid 40 1000
Influenza A Nucleocapsid Plasmid 40 50
Influenza B Nucleocapsid Plasmid 42 10
HMPV A Matrix Plasmid 40 50
HMPV B Matrix Plasmid 40 50
HRSV A Nucleocapsid Plasmid 45 1000
HRSV B Nucleocapsid Plasmid 45 10
PIV-1 Nucleocapsid Plasmid 43 50
PIV-2 Fusion Not performed 40 NA
PIV-3 Nucleocapsid Plasmid 44 50
PIV-4 Nucleocapsid Plasmid 45 100

Comparison of real-time PCR assay with the microarray assav

The study included 221 specimens obtained in 2001-2002 from children less than
three years old hospitalized for respiratory infections. Specimens were considered positive
for one virus if they were positive by either one of both methods. Of the 221 specimens,
81.9% of the specimens were positive for at least one virus and 18.1% of specimens were
negative for all viruses by both methods. Furthermore, 69.2% of the specimens were positive

for one virus, 13.1% of the specimens were positive for two viruses, and 1.4% of the
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specimens were positive for three viruses. 37.5% of co-infections included adenoviruses (p <

0.001, Fisher Exact Test).

Table 2 (below) shows the percentage of specimens infected by each virus as detected
by any of the two methods. The most frequently detected virus was HRSV, with 38% HRSV
type B and 10% HRSV type A. Influenza A and picornaviruses (rhinoviruses or
enteroviruses) were each detected in 13.1% of specimens. Adenovirus, coronavirus, human
metapneumovirus and parainfluenzavirus were detected in 7.2%, 9.0%, 5.9% and 1.5% of

specimens, respectively.

Table 2. Proportion of virus detected (n = 221).

Virus Percentage
Adenovirus A, Bor C 7.2%
Adenovirus D, Eor F 0.0%
Coronavirus 229E 0.0%
Coronavirus HKU1 4.1%
Coronavirus NL63 3.6%
Coronavirus OC43 1.4%
Coronavirus SARS 0.0%
Influenza A 13.1%
Influenza B 0.0%
Human metapneumovirus A 4.1%
Human metapneumovirus B 1.8%
Human parainfluenzavirus 1 0.5%
Human parainfluenzavirus 2 0.5%
Human parainfluenzavirus 3 0.5%
Human parainfluenzavirus 4 0.0%
Human respiratory syncytial virus A 10.0%
Human respiratory syncytial virus B 38.0%
Rhinovirus or Enterovirus 13.1%

Specimens were considered positive if positive with either qRT-PCR or microarray.

For some viruses, the virus type was also identified. Due to methodological design, it
was only possible to identify virus types for adenoviruses and rhinovirus with the microarray
assay. Of the 10 specimens positive on microarray for adenoviruses, 4 were adenovirus type
B and 6 were adenovirus type C. Of the 29 specimens positive for respiratory picornaviruses,
21 were positive for rhinoviruses and 8 for enteroviruses. Of the 21 rhinoviruses, the
inventors were able to identify the type of 20 with the microarray assay, which were all
rhinoviruses of genotype A. Respiratory syncytial virus types were identified for all HRSV
positive specimens at percentages of 21% for type A and 79% for type B. Human

metapneumovirus types were also identified for all positive specimens at percentages of 69%
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for type A and 31% for type B. Coronavirus of types HKU1, NL63 and OC43 were identified

in 4.1%, 3.6%, 1.4% of specimens, respectively.

Overall, 78.7% of the 221 specimens were positive for at least one virus with both
techniques, 18.1% were negative for all viruses by both methods and 3.2% (7/221) were
positive for at least one virus with qRT-PCR only, as shown in Table 3 (below). No viruses

were detected with the microarray method only.

Table 3. Comparison of qRT-PCR and microarray results for 221 specimens.

Virus Positive TagMan / Positive TagMan / Negative TaqMan / Negative TagMan / Sensitivity of  Specificity of

Positive microarray = Negative microarray  Positive microarray  Negative microarray microarray microarray
Adenovirus 10 6 0 205 0.625 1.000
Coronavirus 229E 0 0 0 221 NA 1.000
Coronavirus HKU1 8 1 0 212 0.889 1.000
Coronavirus NL63 5 3 0 213 0.625 1.000
Coronavirus OC43 3 0 0 218 1.000 1.000
Coronavirus SARS 0 0 0 221 NA 1.000
Enterovirus/Rhinovirus 26 3 0 192 0.897 1.000
influenza A 27 2 0 192 0.931 1.000
Influenza B 0 0 0 221 NA 1.000
HMPV A 4 5 0 212 0.444 1.000
HMPV B 4 0 0 217 1.000 1.000
HRSV A 22 0 0 199 1.000 1.000
HRSV B 83 1 0 137 0.988 1.000
PIV-1 1 0 0 220 1.000 1.000
PIV-2 1 0 0 220 1.000 1.000
PIV-3 1 0 0 220 1.000 1.000
PIV-4 0 0 0 221 NA 1.000

* Virus for which results where significantly different between qRT-PCR and microarray
were marked with a star (McNemar, p < 0.05).

The results with both methods were compared for each specimen and a concordance
in diagnostic was observed in 90.5% of the specimens. Of the 9.5% (21/221) specimens with
discordant results, 6 were positive for adenovirus, 5 for HMPV A, 3 for a picornaviridae, 3
for coronavirus NL63, 2 for influenza A, 1 for HRSV B, and 1 for coronavirus HKU1. For a
particular virus, specimens positive with real-time PCR and negative with the microarray
assay usually have higher cycle threshold than specimens positive with both methods (data
not shown). This suggests an increased sensitivity of the real-time PCR assay for these
viruses. This seems especially true for adenoviruses, for which the real-time PCR assay
detects up to 10 copies of the target sequence. As compared with the qRT-PCR assay, no
false positive is observed when the microarray assay is used, which suggests a high

specificity for the microarray assay.
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Discussion

The comparison of the QqRT-PCR and the microarray assays showed that both
techniques were able to detect and identify many different respiratory viruses in clinical

specimens, either present as single agents or as parts of a co-infection.

When diagnostic for each virus is compared separately, a perfect concordance
between the two methods is observed for HRSV type A and B, parainfluenzaviruses, HMPV
type B and coronavirus OC43. This, along with the demonstration that the 46-primer
multiplex PCR assay gives a results similar to simplex or duplex real-time PCR assay in over
90 % of the specimens tested, suggests that this technique is sensitive and specific, and that it

can be used for clinical diagnostics.

Although 9.5% (21/221) of specimens have viruses detected only by the real-time
PCR assay, the discordant viruses restricted to adenoviruses, HMPV type A, coronaviruses
HKU]1 and NL63, influenza A and rhinoviruses. In the case of coronaviruses, influenza and
rhinoviruses, this is solely a sensitivity issue, because the microarray assay does give a signal
for these specimens, although the signal is lower than the threshold required to call these
viruses positive. In the case of adenoviruses and HMPV A, it is important to note that
adenoviruses and HMPV are the only viruses for which the PCR primers are different
between the two assays. The inventors suspect that there is either a large difference in
sensitivity between the two techniques or that there are sequence variations accounting for
the discordant detection of these viruses. However, the inventors were unable to sequence the
discordant HMPV A specimens. In the case of the discordant adenovirus specimens, the use
of three different primer sets, including the one used in real-time PCR, has not allowed to
resolve these discordant specimens. Still, 3 out of 4 discordant adenovirus specimens were

confirmed by DNA sequencing.

A limitation of the qRT-PCR assay is that it is actually limited to 16 wells for each
specimen studied, making it more difficult to identify new respiratory virus or to perform
typing with the same setting. Thus, this test does not discriminate between adenovirus,
enterovirus and rhinovirus types. Also, the real-time PCR assay hardly discriminates between
enteroviruses and rhinoviruses, while the microarray assay clearly identifies these two

viruses. Moreover, the microarray assay has enough probes available to identify the types of
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these three virus families and, if necessary, it would be possible to add new targets to the

microarray assay, such as bocavirus or avian influenza, without removing other targets.

From a technical viewpoint, the qRT-PCR 96-well plate assay is labor intensive, time
consuming and has low throughput, allowing the testing of only four samples per 96-well
plate. On the contrary, the microarray assay, when automated using the INFINITI system,
requires fewer human intervention and allows the testing of up to 24 samples per run. When
twelve or less samples are tested, the overall time required for the real-time PCR assay is
shorter than the time required for the microarray assay. However, when twelve or more
samples need to be processed, the time required for the microarray assay is shorter, assuming
only one thermocycler is available for real-time PCR. Moreover, for any number of samples,
the automated microarray assay requires only 35 minutes of setup time, while the real-time
PCR assay requires around an hour per four specimens for 96-well plate preparation. The
reduction of hands-on time of the microarray assay could be a financial advantage of this
technique. Due to its automation, the INFINITI assay is also potentially less susceptible to

manipulation errors and to cross-contamination than plate-based qRT-PCR.

Thus, specific embodiments and applications of genotyping a plurality of respiratory
viruses have been disclosed. It should be apparent, however, to those skilled in the art that
many more modifications besides those already described are possible without departing
from the inventive concepts herein. The inventive subject matter, therefore, is not to be
restricted except in the spirit of the appended claims. Moreover, in interpreting both the
specification and the claims, all terms should be interpreted in the broadest possible manner
consistent with the context. In particular, the terms "comprises" and "comprising" should be
interpreted as referring to elements, components, or steps in a non-exclusive manner,
indicating that the referenced elements, components, or steps may be present, or utilized, or

combined with other elements, components, or steps that are not expressly referenced.
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CLAIMS
What is claimed is:

1. A method of facilitating detection of a plurality of respiratory viruses using a
multiplexed diagnostic assay, the method comprising:
providing a plurality of oligonucleotides that include
(a) a first oligonucleotide that is specific for a first respiratory virus; and
(b) a second oligonucleotide that is specific for a second respiratory virus;
providing instructions to run a multiplex PCR using the first and second
oligonucleotides, such that at least one of a first and a second double-stranded
product is produced, respectively;
providing a plurality of extension oligonucleotides that include
(a) a third oligonucleotide having a first portion that is specific for the first
double-stranded product;
(b) a fourth oligonucleotide having a first portion that is specific for the second
double-stranded product;
(c) wherein each of the third and fourth oligonucleotides has a distinct second
portion that comprises a unique sequence;
providing instructions to run a primer extension reaction using the third and fourth
oligonucleotides, such that at least one of a third and a fourth single-stranded
product is produced, respectively; and

providing instructions to hybridize the single-stranded products to a solid carrier.

2. The method of claim 1 wherein the first and second oligonucleotides are selected from

the group consisting of SEQ ID Nos. 1-23.

3. The method of claim 1 wherein the third and fourth oligonucleotides are selected from the

group consisting of SEQ ID Nos. 47-81.

4. The method of claim 1, further comprising providing at least two reverse oligonucleotides

selected from the group consisting of SEQ ID Nos. 25-45.

5. The method of claim 1, further comprising a step of providing instructions to run cDNA

synthesis on a sample of RNA using reverse transcription.
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6. The method of claim 1 wherein the step of providing instructions to run a primer

extension reaction produces labeled third and fourth products.

7. The method of claim 1 wherein the solid carrier comprises a chip to which the single-

stranded products are immobilized in a predetermined pattern.

8. The method of claim 1 wherein the solid carrier comprises a plurality of color-coded
beads, wherein beads of same color have same nucleotide sequences of the hybridized single-

stranded products.
9. The method of claim 1 wherein the solid carrier comprises a microarray.

10. The method of claim 1 wherein the step of providing instructions comprises instructing a

user to run the multiplex PCR using a labeled dNTP.
11. The method of claim 10 wherein the labeled ANTP comprises a fluorophor.

12. The method of claim 1, further comprising a step of providing a SAP/EXO mixture and

providing instructions to run a cleanup cycle using the SAP/EXO mixture.

13. A kit for genotyping at least one respiratory virus comprising at least two
oligonucleotides selected from the group consisting of SEQ ID Nos. 1-23, and at least two

extension oligonucleotides selected from the group consisting of SEQ ID Nos. 47-81.

14. The kit of claim 13, further comprising at least two reverse oligonucleotides selected

from the group consisting of SEQ ID Nos. 25-45.
15. The kit of claim 13, further comprising a solid carrier.

16. The kit of claim 15 wherein the solid carrier comprises a plurality of single-stranded

nucleic acids in respective predetermined positions.

17. The kit of claim 15 wherein the solid carrier comprises a plurality of color-coded beads,
wherein beads of same color comprise a plurality of single-stranded nucleic acids having

same nucleotide sequences.
18. The kit of claim 15 wherein the solid carrier comprises a microarray.

19. The kit of claim 13, further comprising a SAP/EXO mixture.
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Step 100: providing a plurality of oligonucleotides that include (a) a

first oligonucleotide that is specific for a first respiratory virus; and

(b) a second oligonucleotide that is specific for a second respiratory
virus

Step 110: providing instructions to run a multiplex PCR using the
first and second oligonucleotides, such that at least one of a first and
a second double-stranded product is produced, respectively;

KStep 120: providing a plurality of extension oligonucleotides that\
include (a) a third oligonucleotide having a first portion that is
specific for the first double-stranded product; (b) a fourth
oligonucleotide having a first portion that is specific for the second
double-stranded product; (c) wherein each of the third and fourth
oligonucleotides has a distinct second portion that comprises a

Step 130: providing instructions to run a primer extension reaction
using the third and fourth oligonucleotides, such that at least one of
a third and a fourth single-stranded product is produced,
respectively

Step 140: providing instructions to hybridize the single-stranded
products to a solid carrier

Figure 1
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