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detecting the presence of the IS481 and IS1001 genomic insertion sequences, respectively.
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BORDETELLA DETECTION ASSAY

FIELD OF INVENTION

[0001] This invention relates to the ficld of pathogen detection.

BACKGROUND OF INVENTION

[0002] The following discussion of the background of the invention is merely provided to
aid the reader in understanding the invention and is not admitted to describe or constitute

prior art to the present invention.

[0003] Whooping cough is a highly contagious discase of the respiratory system.
Symptoms of whooping cough include episodes of violent cough followed by an inspiratory
whoop and sometimes vomiting. In extreme cases these symptoms lead to hypoxia,
permanent brain damage or even death. The majority of cases (80-98%) are causced by the
small gram-negative bacteria Bordetella pertussis; however, a significant minority of cases
(2-20%) are caused by Bordetella paraperussis. (Mattoo et al., Clin. Microbiol. Rev., 18:
326-382, 2005). Symptoms of whooping cough caused by B. parapertussis arc typically
milder than those caused by B. pertussis; however, a differential diagnosis is difficult based
on clinical symptomology alonc. Very rarely are pertussis-like symptoms caused by

infection with B. bronchiseptica or B. holmesii.

[0004] Diagnosing whooping cough in its early stages can be difficult because the signs
and symptoms resemble those of other common respiratory illncsses, such as a cold, the flu,
or bronchitis. Traditionally, bacterial cultures have been uscd to definitively diagnose
whooping cough. Mucus is obtaincd from the nose and/or throat of the patient and sent to a
medical lab for culturing. Although positive results arc regarded as conclusive, Bordetella
cultures typically require 5 to 7 days to obtain a diagnosis. Bordetella sp. bacterial cultures

are also prone to false negative results because of the fastidious nature of the bacteria.

[0005] Antibody assays, including ELISA, are also used to diagnose Bordetella sp. by
detecting characteristic bacterial antigens. Most commonly, detection of the pertussis toxin
protein is used as an indicium of Bordetella infection. Although these antibody-based assays

have good sensitivity and specificity, they typically require a samplc of patient blood, instead
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of a non-invasively obtained mucus sample, and further require the infection to be in the carly
and’or convalescent stage. These assays are thereforc prone to false negative results if the

patient sample is not obtained at the proper time in the disease process.

[0006] Other methods for detecting Bordetella infection include direct fluorescent
antibody (DFA) testing and various PCR-based methods. DFA testing has the advantage of
being able to detect Bordefella using non-invasively obtained mucus samples, but suffers

from a lack of sensitivity. PCR-based assays arc becoming more widely used.

SUMMARY OF THE INVENTION

[0007] The present invention provides compositions and methods for determining the
presence or absence of Bordetella pertussis and/or Bordetella paraperiussis in a biological
sample. The invention may also be used alone, or in combination with clinical symptoms or
other indicators, for diagnosing an individual as having whooping cough. Specifically, the
present invention enables the detection of pathogenic bacteria (Bordetella spp.) known to
cause whooping cough by detecting the presence of bacterial nucleic acids in the sample.

The detection methodology is based on the discovery of particular target sequences within the

bacterial genomes which are useful indicators of bacterial infection.

Accordingly, in one aspect, the invention provides a method for identifying the presence or
absence of Bordetella pertussis and/or Bordetella parapertussis in a biological sample

comprising:

(a) providing a first primer pair suitable for amplifying an 1S481 target nucleic acid

comprising the nucleotide sequence of SEQ 1D NO: 3 or a complement thereof,

(b) providing a second primer pair suitable for amplifying an IS1001 target nucleic acid
comprising the nucleotide sequence of SEQ ID NO: 9 or a complecment thereof, wherein
at lcast one primer of said second primer pair comprises a nucleic acid sequence of SEQ
ID NO: 11 or a complement thereof, and wherein the primers do not amplify nucleic acid

from Salinibacter ruber. and

AH26(9846309_1).SAK
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(c) amplifying said [S481 target nucleic acid and said IS1001 target nucleic acid, if
present, wherein the presence of said 1S481 target nucleic acid identifies the presence of
B. pertussis, and the presence of said IS1001 target nucleic acid identifies the presence

of B. parapertussis.

In another aspect, the invention provides a set of oligonucleotide primers of 10-50 nucleotides in
length, comprising nucleic acids suitable for amplifying SEQ ID NO: 3, a fragment, or a
complement thereof, wherein the set of primers comprises at least two primers with sequences
chosen from the group consisting of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 13 and SEQ
ID NO: 28,

wherein a primer comprising SEQ ID NO: 13 or SEQ ID NO: 28 is a Scorpion primer, and

wherein the primers do not amplify nucleic acid from Magnaporthe grisea.

In another aspect, the invention provides a set of oligonucleotide primers of 10-50 nucleotides in
length, comprising nucleic acids suitable for amplifying SEQ ID NO: 9, a fragment, or a
complement thereof, wherein the set of primers comprises at least two primers with sequences
chosen from the group consisting of SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 14 and
SEQ ID NO: 26, wherein a primer comprising SEQ ID NO: 14 is a Scorpion primer, and

wherein the primers do not amplify nucleic acid from Salinibacter ruber.

In another aspect, the invention provides a kit comprising:

(a) a first primer pair that specifically hybridize to a nucleic acid having the sequence of
SEQ ID NO: 3 or a complement thereof and a first probe capable of specifically
hybridizing to a nucleic acid having the sequence of SEQ ID NQO: 3 or a complement

thereof, wherein the primers do not amplify nucleic acid from Magnaporthe grisea, and

(b) a second primer pair that specifically hybridize to the sequence of SEQ ID NO: 9 or a
complement thereot, and a second probe capable of specifically hybridizing to a nucleic
acid having the sequence of SEQ ID NO: 9, or a complement thereot, whercin at least
one primer of said second primer pair comprises a nucleic acid sequence of SEQ 1D NO:
11 or a complement thereot, and wherein the primers do not amplify nucleic acid from

Salinibacter ruber.

AH26(9846309_1):SAK
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[0008] In another aspect, the invention provides a method for determining the
presence or absence of Bordetella pertussis and/or Bordetella parapertussis in a biological
sample, by: detecting the presence or absence of:
(a) an 18481 targct nucleic acid having at least 14 contiguous nucleotides that
are at least 95% identical to SEQ ID NO: 2 or a complement thereof, and
(b) an 181001 target nucleic acid having at least 14 contiguous nucleotides that
are at least 95% identical to SEQ 1D NO: 8 or a complement thereof,
wherein the presence of said IS481 target nucleic acid identifies the presence of B.
pertussis, and the presence of said 151001 target nucleic acid identifies the presence of 5.

parapertussis.

[0009] In some embodiments, one or both of the IS481 target nucleic acid and the IS1001

target nucleic acid are amplified (c.g., by PCR).

AH26(9846309_1):SAK
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[0010]

[0011]

In another embodiment, the method includes the steps of?

(a) providing a first primer pair suitable for amplifying 1S481 target nucleic
acid or a fragment thercof, and providing a second primer pair suitable for
amplifying IS1001 target nucleic acid or a fragment thereof,

(b) performing a multiplex primer extension reaction comprising the primer
pairs of step (a) under conditions suitable to produce a first reaction product when
1S481 target nucleic acid is present in the sample, and a second reaction product
when 1S1001 target nucleic acid is present in the sample; and

(¢c) determining the presence or absence of Bordetella pertussis by detecting
the presence or absence of a first reaction product having at least 14 contiguous
nuclcotides that are at least 95% identical to the nucleotide sequence of SEQ ID
NO: 2 or a complement thereof, and/or determining the presence or abscnce of
Bordetella parapertussis by detecting the presence or absence of a second reaction
product having at least 14 contiguous nucleotides that are at least 95% identical to

the nucleotide sequence of SEQ ID NO: § or a complement thereof.

In another aspect, the invention also provides a method for determining the

presence or absence of Bordetella pertussis in a biological sample by detecting the presence

or absence of an 18481 target nucleic acid having at Icast 14 contiguous nuclectides of SEQ

ID NO 2, or a complement thereof.

[0012]

In one embodiment, the method for detecting B. pertussis includes the steps of:

(a) providing a primer pair suitablc for amplifying an 1S481 target nucleic acid
or a fragment thereof:

(b) performing a primer extension reaction comprising the primer pair of stcp
(a) under conditions suitable to produce a reaction product when IS 481 target
nucleic acid is present in said sample; and

(c) determining the presence or absence of Bordetella pertussis by detecting
the presence or absence of a reaction product having at least 14 contiguous
nucleotides that are at least 95% identical to the nucleotide sequence of SEQ ID

NO: 2 or a complement thereof.
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[0013] In another aspect, the invention also provides a method for determining the
presence or absence of Bordetella parapertussis in a biological sample by detecting the
presence or absence of an IS1001 target nucleic acid having at least 14 contiguous

nucleotides of SEQ ID NO 8, or a complement thereof.

[0014] In one embodiment, the method for detecting B. parapertussis includes the steps
of:
(a) providing a primer pair suitable for amplilying an IS1001 target nucleic
acid or a fragment thereof;
(b) performing a primer extension reaction comprising the primer pair of step
(a) under conditions suitable to produce a reaction product when IS1001 target
nucleic acid is present in said sample; and
(¢) determining the presence of Bordetella parapertussis by detecting the
presence or absence of 4 reaction product having at least 14 contiguous
nucleotides that are at least 95% identical to the nucleotide sequence of SEQ ID

NO: 8 or a complement thereof.

[0015] In preferred embodiments of all aspects of this invention, the 1S481 reaction
product contains at lcast 20, 25, 30, 35, 40, 45, 50, 75, 100, 125, or 140 contiguous nucleic
acids that arc at least 95% (e.g., at least 99% or 100%) identical to SEQ ID NO: 2, or
complements thereof. In other preferred embodiments, the 18481 reaction product is at lcast
95% (e.g., at least 99% or 100%) identical to at least 15, 20, 25, 30, 35, 40, 45, 50, 75, or 85
contiguous nucleic acids of SEQ ID NO: 3, or complements thereof. In other preferred
embodiments, the [S481 reaction product is less than about 175, 150, 125, 100, or 75 nucleic

acids in length.

[0016] In other preterred cmbodiments, at least one of the 1S481 primers (i.e., primers
suitable for amplifying 13481 or a fragment thereof) comprises a nucleic acid having the
sequence of SEQ ID NO: 4 or 5, ora complement thereof. In one embodiment, the 1S481
target nucleic acid is detected using an oligonucleotide probe. The oligonucleotide probe
preferably has the sequence of SEQ ID NO: 6 or 27, or complements thereof and is

detectably labeled. In other preferred embodiments, the detectable label is a fluorescent

label.
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[0017] In preferred embodiments of all aspects of this invention, the IS1001 reaction
product contains at least 20, 25, 30, 35, 40, 45, 50, 75, 100, 125, 140, 160, or 180 contiguous
nucleic acids that are at least 95% (e.g., at least 99% or 100%) identical to SEQ ID NO: 8, or
complements thereof. In other preferred embodiments, the 1S1001 reaction product is at least
95% (c.g., at least 99% or 100%) identical to at least 15, 20, 25, 30, 35, 40, 45, 50, or 70
contiguous nucleic acids of SEQ ID NO: 9, or complements thereof. In other preferred

embodiments, the IS1001 target nucleic acid is less than about 175, 150, 125, 100, or 75

nucleic acids in length.

[0018] In other preferred cmbodiments, at least one of the IST001 primers (i.e., primers
suitable for amplifying 1S1001 or a fragment thereof) comprises a nucleic acid having the
sequence of SEQ ID NO: 10 or 11, or a complement thereof. In one embodiment, the IS1001
reaction product is detected using an oligonucleotide probe. The oligonucleotidc prohe
preferably has the sequence of SEQ ID NO: 12, or a complement thereof and is detectably

labeled. Tn other preferred embodiments, the detectable label is a fluorescent label.

[0019] In other preferred embodiments of any of the foregoing methods, the mcthod
further comprises real-time PCR. In other embodiments, at lcast one of the primers arc
Scorpion primers. Suitable IS481 Scorpion primers include, for example, a nucleic acid
primer having the sequence of SEQ ID NO: 13 or 28, or complements thereof. Suitable
1S1001 Scotpion primers include, for example, a nucleic acid primer having the sequence ol

SEQ ID NO: 14, or a complement thercof.

[0020] In another aspect, the invention provides isolated nucleic acids encoding an 15481

target nucleic acid. The IS481 target nucleic acid is substantially identical to at least 20 (e.g.,
at least 25, 30, 35, 40, 45, 50, 75, 100, 125, or 140) contiguous nucleotides of SEQ ID NO: 2,
or a complement thereof, and is less than 1000 nucleotides (e.g., less than 750, 500, 250, 200,
175, 150, 125, 100, or 75 nucleotides) in length. In one embodiment, the 1S481 target nucleic

acid contains a nucleotide sequence that is substantially identical to at least 20 contiguous

nucleotides of SEQ ID NO: 3.

[0021] In another aspect, the invention provides isolated nucleic acids encoding an
181001 target nucleic acid. The IS1001 target nucleic acid is substantially identical to at least
20 (e.g., at least 25, 30, 35, 40, 45, 50, 75, 100, 125, 150, or 175) contiguous nucleotides of
SEQ ID NO: 8, or a complement thereof, and is lcss than 1000 nucleotides (e.g., less than
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750, 500, 250, 200, 175, 150, 125, 100, or 75 nucleotides) in length. In one embodiment, the
IS1001 target nucleic acid contains a nucleotide sequence that is substantially identical to at

least 20 contiguous nucleotides of SEQ ID NO: 9.

[0022] Tn another aspect, the invention provides oligonucleotide primers and probes
suitable for amplifying and/or detecting an IS481 targct nucleic acid or an IS1001 target
nucleic acid. The IS481 primers and probes of the invention are 10-50 (e.g., 12, 14, 16, 18,
20, 22, 25, 30, 35, 40, or 45) nucleotides in length and are substantially identical, preferably
100% identical) to the corresponding nucleotide sequence of SEQ ID NO: 2. T he IS1001
primers and probes of the invention are 10-50 (e.g., 12, 14, 16, 18, 20, 22, 25, 30, 35, 40, or
45) nucleotides in length and are substantially identical, preferably 100% identical) to the
corresponding nucleotide sequence of SEQ 1D NO: 8. In preferred embodiments, the [S481
primers and probes have a nuclcotide sequence of SEQ ID NOs: 4-6 or 27. In other preferred
embodiments, the IS1001 primers and probes have a nucleotide sequence of SEQ 1D NOs:
10-12.

[0023] In another aspect, the invention provides Scorpion primers for amplifying and
detecting an 1S481 target nucleic acid an IS1001 target nucleic acid, wherein the Scorpion
primer comprises a oligonucleotide probe sequence and an oligonucleotide primer sequence
each of which individually conform to the requirements of an oligonucleotide primer and
probe, respectively. In preferred embodiments, the IS481 Scorpion primer has the nucleotide
sequence of SEQ [D NO: 13. In other preferred cmbodiments, the IS1001 Scorpion primer
has the nucleotide sequence of SEQ ID NO: 14.

[0024] In another aspect, the invention provides a kit containing:

(a) a first primer pair that specifically hybridizes to a nucleic acid having the sequence
of SEQ ID NO: 2 or a complement thercof and a first probe capable of specifically
hybridizing to a nucleic acid having the scquence of SEQ ID NO: 2 or a

complement thereof, and

(b) a second primer that specifically hybridizes to the sequence of SEQID NO: Bora
complement thercof, and a second probe capable of specifically hybridizing to a

nucleic acid having the sequence of SEQ ID NO: 8, or a complement thereof.
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[v025] In preferred embodiments, the first primer pair and/or the first probe are capable
of specifically hybridizing to a nucleic acid having the sequence of SEQ ID NO: 3, ora
complement thereof. Preferred members of the first primer pair have the sequences of SEQ

ID NOs: 4-5, or complements thereof, and a preferred first probe has the sequence of SEQ ID

NO: 6 or 27, or complements thereof.

[0026] In other preferred embodiments, the second primer pair and/or the second probe
arc capable of specifically hybridizing to a micleic acid having the sequence of SEQ ID NO:
9, or a complement thereof. Preferred members of the second primer pair have the sequences

of SEQ ID NOs: 10-11, or complements thercof, and a preferred second probe has the
sequence of SEQ ID NO: 12.

[0027] Preferably, the probes further comprise a dctectable label (e.g., a fluorescent
label).

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIGURE 1 is the nucleotide scquence of the B. pertussis 1S481 insertion sequence
provided at GenBank Accession No. M28220 (SEQ ID NO: 1).

[0029] FIGURE 2 is the nucleotide sequence of the B. parapertussis 151001 insertion
sequence provided at GenBank Accession No. X66858 (SEQ ID NO: 7).

DETAILED DESCRIPTION OF INVENTION

[0030] The present invention provides methods, compositions, and kits suitable for
identifying Bordetella pertussis and/or Bordetella parapertussis, the pathogens most
commonly associated with whooping cough. The invention is based on the real-time PCR
detection of the insertion sequence 1S481 of B. pertussis and/or the insertion sequence IS1001
of B. parapertussis in a biological sample obtained from an individual. These insertion
sequences are advantageously used for PCR-based diagnostic assays because they have a
relatively high genomic copy number. The B. pertussis genome typically contains about 100-
200 copies of the 1S481 sequence. And, the B. parapertussis genome typically contains

about 20 copies ot the IS1001 sequence.
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[0031] As used herein, unless otherwise stated, the singular forms “a,” “an,” and “the”
include plural reference. Thus, for example, a reference to “an oligonucleotide™ includes a
plurality of oligonucleotide molecules, and a reference to “a nucleic acid” is a refercnce to

one or more nucleic acids.
[0032] As used herein, “about” means plus or minus 10%.

[0033] The terms “amplification” or “amplify” as used herein includes methods for
copying a target nucleic acid, thereby increasing the number of copies of a sclected nucleic
acid sequence. Amplification may be exponential or linear. A target nucleic acid may be
cither DNA or RNA. The sequences amplified in this manner form an “amplicon” or
“amplification product.” While the exemplary methods described hereinafter relate to
amplification using the polymerase chain reaction (PCR), numcrous other methods are known
in the art for amplification of nucleic acids (e.g., isothcrmal methods, rolling circle methods,
etc.). The skilled artisan will understand that these other methods may be used either in place
of, or together with, PCR methods. See, e.g., Saiki, “Amplification of Genomic DNA” in
PCR Protocols, Innis et al., Eds., Academic Press, San Dicgo, CA 1990, pp 13-20; Wharam,
et al., Nucleic Acids Res. 2001 Jun 1;29(1 1):E54-F54; Hafner, ct al., Biotechniques 2001
Apr;30(4):852-6, 858, 860; Zhong, et al., Biotechniques 2001 Apr;30(4):852-6, 858, 860.

[0034] The term “complement” “complcmentary” or “complementarity” as used herein
with reference to polynucleotides (i.e., a sequence of nucleotides such as an oligonucleotide
or a target nucleic acid) refers to standard Watson/Crick pairing rules. The complement of a
nucleic acid sequence such that the 5 end of one sequence is paired with the 3' end of the
other, is in “antiparallel association.” For example, the sequence “5-A-G-T-3"is
complementary to the sequence “3'-T-C-A-5"" Certain bases not commonly found in natural
nucleic acids may be included in the nucleic acids described herein; these include, for
example, inosinc, 7-deazaguanine, Locked Nucleic Acids (LNA), and Pcptide Nucleic Acids
(PNA). Complcmentarity need not be perfect; stable duplexes may contain mismatched base
pairs, degenerative, or unmatched bases. Those skilled in the art of nucleic acid technology
can determine duplex stability empirically considering a number of variables including, for
example, the length of the oligonucleotide, basc composition and sequence of the
oligonucleotide, ionic strength and incidence of mismatched base pairs. A complement

sequence can also be a sequence of RNA complementary to the DNA sequence or its
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complement sequence, and can also be a cDNA. The term “substantially complementary” as
used herein means that two sequences specifically hybridize (defined below). The skilled
artisan will understand that substantially complementary sequences need not hybridize along

their entire length.

[0035] As used herein, the term “detecting” used in context of detecting a signal from a
detectable label to indicate the presence of a target nucleic acid in the sample does not require
the method to provide 100% scnsitivity and/or 100% specificity. As is well known,
“sensitivity” is the probability that a test is positive, given that the person has a target nucleic
acid sequence, while “spccificity” is the probability that a test is negative, given that the
person does not have the target nucleic acid sequence. A sensitivity of at least 50% is
preferred, although sensitivities of at least 60%, at least 70%, at lcast 80%, at least 90% and
at least 99% arc clearly more preferred. A specificity of at least 50% is preferred, although
sensitivities of at lecast 60%, at least 70%, at least 80%, at least 90% and at least 00% are
clearly more preferred. Dctecting also encompasses assays with false positives and false
negatives. False negative ratcs may be 1%, 5%, 10%, 15%, 20% or even higher. False

positive rates may be 1%, 5%, 10%, 15%, 20% or even higher.

{0036] A “fragment” in the context of a genc fragment refers to a sequence of nucleotide
residues which are at least about 20 nucleotides, at least about 25 nucleotides, at least about
30 nucleotides, at least about 40 nucleotides, at least about 50 nucleotides, or at least about
100 nucleotides. The fragment is typically less than about 400 nucleotides, less than about
300 nucleotides, less than about 250 nucleotides, less than about 200 nucleotides, or less than
150 nucleotides. In certain cmbodiments, the fragments can be used in various hybridization

procedures or microarray procedures to identify specific pathogens.

[0037] By “isolated”, when referring to a nucleic acid (e.g., an oligonucleotide) is meant
a nucleic acid that is apart from a substantial portion of the genome in which it naturally
occurs. For example, any nucleic acid that has been produced synthetically (c.g., by serial
base condensation) is considered to be isolated. Likewise, nucleic acids that are
recombinantly expressed, produced by a primer cxtension reaction (e.g., PCR), or otherwise

excised from a genome are also considered to be isolated.

[0038] The term “multiplex primer extension reaction” as used hercin refers to a primer

extension reaction that is capablc of simultaneously producing complementary copies of two
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or more target nucleic acids within the same reaction vessel. Each reaction product is primed
using a distinct primer pair. A multiplex reaction may further include specitic probes for
cach product that are detectably labeled with different detectable moictics. In preferred
embodiments, the multiplex primer extension reaction is a multiplex PCR in which two or

more products within the same reaction vessel are amplificd.

[0039] As used herein, the term “‘oligonuclcotide” refers to a short polymer composed of
deoxyribonucleotides, ribonucleotides or any combination thereof. Oligonucleotides are
generally between about 10, 11, 12, 13, 14 or 15 to about 150 nucleotides (nt) in length, more
preferably about 10, 11, 12, 13, 14, or 15 to about 70 nt, and most preferably between about
18 to about 26 nt in length. The singlc letter code for nucleotides is as described in the U.S.
Patent Officc Manual of Patent Examining Procedure, section 2422, table 1. In this regard,
the nucleotide designation “R” means purine such as guanine or adenine, “Y” means
pyrimidine such as cytosine or thymidine (uracil if RNA); and “M” means adenine or

cytosine. An oligonucleotide may be used as a primer or as a probe.

[0040] Oligonucleotides used as primers or probes for specifically amplifying (i.c.,
amplifying a particular target nucleic acid sequence) or specifically detecting (i.e., detecting a
particular target nucleic acid sequence) a target nucleic acid generally are capable of

specifically hybridizing to the target nucleic acid.

[0041] By “pathogen” is meant any microbial organism capablc of causing whooping
cough or a related condition in a mammal (¢.g., a human). Specific pathogens include, for

example, Bordetella pertussis and Bordetella parapertussis.

[0042] As used herein, a “primer” for amplification is an oligonucleotide that is
complementary to a target nucleotide sequence and Icads to addition of nucleotides to the 3°
end of the primer in the presence of a DNA or RNA polymerase. The 3° nucleotide of the
primer should generally be identical to the target sequence at a corresponding nucleotide
position for optimal expression and amplification. The term “primer” as used herein includes
all forms of primers that may be synthesized including peptide nucleic acid primers, locked
nucleic acid primers, phosphorothioate modified primers, labeled primers, and the like. As
used herein, a “forward primer’ is a primer that is complementary to the anti-sense strand of

dsDNA. A “reverse primer” is complementary to the sense-strand of dsDNA. A “‘primer
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pair” refers to the combination of a forward primer and a reverse primer, cach specific for the

samc target nucleic acid.

[0043] Primers are typically between about 10 and about 100 nucleotides in length,
preferably between about 10 and about 60 nucleotides in length, and most preferably betwcen
about 13 and about 25 nucleotides in length (e.g., 13, 15, 17, 19, 21, or 23 nucleotides in
length). There is no standard length for optimal hybridization or polymerase chain reaction
amplification. An optimal length for a particular primer application may be readily
determined in the manner described in H. Erlich, PCR Technology, Principles and

Application for DNA Amplification, (1989).

[0044] An oligonucleotide (e.g., a probe or a primer) that is specific for a target nucleic
acid will “hybridizc” to the target nucleic acid under suitable conditions. As uscd herein,
“hybridization” or “hybridizing” refers to the proccss by which an oli gonucleotide single
strand anneals with a complementary strand through base pairing under defined hybridization

conditions.

[0045] By “primer cxtension reaction” is meant a synthetic reaction in which an
oligonucleotide primer hybridizes to a target nucleic acid and a complementary copy of the
target nucleic acid is produced by the polymerase-dependent 3 "-addition of individual
complementary nucleotides. In preferred embodiments, the primer extension reaction is

PCR.

[0046] As used herein, the term “sample” or “biological sample” rcfers to clinical
samples obtained from a paticnt (e.g., a human patient). In preferred embodiments, a sample
is obtained from tissuc, bodily fluid, or microorganisms collected from a subject. Sample
sources include, but are not limited to, mucus, sputum (processed or unprocessed), bronchial
alveolar lavage (BAL), bronchial wash (BW), blood (e.g., wholc blood, plasma, and serum),
bodily fluids, cerebrospinal fluid (CSF), urine, plasma, scrum, or tissue (e.g., biopsy

material). Preferred sample sources include nasopharyngeal and/or throat swabs.

[0047] As used hercin, “Scorpion primer” refers to an oligonucleotide comprising a
3' primer with a 5' extended probe tail comprising a hairpin structurc which possesses a
fluorophore/quencher pair. Optionally, the Scorpion primer further contains an amplification

blocker (e.g., hexethylene glycol (“HEG”) separating the probe moiety from the primer
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moiety. As described in more detail herein, the Scorpion™ primers are examples of Scorpion

primers.

[0048] As used herein, the term “Scorpion™ detection system” refers to a method for
real-time PCR. This method utilizes a bi-functional molcculc (referred to herein as a
“Scorpion'™”), which contains a PCR primer element covalently linked by a polymerase-
blocking group to a probe element. Additionally, each Scorpion™ molecule contains a

fluorophore that interacts with a quencher to reduce the background fluorescence.

[0049] “Specific hybridization” is an indication that two nucleic acid sequences share a
high degree of complementarity. Specific hybridization complexes form under permissive
anncaling conditions and remain hybridized aftcr any subscquent washing steps. Permissive
conditions for anncaling of nuclcic acid sequences are routinely determinable by one of
ordinary skill in the art and may occur, for example, at 65°C in the presence of about 6xSSC.
Stringency of hybridization may be expressed, in part, with reference to the temperaturce
under which the wash steps are carried out. Such temperatures are typically selccted to be
about 5°C to 20°C lower than the thermal melting point (Tm) for the specific sequence at a
defined ionic strength and pH. The Tm is the temperature (under defined ionic strength and
pH) at which 50% of the target sequence hybridizes to a perfectly matched probe. Equations

for calculating Tm and conditions for nucleic acid hybridization are known in the art.

[0050] As used herein, an oligonucleotide is “specific” for a nucleic acid if the
oligonucleotide has at least 50% sequence identity with a portion of the nucleic acid when the
oligonucleotide and the nucleic acid are aligned. An oligonucleotide that is specific for a
nucleic acid is one that, under the appropriate hybridization or washing conditions, is capable
of hybridizing to the target of interest and not substantially hybridizing to nucleic acids which
are not of interest. Higher levels of sequence identity are preferred and include at least 75%,
at lcast 80%, at least 5%, at least 90%, at least 95% and morc preferably at least 98%
scquencce identity. Sequence identity can be determined using a commercially available
computer program with a default setting that employs algorithms well known in the art. As
used herein, scquences that have “high sequence identity” have identical nucleotides at least
at about 50% of aligned nucleotide positions, preferably at least at about 60% of aligned
nucleotide positions, and more preferably at least at about 75% of aligned nucleotide

positions.
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[0051] As used herein, the term “substantially identical”, when referring to a nucleic acid,
1s one that has at least 80%, 85%, 90%, 95%, or 99% sequence identify to a reference nucleic
acid sequence. The length of comparison is preferably the full length of the nucleic acid, but
is generally at least 20 nucleotides, 30 nucleotides, 40 nucleotides, 50 nucleotides, 75

nucleotides, 100 nucleotides, 125 nucleotides, or more.

[0052] By “suitable for amplifying,” when referring to oligonucleotide primer or primer
pairs, is meant primers that specifically hybridize to a target nucleic acid and arc capablc of
providing an initiation site for a primer extension reaction in which a complementary copy of

the target nucleic acid is synthesized.

[0053] The terms “target nucleic acid” or “target sequence” as used herein refer to a
sequence which includes a segment of nucleotides of interest to be amplified and detected.
Copies of the target sequence which are generated during the amplification reaction are
referred to as amplification products, amplimers, or amplicons. Target nucleic acid may be
composed of segments of a chromosome, a complete gene with or without intergenic
sequence, segments or portions of a gene with or without intergenic sequence, or sequence of
nucleic acids which probes or primers are designed. Target nucleic acids may include a wild-
type sequence(s), a mutation, deletion or duplication, tandem repeat regions, a gene of
interest, a region of a gene of interest or any upstream or downstream region thereof. Target
nucleic acids may represent alternative sequences or alleles of a particular gene. Target
nuclcic acids may be derived from genomic DNA, cDNA, or RNA. As used herein target
nucleic acid may be DNA or RNA extracted from a cell or a nucleic acid copied or amplified

therefrom, or may include extracted nucleic acids further converted using a bisulfite reaction.

[0054] As used herein “TagMan® PCR detection system” refers to a method for rcal time
PCR. In this method, a TagMan® probe which hybridizes to the nuclcic acid segment
amplified is included in the PCR reaction mix. The TagMan® probe compriscs a donor and a
quencher fluorophore on either end of the probe and in close enough proximity to cach other
so that the fluorescence of the donor is taken up by the quencher. However, when the probe
hybridizes to the amplified segment, the 5'-exonuclease activity of the Tag polymerase
cleaves the probe thercby allowing the donor fluorophore to emit fluorescence which can be

detected.
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[0055] Biological Sample Collection and Preparation

[0056] The methods and compositions of this invention may be used to detect pathogens
that cause whooping cough by detecting pathogen nucleic acids in a biological sample
obtained from an individual. Samples for pathogen detection may also comprise cultures of
isolated bactcria grown on appropriate media to form colonies, wherein the cultures were

prepared from a biological sample obtained from an individual.

[0057] The nucleic acid (DNA or RNA) may be isolated from the sample according to
any methods well known to those of skill in the art. If necessary the sample may be collected
or concentrated by centrifugation and the like. The cells of the sample may be subjected to
lysis, such as by treatments with enzymes, heat, surfactants, ultrasonication, or a combination
thereof. The lysis trecatment is performed in order to obtain a sufficient amount of DNA
derived from the pathogens, if present in the sample, to detect using polymerasc chain

reaction.

[0058] Various methods of DNA extraction are suitable for isolating the DNA. Suitable
methods include phenol and chloroform extraction. See Maniatis et al., Molecular Cloning, A
Laboratory Manual, 2d, Cold Spring Harbor Laboratory Press, page 16.54 (1989). Numerous
commercial kits also yield suitable DNA including, but not limited to, QlAamp™ mini blood
kit, Agencourt Genfind™, Roche Cobas® Roche MagNA Pure® or phenol:chloroform

extraction using Eppendort Phase Lock Gels®.
[0059] Target Nucleic Acids and Primers

[0060] In various embodiments of the present invention, oligonucleotide primers and
probes are used in the methods described herein to amplify and detect target sequences of
pathogens. In certain embodiments, target nucleic acids may include the IS481 insertion
sequence (and fragments thereof) from B. pertussis, and the [S1001 insertion sequence (and
fragments thereof) from B. parapertussis. In addition, primers can also be used to amplify
one or more control nucleic acid sequences. The target nucleic acids described hercin may be

detected singly or in a multiplex format, utilizing individual labels for cach target,

[0061] The skilled artisan is capable of designing and preparing primers that arc
appropriate for amplifying a target sequence in view of this disclosure. The length of the

amplification primers for use in the present invention depends on several factors including
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the nucleotide sequence identity and the temperature at which these nucleic acids are
hybridized or used during in vitro nucleic acid amplification. The considerations necessary to
determine a preferred length for an amplification primer of a particular sequence identity are

well known to the person of ordinary skill in the art.

[0062] Primers that amplify a nucleic acid molecule can be designed using, for cxample,
a computer program such as OLIGO (Molecular Biology Insights, Inc., Cascade, CO).
Important fcaturcs when designing oligonucleotides to be used as amplification primers
include, but are not limited to, an appropriate sizc amplification product to facilitate detection
(e.g., hy electrophoresis or real-time PCR), similar mclting temperatures for the members of a
pair of primers, and the length of each primer (i.e., the primers need to be long cnough to
anneal with sequence-specificity and to initiate synthesis but not so long that fidelity is
reduced during oligonucleotide synthesis). Typically, cligonucleotide primers are 15 to 35

nucleotides in length.

[0063] Designing oligonucleotides to be used as hybridization probes can be performed
in a manner similar to the design of primers. As with oligonucleotide primers,
oligonucleotide probes usually have similar melting leruperatures, and the length of each
probe must be sufficient for sequence-specific hybridization to occur but not so long that
fidelity is reduced during synthesis. Oligonucleotide probes are generally 15 to 60

nucleotides in length.

[0064] In some embodiments, a mix of primers is provided having degeneracy at one or
more nucleotide positions. Degenerate primers are used in PCR where variability exists in
the target sequence, i.c. the sequence information is ambiguous. Typically, degenerate
primers will exhibit varighility at no more than about 4, no more than about 3, preferably no

more than about 2, and most preferably, no morc than about 1 nucleotide position.

[0065] In a suitable embodiment, PCR is performed using a bifunctional primer/probe
combination (e.g., Scorpion™ primers). Scorpion primers, as used in the present invention
comprise a 3' primer with a 5' extended probe tail comprising a hairpin structure which
possesses a fluorophore/quencher pair. During PCR, the polymerase is blocked from
extending into the probe tail by the inclusion of hexethlyenc glycol (HEG). During the first
round of amplification the 3' target-specific primer anneals to the target and is cxtended such

that the Scorpion™ is now incorporated into the newly synthesized strand, which possesscs a
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newly synthesized target region tfor the 5' probe. During the next round of denaturation and
annealing, the probe region of the Scorpion primer hairpin loop will hybridize to the target,
thus separating the fluorophore and quencher and creating a measurable signal. Such probes

are described in Whitcombe et al., Nature Biotech 17: 804-807 (1999).
[0066] Amplification of Nucleic Acids

[0067] Nucleic acid samples or isolated nucleic acids may be amplified by various
methods known to the skilled artisan. Preferably, PCR is used to amplify nucleic acids of
interest. Bricfly, in PCR, two primer sequences are prepared that are complementary to
regions on oppesitc complementary strands of the marker sequence. An excess of
deoxynucleotide triphosphates are added to a rcaction mixturc along with a DNA polymerase,
e.g., Taq polymerase. When the template is scquence-modificd, as described above, the

amplification mixture preferably docs not contain a UNG nuclease.

[0068] If the target sequence is present in a sample, the primers will bind to the sequence
and the polymerase will cause the primers to be extended along the target sequence by adding
on nucleotides. By raising and lowering the temperature of the reaction mixture, the extended
primers will dissociate from the marker to form reaction products, excess primers will bind to
the marker and to the reaction products and the process is repeated, thereby generating
amplification products. Cycling parameters can be varied, depending on the length of the
amplification products to be extended. An intemal positive amplification control (IPC) can
be included in the sample, utilizing oligonucleotide primers and/or probes. The IPC cun be

used to monitor both the conversion process and any subsequent amplification.

[0069] In a suitable embodiment, real time PCR is performed using any suitable
instrument capable of detecting the accumulation of the PCR amplification product. Most
commonly, the instrument is capable of detecting fluorescence from one or more fluorescent
labels. For example, real time detection on the instrument (e.g. an ABI Real-Time PCR
System 7500® sequence detector) monitors fluorescence and calculates the measure of
reporter signal, or Rn value, during each PCR cycle. The threshold cycle, or Ct value, is the
cycle at which fluorescence intersccts the threshold value. The threshold value is determined

by the sequence detection system software or manually.
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[0070] Detection of Amplified Target Nucleic Acids

[0071] Amplification of nucleic acids can be detected by any of a number of methods
well-known in the art such as gel clectrophoresis, column chromatography, hybridization

with a probe, scquencing, melting curve analysis, or “real-time’ detection.

[0072] In the preferred approach, sequences from two or more fragments of interest are
amplified in the same reaction vessel (i.e. “multiplex PCR™). Detection can take place by
measuring the end-point of the reaction or in “real time.” For real-time detection, primers
and/or probes may be detectably labeled to allow differences in fluorescence when the
primers become incorporated or when the probes are hybridized, for example, and amplified
in an instrument capable of monitoring the change in fluorescence during the reaction. Real-
time detection methods for nucleic acid amplification are well known and include, for
example, the TagMan® system, Scorpion™ primer system and use of intercalating dyes for

double stranded nucleic acid.

[0073] In end-point detection, the amplicon(s) could be detected by first size-separating
the amplicons, then detecting the size-separated amplicons. The separation of amplicons of
different sizes can be accomplished by, for example, gel electrophoresis, column
chromatography, or capillary electrophoresis. These and other scparation methods are well-
known in the art. In one example, amplicons of about 10 to about 150 basc pairs whose sizes
differ by 10 or more base pairs can be separated, for example, on a 4% to 5% agarosc gel (a
2% to 3% agarose gel for about 150 to about 300 base pair amplicons), or a 6% to 10%
polyvacrylamide gel. The separated nucleic acids can then be stained with a dye such as
ethidium bromide and the size of the resulting stained band or bands can be compared to a

standard DNA ladder.

[0074] In some embodiments, amplified nucleic acids are detected by hybridization with
a specific probe. Probe oligonucleotides, complementary to a portion of the amplified target
sequence may be used to detect amplified fragments. Hybridization may be detected in real
time or in non-real time. Amplified nucleic acids for each of the target sequences may be
detected simultaneously (i.e., in the same reaction vessel) or individually (i.c., in separate
reaction vessels). In preferred embodiments, the amplified DNA is detected simultaneously,
using two or more distinguishably-labeled, gene-specitic cligonucleotide probes, one which

hybridizes to the first target sequence and one which hybridizes to the second target
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sequence. For sequence-modified nucleic acids, the target may be independently selected
from the top strand or the bottom strand. Thus, all targets to be detected may comprise top

strand, bottom strand, or 4 combination of lop strand and bottom strand targets.

[0075] The probe may be detectably lab¢led by methods known in the art, Useful labels
include, for example, fluorescent dyces (c.g., Cy5®, Cy3®, FITC, thodamine, lanthamide
phosphors, Texas red, FAM, JOE, Cal Fluor Red 610®, Quasar 670®), radioisotopes (c.g.,
32p, 8, °H, M C, 1, D), electron-dense reagents (¢.g., gold), enzymes (e.g., horseradish
peroxidase, beta-galactosidase, luciferase, alkaline phosphatase), colorimetric labels (e.g.,
colloidal gold), magnetic labels (e.g., Dynabeads™), biotin, dioxigenin, or haptens and
proteins for which antisera or monoclonal antibodies are available. Other labels include
ligands or oligonucleotides capable of forming a complex with the corresponding receptor or
oligonucleotide complement, respectively. The label can be directly incorporated into the

nucleic acid to be detected, or it can be attached to a probe (e.g., an oligonuclcotide) or

antibody that hybridizes or binds to the nucleic acid to be detected.

[0076] One general method for real time PCR uses fluorescent probes such as the
TayMan® probes, molecular beacons, and Scorpions. Real-time PCR quantifies the initial
amount of the template with more specificily, sensitivity and reproducibility, than other forms
of quantitative PCR, which detect the amount of {inal amplified product. Real-time PCR
does not detect the size of the amplicon. The probes employed in Scorpion™ and TagMan®
technologies are based on the principle of fluorescence quenching and involve a donor

fluorophore and a quenching moicty.

[0077] In a preferred embodiment, the detectable label is a fluorophore. The term
“fluorophore” as used herein refers to a molecule that absorbs light at a particular wavelength
(excitation frequency) and subsequently emits light of a longer wavelength (emission
frequency). The term “donor fluorophore” as used herein means a fluorophore that, when 1n
close proximity to a quencher moiety, donates or transfers emission energy to the quencher.
As a result of donating encrgy to the quencher moicty, the donor fluorophore will itself emit
less light at a particular emission frequency that it would have in the absence of a closely

positioned quencher moiety.

[0078] The term “quencher moiety” as used hercin mcans a molcculc that, in close

proximity to a donor fluorophore, takes up emission cnergy gencrated by the donor and either
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dissipates the energy as heat or emits light of' a longer wavelength than the emission
wavelength of the donor. In the latter case, the quencher is considered to be an acceptor
fluorophore. The quenching moiety can act via proximal (i.e., collisional) quenching or by
Forster or fluorescence resonance energy transfer (“FRET”). Quenching by FRET is
generally used in TagMan® probes while proximal quenching is used in molecular beacon

and Scorpion™ type probes.

[0079] Suitable tluorescent moietics include the following fluorophores known in the art:
4-acetamido-4'-isothiocyanatostilbene-2,2'disulfonic acid, acridine and derivatives (acridine,
acridine isothiocyanate) Alexa Fluor® 350, Alexa Fluor® 488, Alexa Fluor® 546, Alexa
Fluor® 555, Alexa Fluor® 568, Alexa Fluor® 594, Alexa Fluor® 647 (Molccular Probes), 5-
(2'-aminoethyl)aminonaphthalene- 1-sulfonic acid (EDANS), 4-amino-N-|3-
vinylsulfonyl)phenylnaphthalimide-3,5 disulfonate (Lucifer Yellow VS), N-(4-anilino-1-
naphthyl)maleimide, anthranilamide, BODIPY® R-6G, BOPIPY® 530/550, BODIPY® FL,
Brilliant Yellow , coumarin and derivatives (coumarin, 7-amino-4-methylcoumarin (AMC,
Coumarin 120), 7-amino-4-trifluoromethylcouluarin (Coumarin 151)), Cy2®, Cy3®,
Cy3.5®, Cy>®, Cy5.5®, cyanosine, 4',6-diaminidino-2-phenylindole (DAPL), 5, 5"-
dibromopyrogallol-sulfoncphthalcin (Bromopyrogallol Red), 7-diethylamino-3-(4'-
isothiocyanatophenyl)-4-methylcoumarin, diethylenetriamine pentaacetate, 4,4'-
diisothiocyanatodihydro-stilbene-2,2'-disulfonic acid, 4,4"-diisothiocyanatoslilbene-2,2'-
disulfonic acid, 5-[dimethylamino]naphthalene-1-sulfonyl chloride (DNS, dansyl chloride),
4-(4'-dimethylaminophenylazo)benzoic acid (DABCYL), 4-dimethylaminophenylazophenyl-
4'-isothiocyanate (DABITC), EclipseTM (Epoch Biosciences Inc.), eosin and derivatives
(eosin, cosin isothiocyanatc), erythrosin and derivatives (erythrosin B, erythrosin
isothiocyanatc), cthidium, fluorescein and derivatives (5-carboxyfluorescein (FAM), 5-(4,6-
dichlorotriazin-2-yl)aminofluorcscein (DTAF), 2',7'-dimethoxy-4'5'-dichloro-6-
carboxyfluorescein (JOE), fluorescein, fluorcscein isothiocyanate (FITC), hexachloro-6-
carboxyfluorescein (HEX), QFITC (XRITC), tetrachlorofluorescecin (TET)), fluorescamine,
IR144, IR1446, Malachite Green isothiocyanate, 4-methylumbelliferonc, ortho
cresolphthalein, nitrotyrosine, pararosaniline, Phenol Red, B-phycoerythrin, R-phycoerythrin,
o-phthaldialdehyde, Oregon Green®, propidium iodide, pyrene and derivatives (pyrene,
pyrene butyrate, succinimidyl 1-pyrene butyrate), QSY® 7, QSY® 9, QSY® 21, QSY® 35
(Molecular Probes), Reactive Red 4 (Cibacron® Brilliant Red 3B-A), thodamine and
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derivatives (6-carboxy-X-rhodamine (ROX), 6-carboxyrhodamine (R6G), lissamine
rhodamine B sultonyl chloride, thodamine (Rhod), thodamine B, thodamine 123, rhodamine
green, thodamine X isothiocyanate, sulforhodamine B, sulforhodamine 101, sulfonyl chloride
derivative of sulforhodamine 101 (Texas Red)), N,N,N',N'-tetramethyl-6-carbox yrhodamine
(TAMRA), tetramcthyl rhodamine, tetramethyl rhodamine isothiocyanate (TRITC),

riboflavin, rosolic acid, terbium chelate derivatives.

[0080] Other fluorescent nuclcotide analogs can be used, see, e.g., Jameson, 278 Meth.
Enzymol. 363-390 (1997); Zhu, 22 Nucl. Acids Res. 3418-3422 (1994). U.S. Patent Nos.
5,652,099 and 6,268,132 also describe nuclenside analogs for incorporation into nucleic
acids, e.g., DNA and/or RNA, or oligonucleotides, via either enzymatic or chemical synthesis
to produce fluorescent oligonucleotides. U.S. Patent No. 3,135,717 describes phthalocyanine

and (etrabenztriazaporphyrin reagents for use as fluorescent labels.

[0081] Suitable quenchers arc selected based on the fluorescence spectrum of the
particular fluorophore. Useful quenchers include, for example, the Black Hole™ quenchers
BHQ-1, BHQ-2, and BHQ-3 (Biosearch Technologies, Inc.), and the ATTO-series of
quenchers (ATTO 540Q, ATTO 580Q, and ATTO 612Q; Atto-Tec GmbH).

[0082] The detectable label can be incorporated into, associated with or conjugated to a
nucleic acid. Label can be attached by spacer arms of various lengths to reduce potential
steric hindrancc or impact on other usetul or desired properties. See, e.g., Manstield, 9 Mol.
Ccll. Probes 145-156 (1995). Detectable labels can be incorporated into nucleic acids by
covalent or non-covalent means, e.g., by transcription, such as by random-primer labeling
using Klenow polymerasc, or nick translation, or amplification, or equivalent as is known in
the art. For example, a nucleotide basc is conjugated to a detectable moiety, such as a
fluorescent dye, and then incorporated into nucleic acids during nucleic acid synthesis or

amplification.

[0083] With Scorpion primers, sequence-specific priming and PCR product detection is
achieved using a single molecule. The Scorpion primer maintains a stem-loop configuration
in the unhybridized state. The fluorophore is attached to the 5' end and is quenched by a
moiety coupled to the 3' end, although in suitable embodiments, this arrangement may be
switched. The 3' portion of the stem and/or loop also contains sequence that is

complementary to the extension product of the primer. This sequence is linked to the 5' end

20



WO 2009/055239 PCT/US2008/079081

of a specific primer via a non-amplifiable monomer. After extension of the primer moiety,
the specific probe sequence is able to bind to its complement within the extended amplicon
thus opening up the hairpin loop. This prevents the fluorescence from being quenched and a
signal is observed. A specific target is amplified by the reverse primer and the primer portion
of the Scorpion primer, resulting in an extension product. A fluorescent signal is generated
due to the separation of the fluorophore from the guencher resulting from the binding of the

probe element of the Scorpion primer to the extension product.

[0084] TagMan® probes (Heid, et al., Genome Res 6: 980-994, 1996) use the fluorogenic
3" exonuclease activity of Taq polymerase to measure the amount of target sequences in
cDNA samples. TagMan® probes are oligonucleotides that contain a donor fluorophore
usually at or near the 5' base, and a quenching moiety typically at or near the 3' base. The
quencher moiety may be a dyc such as TAMRA or may be a non-fluorescent molecule such
as 4-(4 -dimethylaminophenylazo) benzoic acid (DABCYL). See Tyagi, et al., 16 Nature
Biotechnology 49-53 (1998). When irradiated, the cxcited fluorcscent donor transfers energy
to the nearby quenching moicty by FRET rather than fluorescing. Thus, the close proximity

of the donor and quencher prevents emission of donor fluorescence while the probe is intact.

[0085] TagMan® probes are designed to anneal to an internal region of a PCR product.
When the polymerase (e.g., reverse transcriptase) replicates a templatc on which a TagMan®
probe is bound, its 5' exonuclease activity cleaves the probe. This ends the activity of the
guencher (no FRET) and the donor fluorophore starts to emit fluorescence which increases in
each cycle proportional to the rate of probe cleavage. Accumulation of PCR product is
detected by monitoring the increase in fluorescence of the reporter dye (note that primers are
not labeled). If the quencher is an acceptor fluorophore, then accumulation of PCR product

can be detected by monitoring the decrease in fluorescence of the acceptor fluorophore.

[0086] Detection of Bordetella pertussis

[0087] The presence of B. pertussis in a patient may be determined by detecting the
presence of a nuclcic acid encoding IS481 insertion sequence, or a diagnostic fragment
thereof, in a biological sample. The nucleotide sequence of B. pertussis 18481 is provided at

Genbank Accession No. M28220 and is shown in FIGURE 1 (SEQ 1D NO: 1).
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[0088] In preferred embodiments, the target nucleic acid corresponds to nucleotides 553-

093 of IS481 or a fragment thereof, and is provided below as SEQ ID NO: 2.

1 gecgeccetgge caccgggtca cgggecaaccg acgagatace gttgaggggyg ccggetgcega
61 cttcgtoctic gtggecatcy atgaccacgc ccegegtggee ttcaccgaca tccoccecga
121 cgagcgcttc ¢ocagegecy t

SEQ IO NO: 2
[0089]| The full target nucleic acid sequence, or any portion thereof, may be amplificd
and detected using any appropriate primers and probes. One particularly useful target nucleic
acid sequence encompasses nucleotides 580-665 of [S481 (SEQ 1D NO: 3), corresponding to
nucleotides 28-113 of SEQ 1D NO: 2. Useful primers include, for example, those directed to
nuclcotides 580-597 (SEQ ID NO: 4) and 648-665 (SEQ ID NO: 5) of 18481, or
complements thereot (underlined in the target nucleic acid provided above). Useful probes
are directed to any uscful region of the amplified IS481 sequence including, for example,
nucleotides 623-642 (SEQ ID NO: 6) and nucleotides 604-628 (SEQ ID NO: 27) of 1S481, or
a complement thereof (nucleotides 71-90 and 52-76 of SEQ ID NO: 2, respectively).

[0090] A BLAS'T scarch with the probe of SEQ ID NO: 6 reveals a complete match with
the 15481 target nucleic acid sequence of B. pertussis and B. holmesii. Additionally, there is
an 18/20 nucleotide match within Pseudomonas fluorescens genome, and a 17/20 nucleotide
match within the Magnaporthe grisea and the Xanthomonas oryzae genomes. As noted
below, there is no significant sequence identity for P. fluorescens, M. grisea, and X. oryzae
with the primers of SEQ ID NOs: 4-5. Accordingly, these species should not be a significant
source of false positives when amplification primers of SEQ ID NOs: 4-5 are used. Cross-
reactivity of the probe ot SEQ ID NO: 6 may be reduced or eliminated using high stringency

hybridization conditions sutficient to inhibit hybridization at this level of non-homology.

[0091] A BLAST search with the primer sequences of SEQ ID NOs: 4-5 show complete
homology with the IS481 target nucleic acid sequence of B. pertussis and B. holmesii.
Human infection by B. holmesii is rare, but may be detected using the primers and probes
described herein. Also found were 15-17 nucleotide matches with sequences in the
Bordetella avium, Methylobacillus flagellatus, Rhodococcus, and Rubrobacier xylanophilus
genomes. However, these bacteria and fungi arc not known to infect humans so should not

be a significant causc of falsc positive diagnostic results.
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[0092] Detection of Berdetella parapertussis

[0093] The presence of B. parapertussis in a patient may be determined by detecting the
presence of a nucleic acid encoding IS1001 insertion sequencc, or a diagnostic fragment
thereof, in a biological sample. The nucleotide sequence of B. parapertussis 1IS1001 is

provided at Genbank Accession No. X66858 and is shown in FIGURE 2 (SEQ ID NO: 7).

[0094] In preferred embodiments, the target nucleic acid corresponds to nucleotides 680-

859 of [S1001 or a fragment thereof, and is provided below as SEQ ID NO: 8.

1 caattgeccoge ctggggeogs ccaacgcatce aaggecegttg ccatcgacat gaccaccgoc
61 tacgaghtGG AGATCCAGGC CCacagcecca caggcggaga tcegtctatga cttgttccat
121 gtecgtggcca agtatggacyg agaggtcatt gatcgggotge gecgtggatca ggccaatcaa

SEQ ID NO: 8
[0095] The full target nucleic acid sequence, or any portion thereof, may be amplified
and detected using any appropriate primers and probes. One particularly useful target nucleic
acid sequencc encompasscs nucleotides 730-802 of IS481 (SEQ ID NO: 9), corresponding to
nucleotides 51-123 of SEQ ID NO: 8. Usetul primers include, for example, those directed to
nucleotides 730-747 (SEQ 1D NO: 10) and 777-802 (SEQ ID NO: 11) of IS1001, or
complements thereof (underlined in the target nucleic acid provided above). One usetful
probe is directed to nucleotides 748-761 (SEQ ID NO: 12) of IS1001, or a complement

thereof (capitalized in the target nucleic acid provided above).

[0096] A BLAST search with the primers of SEQ ID NOs: 10-11 reveal completc
matches with the IS1001 target nucleic acid sequence of B. parapertussis. Additionally, the
primer of SEQ ID NO: 10 shows 16-, and 17-nucleotide matches within the genomes of
Acanthostigma perpusillum, Rhodobacter sphaeroides, Bradyrhizobium japonicum, and
Salinibacter ruber. The primer of SEQ ID NO: 11 shows only short and insignificant

matches with any relevant species.

EXAMPLES
[0097] EXAMPLE 1: Sample Collection and DNA Extraction.

[0098] A total of 306 nasopharyngeal swab samples were prepared and tested for assay

validation purposes. Of the 306 samples, 290 were actual clinical specimens obtained from
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patients. The remaining 16 samples were “contrived” (i.e., positive control} B. parapertussis
specimens. The contrived specimens were prepared by spiking pathogen-negative

nasopharyngcal swab matrix with culturcd B. parapertussis organisms.

[0099] The nasopharyngeal swabs were collected from patients and placed immediately
in Aimes media with charcoal or in liquid viral transport media (Micro Test™ M4 media;

Remel, Inc.), frozen at -20°C for transport, and stored at -20°C until assayed.

[00100]  For the Bordetella spp. assays described below, DNA was extracted from the
nasopharyngeal swab samples. Briefly, the samples were thawed and 200 pl of each sample
was aliquoted into 1.5 ml Eppendorf tubes. Additional tubes containing 200 pl of diluent
with positive control DNA (see below) or no DNA (negative control) were prepared and
processed simultaneously with the patient samples. 5 ul of internal control DNA (see below)
was then added to each sample. The QIAamp™ mini blood kit (Qiagen) was used to extract

the DNA according to the manufacturer’s instructions.

[00101]  The internal control (IC) DNA consists of a DNA fragment of random sequence
not present in any of the assayed organisms. Two oligonucleotides with 5’ phosphate (pIC IF

5°P and pIC R 5’p) were annealed, and the product was cloned into EcoRI site of pUC]19.

(pIC F 5'P}: 5’ Phosphate-aaTTCGCCCT TTGTTTCGAC CTAGCTTGCC
AGTTCGCACAA TTTCTTGCTC GTCAGTCCTC GGCGGTTTTA agogeg (SEQ ID NO: 15)

(pIC R 5'P): 5’ Phosphate-aattcgcccoct TAAAACCGCC GACGACTGAC
GAGCAACAAA TTCTGCGAAC TGGCAAGCTA GGTCGAAACA AAGGGCG (SEQ ID NO: 16)

[00102]  The IC amplicon was generated by the following primers which anneals to the

pUCI9 sequences.
Forward primer (PUC-For): &5’ GTTTTCCCAG TCACGACGTT GTA (SEQ ID NO: 17)

Reverse primer (PUC-Rev): 5% CACTTTATGC TTCCGGECTCG TA (5EQ ID NO: 183
Sequence of IC amplicon:

1 GTTTTCCCAG TCACGACGTT GTAAAACGAC GGCCAGTGAA TTCgccctta aaaccgccoa

61 cgactgacga gcaacasatt ctgcgaactg gcaagctagg tcgaaacaaa gggcggabtc

121 GAGCTCGGTA CCCGGGCATC CTCTAGAGTC GACCTGCACG CATGCAAGCT TGGCGTAATC

181 ATGGTCATAG CTGTTTCCTG TGTGAAATTG TTATCCGCTC ACAATTCCAC ACAACATACG

241 AGCCGGAAGC ATAAAGTG (SEQ ID NO: 19)
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[00103]  Underlined sequences are part of Multiple Cloning Site (MCS) of pUC19.
Lowercase sequences were generated by annealing two complementary oligonucleotides.IC

amplicon was generated by the following primers which anncals to the pUC19 sequences.

[00104]  For all assays, positive and negative controls were prepared and run
simultaneously with the patient samples. The positive control DNA consisted of a 625 bp
DNA fragment containing IS481 and 181001 target regions of B. pertussis and B.

parapertussis, respectively, in a single molecule. Negative control assays contained no DNA.

[00105]  To construct the positive control template, primers were designed to amplify the
target regions of 1S481 and 1S1001, and clone them in tandem into the pUC19 plasmid. The
IS481 forward primer was designed with an EcoRI restriction site added (1S481 EcoRI F)
while the [S481 reverse primer was designed with a BamHI restriction site added (15481
BamHI R). These primers were then used to generate a 237 bp amplicon from 1S481 of B.
pertussis.

18481 EcoRI F: 5’ agcagtgaat tcggtggtgc getacgadca (SEQ ID NO: 20)

I5481 BamHI R: 5’ atatgcggat cogccactge gtccttgagga (SEQ ID NO: 21)

[00106]  The IS1001 forward primer was designed with a BamHI restriction sitc added
(IS1001 BamHI F) and the 1S1001 reverse primer was designed with a Pst] restriction site
added (IS1001 Pstl R).

IS1001 BamHI F: 5’ atatgcggat ccataccgtc aagacgctgg aca (SEQ ID NO: 22)

IS1001 PstI R: 5’ tagcaactgc agcgatcaat gacctctegt ccata (SEQ ID NO: 23)

[00107]  These primers were used to generate a 358 bp amplicon from IS1001 of B.

parapertussis.

[00108]  The amplicons were then purified and ligated simultaneously into pUC19 plasmid
previously digested with EcoRI and Pstl using T4 DNA ligase. The ligated plasmids were
transformed into £. coli followed by selective growth on LB agar containing ampicillin,
Single colonies were selected and DNA was prepared. This DNA was uscd as templatc DNA
in screening by SYBR green real-time PCR using the S48 1 forward primer together with the
IS1001 reverse primer. Plasmids producing positive SYBR green PCR results were then
sequenced to confirm the presence of a 601 bp insert containing a tandemly arranged 1S481

and IS1001 targets (595 bp), and the BAMHI restriction site (6 bp).
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[00109]  The positive control amplicon was generated by amplification using the plasmid
containing the tandem 601 bp [S481/IS1001 insert as template together with the [S481
EcoRI F and IS1001 Pstl R primers. Including the added restriction sites, the total size of the

positive control amplicon is 625 bp having the following nucleotide sequence:

1 agcagtgaat tcggtggtgc gctacgagca tcaggccccce ggcgatctge tgcacatcga
61 catcaagaag ctgggacgta tccagecgecce tggccaccgg gtcacgggca accgacgcega
121 taccgttgag ggggcecggct gggacttegt cttegtggec atccatgacc acgccegeygt
181 ggccttcace gacatccccc ccgacgageg cttccecccage geegtecagt tcctcaagga
241 cgcagtggcg gatccatacc gtcaagacgc tggacaaggce tcgecctgcgt gegteggtge
301 gcgaaccgga ttggtccaag atcgagtatt tggcgatgga cgactttgcc ctgcacaaag
361 ggrcatcgcta cgcgacagtg gtggtegatc cgatcggcag gcaggtgctg tggattggec
421 caggacgctc acgcgagacg gcccgggegt tcttcegaaca attgccguet ggggoogooo
481 aacgcatcaa ggccgttgece atcgacatga ccaccgecta cgagttggag atccaggccc
541 acagcccaca ggcggagatc gtctatgact tgttccatgt cctggccaag tatggacgag
601 aggtcattga tcgctgcagt tgcta (SEQ ID NO: 24%
[00110] EXAMPLE 2: Multiplex PCR Detection of Bordetella spp.
[00111] The final PCR Reagent Solution contained the following; Tris-HCI (pH 9.0),

MgCl, KCI, EDTA, DTT, Tween 20, (NH4)2SO4, glycerol, dNTPs (dT, dA, dG, and dC),

and FastStart DNA Polymerase™.,

[00112]

A 10X PCR primer solution was prepared containing Scorpion primers and

reversc primers for B. pertussis, B. parapertussis, and the internal control. The B. pertussis

Scorpion and reverse primers were at a final concentration of 2 UM, the B. parapertussis

Scorpion and reverse primers were at a final concentration of 1.5 uM and the [C Scorpion

and reverse primers were at a final concentration of 1 pM in the 10X PCR Primer Solution.

Two different B. pertussis Scorpion primers werc individually tested. The primer pairs were

as follows:

[00113]

B. pertussis (15481):

LQJ—GCGTGGTCATCGATGGCCACcacgct‘[F]“tttttt—heg—ccgacgcgataccgttga

{(SEQ ID NO: 13}

and

[Q]—agcGGCCACGAAGACGAAGTCCCAGCCGCt*[F]~heg-ccgacgcgataccgttga

Reverse Primer:

(SEQ ID NO:

28): and

ggatgtcggtgaaggcca (SEQ ID NO:

29) .
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[00114] B parapertussis (IS1001).
[0] ~accGGGCCTGGATCTCCeggt - [F) ~-heg~gaccaccgcctacgagtt
{(SEQ ID NO: 14}, and

Reverse Primer: gacatggaacaagtcatagaccatct (SEQ ID NO: 26} .

[00115] Internal Contol:
[0] -TGCGAACTCCGCAAGCT -~ [F]-heg -attcgccetttgtttcgaccla
(SEQ ID NO: 15), and

Reverse Primer: CCGACGACTGACGAGCAA (SEQ ID NO: 16).

[00116]  For each Scorpion primer listed above, Q = quencher, F = fluorophore, and “heg”
= hexethylene glycol. The probe sequence is identified by capital letters.
Scorpion F Excitation Emission | Target Gene
Primer
B. pertussis FAM 495 nm 520 nm IS481
B. paraperiussis CalFlour 590 nm 610 nm IS1001
Red 610
Internal Control Quasar 670 649 nm 670 nm See above

[00117]

The PCR Reaction Solution was created by mixing 12.5 ul of PCR Reagent

Solution, 2.5 pul 10X PCR Primer Solution, and 5 pl of nuclease-free water per sample assay

to be performed.

[00118] Multiplex PCR detection assays were performed in 96-well plates. Each assay
contained 20 pl of the PCR Reaction Solution and 5 pl of extracted nucleic acid (i.e., patient
sample, positive control, or negative control). The plates were sealed, centrifuged at 2000 xg
for 2 minutes, and run in an Applied Biosystems (ABI) 7500 Real-Time PCR Detection

System. The PCR reaction was performed as follows:
Stage 1 (one cycle): 10 minutes at 95°C
Stage 2 (45 cycles):  Step 1: 95°C for 15 scc

Step 2: 60°C for 35 scc (data collection during Step 2).
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[00119]  The data was collected and patient samples analyzed for the presence of one or
more pathogenic species. Patient samples having a positive result for any one or more of the
pathogenic species were scored as positive for those species. Patient samples having a
negative result for all pathogenic species were only scored as negative provided that the
internal control target nucleic acid was detected and the positive control sample assay was

positive for both the B. pertussis and B. parapertussis target nucleic acids.

[00120] EXAMPLE 3: Confirmation of Multiplex PCR Assay Results.

[00121] The results of the multiplex assay described above were compared to other
detection assays. Aliquots of all samples were run in a secondary assay for confirmation of
the multiplex assay result. B. pertussis was assessed in the ProPertussis assay (Prodesse,
Inc.) which dctected a different target nucleic acid within the IS481 insertion scquence as
well as a scparate intcrnal control. B. parapertussis was asscssed using a Taqman®-style
assay for the IS1001 insertion sequence using primers and probes identical to the primer and

probe regions of the Scorpion and reverse primer described above.

[00122]  Each of the 306 samples was assayed simultaneously for B. pertussis and B.
parapertussis in the multiplex assay. Additionally, the 306 samples were assayed once using
the ProPertussis assay, and once using the B. parapertussis Taqman® assay. For the B.
pertussis assays (multiplex and ProPertussis), a Ct value of <37.0 was scored as positive.
For the 5. parapertussis assays (multiplex and Taqman®), a Ct value of < 30.5 was scored as
positive, The multiplex assay for three samples failed in the first repetition and two samples
failed in repeat testing, most likely due to inhibitory substances in the clinical specimen
causing a failure of the internal control. This increased the total from 303 to 304 between
Repetition #1 and #2 shown below. Additionally, all the samples that were in disagreement
between the two tests for B. pertussis or for B. parapertussis were repeated with both the
multiplex test and the comparator. Results from Repetition #2 includc the sample results

following any repeat testing. The results of each assay were as follows:
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[00123]  B. pertussis:

Multiplex Assay Results
(Repetition #1)

Positive Negative Total

ProPertussis Positive 70 3 73

Assay
Results Negative 8 222 230
(Repetition #1)

Total 78 225 303

Sensitivity = 95.9%; Specificity = 96.5%; Concordance = 96.4%

[00124] The B. pertussis component of the multiplex assay had a 95.9% positive

agreement and 96.4% negative agreement with the ProPcrtussis assay.

Multiplex Assay Results
(Repetition #2)
Positive Negative Total
ProPertussis Positive 75 3 78

Assay

Results Negative 1 225 226

(Repetition #2)
Total 76 228 304

Sensitivity = 96.2%; Specificity = 99.6%; Concordance = 98.7%

[00125]  The B. pertussis component of thc multiplex assay had a 96.2% positive

agreement and 99.6% negative agreement with the ProPertussis assay.

[00126]  B. paraperiussis:
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Multiplex Assay Results
(Repetition #1)
Positive Negative Total
Tagman® Positive 42 4 46

Assay

Results Negative 2 255 257

(Repetition #1)
Total 44 259 303

Sensitivity = 91.3%; Specificity = 99.2%; Concordance = 98,0%

Multiplex Assay Results
(Repetition #2)
Positive Negative Total
Tagman® Positive 44 1 45

Assay

Results Negative 0 259 259

(Repetition #2)
Total 44 260 304

Sensitivity = 97.8%; Specificity = 100%; Concordance = 99.7%

[00127] The B. parapertussis component of the multiplex assay had a 97.8% positive

agreement and 100% negalive agreement with the Tagman® assay.

[00128] EXAMPLE 4: Cross-reactivity of the Bordetella Multiplex Assay.

[00129]  For cross-reactivity assays, control nasal swab specimens were spiked with on¢ of
the test organisms (n=5 for each organism) and the DNA was cxtracted according to the
methods described above. The only exception was for S. aureus for which clinical nasa]
swab specimens known to be S. aureus-positive were used (i.c., the S. gureus sample was
genuine, not contrived). The Bordetella multiplex assay was performed on each sample. In
each case, a Ct value < 37.0 was interpreted as a positive result for B. pertussis cross-

reactivity and a Ct value of < 36.5 was interpreted as a positive result for B. paraperiussis

cross-reactivity.
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[00130] No cross-reactivity was measured for the following species:

Bacillus cereus Chlamydophila preumoniae
Haemophilus influenzae Klebsiella pneumoniae
Legionella pneumophila Mycoplasma pneumoniae

Streptococcus pneumontae  Staphylococcus aureus
Moraxella catarrhalis Influenza A

Influenza B RSV B

IHuman random control DNA

[00131]  Haemophilus parainfluenzae was also tested for cross-reactivity using five
individual contrived nasal swab samples, Each of the five samples were run in duplicate.
Two of the samples tested mildly positive for B. pertussis in both replicates (Ct values of
36.65 and 36.46 respectively). Each of the positive samples also tested positive for B.
pertussis in the ProPertussis assay. No cross-reactivity with B. parapertussis was observed
for any of the organisms listed including H. parainfluenzae. Despite the mixed positive
results, BLAS'| searching revealed no homology between the multiplex PCR primers for B.

pertussis and B. parapertussis and H. parainfiuenzae.

[00132]  Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by onc of ordinary skill in the art to which this

invention belongs.

[00133]  The inventions illustratively described herein may suitahly be practiced in the
absence of any element or clements, limitation or limitations, not specifically disclosed
hercin. Thus, for example, the terms “comprising,” “including,” “containing,” etc. shall be
rcad cxpansively and without limitation. Additionally, the terms and expressions employed
hercin have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized that various modifications are possible

within the scope of the invention claimed.
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[00134]  Thus, it should be understood that although the invention has been specifically
disclosed by preferred embodiments and optional features, modification, improvement and
variation of the inventions embodied therein herein disclosed may be resorted to by those
skilled in the art, and that such modifications, improvements and variations are considered to
be within the scope of this invention. The materials, methods, and examples provided here
are representative of preferred embodiments, are exemplary, and are not intended as

limitations on the scope of the invention.

[00135] The invention has been described broadly and generically herein. Each of the
narrower speeies and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a proviso or
negative limitation removing any subjcct matter from the genus, regardless of whether or not

the excised material is specifically recited herein.

[00136] In addition, where features or aspects of the invention are described in terms of
Markush groups, those skilled in the art will recognize that the invention is also thereby

described in terms of any individual member or subgroup of members of the Markush group.

[00137]  All publications, patent applications, patents, and other references mentioned
herein are expressly incorporated by reference in their entirety, (o the same extent as if each
were incorporated by reference individually. In case of conflict, the present specification,

including definitions, will control.
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A method for identifying the presence or absence of Bordetella pertussis and/or
Bordetella parapertussis in a biological sample, comprising:
(a) providing a first primer pair suitable for amplifying an IS481 target nucleic acid

comprising the nucleotide sequence of SEQ ID NO: 3 or a complement thereof,

(b) providing a second primer pair suitable for amplitying an IS1001 target nucleic acid
comprising the nucleotide sequence of SEQ ID NO: 9 or a complement thereof, wherein
at lcast one primer of said second primer pair comprises a nucleic acid sequence of SEQ
ID NO: 11 or a complement thereof, and wherein the primers do not amplif_;,r nucleic acid

from Salinibacter ruber. and

(c) amplifying said 1S481 target nucleic acid and said 1S1001 target nucleic acid, if
present, wherein the presence of said [S481 target nucleic acid identifies the presence of
B. pertussis, and the presence of said IS1001 target nucleic acid identifies the presence

of B. parapertussis.

The method of claim 1, wherein said method comprises performing multiplex primer

extension reaction comprising the first and second primer pairs.

The method of claim 1 or 2, wherein:

(1) at least one member of the first primer pair comprises the sequence of SEQ ID NOs: 4

or 5, or a complement thereof; and/or

(ii) at least onc primer of the first primer pair comprises the sequence of SEQ ID NO: 13

or 28, or complements thereof; and/or

(i1i) the first reaction product is detected using a probe comprising the sequence of SEQ

ID NO: 6 or 27, or complements thereof; and/or

(iv) at least one primer of the second primer pair comprises the sequence of SEQ ID NOs:

10 or 11, or a complement thereot; and/or

AH26(9846309_1):SAK
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(v) at lcast one primer of the second primer pair comprises the sequence of SEQ ID NO:

14. or a complement thereof; and/or

(vi) the second reaction product is detected using a probe comprising the sequence of

SEQ ID NO: 12, or a complement thereof; and/or

(vii) at least one probe further comprises a fluorescent label.

4. The method of claims 1 or 2, wherein the method comprises detecting the presence or
absence of an IS481 target nucleic acid and wherein detecting does not detect nucleic

acid from Magnaporthe grisea.

5. The method of any one of claims 1-2, wherein said method comprises detecting the
presence or absence of an IS1001 target nucleic acid and wherein detecting does not
detect nucleic acid from Acanthostigma perpusillum, Rhodobacter sphaeroides,

Bradyrhizobium japonicum, and Salinibacter ruber.
4. The method of any onc of claims 1-5, wherein said method comprises real-time PCR.

7. A set of oligonucleotide primers of 10-50 nucleotides in length, comprising nucleic acids
suitable for amplifying SEQ ID NO: 3, a fragment, or a complement thereof, wherein the
set of primers comprises at least two primers with sequences chosen from the group

consisting of SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 13 and SEQ ID NO: 28,

wherein a primer comprising SEQ ID NO: 13 or SEQ ID NO: 28 is a Scorpion primer,

and wherein the primers do not amplity nucleic acid from Magnaporthe grisea.

8. A set of oligonucleotide primers of 10-50 nucleotides in length, comprising nucleic acids
suitable for amplifying SEQ ID NO: 9, a fragment, or a complement thereof, wherein the
set of primers comprises at least two primers with sequences chosen from the group
consisting of SEQ ID NO: 10, SEQ ID NO: 11. SEQ ID NO: 14 and SEQ ID NO: 26,
wherein a primer comprising SEQ ID NO: 14 is a Scorpion primer, and wherein the

primers do not amplity nucleic acid from Salinibacter ruber.

AH26(9846309_1):SAK
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A kit comprising:

(a) a first primer pair that specifically hybridize to a nucleic acid having the sequence of
SEQ 1 NO: 3 or a complement thereof and a first probe capable of specifically
hybridizing to a nucleic acid having the sequence of SEQ 112 NO: 3 or a complerent

thereof, wherein the primers do not amplify nucleic acid from Magnaporthe grived, and

(b} a second primer pair that specifically hvbhridize to the sequence of SEQ IDNO: G ora
complenient thereot, and a second probe capable of specifically hybridizing to a nucleic
acid having the sequence of SEQ T NO: 9, or a complement thereod, whertein al least
one primer ol said second primer pair comprises a nuclete acid sequence of SEQ ) NO:
11 or a complement thereot, and wherein the primers do not amphify nucleic acid from

Nalinibacter ruber.

The kit of claim 9, wherein the at least one mentber of the first primer pair comprises the
sequence of SEQ IDNO: 4 SEQ ID NG 5, SEQ IDNO: 13 or SEQID NO: 28, 0ra
complement thereol, wherein a priraer comprising the sequence of SEQ TD NO: 13 or

SEQ ID NQ: 28 is a Scorpion primer,

The kit of claire B, adwrein the et proby somprises e sequence of SEG RN s or

¥, o w oovnplemsat thersof

oretn e at oo oue menber of the ssomnd primmer palr comprises

ST NO 26,

The bt ofoleim 9, w
the seguenos of BEQ D N 16, SR ID W 1, SRG D NG 1 o 8B

ar 8 complement themaf, whersin o privey eonprising the sequenes of SRQ I N M s

& Scorpion primer

The kit of claim 9, whersin the scomsd probe comprises the saguenes of SEQ IR NG 13,

3 oomplement themsof,

AH26(9898690_1):GGG
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14.  The kit of claim 9, wherein the first probe and the second probe further comprise

detectable labels.

Quest Diagnostics Investments Incorporated
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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1
6l
121
181
241
301
361
421
481
541
601
661
721
781
847
901
961
1021

gcgaggcecgy
ttgagaaact
ccataagceat
ccatcaagtt
caaatggctg
cccgacggtce
ccgcaagcgg
cagccgecgtce
ggtggtygcgc
gggacgtatc
ggccggetgyg
catccececceece
ctaccagcgc
cagccgegec
ttaccgcecca
ggcttacgcet
acaccactac
actcaacctg

(SEQ ID NO: 1)

ctatctgtga
ggaaatcgcce
geccegattga
tgtgtgceccectg
ggccgecttoc
tcgceccecgag
ctgacccaag
ctggccegeg
tacgagcatc
cagcgccctg
gacttcegtet
gacgagcgcet
ctgggcgtga
ttcgcecgege
cagaccaatg
cacacctacc
aactggcatc
gacgaataca

1/2

FIGURE 1

agattcaata
gaccccccag
ccttectacyg
aagcggcecg
tggctcaggg
cgattgcgec
cgcgeatcege
ccggtetgte
daggecoeceyy
gocaccgggt
tcgtggcceat
tcceccagege
ccatccageg
tgtgccatga
gcaaggccga
agaactccceca
gaccccacca
acctattgac

ggttgtatgce
ttcactcaag
tcgactecgaa
cgcctatgga
cecaggegggce
ggccaaggceyg
ccaggcgetg
gcacctggec
cgatctgetg
cacgggcaac
cgatgaccac
cgtccagtte
cttgctecacc
gctgggeatc
acgcttcatc
acaccgagce
aggcatcggg
agttcacagce

PCT/US2008/079081

atggttcatc
gagcccggoc
atggtccagce
gtcaccgegce
ttggccgatg
ctggctatcg
ggcgtgtcag
gacctggage
cacatcgaca
cgacgryata
gccegegtgg
ctcaaggacg
gacaatggct
aagcaccgct
cagtcggcect
gatgccatga
cgcgetgtac
tatccggacc

cgaaccggat
ggatgaacac
aattgatcgc
cgactgtgcg
cgtcctecgeg
tggagctgeg
ccagcaccgt
cggccegagec
tcaagaagct
cegllgaygyg
ccttcaccga
cagtggccta
cggecttteg
ttacccgacce
tgcgtgagtg
aatcctggct
ccatctcecag

ggc



WO 2009/055239

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261

ggttcatcge
ttgacatcag
gcagggctat
ctatttgaag
ggtgcatgag
tctgecacgtg
gcttgcctgyg
attgctccaa
cgtcaagacg
gatcgagtat
ggtggtcogat
ggcccggagcyg
catcgacatg
cgtctatgac
cgtggatcag
tcgetggetg
cgaattgcectg
acggctctygy
gcaggccgag
tclgecacgge
caacaacact
cttcctcaaa

(SEQ ID NO: 7)

gcaataacgt
gagtgcaggyg
ggcgtcegaac
ccaacggcca
accacggttce
cogogocgac
ctggggcgat
tcgagcaacg
ctggacaagg
ttggegatgg
ccgatcggea
ttcttcgaac
accaccgcect
ttgttceccatg
gccaatcaac
ctgctgcgea
caagccaacc
ttctaccaaa
caaagcggaa
atcctggceca
alcaaggtca
atccgtgeeg

2/2
FIGURE 2

ggaggggttt
agatgctgga
gcgtggaatg
aggtgatgct
gacgggtgceg
gcttgtggtyg
atcaacgggt
tgcaggcggt.
ctcgactgcyg
acgagtttgce
ggcaggtget
aattgocegece
acgagttgga
tcgtggecaa
tacgccagga
accgtgacaa
agccgctgcet
gacctgcctg
tagcecgecett
gatgccgaca
tcaagcggceg
ccttecececgg

ggcaatttte
tcgcaagttyg
goccoccocgaagac
gTgcgagcag
agatctgccg
tgagcaatgce
gacggatcgg
ggcgaggttc
tgcgtceggtg
cctgcacaaa
gtggattgge
tggggecgcee
gatccaggcecc
gtatggacga
tcgtcecegea
cctggategyg
gacggtctat
gccaagacaa
gaacaccttc
tceccoctgaac
cgcttacgge
caatgcgcga

PCT/US2008/079081

gtattcttga
atggagtcgce
ccagggegcea
tgcggegegce
atattcgagt
ggcggccecge
ctggcgcagg
ttcgaactgg
cgcgaaccgy
gggcatcget
ccaggacgct
caacgcatca
cacagcccac
gaggtcattg
cgcaggatca
cagcaggccog
gtcctgegtyg
gcctggaacce
gctcagcecgcet
accagcattyg
taccgcgacc
Tgaacc

cggcaggtat
tgggaggcty
cgctgtegat
ggtgtcgcecca
atcgggtcegt
gcectggageg
cctgcagcecca
gttggcatac
attggtccaa
acgcgacagt
cacgcgagac
aggcegttgce
acgcggagat
atcgggtgey
tcaaatcgag
tceggctcga
acgaactcaa
actggtacga
tgaaaggcta
tcgagggcat
aggaatactt



<110>

<120> BCORDETELLA DETECTI ON ASSAY
<130> 054769-9932

<140> PCT/ US2008/ 079081
<141> 2008-10- 07

<150> 12/ 116, 364

<151> 2008- 05- 07

<150> 61/ 066, 159

<151> 2007-10- 26

<160> 35

<170> Patentln version 3.5
<210> 1

<211> 1073

<212> DNA

<213> Bordetella pertussis
<400> 1

gcgaggcecgg ctatctgtga

t t gagaaact
ccat aagcat
ccat caagtt
caaat ggctg
cccgacggt ¢
ccgcaagegg
cagccgegt ¢
gt ggt gege
gggacgt at ¢
ggccggct gg

cat ccccccce
ct accagcge
cagccgcegee
ttaccgccca
ggct t acgcet
acaccact ac
act caacctg
<210> 2
<211> 141

<212> DNA
<213>

ggaaat cgcc
gcccgattga
tgtgtgectg
ggecgettece
t cgceceegag
ct gacccaag
ct ggceegeg
t acgagcat ¢
cagcgcectg
gact t cgt ct
gacgagcgct
ctgggcgt ga
ttcgeegege
cagaccaatg
cacacct acc
aactggcatc

gacgaat aca

951485Seq

. TXT

SEQUENCE LI STI NG
QUEST DI AGNCSTI CS | NVESTMVENTS | NCORPORATED

agattcaat a
gacccccecag
ccttectacg
aagcggceccg
t ggct caggg
cgat t gcgece
cgcgeat cge
ccggtctgte
aggcccecgg
gccaccgggt
t cgt ggccat
t ccccagege
ccat ccageg
t gt gccat ga
gcaaggccga
agaact ccca
gaccccacca

acctattgac

Bordetell a pertussis

ggttgtatge
ttcact caag
t cgact cgaa
cgecet at ggg
ccaggcgggce
ggccaaggceg
ccaggcgcet g
gcacct ggcc
cgatctgetg
cacgggcaac
cgat gaccac
cgtccagttc
cttgctcace
gct gggeat ¢
acgcttcatc
acaccgagcc
aggcat cggg

agtt cacagc

Page 1

atggttcatc
gagcccggec
at ggt ccagc
gt caccgege
ttggccgatg
ctgget atcg
ggcgt gt cag
gacct ggagce
cacat cgaca
cgacgcgat a
gccegegt gg
ct caaggacg
gacaat ggct
aagcaccgct
cagt cggecet
gat gccat ga
cgeget gt ac

t at ccggacc

cgaaccggat
ggat gaacac
aat t gat cgc
cgact gt gcg
cgt cctecgeg
t ggagcet geg
ccagcaccgt
cggccgagec
t caagaagct
ccgt t gaggg
ccttcaccga
cagt ggcct a
cggecttteg
ttacccgacc
tgcgtgagtg
aat cct ggct

ccatctccag

ggc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1073



<400> 2

951485Seq. TXT

gcgeect gge caccgggt ca cgggcaaccg acgcgat acc gttgaggggg ccgget ggga

cttcgtcttc gtggeccatcg atgaccacgec ccgegtggec ttcaccgaca tccccceccga

cgagcgcettc cccagegeeg t

<210> 3
<211> 86
<212> DNA
<213>

<400> 3

Bordetell a pertussis

ccgacgcgat accgttgagg gggccggetg ggacttcgtc ttcgtggeca tcgat gacca

cgcccgegt g gecttcaccg acatcce

<210> 4
<211> 18
<212> DNA
<213>

<400> 4
ccgacgcgat

<210> 5
<211> 18
<212> DNA
<213>

<400> 5
tggcct t cac

<210> 6
<211> 20
<212> DNA
<213>

<400> 6
gt ggccat cg

<210> 7

<211> 1306
<212> DNA
<213>

<400> 7
ggt t cat cge

tt gacat cag
gcagggct at
ctatttgaag
ggt gcat gag
tctgcacgtg
gcttgeetgg

attgctgcaa

accgttga

cgacat cc

at gaccacgc

gcaat aacgt
gagt gcaggg
ggcgt cgaac
ccaacggcca
accacggttc
ccgegecgac
ct ggggcgat

t cgagcaacg

Bordetell a pertussis

Bordetell a pertussis

Bordetell a pertussis

Bordet el |l a parapertussis

ggagggot t t
agat gct gga
gcgtggaatg
aggt gat gct
gacgggt gcg
gettgtogtg
at caacgggt
t gcaggcggt

ggcaattttc
tcgcaagttg
gcccgaagac
gt gcgagcag
agat ct gccg
t gagcaat gc
gacggat cgg

ggcgaggttc
Page 2

gtattcttga
at ggagt cgc
ccagggegea
t gcggegege
at at t cgagt
ggcggeecge
ct ggcgcagg
ttcgaact gg

cggcaggt at
t gggaggct g
cget gt cgat
ggt gt cgcca
at cgggt cgt
gcct ggageg
cct gcageca

gt t ggcat ac

60
120
141

60
86

18

18

20

60
120
180
240
300
360
420
480



cgt caagacg
gat cgagt at
ggt ggt cgat
ggcecggacy
cat cgacatg
cgt ct at gac
cgt ggat cag
tcgct ggect g
cgaattgctg
acggct ct gg
gcaggccgag
t ct gcacgge
caacaacact
cttcctcaaa
<210> 8

<211> 180
<212> DNA

ct ggacaagg
tt ggcgat gg
ccgat cggca
ttcttcgaac
accaccgcct
ttgttccatg
gccaat caac
ct gct gcgea
caagccaacc
ttctaccaaa
caaagcggaa
at cct ggcca
at caaggt ca

at ccgt gccg

ct cgget geg
acgagtttgc
ggcaggt get
aattgccgcece
acgagt t gga
t cgt ggccaa
t acgccagga
accgt gacaa
agccgcet get
gacct gectg
t agccgect t
gat gccgaca
t caagcggeg

ccttceccegg

<213> Bordetell a parapertussis

<400> 8

caattgccge ctggggecge ccaacgcatc

t acgagtt gg agat ccaggc ccacagccca

gt cgt ggcca agt at ggacg agaggt cat t

<210> 9
<211> 73
<212> DNA

<213> Bordetell a parapertussis

<400> 9

gaccaccgcc tacgagttgg agatccaggc

cttgttccat

<210>
<211>
<212>
<213>

10
18
DNA

<400> 10
gaccaccgcce

<210> 11
<211> 26
<212> DNA

gtc

t acgagt t

Bordet el |l a parapertussis

<213> Bordetell a parapertussis

951485Seq. TXT

tgcgt cggt g
cct gcacaaa
gt ggat t ggc
t ggggcegee
gat ccaggcc
gt at ggacga
t cgt ccegea
cct ggat cgg
gacggt ct at
ggcaagacaa
gaacaccttc
t cccct gaac
cget t acgge

caat gcgcga

aaggccgttg
caggcggaga
gat cgggt gc

ccacagccca

Page 3

cgcgaaccgg
gggcat cget
ccaggacgct
caacgcat ca
cacagcccac
gaggtcattg
cgcaggat ca
cagcaggccg
gtcctgegtg
gcct ggaacce
gct cageget
accagcattg
t accgcgacc

t gaacc

ccat cgacat

tcgtctatga
gcgt ggat ca

caggcggaga

attggtccaa
acgcgacagt
cacgcgagac
aggcegtt gc
aggcggagat
at cgggt gcg
t caaat cgag
t ccgget cga
acgaact caa
act ggt acga
t gaaaggct a
t cgagggcat

aggaat act t

gaccaccgcc
cttgttccat

ggccaat caa

tcgtctatga

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1306

60
120
180

60
73

18



951485Seq. TXT
<400> 11
agatcgtcta tgacttgttc catgtc

<210> 12

<211> 14

<212> DNA

<213> Bordetell a parapertussis

<400> 12
ggagat ccag gccc

<210> 13

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 13
gcgt ggt cat cgat ggccac cacgct

<210> 14

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer

<400> 14
accgggectg gatctcecegg t

<210> 15

<211> 77

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
ol i gonucl eot i de

<400> 15
aattcgcect ttgtttcgac ctagettgec agttcgcaga atttgttget cgtcagtcgt

cggcggtttt aagggeg

<210> 16

<211> 77

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
ol i gonucl eot i de

<400> 16
aattcgccect taaaaccgcc gacgact gac gagcaacaaa ttctgcgaac tggcaageta

ggt cgaaaca aagggcg

Page 4

26

14

26

21

60
77

60
77



951485Seq. TXT

<210> 17

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 17
gttttcccag tcacgacgtt gta

<210> 18

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 18
cactttatgec ttccggeteg ta

<210> 19

<211> 258

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pol ynucl eot i de

<400> 19

gttttcccag tcacgacgtt gtaaaacgac ggccagtgaa ttcgccctta aaaccgccga
cgact gacga gcaacaaatt ctgcgaactg gcaagct agg tcgaaacaaa gggcggattc
gagct cggt a cccggggat ¢ ct ct agagt ¢ gacct gcagg cat gcaagcet tggegt aat ¢

atggtcatag ctgtttcctg tgtgaaattg ttatccgctc acaattccac acaacatacg

agccggaagc at aaagt g

<210> 20

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 20
agcagt gaat tcggtggtgec gcetacgagea

<210> 21

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic

Page 5

23

22

60
120
180
240
258

30



primer

<400> 21

951485Seq. TXT

at at gcggat ccgccactge gtccttgagg a

<210> 22
<211> 33
<212> DNA

<213> Artificial

<220>

Sequence

<223> Description of Artificial
primer

<400> 22

Sequence:

at at gcggat ccat accgtc aagacgctgg aca

<210> 23
<211> 35
<212> DNA

<213> Artificial

<220>

Sequence

<223> Description of Artificial
primer

<400> 23

Sequence:

t agcaact gc agcgat caat gacctctcgt ccata

<210> 24
<211> 625
<212> DNA

<213> Artificial

<220>

Sequence

<223> Description of Artificial
pol ynucl eot i de

<400> 24
agcagt gaat

cat caagaag
taccgtt gag
ggccttcacce
cgcagt ggcg
gcgaaccgga
ggcat cgct a
caggacgct ¢
aacgcat caa
acagcccaca
aggt cattga
<210> 25

<211> 18
<212> DNA

t cggt ggt gc
ct gggacgt a
ggggcecggcet

gacat cccee
gat ccat acc
tt ggt ccaag
cgcgacagtg
acgcgagacg
ggeegt t gee
ggcggagat ¢
t cgct gcagt

gct acgagca
t ccagegeece
gggact t cgt
ccgacgagceg
gt caagacgc
at cgagt at t
gt ggt cgat c
gcecegggegt

at cgacat ga

Sequence:

t caggceccce
t ggccaccgg
cttcgtggee
cttcceccage
t ggacaaggc
t ggcgat gga
cgat cggcag
tcttcgaaca

ccaccgcecta

Synt hetic

Synt hetic

Synt hetic

ggcgat ct gc
gt cacgggca
at cgat gacc
gcegt ccagt
t cgget gegt
cgagtttgece
gcaggt get g
attgccgect

cgagt t ggag

gtctatgact tgttccatgt cgtggccaag

tgcta

Page 6

t gcacat cga
accgacgcga
acgcccgegt
t cct caagga
gcgt cggt gc
ct gcacaaag
t ggat t ggcc
ggggecgecce

at ccaggccc

t at ggacgag

31

33

35

60
120
180
240
300
360
420
480
540
600
625



951485Seq. TXT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 25
ggat gt cggt gaaggcca 18

<210> 26

<211> 26

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 26
gacat ggaac aagtcataga cgatct 26

<210> 27

<211> 25

<212> DNA

<213> Bordetella pertussis

<400> 27
cggctgggac ttcgtcttcg tggece 25

<210> 28

<211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 28
agcggccacg aagacgaagt cccagccgcet 30

<210> 29

<211> 6

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
pri mer

<400> 29
tttttt 6

<210> 30

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer
<400> 30
Page 7



951485Seq. TXT

ccgacgcgat accgttga

<210> 31

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial
primer

<400> 31
ccgacgcgat accgttga

<210> 32

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial
primer

<400> 32
gaccaccgcc tacgagtt

<210> 33

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial
primer

<400> 33
t gcgaact gg caagct

<210> 34

<211> 22

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial
primer

<400> 34
attcgecctt tgtttcgace ta

<210> 35

<211> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial
primer

<400> 35
ccgacgact g acgagcaa

Sequence:

Sequence:

Sequence:

Sequence:

Sequence:

18
Synt hetic

18
Synt hetic

18
Synt hetic

16
Synt hetic

22
Synt hetic

18
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