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PRIMERS AND PROBES FOR THE DETECTION OF
STREPTOCOCCUS PNEUMONIAE

CROSS REFERENCE TO RELATED APPLICATION
5 This application claims the benefit of U.S. Provisional Application No.
60/938,799 filed May 18, 2007, which is incorporated by reference herein in its

entirety.

FIELD
10 This disclosure relates to primers and probes for detecting Streptococcus
pneumoniae, as well as kits including the probes and primers and methods of using

the probes and primers.

BACKGROUND

15 Streptococcus pneumoniae (S. pneumoniae) is a Gram-positive bacteria
responsible for considerable morbidity and mortality (particularly in the young and
aged), causing diseases such as pneumonia, bacteremia, meningitis, acute otitis
media, and sinusitis. It is estimated the 20% of S. preumoniae cases lead to
bacteremia, and other manifestations such as meningitis, with a mortality rate close

20  to 30% even with antibiotic treatment. S. pneumoniae is found in the nasopharynx
of 11-76% of the population, averaging 40-50% for children and 20-30% for adults
(Ghaffar et al., J. Infect. Dis. 18, 638-46, 1999).

Those most commonly at risk for pneumococcal infection are children

between 6 months and 4 years of age and adults over 60 years of age. Virtually

25  every child will experience pneumococcal otitis media before the age of 5 years. It
is estimated that 25% of all community-acquired pneumonia is due to pneumococcus
(1,000 per 100,000 inhabitants). Recently, epidemics of disease have reappeared in
settings such as chronic care facilities, military camps, and day care centers, a
situation not recognized since the pre-antibiotic era. S. preumoniae remains a

30 significant human pathogen because of the morbidity and mortality it causes in

young children, the elderly and in immunocompromised patients.
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The limitations of culture based, conventional S. preumoniae diagnostic tests

make definitive diagnosis difficult to establish. For example, the isolation of S.
preumoniae from blood, the recognized definitive test for the presence of .
preumoniae may lack sensitive, only giving positive results in 20-30% of adult

5 cases of pneumococcal pneumonia and less than 10% of children’s cases. Serologic
assays for both antibody and antigen detection suffer from a lack of specificity and
sensitivity, for example the recently introduced urine antigen test, Binax NOW®,
while shown to be sensitive and specific for adults by some studies, is unable to
distinguish between carriage and disease in children.

10 In addition, the misidentification of pneumococcus-like viridans Streptococci
(P-LVS) as S. pneumoniae presents additional opportunities for misdiagnosis
especially when attempted with non-sterile site specimens such as sputum.
Identification of S. preumoniae has typically been based on bile solubility, optochin
sensitivity, and GenProbe ACCUPROBE® Pneumococcus identification test; but

15 increasingly there have been reports of P-LVS isolated from clinical specimens,
which may give positive or variable reactions in one or more of these standard
pneumococcal tests. Among a subset of reported isolates of P-LVS, a newly
recognized species, classified as S, pseudopneumoniae (Spseudo), has been
described and characterized (Arbique et al., J. Clin. Microbiol. 42: 4686-4696,

20 2004). Spseudo organisms are bile solubility negative and resistant to optochin in
the presence of 5% CQ,, but are ACCUPROBE® positive (Arbique ef al., J. Clin.
Microbiol. 42: 4686-4696, 2004) and thus yield a false positive for S. preumoniae
infection.

The appearance of these pneumococcus-like organisms has complicated

25  identification and diagnosis even further, especially when non-sterile site respiratory
specimens are used for making determinations. Therefore, special care must be
taken to monitor and correctly identify confirmed pneumococci in the clinical
setting. Thus, to make an accurate diagnosis the need exists for assays that can
discriminate between S. preumoniae and the Spseudo and other P-LVS species. The

30  present disclosure meets this need by providing assays that can discriminate between

S, pneumoniae and other organisms while still retaining high sensitivity for S.
pneumoniae.
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SUMMARY
Accurate diagnosis of pneumococcal disease is frequently hampered by the
misidentification of pneumococcus-like viridans streptococci species (P-LVS) as
5 Streptococcus pneumoniae (S. pneumoniae). In order to achieve an accurate

diagnosis, an assay should be both sensitive and highly specific for diagnosis of the
disease, such as the diagnosis of a S. pneumoniae infection. By analyzing regions of
the Iytd, ply, and psad genes that are unique S. preumoniae, assays disclosed herein
have been developed that are highly specific for S. pneumoniae while retaining high

10 sensitivity for S. pneumoniae. Because the disclosed assays are both sensitive and
specific, the presence of S. preumoniae in non-sterile samples, such as samples
obtained from a subject, can be reliably determined. Such accuracy is important for
medical professionals to make the best possible diagnosis and treatment plan,
particularly in the age of over-prescription of medication, such as antibiotics. In

15  addition, because the assays are highly specific for nucleic acids from S.
preumonige and do not show cross reaction with the nucleic acids from other
organisms the assay is well suited to multiplexing, for example in a multiplex real-

" time PCR assay for detecting multiple pathogens that may be present in a sample,
such as a sample obtained from a subject.

20 The present disclosure relates to methods of detecting the presence of
Streptococcus preumoniae (S. pneumoniae) nucleic acids in a sample, such as a
biological sample obtained from a subject, for example to detect S. preumoniae in
the sample. The disclosed methods can be used for diagnosing an S, pneumoniae
infection, for example in a subject suspected of having an S. pneumoniae infection,

25 by analyzing a biological specimen from a subject to detect a broad variety of S.
pneumoniae nucleic acids, such as S. pneumoniae IytA, ply, and psad nucleic acids
using the probes and/or primers disclosed herein. In addition, the probes and
primers provided permit the rapid evaluation of a subject with an apparent S.
preumoniae infection by quickly determining whether the infection is caused by S.

30  preumoniae or another organism. This rapid evaluation involves ruling out the
presence of S. preumoniae, ruling in the presence of S. preumoniae, or a

combination of both, for example in a multiplex real-time PCR assay.

-3-
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In some embodiments, the method involves hybridizing an S. pneumoniae
nucleic acid to an S. preumoniae specific probe between 20 and 40 nucleotides in
length, and detecting hybridization between the S. preumoniae nucleic acid and the
probe. In some embodiments, the probe is detectably labeled. In some

5 embodiments, the probe is capable of hybridizing under conditions of very high
stringency to a §. pneumoniae nucleic acid sequence set forth as SEQ ID NO: 13
(the Iyt4 gene from S. preumoniae), SEQ 1D NO: 14 (the psad gene from S.
preumoniae), or SEQ D NO: 15 (the ply gene from S. pneumoniae). In specific
embodiments, the probe includes a nucleic acid sequence that is at least 95%
10  identical to a nucleic acid sequence set forth as SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 9, or SEQ ID NO: 12.

The present disclosure also relates to methods of detecting and/or
discriminating between 5. preymoniae or another organism, such as a bacterial
organism, for example pneumococcus-like viridans Streptococci (P-LVS), suchas S.

15 pseudopneumoniae (Spseudo).

In some embodiments, the methods disclosed herein include amplifying the

S. preumoniae nucleic acids with at least one primer specific for a S. preumoniae
nucleic acid. In some embodiments, the primer specific for a S. pneumoniae nucleic
acid is 15 to 40 nucleotides in length and is capable of hybridizing under very high

20  stringency conditions to a S. pneumoniae nucleic acid sequence set forth as SEQ ID
NO: 13, SEQ ID NO: 14, or SEQ ID NO: 15. In some embodiments, the primer
specific for a 8. pneumoniae nucleic acid is 15 to 40 nucleotides in length and
includes a nucleic acid sequence at least 95% identical to the nucleotide sequence set
forth as SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID

25 NO:10,0r SEQIDNO: 11.

In some embodiments, the S. pneumoniae nucleic acid is amplified using at
least one primer, such as a pair of primers, specific for a S. pneumoniae gene, such
as a S, pneumoniae Iyt4, psad, or ply gene. In some examples, a primer specific for
S. pneumoniae lyiA includes a nucleic acid sequence at least 95% identical to the

30 nucleic acid sequence set forth as one of SEQ ID NO: 3 or SEQ ID NO: 4. In other
examples, a primer specific for S. pneumoniae psad includes a nucleic acid

sequence at least 95% identical to the nucleic acid sequence set forth as one of SEQ
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ID NO: 7 or SEQ ID NO: 8. In other examples, a primer specific for S. preumoniae
ply includes a nucleic acid sequence at least 95% identical to the nucleic acid
sequence set forth as one of SEQ ID NO: 10 or SEQ ID NO: 11.

This disclosure also relates to probes capable of hybridizing to S.

5 pneumoniae nucleic acids, such as S, prneumoniae Iytd, psaA, or ply nucleic acids.
In some embodiments, these probes are between 20 and 40 nucleotides in length and
capable of hybridizing under very high stringency conditions to a S. pneumoniae
nucleic acid sequence set forth as SEQ ID NO: 12, SEQ ID NO: 13, or SEQ ID NO:
14. In several examples, these probes are between 20 and 40 nucleotides in length
10 and include a nucleic acid sequence set forth as SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 9, or SEQ ID NO: 12.

This disclosure also relates to primers capable of hybridizing to and
amplifying S. pneumoniae nucleic acids, such as S. pneumoniae IytA, psad, or ply
nucleic acids. In some embodiments, these primers are between 20 and 40

15  nucleotides in length and capable of hybridizing under very high stringency
conditions to a . pneumoniae nucleic acid sequence set forth as SEQ ID NO: 13,
SEQ ID NO: 14, or SEQ ID NO: 15. In several examples, these primers are 15 to 40
nucleotides in length and include a nucleic acid sequence at least 95% identical to a
nucleic acid sequence set forth as SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 7,

20 SEQID NO: 8, SEQ ID NO: 11, or SEQ ID NO: 12.

The disclosure also provides devices, such as arrays, as well as kits for
detecting S. pneumoniae nucleic acids in 2 sample suspected of containing S.
preumoniae. k

The foregoing and other objects, features, and advantages of the invention

25  will become more apparent from the following detailed description, which proceeds

with reference to the accompanying figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a generalized procedure for
hybridizing a S. pneumoniae specific probe to a S. pneumoniae nucleic acid.

FIG. 2 is a schematic representation of a generalized procedure for

5 hybridizing a S, preumoniae specific probe to a S. pneumoniae nucleic acid, wherein
the S. preumoniae nucleic acid is initially a double stranded nucleic acid.

FIG. 3 is a schematic representation of a generalized procedure for
hybridizing and detécting S. pneumoniae using a S. pneumoniae specific
TAQMANG® probe.

10 FIG. 4 is a graph of theoretical data generated from real-time polymerase
chain reaction (real-time PCR) using TAQMAN® probes.

FIG. 5 is a graph of 8. preumoniae specific TAQMAN® probes used in a
multiplex real-time PCR assay, showing the efficiency of the indicated probe and
primer sets.

15
SEQUENCE LISTING

The nucleic and amino acid sequences listed in the accompanying sequence
listing are shown using standard letter abbreviations for nucleotide bases, and one
letter code for amino acids, as defined in 37 C.F.R. § 1.822. If only one strand of

20  each nucleic acid sequence is shown, the complementary strand is understood as included
by any reference to the displayed strand.

SEQ ID NO: 1 is the nucleotide sequence of a theoretical oligo.

SEQ ID NO: 2 is the nucleotide sequence of a theoretical oligo.

SEQ ID NO: 3 is the nucleotide sequence of a Streptococcus pneumoniae Iyid

25  forward real-time PCR primer.

SEQ ID NO: 4 is the nucleotide sequence of a Streptococcus pneumoniae Iytd
reverse real-time PCR primer.

SEQ ID NO: 5 is the nucleotide sequence of a Streptococcus pneumoniae IyiA
real-time PCR probe.

30 SEQ ID NO: 6 is the nucleotide sequence of a Streptococcus pneumoniae lytA
real-time PCR probe.

SEQ ID NO: 7 is the nucleotide sequence of a Streptococcus pneumoniae psaA

forward real-time PCR primer.
-6-
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SEQ ID NO: 8 is the nucleotide sequence of a Streptococcus pneumoniae psad
reverse real-time PCR primer.
SEQ ID NO: 9 is the nucleotide sequence of a Streptococcus pneumoniae psaA
real-time PCR probe.
S SEQ ID NO: 10 is the nucleotide sequence of a Strepfococcus pneumoniae ply
forward real-time PCR primer.
SEQ ID NO: 11 is the nucleotide sequence of a Streptococcus pneumoniae ply
reverse real-time PCR primer.
SEQ ID NO: 12 is the nucleotide sequence of a Streptococcus pneumoniae ply
10  real-time PCR probe.
SEQ ID NO: 13 is an exemplary nucleotide sequence of Streptococcus
preumoniae lytA.
SEQ ID NO: 14 is an exemplary nucleotide sequence of Strepfococcus
preumoniae psad.
15 SEQ ID NO: 15 is an exemplary nucleotide sequence of Strepfococcus

preumoniae ply.

DETAILED DESCRIPTION
L Explanation of Terms

20 Unless otherwise noted, technical terms are used according to conventional
usage. Definitions of common terms in molecular biology can be found in Benjamin
Lewin, Genes VII, published by Oxford University Press, 1999; Kendrew et al.
(eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science
Ltd., 1994: and Robert A. Meyers (ed.), Molecular Biology and Biotechnology: a

25  Comprehensive Desk Reference, published by VCH Publishers, Inc., 1995; and other
similar references.

As used herein, the singular forms “a,” “an,” and “the,” refer to both the
singular as well as plural, unless the context clearly indicates otherwise. For
example, the term “a probe” includes single or plural probes and can be considered

30  equivalent to the phrase “at least one probe.”
As used herein, the term “comprises” means “includes,” Thus, “comprising

a probe” means “including a probe” without excluding other elements.

-7-
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Tt is further to be understood that all base sizes or amino acid sizes, and all
molecular weight or molecular mass values, given for nucleic acids or polypeptides
are approximate, and are provided for descriptive purposes, unless otherwise
indicated. Although many methods and materials similar or equivalent to those

5 described herein can be used, particular suitable methods and materials are described
below. In case of conflict, the present specification, including explanations of terms,
will control. In addition, the matetials, methods, and examples are illustrative only

and not intended to be limiting.

10 To facilitate review of the various embodiments of the invention, the

following explanations of terms are provided:

Animal: A living multi-cellular vertebrate or invertebrate organism, a
category that includes, for example, mammals and birds. The term mammal
15  includes both human and non-human mammals. Similarly, the term “subject”
includes both human and veterinary subjects.
Amplification: To increase the number of copies of a nucleic acid molecule.
The resulting amplification products are called “amplicons.” Ampliﬁcatidn ofa
nucleic acid molecule (such as a DNA or RNA molecule) refers to use of a
20  technique that increases the number of copies of a nucleic acid molecule in a sample,
for example the number of copies of a S. preumoniae nucleic acid, such as a S.
pneumoniae IytA nucleic acid or fragment thereof. An example of amplification is
the polymerase chain reaction (PCRY), in which a sample is contacted with a pair of
oligonucleotide primers under conditions that allow for the hybridization of the
25  primers to a nucleic acid template in the sample. The primers are extended under
suitable conditions, dissociated from the template, re-annealed, extended, and
dissociated to amplify the number of copies of the nucleic acid. This cycle can be
repeated. The product of amplification can be characterized by such techniques as
electrophoresis, restriction endonuclease cleavage patterns, oligonucleotide
30  hybridization or ligation, and/or nucleic acid sequencing.
Other examples of in vitro amplification techniques include quantitative real-
time PCR; reverse transcriptase PCR (RT-PCR); real-time PCR; real-time reverse

-8-
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transcriptase PCR (rt RT-PCR); nested PCR; strand displacement amplification (see
U.S. Patent No. 5,744,311); transcription-free isothermal amplification (see U.S.
Patent No. 6,033,881, repair chain reaction amplification (see WO 90/01069); ligase
chain reaction amplification (see European patent publication EP-A-320 308); gap

5 filling ligase chain reaction amplification (see U.S. Patent No. 5,427,930); coupled
ligase detection and PCR (see U.S. Patent No. 6,027,889); and NASBA™ RNA
transcription-free amplification (see U.S. Patent No. 6,025,134) amongst others.

¢DNA (complementary DNA): A piece of DNA lacking internal, non-coding

segments (introns) and transcriptional regulatory sequences. cDNA also can contain

10 untranslated regions (UTRs) that are responsible for translational control in the
corresponding RNA molecule. cDNA can be synthesized in the laboratory by reverse
transcription from RNA, for example an RNA from S. preumoniae, such as an RNA
encoding S. pneumoniae IyiA, psad, or ply.

Change: To become different in some way, for example to be altered, such

15 as increased or decreased. A detectable change is one that can be detected, such as a
change in the intensity, frequency or presence of an electromagnetic signal, such as
fluorescence, for example a change in fluorescence of a probe, such as an
TAQMAN® probe specific for an S. pneumoniae nucleic acid, such as a §.
preumoniae lytA nucleic acid, a S. pneumonige psaA nucleic acid, or a S.

20  pneumoniae ply nucleic acid. In some examples, the detectable change isa
reduction in fluorescence intensity. Insome examples, the detectable change is an
increase in fluorescence intensity.

Complementary: A double-stranded DNA or RNA strand consists of two
complementary strands of base pairs. Complementary binding occurs when the base

25  of one nucleic acid molecule forms a hydrogen bond to the base of another nucleic
acid molecule. Normally, the base adenine (A) is complementary to thymidine (T)
and uracil (U), while cytosine (C) is complementary to guanine (G). For example,
the sequence 5'-ATCG-3' of one ssDNA molecule can bond to 3-TAGC-S5' of
another ssDNA to form a dsDNA. In this example, the sequence 5'-ATCG-3' is the

30 reverse complement of 3-TAGC-5'.

Nucleic acid molecules can be complementary to each other even without

complete hydrogen-bonding of all bases of each molecule. For example,

-9-
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hybridization with a complementary nucleic acid sequence can occur under
conditions of differing stringency in which a complement will bind at some but not
all nucleotide positions. In some examples, a nucleic acid molecule, such as the
probes and primers specific for S. preumoniae Iytd, psad, or ply disclosed herein,

5  are complementary to a S. pneumoniae IytA, psad, or ply nucleic acid molecule or
the amplification products of such a nucleic acid molecule.

Detect: To determine if an agent (such as a signal, particular nucleotide,
amtino acid, nucleic acid molecule, and/or organism) is present or absent, for
example S, pneumoniae. In some examples, this can further include quantification.

10 For example, use of the disclosed probes in particular examples permits detection of
a fluorophore, for example, detection of a signal from a fluorophore, which can be
used to determine if a nucleic acid corresponding to nucleic acid of S. preumoniae
(such as a S. pneumoniae lytA nucleic acid molecule, a S. pneumoniae psad nucleic
acid molecule, or a S. pneumoniae ply nucleic acid molecule) is present. The

15  detection of a S. pneumoniae nucleic acid molecule indicates the presence of 8.
preumoniae in the sample, for example a S. pneumoniae infection in the sample.

Electromagnetic radiation: A series of electromagnetic waves that are
propagated by simultaneous periodic variations of electric and magnetic field
intensity, and that includes radio waves, infrared, visible light, ultraviolet light, X-

20  rays and gamma rays. In particular examples, electromagnetic radiation is emitted
by a laser, which can possess properties of monochromaticity, directionality,
coherence, polarization, and intensity. Lasers are capable of emitting lightata
particular wavelength (or across a relatively narrow range of wavelengths), for
example, so that energy from the laser can excite a donor but not an acceptor

25  fluorophore.

Emission or emission signal: The light of a particular wavelength
generated from a source. In particular examples, an emission signal is emitted from
a fluorophore after the fluorophore absorbs light at its excitation wavelength(s).

Excitation or excitation signal: The light of a particular wavelength

30  necessary and/or sufficient to excite an electron transition to a higher energy level.
In particular examples, an excitation is the light of a particular wavelength necessary

and/or sufficient to excite a fluorophore to a state such that the fluorophore will emit

-10 -
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a different (such as a longer) wavelength of light then the wavelength of light from
the excitation signal. '

Fluorophore: A chemical compound, which when excited by exposure to a
particular stimulus such as a defined wavelength of light, emits light (fluoresces), for

5  example at a different wavelength (such as a longer wavelength of light).

Fluorophores are part of the larger class of luminescent compounds.
Luminescent compounds include chemiluminescent molecules, which do not require
a particular wavelength of light to luminesce, but rather use a chemical source of
energy. Therefore, the use of chemiluminescent molecules (such as aequorin)

10 eliminates the need for an external source of electromagnetic radiation, such as a
laser.

Examples of particular fluorophores that can be used in the S. preumoniae
specific probes and primers disclosed herein are known to those of skill in the art
and include those provided in U.S. Patent No. 5,866,366 to Nazarenko et al., such as

15  4-acetamido-4'-isothiocyanatostilbene-2,2'disulfonic acid; acridine and derivatives
such as acridine and acridine isothiocyanate, 5-(2'-aminoethyl)aminonaphthalene-1-
sulfonic acid (EDANS), 4-amino-N-[3-vinylsulfonyl)phenyl]naphthalimide-3,5
disulfonate (Lucifer Yellow VS), N-(4-anilino-1-naphthyl)maleimide,
anthranilamide; Brilliant Yellow; coumarin and derivatives such as coumarin, 7-

20  amino-4-methylcoumarin (AMC, Coumarin 120), 7-amino-4-
triftuoromethylcouluarin (Coumaran 151); cyanosine; 4 6-diaminidino-2-
phenylindole (DAPI); 5', 5"-dibromopyrogallol-sulfonephthalein (Bromopyrogallol
Red); 7-diethylamino-3-(4*isothiocyanatophenyl)-4-methylcoumarin;
diethylenetriamine pentaacetate; 4,4'-diisothiocyanatodihydro-stilbene-2,2'-

25  disulfonic acid; 4,4'-diisothiocyanatostilbene-2,2'-disulfonic acid; 5-
[dimethylamino]naphthalene-1-sulfonyl chloride (DNS, dansyl chloride); 4-
dimethylaminophenylazophenyl-4'-isothiocyanate (DABITC); eosin and derivatives
such as eosin and eosin isothiocyanate; erythrosin and derivatives such as erythrosin
B and erythrosin isothiocyanate; ethidium; fluorescein and derivatives such as 5-

30 carboxyfluorescein (FAM), 5-(4,6-dichlorotriazin-2-yl)aminofluorescein (DTAF),
2'7"-dimethoxy-4'5'-dichloro-6-carboxyfluorescein (JOE), fluorescein, fluorescein
isothiocyanate (FITC), QFITC (XRITC), -6-carboxy-fluorescein (HEX), and TET

-11-
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(Tetramethyl fluorescein); fluorescamine; IR144; IR1446; Malachite Green
isothiocyanate; 4-methylumbelliferone; ortho cresolphthalein; nitrotyrosine;
pararosaniline; Phenol Red; B-phycoerythrin; o-phthaldialdehyde; pyrene and
derivatives such as pyrene, pyrene butyrate and succinimidyl 1-pyrene butyrate;

5 Reactive Red 4 (CIBACRON™, Brilliant Red 3B-A); rhodamine and derivatives
such as 6-carboxy-X-rhodamine (ROX), 6-carboxyrhodamine (R6G), lissamine
thodamine B sulfonyl chloride, rhodamine (Rhod), thodamine B, rhodamine 123,
thodamine X isothiocyanate, N,N,N',N'-tetramethyl-6-carboxyrhodamine
(TAMRA), tetramethyl rhodamine, and tetramethyl rhodamine isothiocyanate

10 (TRITC); sulforhodamine B; sulforhodamine 101 and sulfonyl chloride derivative of
sulforhodamine 101 (Texas Red); riboflavin; rosolic acid and terbium chelate
derivatives; LightCycler Red 640; CyS5.5; and Cy56-carboxyfluorescein; boron
dipyrromethene difluoride (BODIPY); acridine; stilbene; 6-carboxy-X-rhodamine
(ROX); Texas Red; Cy3; Cy3, VIC® (Applied Biosystems); LC Red 640; LC Red

15 705; and Yakima yellow amongst others.

Other suitable fluorophores include those known to those skilled in the art,
for example those available from Molecular Probes (Eugene, OR). In particular
examples, a fluorophore is used as a donor fluorophore or as an acceptor
fluorophore.

20 “Acceptor fluorophores™ are fluorophores which absorb energy from a donor
fluorophore, for example in the range of about 400 to 900 nm (such as in the range
of about 500 to 800 nm). Acceptor fluorophores generally absorb light at a
wavelength which is usually at least 10 nm higher (such as at least 20 nm higher)
than the maximum absorbance wavelength of the donor fluorophore, and have a

25  fluorescence emission maximum at a wavelength ranging from about 400 to 900 nm.
Acceptor fluorophores have an excitation spectrum that overlaps with the emission
of the donor fluorophore, such that energy emitted by the donor can excite the
acceptor, Ideally, an acceptor fluorophore is capable of being attached to a nucleic
acid molecule.

30 In a particular example, an acceptor fluorophore is a dark quencher, such as
Dabcyl, QSY7 (Molecular Probes), QSY33 (Molecular Probes), BLACK HOLE
QUENCHERS™ (Glen Research), ECLIPSE™ Dark Quencher (Epoch
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Biosciences), or IOWA BLACK™ (Integrated DNA Technologies). A quencher
can reduce or quench the emission of a donor fluorophore. In such an example,
instead of detecting an increase in emission signal from the acceptor fluorophore
when in sufficient proximity to the donor fluorophore (or detecting a decrease in

5  emission signal from the acceptor fluorophore when a significant distance from the
donor fluorophore), an increase in the emission signal from the donor fluorophore
can be detected when the quencher is a significant distance from the donor
fluorophore (or a decrease in emission signal from the donor fluorophore when in
sufficient proximity to the quencher acceptor fluorophore).

10 “Donor Fluorophores” are fluorophores or luminescent molecules capable of
transferring energy to an acceptor fluorophore, thereby generating a detectable
fluorescent signal from the acceptor. Donor fluorophores are generally compounds
that absorb in the range of about 300 to 900 nm, for example about 350 to 800 nm.
Donor flucrophores have a strong molar absorbance coefficient at the desired

15  excitation wavelength, for example greater than about 10° M cm™.

Fluorescence Resonance Energy Transfer (FRET): A spectroscopic
process by which energy is passed between an initially excited donor to an acceptor
molecule separated by 10-100 A. The donor molecules typically emit at shorter
wavelengths that overlap with the absorption of the acceptor molecule. The

20 efficiency of energy transfer is proportional to the inverse sixth power of the
distance (R) between the donor and acceptor (1/R®) fluorophores and occurs without
emission of a photon. In applications using FRET, the donor and acceptor dyes are
different, in which case FRET can be detected either by the appearance of sensitized
fluorescence of the acceptor or by quenching of donor fluorescence. For example, if

25  the donor’s fluorescence is quenched it indicates the donor and acceptor molecules
are within the Férster radius (the distance where FRET has 50% efficiency, about
20-60 A), whereas if the donor fluoresces at its characteristic wavelength, it denotes
that the distance between the donor and acceptor molecules has increased beyond
the Forster radius, such as when a TAQMAN® probe is degraded by Taq

30  polymerase following hybridization of the probe to a target nucleic acid sequence or
when a hairpin probe is hybridized to a target nucleic acid sequence. In another

example, energy is transferred via FRET between two different fluorophores such
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that the acceptor molecule can emit light at its characteristic wavelength, which is
always longer than the emission wavelength of the donor molecule.

Examples of oligonucleotides using FRET that can be used to detect
amplicons include linear oligoprobes, such as HybProbes, 5° nuclease oligoprobes,

5  such as TAQMAN® probes, hairpin oligoprobes, such as molecular beacons,
scorpion primers and UniPrimers, minor groove binding probes, and self-fluorescing
amplicons, such as sunrise primers.

Hybridization: The ability of complementary single-stranded DNA or RNA
to form a duplex molecule (also referred to as a hybridization complex). Nucleic

10 acid hybridization techniques can be used to form hybridization complexes between
a probe or primer and a nucleic acid, such as a S, preumoniae nucleic acid molecule,
such as a S. preumoniae IytA, a psad, or a ply nucleic acid molecule. For example, a
probe or primer (such as any of SEQ ID NOs:3-12) having some homology to a S.
preumoniae nucleic acid molecule will form a hybridization complex witha S,

15  pneumoniae nucleic acid molecule (such as any of SEQ ID NOs:13-15).

With reference to FIG. 1, the formation of hybridization complex 110 occurs
between single stranded probe 105 and single stranded target nucleic acid 100 (such
as a S. pneumoniae nucleic acid molecule, for example a lyt4, psad, or ply nucleic
acid molecule). With reference to FIG. 2, when target nucleic acid 210 is initially

20 one strand of duplex nucleic acid 200 the duplex must be melted (at least partially)
into target nucleic acid 210 and complementary strand 220 for probe 205 to
hybridize and form hybridization complex 230.
Hybridization conditions resulting in particular degrees of stringency will
vary depending upon the nature of the hybridization method and the composition
25  and length of the hybridizing nucleic acid sequences. Generally, the temperature of
hybridization and the ionic strength (such as the Na+ concentration) of the
hybridization buffer will determine the stringency of hybridization. Calculations
regarding hybridization conditions for attaining particular degrees of stringency are
discussed in Sambrook et al., (1989) Molecular Cloning, second edition, Cold
30  Spring Harbor Laboratory, Plainview, NY (chapters 9 and 11). The following is an
exemplary set of hybridization conditions and is not limiting:
Very High Stringency (detects sequences that share at least 90% identity)
-14-
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Hybridization: 5x SSC at 65°C for 16 hours
‘Wash twice: 2x SSC at room temperature (RT) for 15 minutes each
Wash twice: 0.5x SSC at 65°C for 20 minutes each
5 High Stringency (detects sequences that share at least 80% identity)

Hybridization: 5x-6x SSC at 65°C-70°C for 16-20 hours
Wash twice: 2x SSC at RT for 5-20 minutes each
Wash twice: 1x SSC at 5§5°C-70°C for 30 minutes cach

10 Low Stringency (detects sequences that share at least 50% identity)
Hybridization: 6x SSC at RT to 55°C for 16-20 hours
Wash at least twice: 2x-3x SSC at RT to 55°C for 20-30 minutes
each.

The probes and primers disclosed herein can hybridize to S. preumoniae nucleic
15 acid molecules, such as a lytd, psaA, or ply nucleic acid molecule, under low
stringency, high stringency, and very high stringency conditions.

Isolated: An “isolated” biological component (such as a nucleic acid) has
been substantially separated or purified away from other biological components in
which the component naturally occurs, such as other chromosomal and

20  extrachromosomal DNA, RNA, and proteins. Nucleic acids that have been
“jsolated” include nucleic acids purified by standard purification methods. The term
also embraces nucleic acids prepared by recombinant expression in a host cell as
well as chemically synthesized nucleic acids, such as probes and primers, for
example S. pneumoniae specific probes and primers disclosed herein. Isolated does

25  not require absolute purity, and can include nucleic acid molecules that are at least
50% isolated, such as at least 75%, 80%, 90%, 95%, 98%, 99%, or even 100%
isolated.

Label: An agent capable of detection, for example by spectrophotometry,
flow cytometry, or microscopy. For example, a label can be attached to a nucleotide,

30  thereby permitting detection of the nucleotide, such as detection of the nucleic acid
molecule of which the nucleotide is a part, such as a S. preumoniae specific probe

and/or primer. Examples of labels include, but are not limited to, radioactive isotopes,
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enzyme substrates, co-factors, ligands, chemiluminescent agents, fluorophores,
haptens, enzymes, and combinations thereof. Methods for labeling and guidance in
the choice of labels appropriate for various purposes are discussed for example in
Sambrook et al. (Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,

5  New York, 1989) and Ausubel ef al. (In Current Protocols in Molecular Biology, John
Wiley & Sons, New York, 1998).

Nucleic acid (molecule or sequence): A deoxyribonucleotide or
tibonucleotide polymer including without limitation, cDNA, mRNA, genomic DNA,
and synthetic (such as chemically synthesized) DNA or RNA. The nucleic acid can

10 be double stranded (ds) or single stranded (ss). Where single stranded, the nucleic
acid can be the sense strand or the antisense strand. Nucleic acids can include
natural nucleotides (such as A, T/U, C, and G), and can include analogs of natural
nucleotides, such as labeled nucleotides. In some examples, a nucleic acidisaS.
preumoniae nucleic acid, which can include nucleic acids purified from S.

15  pneumoniae as well as the amplification products of such nucleic acids.

Nucleotide: The ﬁmdamental unit of nucleic acid molecules. A nucleotide
includes a nitrogen-containing base attached to a pentose monosaccharide with one,
two, or three phosphate groups attached by ester linkages to the saccharide moiety.

The major nucleotides of DNA are deoxyadenosine $'-triphosphate (dATP or

20  A), deoxyguanosine 5'-iriphosphate (dGTP or G), deoxycytidine 5'-triphosphate
(dCTP or C) and deoxythymidine 5'-triphosphate (dTTP or T). The major
nucleotides of RNA are adenosine 5'-triphosphate (ATP or A), guanosine 5'-
triphosphate (GTP or G), cytidine 5™-triphosphate (CTP or C) and uridine 5'-
triphosphate (UTP or U).

25 Nucleotides include those nucleotides containing modified bases, modified
sugar moieties and modified phosphate backbones, for example as described in U.S.
Patent No. 5,866,336 to Nazarenko et al. (herein incorporated by reference).

Examples of modified base moieties which can be used to modify
nucleotides at any position on its structure include, but are not limited to: 5-

30 fluorouracil, S-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine,
acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-
thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-
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galactosylqueosine, inosine, N~6-sopentenyladenine, 1-methylguanine, 1-
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-
methyleytosine, 5-methylcytosine, N6-adenine, 7-methylguanine, 5-
methylaminomethyluracil, methoxyaminomethyl-2-thiouracil, beta-D-

5 mannosylqueosine, 5-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-
Né-isopentenyladenine, uracil-5-oxyacetic acid, pseudouracil, queosine, 2-
thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, S-methyluracil, uracil-
5-oxyacetic acid methylester, uracil-S-oxyacetic acid, 5-methyl-2-thiouracil, 3-(3-
amine-3-N-2-carboxypropyl) uracil, and 2,6-diaminopurine amongst others.

10 Examples of modified sugar moieties, which may be used to modify
nucleotides at any position on its structure, include, but are not limited to arabinose,
2-fluoroarabinose, xylose, and hexose, or a modified component of the phosphate
backbone, such as phosphorothioate, a phosphorodithioate, a phosphoramidothioate,
a phosphoramidate, a phosphordiamidate, a methylphosphonate, an alkyl

15  phosphotriester, or a formacetal or analog thereof.

Primers: Short nucleic acid molecules, such as a DNA oligonucleotide, for
example sequences of at least 15 nucleotides, which can be annealed toa
complementary target nucleic acid molecule by nucleic acid hybridization to form a
hybrid between the primer and the target nucleic acid strand. A primer can be

20  extended along the target nucleic acid molecule by a polymerase enzyme.

Therefore, primers can be used to amplify a target nucleic acid molecule (such as a
portion of a S. pneumoniae nucleic acid molecule, for example a portion of a A,
psad, or ply nucleic acid molecule), wherein the sequence of the primer is specific
for the target nucleic acid molecule, for example so that the primer will hybridize to

25  the target nucleic acid molecule under very high stringency hybridization conditions.

The specificity of a primer increases with its length. Thus, for example, a
primer that includes 30 consecutive nucleotides will anneal to a target sequence witha
higher specificity than a corresponding primer of only 15 nucleotides. Thus, to obtain
greater specificity, probes and primers can be selected that include at least 15, 20, 25,

30 30, 35, 40, 45, 50 or more consecutive nucleotides.

In particular examples, a primer is at least 15 nucleotides in length, such as at

least 15 contiguous nucleotides complementary to a target nucleic acid molecule.
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Particular lengths of primers that can be used to practice the methods of the present
disclosure (for example, to amplify a region of a.S. pneumonige nucleic acid molecule,
such as a portion of a lyt4, psad, or ply nucleic acid molecule) include primers having
at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at least
5 22, at least 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 29, at
least 30, at least 31, at least 32, at least 33, at least 34, at least 35, at least 36, at least
37, at least 38, at least 39, at least 40, at least 45, at least 50, or more contiguous
nucleotides complementary to the target nucleic acid molecule to be amplified, such as
a primer of 15-60 nucleotides, 15-50 nucleotides, 20-40 nucleotides, 25- 50,
10 nucleotides, or 15-30 nucleotides.
Primer pairs can be used for amplification of a nucleic acid sequence, for
example, by PCR, real-time PCR, or other nucleic-acid amplification methods known
in the art. An “upstream” or “forward” primer is a primer 5' to a reference point on a
nucleic acid sequence. A “downstream” or “reverse” primer is a primer 3'to a
15  reference point on a nucleic acid sequence. In general, at least one forward and one
reverse primer are included in an amplification reaction. PCR primer pairs can be
derived from a known sequence (such as the S. pneumoniae nucleic acid sequences set
forth as SEQ ID NOS:13-15), for example, by using computer programs intended for
that purpose such as Primer (Version 0.5, © 1991, Whitehead Institute for Biomedical
20  Research, Cambridge, MA) or PRIMER EXPRESS® Software (Applied Biosystems,
AB, Foster City, CA).
Methods for preparing and using primers are described in, for example,
Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor, New York; Ausubel et al. (1987) Current Protocols in Molecular Biology,
25  Greene Publ. Assoc. & Wiley-Intersciences. In one example, a primer includes a
label.
Probe: A probe comprises an isolated nucleic acid capable of hybridizing to a
target nucleic acid (such as a S. pneumoniae nucleic acid, for example a S.
pneumoniae lyt4, psad, or ply nucleic acid molecule). A detectable label or reporter
30  molecule can be attached to a probe. Typical labels include radioactive isotopes,
enzyme substrates, co-factors, ligands, chemiluminescent or fluorescent agents,
haptens, and enzymes.
-18 -



WO 2009/011971 PCT/US2008/063954

Methods for labeling and guidance in the choice of labels appropriate for
various purposes are discussed, for example, in Sambrook er al., Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Laboratory Press (1989) and Ausubel et
al., Current Protocols in Molecular Biology, Greene Publishing Associates and

5 Wiley-Intersciences (1987).

In a particular example, a probe includes at least one fluorophore, such as an
acceptor fluorophore or donor flucrophore. For example, a fluorophore can be
attached at the 5'- or 3'-end of the probe. In specific examples, the fluorophore is
attached to the base at the 5'-end of the probe, the base at its 3'-end, the phosphate

10  group at its 5'-end or a modified base, suchasa T internal to the probe.

Probes are generally at least 20 nucleotides in length, such as at least 20, at
least 21, at least 22, at least 23, at least 24, at least 25, at least 26, at least 27, at least
28, at least 29, at least 30, at least 31, at least 32, at least 33, at least 34, at least 35,
at least 36, at least 37, at least 38, at least 39, at least 40, at least 41, at least 42, at

15  least 43, at least 44, at least 45, at least 46, at least 47, at least 48, at least 49, at least
50 at least 51, at least 52, at least 53, at least 54, at least 55, at least 56, at least 57, at
least 58, at least 59, at least 60, or more contiguous nucleotides complementary to
the target nucleic acid molecule, such as 20-60 nucleotides, 30-60 nucleotides, 20-50
nucleotides, 30-50 nucleotides, 20-40 nucleotides, or 20-30 nucleotides.

20 Polymerizing agent: A compound capable of reacting monomer molecules
(such as nucleotides) together in a chemical reaction to form linear chains or a three-
dimensional network of polymer chains. A particular example of a polymerizing
agent is polymerase, an enzyme which catalyzes the 5' to 3' elongation of a primer
strand complementary to a nucleic acid template. Examples of polymerases that can

25  be used to amplify a nucleic acid molecule include, but are not limited to the E. coli
DNA polymerase I, specifically the Klenow fragment which has 3' to 5' exonuclease
activity, Taq polymerase, reverse transcriptase (such as HIV-1 RT), E. coliRNA
polymerase, and wheat germ RNA polymerase IL.

The choice of polymerase is dependent on the nucleic acid to be amplified.

30  If the template is a single-stranded DNA molecule, a DNA-directed DNA or RNA
polymerase can be used; if the template is a single-stranded RNA molecule, then a
reverse transcriptase (such as an RNA-directed DNA polymerase) can be used.
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Quantitating a nucleic acid molecule: Determining or measuring a quantity
(such as a relative quantity) of nucleic acid molecules present, such as the number of
amplicons or the number of nucleic acid molecules present in a sample. In particular
examples, it is determining the relative amount or actual number of nucleic acid

5 molecules present in a sample, such as S. preumoniae nucleic acid molecules present
in a sample.

Quenching of fluorescence: A reduction of fluorescence. For example,
quenching of a fluorophore’s fluorescence occurs when a quencher molecule (such as
the fluorescence quenchers listed above) is present in sufficient proximity to the

10 fluorophore that it reduces the fluorescence signal (for example, prior to the binding of
a probe to an S. pneumoniae nucleic acid sequence, when the probe contains a
fluorophore and a quencher).

Real-time PCR: A method for detecting and measuring products generated
during each cycle of a PCR, which are proportionate to the amount of template

15  nucleic acid prior to the start of PCR. The information obtained, such as an
amplification curve, can be used to determine the presence of a target nucleic acid
(such as a S. preumoniae nucleic acid) and/or quantitate the initial amounts ofa
target nucleic acid sequence. Exemplary procedures for real-time PCR can be found
in “Quantitation of DNA/RNA Using Real-Time PCR Detection” published by

20  Perkin Elmer Applied Biosystems (1999) and to PCR Protocols (Academic Press
New York, 1989).

In some examples, the amount of amplified target nucleic acid (such asa S.
preumoniae nucleic acid molecule for example a S. pneumoniae WitA, psad, or ply
nucleic acid molecule) is detected using a labeled probe, such as a probe labeled

25  with a fluorophore, for example a TAQMAN® probe. In this example, the increase
in fluorescence emission is measured in real-time, during the course of the real-time
PCR. This increase in fluorescence emission is directly related to the increase in
target nucleic acid amplification (such as S. pneumoniae nucleic acid amplification).
In some examples, the change in fluorescence (dRn) is calculated using the equation

30  dRn=Rn"- R, with Rn" being the fluorescence emission of the product at each
time point and Rn" being the fluorescence emission of the baseline. The dRn values

are plotted against cycle number, resulting in amplification plots for each sample as
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illustrated in FIG. 4. With reference to FIG. 4, the threshold value (Cy) is the PCR
cycle number at which the fluorescence emission (dRn) exceeds a chosen threshold,
which is typically 10 times the standard deviation of the baseline (this threshold
level can, however, be changed if desired).

5 The threshold cycle is when the system begins to detect the increase in the
signal associated with an exponential growth of PCR product during the log-linear
phase. This phase provides information about the reaction. The slope of the log-
linear phase is a reflection of the amplification efficiency. The efficiency of the
reaction can be calculated by the following equation: E= 10C1/51%9) _1, The

10  efficiency of the PCR should be 90-100% meaning doubling of the amplicon at each
cycle. This corresponds to a slope of =3.1 to -3.6 in the C; vs. log-template amount
standard curve. In order to obtain accurate and reproducible results, reactions
should have efficiency as close to 100% as possible (meaning a two-fold increase of
amplicon at each cycle).

15 Sample: A sample, such as a biological sample, is a sample obtained from a
plant or animal subject. As used herein, biological samples include all clinical
samples useful for detection S. preumoniae infection in subjects, including, but not
limited to, cells, tissues, and bodily fluids, such as: blood; derivatives and fractions
of blood, such as serum; extracted galls; biopsied or surgically removed tissue,

20  including tissues that are, for example, unfixed, frozen, fixed in formalin and/or
embedded in paraffin; tears; milk; skin scrapes; surface washings; urine; sputum;
cerebrospinal fluid; prostate fluid; pus; bone marrow aspirates; middle ear fluids,
bronchoalveolar levage, tracheal aspirates, sputum, nasopharyngeal aspirates,
oropharyngeal aspirates, or saliva. In particular embodiments, the biological sample

25  is obtained from an animal subject, such as in the form of middle ear fluids,
bronchoalveolar levage, tracheal aspirates, sputum, nasopharyngeal aspirates,
oropharyngeal aspirates, or saliva.

Sequence identity/similarity: The identity/similarity between two or more
nucleic acid sequences, or two or more amino acid sequences, is expressed in terms

30  of the identity or similarity between the sequences. Sequence identity can be
measured in terms of percentage identity; the higher the percentage, the more

identical the sequences are. Homologs or orthologs of nucleic acid or amino acid
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sequences possess a relatively high degree of sequence identity/similarity when
aligned using standard methods.

Methods of alignment of sequences for comparison are well known in the art.
Various programs and alignment algorithms are described in: Smith & Waterman,

5 Adv. Appl. Math. 2:482, 1981; Needleman & Wunsch, J. Mol. Biol. 48:443, 1970;
Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988; Higgins & Sharp,
Gene, 73:237-44, 1988; Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet et al.,
Nuc. Acids Res. 16:10881-90, 1988; Huang et al. Computer Appls. in the
Biosciences 8, 155-65, 1992; and Pearson et al., Meth. Mol. Bio. 24:307-31, 1994,

10 Altschul ez al., J. Mol. Biol. 215:403-10, 1990, presents a detailed consideration of
sequence alignment methods and homology calculations.

The NCBI Basic Local Alignment Search Tool (BLAST) (Altschul et al., J.
Mol. Biol. 215:403-10, 1990) is available from several sources, including the
National Center for Biological Information (NCBI, National Library of Medicine,

15  Building 38A, Room 8N805, Bethesda, MD 20894) and on the Internet, for use in
connection with the sequence analysis programs blastp, blastn, blastx, tblastn, and
tblastx. Blastn is used to compare nucleic acid sequences, while blastp is used to
compare amino acid sequences. Additional information can be found at the NCBI
web site.

20 Once aligned, the number of matches is determined by counting the number
of positions where an identical nucleotide or amino acid residue is present in both
sequences. The percent sequence identity is determined by dividing the number of
matches either by the length of the sequence set forth in the identified sequence, or
by an articulated length (such as 100 consecutive nucleotides or amino acid residues

25  from a sequence set forth in an identified sequence), followed by multiplying the
resulting value by 100. For example, a nucleic acid sequence that has 1166 matches
when aligned with a test sequence having 1554 nucleotides is 75.0 percent identical
to the test sequence (1166+1554*100=75.0). The percent sequence identity value is
rounded to the nearest tenth. For example, 75.11,75.12, 75.13, and 75. 14 are

30 rounded down to 75.1, while 75.15, 75.16, 75.17, 75.18, and 75.19 are rounded up to
75.2. The length valuc will always be an integer. In another example, a target

sequence containing a 20-nucleotide region that aligns with 20 consecutive
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nuclectides from an identified sequence as follows contains a region that shares 75

percent sequence identity to that identified sequence (i.e., 15+20*100=75).

1 20
Target Sequence: atggtggacceggtgggett (SEQ ID NO: 1)
5 COE T TR T
Identified Sequence: acgggggatccggegggect (SEQ ID NO: 2)

One indication that two nucleic acid molecules are closely related is that the
two molecules hybridize to each other under stringent conditions. Stringent

10  conditions are sequence-dependent and are different under different environmental
parameters.

The nucleic acid probes and primers disclosed herein are not limited to the
exact sequences shown, as those skilled in the art will appreciate that changes can be
made to a sequence, and not substantially affect the ability of the probe or primer to

15 function as desired. For example, sequences having at least 80%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, or at least 99%, such as 100%
sequence identity to any of SEQ ID NOs:3-12 are provided herein. One of skill in
the art will appreciate that these sequence identity ranges are provided for guidance
only; it is possible that probes and primer can be used that fall outside these ranges.

20 Signal: A detectable change or impulse ina physical property that provides
information, In the context of the disclosed methods, examples include
electromagnetic signals such as light, for example light of a particular quantity or
wavelength. In certain examples, the signal is the disappearance of a physical event,
such as quenching of light.

25 Streptococcus pneumoniae N-acetylmuramoyl-L-alanine amidase (lyt4):
The ytd-encoded autolysin of S. preumoniae. As used herein “lyid” refers to the
nucleotide sequence of Jyt4, thus a probe or primer for /yt4, such as those disclosed
herein, is capable of hybridizing to the nucleotide sequence of Iytd, such as the lyt4
nucleotide sequence given below (ot the complement thereof). An exemplary

30  nucleotide sequence of Iyt4 as found at GENBANK® Accession number AE005672

on May 7, 2007 is shown below:

ttattttactgtaatcaagccatctggctctactgtgaattctggcttgtctgccagtgttccgtctg
gtttgaggtagtaccagcctgttcchchctgactggataaaggcatttgataccatggcgccttct
ttagcgtctaagtagtaccaagtgtccttgtacttgacccagcctgtcttcatggcaccttcttcgtt

.23 -



WO 2009/011971 PCT/US2008/063954

gaaatagtaccacttatcagcgattttcttccagcctgtagccatttcgcctgagttgtcgaaccagt
accagttgccgtctgtgtgcttcctccagcggtctgcaagcatatagcctgaactgtcaaagtagtac
caagtgccattgattttctcaaacttgtcttttggataagagccgtctgaatgtacgtaccagtagcc
agtgtcattcttctgccagcctgtttcaatcgtcaagccgttctcaatatcatgcttaaactgctcac

5 ggctaatgccccatttagcaagatatggataagggtcaacgtggtctgagtggttgtttggttggtta
ttcgtgcaatactcgtgcgttttaattccagctaaactccctgtatcaagcgttttcggcaaacctgc
ttcatctgctagattgcgtaagagttcgatataaaggcggtagtccgtcatgaactcttctttggttg
aatggctttcaatcagttcaaccgctgcataggtctcagcattccaaccgcccccaacgtcccaggca
ccattatcaacaggtcctacctgcatgatgcaaccgttcccaacaatgtgcgagaaaaaacctaattc

10 tgggtctttccgccagtgataatccgcttcattctgtacggttgaatgcggattcccagttgagtgtg
cgtgtacttgcctatatggttgcacgccgacttgaggcaaatctgttcttaatttactcacattaatt
tecat (SEQ ID NO: 13)

Streptococcus pneumoniae pneumolysin (ply): A virulence factor of S.
preumoniae, is one of the members of thiol-activated cytolysins (TACYs) consisting
15  of four domains. As used herein “ply” refers to the nucleotide sequence of ply, thus
a probe or primer for ply, such as those disclosed herein, is capable of hybridizing to
the nucleotide sequence of pfy, such as the ply nucleotide sequence given below (or
the complement thereof). An exemplary nucleotide sequence of ply as found at

GENBANK® Accession number AE008539 on May 7, 2007 is shown below:

20 ctagtcattttctaccttatcctctacctgaggatagagagttgttccccaaatagaaatcgtccgct
tacgcactagtggcaaatcggttttttcataaaccgtacgccaccattcccaggcaagcccggtacac
tctctaattttgacagagagattacgaacattcccttttaaaggaatactagtggtaaagtgagccgt
caaatcctgcccatttctgtcccaagccttaggagtcaagacttccttaccttgatgatcataggata
attcatcccaagtaatataatattgggcaacataggcaccactatgatccagcagtaaatctccgttt

25 ctgtaagctgtaaccttagtctcaacatagtctgtactgttttgaaaggtcgcaactacattgtcacg
taaaaaagaagttgtataggaaatcggcaagcctggatgatctgctgtaaagcgactgccttcttgaa
tcaagtcctctaccatatccaccttgcctgttacaactcgggcacccgaacttgggtcgccccctaaa
ataaccgccttcacttctgtattgtccaaaatctgcttccactctgtctgaggagctaccttgactcc
ttttatcaaagcttcaaaagcagcctctacttcatcactcttactcgtggtttccaacttgagataga

30 cttggcgcccataagcaacactcgaaatatagaccaaaggacgctctgcagaaattcctctctgtttt
aaatcctctaccgttacagtatcttgaaacacatctcctggatttttaacagcgtctacgctgactgt
ataataaatctgcttaaaattaacaatctgaatctgcttttcacctgaatggacagagttaaaatcaa
tatcaagagaattccctgtcttttcaaagtcagaaccaaacttgaccttgagttgttccatgctgtga
gccgttattttttcatactgcattctagctgggacattattgacctgaccataatcttgatgccactt

35 agccaacaaatcgtttaccgctccgcgaacacttgaattgctggggtcttccacttggagaaagctat
cgctacttgccaaaccaggcaaatcaatactataagtcatcggagcacgatcaaccgcaagaagagtg
ggattattctctaacaaggtctcatccactacgagaagtgctccaggatagaggcgactgtcgttggt
agctgttacagaaatatcacttgtatttgtcgacaagctccgcttctttctttcgataacaacaaact
catcgggtagctgattaccctctttgatgaaacgattttcaatactttctccctgatgggtcaagagt

40 ttctttttatcgtaattcatagctagtataaagtcatttactgctttatttgecat(SEQ ID NO:
14)

Streptococcus pneumoniae surface adhesin A precursor (psaAd): psad
encodes a 37-kDa pneumococcal lipoprotein which is part of an ABC Mn(II) transport
45  complex. As used herein “psad” refers to the nucleotide sequence of psad, thus a
probe or primer for psad, such as those disclosed herein, is capable of hybridizing to

the nucleotide sequence of psad, such as the psad nucleotide sequence given below
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(or the complement thereof). An exemplary nucleotide sequence of psad as found at
GENBANK® Accession number U53509 on May 7, 2007 is shown below:

tactgcttcagttttgggactctttattggctatagttttaatgttgcggcaggttctagtatcgtgc
ttacagctgctagtttctttctcattagcttctttatcgctcccaaacaacgatatttgaaactgaaa
5 aataaacatttgttaaaataaggggcaaagccctaataaattggaggatctaatgaaaaaattaggta
catcactcgttctctttctttctgcaatcattcttgtagcatgtgctagcggaaaaaaagatacaact
tctggtcaaaaactaaaagttgttgctacaaactcaatcatcgctgatattactaaaaatattgctgg
tgacaaaattgaccttcatagtatcgttccgattgggcaagacccacacgaatacgaaccacttcctg
aagacgttaagaaaacttctgaggctgatttgattttctataacggtatcaaccttgaaacaggtggc
10 aatgcttggtttacaaaattggtagaaaatgccaagaaaactgaaaacaaagactacttcgcagtcag
cgacggcgttgatgttatctaccttgaaggtcaaaatgaaaaaggaaaagaagacccacacgcttggc
ttaaccttgaaaacggtattatttttgctaaaaatatcgccaaacaattgagcgccaaagaccctaac
aataaagaattctatgaaaaaaatctcaaagaatatactgataagttagacaaacttgataaagaaag
taaggataaatttaataagatccctgctgaaaagaaactcattgtaaccagcgaaggagcattcaaat
15 acttctctaaagcctatggtgtcccaagtgcctacatctgggaaatcaatactgaagaagaaggaact
cctgaacaaatcaagaccttggttgaaaaacttcgccaaacaaaagttccatcactctttgtagaatc
aagtgtggatgaccgtccaatgaaaactgtttctcaagacacaaacatcccaatctacgcacaaatct
ttactgactctatcgcagaacaaggtaaagaaggcgacagctactacagcatgatgaaatacaacctt
gacaagattgctgaaggattggcaaaataagcctctgaaaaacgtcattctcatgtgagctggcgttt
20 tttctatgcccacatttccggtcaaatcattggaaaattctgactgtttcagatacaatggaagaaaa
aagattggagtatcctatggtaacttttctcggaaatcctgtgagctttacaggtaaacaactacaag
teggcgacaaggegettgatttttotcttactacaaca(SEQ ID NO: 15}

TAQMAN® PCR: With reference to FIG. 3, TAQMAN® probe 360 that

25  typically contains reporter 320 (such as a short-wavelength fluorophore, for example
6-carboxyfluorescein (FAM)) and quencher 350 (such as a long-wavelength
fluorophore, for example BLACKHOLE QUENCHER™ 1 (BHQ™T1)) is selected to
bind to one strand of target nucleic acid 330, When irradiated energy is transferred
(via FRET) from reporter 320 to quencher 350 on the other end of intact

30 TAQMAN® probe 360. Thus, the close proximity of reporter 320 and quencher 350
prevents detection of any signal while TAQMAN® probe 360 is intact. When Taq
polymerase replicates target nucleic acid 330 using primers 300, 301 on which
TAQMANG® probe 360 is bound, polymerase 380’s 5' exonuclease activity cleaves
TAQMAN® probe 360, Upon degradation, FRET is interrupted, ending the activity

35  of quencher 350. Reporter 320 starts to emit signal, which increases in each cycle
proportional to the rate of TAQMAN® probe 360 cleavage. Accumulation of PCR
product 370 is detected by monitoring the increase in signal of reporter 320.
Because the cleavage occurs only if TAQMAN® probe 360 hybridizes to target
nucleic acid 330, the origin of the detected fluorescence is specific amplification.

40  The process of hybridization and cleavage does not interfere with the exponential

accumulation of PCR product 370.
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Target nucleic acid molecule: A nucleic acid molecule whose detection,
quantitation, qualitative detection, or a combination thereof, is intended. The
nucleic acid molecule need not be in a purified form. Various other nucleic acid
molecules can also be present with the target nucleic acid molecule. For example,

5 the target nucleic acid molecule can be a specific nucleic acid molecule (which can
include RNA such as S. preumoniae RNA, or DNA such as 5. pneumoniae DNA,
for example a 8. pneumoniae IytA, psad or ply DNA), the amplification of which is
intended. Purification or isolation of the target nucleic acid molecule, if needed, can
be conducted by methods known to those in the art, such as by using a commercially

10 - available purification kit or the like. In one example, a target nucleic molecule is a

S. pneumoniae nucleic acid sequence.

I Overview of Several Embodiments
Accurate diagnosis of pneumococcal disease has been frequently hampered
15 notonly by the difficulties in obtaining isolates of the organism from patient
specimens, but also by the misidentification of pneumococcus-like viridans
streptococci species (P-LVS) as Streptococcus pneumoniae (S. pneumoniae). In
order to achieve an accurate diagnosis, an assay should be both sensitive and highly
specific for diagnosis of the disease, such as the diagnosis of a S. pneumoniae
20 infection. Disclosed herein are probes and primers designed for detection S.
preumoniae by detecting of specific sequence regions of the S. pneumoniae lyt4,
ply, and psad genes, for example in real-time PCR assays, such as in multiplex real-
time PCR assays. When used in representative real-time PCR assays, the probes and
primers disclosed herein demonstrated both high sensitivity and high specificity for
25 8. preumoniae and represent a significant advancement over the probes and primers
typically used for the detection of S. pneumoniae, such as the probes and primers
described by Corless et al. (Corless et al., J. Clin. Microbiol. 39:1553-1558, 2001)
and McAvin et al. (McAvin ez al., J. Clin. Microbiol. 39:3446-3451, 2001).
A direct comparison (using real-time PCR) of the disclosed probes and
30 primers (yt4-CDC, psad-CDC, and ply-CDC) with the probes and primers
described by Corless e al. and McAvin ef al. (ytA-McAvin and ply-Corless) over a

panel of isolates consisting of: 67 S. preumoniae (44 different serotypes and 3 non-
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encapsulated Streptococcus pnevmoniae from conjunctivitis outbreaks), and 104
non-pneumococcal isolates demonstrated that the probes and primers disclosed
herein, such as the probes and primers specific for 5. pneumoniae Iyid, ply, and
psad, were superior in discriminating between S. pneumoniae isolates and non-S.

S pneumoniae isolates. The disclosed probes, as well as those described by Corless ef
al. and McAvin et al., detected the 67 S. pneumoniae isolates. However, the
disclosed 8. pneumoniae lytA and psaA specific probes and primers demonstrated
superior specificity for S, preumoniae over the assays described by Corless et al.
and McAvin ez al. For example, the probes and primers described by Corless et al.

10  and McAvin et al. registered false positives, and could resultin a misdiagnosis of S.
preumoniae in some instances. Both the lytd-CDC and the psad-CDC real-time
PCR assays were highly specific, showing no amplification with P-LVS isolates.
The newly developed methods described herein provide assays with not only high
sensitivity but also improve specificity over those currently in use. The

15 improvement in specificity allows their use with specimens from non-sterile sites, as
well as sterile sites making them suitable for both diagnosis and for use in catriage
studies.

Both the lyt4-CDC and psad-CDC assays, and particularly the tA-CDC

assay, represent an improvement in specificity over what is currently available and

20  should therefore be considered as the assays of choice for the detection of
pneumococcal DNA, particularly when upper respiratory P-LVS might be present in
the clinical specimen. Use of the disclosed probes and primers for the diagnosis of
S. pneumoniae will lead to a decrease in misdiagnosis, improve patient management,
and improve monitoring of S. preumoniae outbreaks. In addition, as demonstrated

25 by example 5 (see FIG. 5) the disclosed probes and primers are ideal for use in
multiplex PCR assays for simultaneous detection of various pathogens. The S.
pneumoniae specific probes and primers disclosed herein, such as the lyt4, psad,
and ply specific primers and probes provide high specificity in a respiratory platform
multiplexed with primers and probes for detection of other respiratory pathogens.

30  This potential for multiplexing and the speed of performance make these assays

beneficial tools for molecular detection and epidemiologic carriage studies.
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Probes and Primers
Probes capable of hybridizing to and detecting the presence of S.

preumoniae nucleic acid molecules, such as S. pneumoniae IytA nucleic acid
molecules, S. preumoniae psad nucleic acid molecules, or 8. preumoniae ply

5 nucleic acid molecules, are disclosed. In some embodiments, such probes are
specific for S, preumoniae, in that they do not specifically hybridize to sequences
from other organisms, such as other bacteria. The disclosed probes are between 20
and 40 nucleotides in length, such as 20, 21, 22, 23, 24, 25, 26, 27, 28 29, 30, 31, 32,
32, 34, 35, 36, 37, 38, 39, or 40 nucleotides in length and are capable of hybridizing

10 to the S. preumoniae nucleic acid molecule, such as the 5. preumoniae lytA
sequence set forth as SEQ ID NO: 13, the S. preumoniae psad sequence set forth as
SEQ ID NO: 14, or the S. pneumoniae ply sequence set forth as SEQ ID NO: 15. In
several embodiments, a probe is capable of hybridizing under very high stringency
conditions to a S, preumoniae nucleic acid sequence set forth as SEQ ID NO: 13. In

15  other embodiments, a probe is capable of hybridizing under very high stringency
conditions to a S, preumoniae nucleic acid sequence set forth as SEQ IDNO: 14. In
still other embodiments, a probe is capable of hybridizing under very high
stringency conditions to a S. pneumoniae nucleic acid sequence set forth as SEQ ID
NO: 15.

20 In several embodiments, a probe capable of hybridizing to a S. pneumoniae
nucleic molecule contains a nucleic acid sequence that is at least 95% identical, such
as at least 96%, at least 97%, at least 98%, at least 99%, or even 100% identical, to
the nucleotide sequence set forth as one of GCCGAAAACGCTTGATACAGGGAG
(SEQ ID NO: 5), TGCCGAAAACGCTTGATACAGGGAG (SEQ ID NO: 6),

25 CTAGCACATGCTACAAGAATGATTGCAGAAAGAAA (SEQIDNO: 9), or
CTCAAGTTGGAAACCACGAGTAAGAGTGATGAA (SEQ ID NO: 12).

In several embodiments, a probe capable of hybridizing to a S. preumoniae
Iyt4 nucleic molecule contains a nucleic acid sequence that is at least 95% identical,
such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
30 identical, to the nucleotide sequence set forth as SEQ ID NO: 5, or SEQ ID NO: 6.

In several embodiments, a probe capable of hybridizing to a S. pneumoniae lytd
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nucleic acid molecule consists essentially of a nucleic acid sequence set forth as
SEQ ID NO: 5, or SEQ ID NO: 6.

In several embodiments, a probe capable of hybridizing to a S. preumoniae
psad nucleic molecule contains a nucleic acid sequence that is at least 95%

S identical, such as at least 96%, at least 97%, at least 98%, at least 99%, or even
100% identical, to the nucleotide sequence set forth as SEQ ID NO: 9. In several
embodiments, a probe capable of hybridizing to a S. prneumoniae psad nucleic acid
molecule consists essentially of a nucleic acid sequence set forth as SEQ ID NO: 9.

In several embodiments, a probe capable of hybridizing to a S. preumoniae

10 ply nucleic molecule contains a nucleic acid sequence that is at least 95% identical,
such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
identical, to the nucleotide sequence set forth as SEQ ID NO: 12. In several
embodiments, a probe capable of hybridizing to a S. preumoniae ply nucleic acid
molecule consists essentially of a nucleic acid sequence set forth as SEQ ID NO: 12.

15 In some embodiments, the probe is detectably labeled, either with an isotopic
or non-isotopic label, alternatively the target nucleic acid (such asa S. preumoniae
nucleic acid molecule, for example a S. pneumoniae lyt4 nucleic acid molecule such
as set forth as SEQ ID NO: 13 or a subsequence thereof, a S. pneumoniae psad
nucleic acid molecule such as set forth as SEQ ID NO: 14 or a subsequence thercof,

20  oraS. preumoniae ply nucleic acid molecule such as set forth as SEQ ID NO: 15 or
a subsequence thereof) is labeled. Non-isotopic labels can include a fluorescent or
luminescent molecule, biotin, an enzyme or enzyme substrate or a chemical. Such
labels are preferentially chosen such that the hybridization of the probe with target
nucleic acid (such as a 5. pneumoniae nucleic acid molecule, for example a S.

25  pneumoniae Iyt4, a S. pneumoniae psad, or a S. pneumoniae ply nucleic acid
molecule or subsequence thereof) can be detected. In some examples, the probe is
labeled with a fluorophore. Examples of suitable fluorophore labels are given
above. In some examples, the fluorophore is a donor fluorophore. In other
examples, the fluorophore is an accepter fluorophore, such as a fluorescence

30  quencher. In some examples, the probe includes both a donor fluorophore and an
accepter fluorophore, for example a donor fluorophore such as a FAM and an

acceptor fluorophore such as a BLACK HOLE® quencher. Appropriate
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donor/acceptor fluorophore pairs can be selected using routine methods. Inone

example, the donor emission wavelength is one that can significantly excite the

acceptor, thereby generating a detectable emission from the acceptor. In some

examples, the probe is modified at the 3’-end to prevent extension of the probe by a
5  polymerase.

In particular examples, the acceptor fluorophore (such as a fluorescence
quencher) is attached to the 3' end of the probe and the donor fluorophore is attached
to a 5' end of the probe. In other examples, the acceptor fluorophore (suchasa
fluorescence quencher) is attached to the 5' end of the probe and the donor

10  fluorophore is attached to a 3' end of the probe. In another particular example, the
acceptor fluorophore (such as a fluorescence quencher) is attached to a modified
nucleotide (such as a T) and the donor fluorophore is attached to 2 5' end of the
probe.

Primers capable of hybridizing to and directing the amplification of a .

15 preumoniae nucleic acid molecule are disclosed. In some embodiments, such
primers are specific for S. preumoniae, in that they do not specifically hybridize to
nucleic acid sequences from other organisms, such as other bacteria. The primers
disclosed herein are between 15 to 40 nucleotides in length, such as 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,37, 38, 39, or

20  even 40 nucleotides in length.

In several embodiments, a primer is capable of hybridizing under very high
stringency conditions to a S. pneumoniae lytA nucleic acid sequence, such asa S.
preumoniae Iyt4 sequence set forth as SEQ ID NO: 13, and directing the
amplification of the S, pneumoniae IytA nucleic acid molecule, for example

25  amplification of SEQ ID NO: 13 or a subsequence thereof. In several embodiments,
a primer is capable of hybridizing under very high stringency conditions toa S.
pneumoniae psad nucleic acid sequence, such as a 5. pneumoniae psad sequence set
forth as SEQ ID NO: 14, and directing the amplification of the 8. pneumoniae psad
nucleic acid molecule, for example amplification of SEQ ID NO: 14 or a

30  subsequence thereof. In several embodiments, a primer is capable of hybridizing
under very high stringency conditions to a S. preumoniae ply nucleic acid sequence,

such as a 5. pneumoniae ply sequence set forth as SEQ ID NO: 15, and directing the
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amplification of the S. preumoniae ply nucleic acid molecule, for example
amplification of SEQ ID NO: 15 or a subsequence thereof.
In several embodiments, a primer capable of hybridizing to and directing the

amplification of a S. pnewmoniae nucleic acid molecule contains a nucleic acid

5 sequence that is at least 95% identical, such as at least 96%, at least 97%, at least
98%, at least 99%, or even 100% identical, to the nucleic acid sequence set forth as
ACGCAATCTAGCAGATGAAGCA (SEQ ID NO: 3),
TCGTGCGTTTITAATTCCAGCT (SEQ ID NO: 4),
GCCCTAATAAATTGGAGGATCTAATGA (SEQ IDNO: 7),

10 GACCAGAAGTTGTATCTTITTTTTCCG (SEQ ID NO: 8),
GCTTATGGGCGCCAAGTCTA (SEQ ID NO: 10), or
CAAAGCTTCAAAAGCAGCCTC TA (SEQ ID NO: 11).

In several embodiments, a primer capable of hybridizing to a S. pneumoniae
nucleic acid molecule consists essentially of a nucleic acid sequence set forth as

15  SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 10, or
SEQ ID NO: 11. In several embodiments, a primer capable of hybridizing to and
directing the amplification of a S. preumoniae IytA nucleic acid molecule contains a
nucleic acid sequence that is at least 95% identical, such as at least 96%, at least
97%, at least 98%, at least 99%, or even 100% identical, to the nucleic acid

20  sequence set forth as SEQ ID NO: 3 or SEQ ID NO: 4. In several embodiments, a
primer capable of hybridizing to and directing the amplification of a S. pneumoniae
Iyt4 nucleic acid molecule consists essentially of a nucleic acid sequence set forth as
SEQ ID NO: 3 or SEQ ID NO: 4. In several embodiments, a primer capable of
hybridizing to and ditecting the amplification of a S. pneumoniae psad nucleic acid

25  molecule contains a nucleic acid sequence that is at least 95% identical, such as at
least 96%, at least 97%, at least 98%, at least 99%, or even 100% identical, to the
nucleic acid sequence set forth as SEQ ID NO: 7 or SEQ IDNO: 8. In several
embodiments, a primer capable of hybridizing to and directing the amplification of a
S. preumoniae psad nucleic acid molecule consists essentially of a nucleic acid

30  sequence set forth as SEQ ID NO: 7 or SEQ ID NO: 8. In several embodiments, a
primer capable of hybridizing to and directing the amplification of a S. pneumoniae
ply nucleic acid molecule contains a nucleic acid sequence that is at least 95%
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identical, such as at least 96%, at least 97%, at least 98%, at least 99%, or even

100% identical, to the nucleic acid sequence set forth as SEQ ID NO: 10 or SEQID

NO: 11. In several embodiments, a primer capable of hybridizing to and directing

the amplification of a S. preumoniae ply nucleic acid molecule consists essentially
5 ofa nﬁcleic acid sequence set forth as SEQ ID NO: 10 or SEQ ID NO: 11.

In certain embodiments, the primers are a set of primers, such as a pair of
primers, capable of hybridizing to and amplifying a S. preumoniae nucleic acid
molecule, such as a S, pneumoniae lytA, a S. pneumoniae psad, ot a 8. pneumoniae
ply nucleic acid molecule. Such a set of primers includes at least one forward

10  primer and a least one reverse primer, where the primers are specific for the
amplification of a S. preumoniae nucleic acid molecule such as a S. preumoniae
Iytd, a 5. pneumoniae psad, or a S. pneumoniae ply nucleic acid molecule. In some
embodiments, the set of primers includes at least one pair of primers specific for the
amplification a S, pneumoniae IytA, a S. pneumoniae psad, or a S. pneumoniae ply

15  nucleic acid molecule, for example such a set of primers could include a pair of
primers for the amplification of S. preumoniae lytd, a pair of primers for the
amplification of S. pneumoniae psad, or a pair of primers for the amplification of S.
preumoniae ply, ot any combination thereof, such as a pair of primers for the
amplification of S. pneumoniae lytA and a pair of primers for the amplification of S.

20  pneumoniae psad, a pair of primers for the amplification of S. pneumoniae Iyt4 and
a pair of primers for the amplification of S. preumoniae ply, a pair of primers for the
amplification of S. preumoniae ply and a pair of primers for the amplification of S.
preumoniae psad, or even a pair of primers for the amplification of S. preumoniae
IytA, a pair of primers for the amplification of S. preumoniae psad, and a pair of

25  primers for the amplification of S. preumoniae py.

In some examples, the set of primers includes a pair of primers that is
specific for the amplification of a S. pneumoniae nucleic acid molecule that includes
a portion of the nucleic acid sequence of the S. pneumoniae Iyt4 gene, such as the
nueleic acid sequence set forth as SEQ ID NO: 13. In certain examples, the pair of

30  primers is specific for the amplification of a S. pneumoniae bytA nucleic acid
molecule and includes a forward primer at least 95% identical to SEQ ID NO: 3,
such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
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identical to SEQ ID NO: 3, and a reverse primer at least 95% identical to SEQ ID
NO: 4, such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
identical to SEQ ID NO: 4.
In some examples, the set of primers includes a pair of primers that is
5 specific for the amplification of a S. pneumoniae nucleic acid molecule that includes
a portion of the nucleic acid sequence of the S. pneumoniae psad gene, such as the
nucleic acid sequence set forth as SEQ ID NO: 14. In certain examples, the pair of
primers is specific for the amplification of a S. preumoniae lyiA nucleic acid
molecule and includes a forward primer at least 95% identical to SEQ ID NO: 7,
10 such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
identical to SEQ ID NO: 7, and a reverse primer at least 95% identical to SEQ ID
NO: 8, such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
identical to SEQ ID NO: 8.
In some examples, the set of primers includes a pair of primers that is
15 specific for the amplification of a S. pneumoniae nucleic acid molecule that includes
a portion of the nucleic acid sequence of the S. pneumoniae ply gene, such as the
nucleic acid sequence set forth as SEQ ID NO: 14. In certain examples, the pair of
primers is specific for the amplification of a S. pneumoniae ply nucleic acid
molecule and includes a forward primer at least 95% identical to SEQ ID NO: 10,
20  such as at least 96%, at least 97%, at least 98%, at least 99%, or even 100%
identical to SEQ ID NO: 10, and a reverse primer at least 95% identical to SEQ ID
NO: 11, such as at least 96%, at least 97%, at least 98%, at least 99%, or even
100% identical to SEQ ID NO: 11.
Although exemplary probes and primers are provided in SEQ ID NOS:3-12,
25  the primer and/or probe sequence can be varied slightly by moving the probes a few
nucleotides upstream or downstream from the nucleotide positions that they
hybridize to on the S. pneumoniae nucleic molecule acid, provided that the probe
and/or primer is still specific for the S. pneumoniae nucleic acid sequence, for
example specific for SEQ ID NO: 13, SEQ ID NO: 14, or SEQ ID NO: 15. For
30  example, variations of the probes and primers disclosed as SEQ ID NOs:3-12 can be

made by “sliding” the probes and/or primers a few nucleotides 5'or 3' from their
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positions, and that such variation will still be specific for S. pneumoniae A, psad,
or ply.
Also provided by the present application are probes and primers that include
variations to the nucleotide sequences shown in any of SEQ ID NOs:3-12, as long as
5 such variations permit detection of the S. preumoniae nucleic acid molecule. For
example, a probe or primer can have at least 95% sequence identity such as at least
96%, at least 97%, at least 98%, at least 99% to a nucleic acid consisting of the
sequence shown in any of SEQ ID NOs:3-12. In such examples, the number of
nucleotides does not change, but the nucleic acid sequence shown in any of SEQID
10 NOs:3-12 can vary at a few nucleotides, such as changes at 1, 2, 3, or 4 nucleotides.
The present application also provides probes and primers that are slightly
longer or shorter than the nucleotide sequences shown in any of SEQ ID NOs:3-12,
as long as such deletions or additions permit detection of the desired S. pneumoniae
nucleic acid molecule, such as a S, preumoniae lytA, psad or ply sequence. For
15  example, a probe can include a few nucleotide deletions or additions at the 5'- or 3'-
end of the probe or primers shown in any of SEQ ID NOs:3-12, such as addition or
deletion of 1, 2, 3, or 4 nucleotides from the 5™ o 3'-end, or combinations thereof
(such as a deletion from one end and an addition to the other end). In such
examples, the number of nucleotides changes.
20
Detection of S. pneumoniae
A major application of the S. preumoniae specific primers and probes
disclosed herein is for the detection of S. pneumoniae in a sample, such as a
biological sample obtained from a subject that has or is suspected of having an S.
25  pneumoniae infection. Thus, the disclosed methods can be used to diagnose if a
subject has a S. pneumoniae. Accordingly, methods for the detection of S.
pneumoniae nucleic acids are disclosed, for example to determine if a subject is
infected with S. pneumoniae.
The methods described herein may be used for any purpose for which
30  detection of S. preumoniae is desirable, including diagnostic and prognostic
applications, such as in laboratory and clinical settings. Appropriate samples
include any conventional environmental or biological samples, including clinical
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samples obtained from a human or veterinary subject. Suitable samples include all
biological samples useful for detection of bacterial infection in subjects, including,
but not limited to, cells, tissues (for example, lung, liver and kidney), bone marrow
aspirates, bodily fluids (for example, blood, serum, urine, cerebrospinal fluid,

5 bronchoalveolar levage, tracheal aspirates, sputum, nasopharyngeal aspirates,
oropharyngeal aspirates, saliva), eye swabs, cervical swabs, vaginal swabs, rectal
swabs, stool, and stool suspensions. Other suitable samples include samples
obtained from middle ear fluids, bronchoalveolar levage, tracheal aspirates, sputum,
nasopharyngeal aspirates, oropharyngeal aspirates, or saliva. Standard techniques

10 for acquisition of such samples are available. See for example, Schluger ef al, J.
Exp. Med. 176:1327-33 (1992); Bigby et al., Am. Rev. Respir. Dis. 133:515-18
(1986); Kovacs ef al., NEJM 318:589-93 (1988); and Ognibene et al., Am. Rev.
Respir. Dis. 129:929-32 (1984).

Detecting a S. pneumoniae nucleic acid in a sample involves contacting the

15  sample with at least one of the S. preumoniae specific probes disclosed herein that is
capable of hybridizing to a S. pneumoniae nucleic acid, such as a S. pneumoniae IytA
nucleic acid, S. preumoniae psad nucleic acid, or a S. pneumoniae ply nucleic acid,
under conditions of very high stringency (such as a nucleic acid probe capable of
hybridizing under very high stringency conditions to a S. pneumoniae nucleic acid

20  sequence set forth as SEQ ID NO: 13, SEQ ID NO: 14, or SEQ ID NO: 15, for
example a nucleic acid sequence at least 95% identical to the nucleotide sequence
set forth as one of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, or SEQ ID NO:
12, such as a nucleic acid sequence consisting substantially of the nucleic acid
sequence set forth as one of SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 9, or SEQ

25 1D NO: 12), and detecting hybridization between the S. preumoniae nucleic acid and
the probe. Detection of hybridization between the probe and the S. pneumoniae
nucleic acid indicates the presence of the S. pneumoniae nucleic acid in the sample,
for example detection of hybridization between the S. pneumoniae lytA probe and
the S. preumoniae IytA nucleic acid indicates the presence of the S. pneumoniae

30 mucleic acid in the sample, detection of hybridization between the S. preumoniae
psad probe and the S. pneumoniae psad nucleic acid indicates the presence of the S.

preumoniae nucleic acid in the sample, and detection of hybridization between the

-35-



WO 2009/011971 PCT/US2008/063954

S. pneumoniae ply probe and the S. pneumoniae ply nucleic acid indicates the
presence of the S. preumoniae nucleic acid in the sample.

In some embodiments, S. preumoniae nucleic acids present in a sample are
amplified prior to using a hybridization probe for detection. For instance, it can be

5 advantageous to amplify a portion of the S. pneumoniae nucleic acid, and then detect
the presence of the amplified S. pneumoniae nucleic acid. For example, to increase
the number of nucleic acids that can be detected, thereby increasing the signal
obtained. S. preumoniae specific nucleic acid primers can be used to amplify a
region that is at least about 50, at least about 60, at least about 70, at least about 80

10 at least about 90, at least about 100, at least about 200, or more base pairs in length
to produce amplified S. preumoniae specific nucleic acids.

Detecting the amplified product typically inchudes the use of labeled probes
that are sufficiently complementary and hybridize to the amplified S. preumoniae
nucleic acid sequence. Thus, the presence, amount, and/or identity of the amplified

15  product can be detected by hybridizing a labeled probe, such as a fluorescently
labeled probe, complementary to the amplified product. In one embodiment, the
detection of a target nucleic acid sequence of interest, such as a S. pneumoniae A
nucleic acid, a S, pneumoniae psad nucleic acid, or a S. preumoniae ply nucleic
acid, includes the combined use of PCR amplification and a labeled probe such that

20  the product is measured using real-time PCR. In another embodiment, the detection
of an amplified target nucleic acid sequence of interest includes the transfer of the
amplified target nucleic acid to a solid support, such as a blot, for example a
Northern blot, and probing the blot with a probe, for example a labeled probe, that is
complementary to the amplified target nucleic acid sequence. In yet another

25  embodiment, the detection of an amplified target nucleic acid sequence of interest
includes the hybridization of a labeled amplified target nucleic acid to probes
disclosed herein that are arrayed in a predetermined array with an addressable
location and that are complementary to the amplified target nucleic acid.

Any nucleic acid amplification method can be used to detect the presence of

30 S pneumoniae in a sample. In one specific, non-limiting example, polymerase chain
reaction (PCR) is used to amplify the S. pneumoniae nucleic acid sequences. In

other specific, non-limiting examples, real-time PCR, reverse transcriptase-
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polymerase chain reaction (RT-PCR), real-time reverse transcriptase-polymerase
chain reaction (rt RT-PCR), ligase chain reaction, or transcription-mediated
amplification (TMA) is used to amplify the S. preumoniae nucleic acid. Ina
specific example, the S. pneumoniae lyt4 nucleic acid is amplified by real-time PCR,

5  for example real-time TAQMAN® PCR. Techniques for nucleic acid amplification
are well-known to those of skill in the art.

Typically, at least two primers are utilized in the amplification reaction,
Amplification of the S. pneumoniae nucleic acid involves contacting the S.
preumoniae nucleic acid with one or more primers that are capable of hybridizing to

10  and directing the amplification of a S. pneumoniae nucleic acid (such as a primer
capable of hybridizing under very high stringency conditions to a S. preumoniae
nucleic acid sequence set forth as SEQ NO:13, SEQ ID NO: 14, or SEQID NO: 15,
for example a primer that is least 95% identical (such as 100% identical) to the
nucleotide sequence set forth as one of SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:

15 7,SEQID NO: 8, SEQ ID NO; 10, or SEQ ID NO: 11).

In some embodiments, the sample is contacted with a pair of primers that
include a forward and reverse primer that both hybridize to a S. preumoniae IytA
nucleic acid, such as a primer that is least 95% identical (such as 100% identical) to
the nucleotide sequence set forth as SEQ ID NO: 3 and a primer that is least 95%

20  identical (such as 100% identical) to the nucleotide sequence set forth as SEQ ID
NO: 4. In some embodiments, the sample is contacted with a pair of primers that
include a forward and reverse primer that both hybridize to a S. pneumoniae psaA
nucleic acid, such as a primer that is least 95% identical (such as 100% identical) to
the nucleotide sequence set forth as SEQ ID NO: 7 and a primer that is least 95%

25  identical (such as 100% identical) to the nucleotide sequence set forth as SEQID
NO: 8. In some embodiments, the sample is contacted with a pair of primers that
inctude a forward and reverse primer that both hybridize to a 8. pneumoniae ply
nucleic acid, such as a primer that is least 95% identical (such as 100% identical) to
the nucleotide sequence set forth as SEQ ID NO: 10 and a primer that is least 95%

30  identical (such as 100% identical) to the nucleotide sequence set forth as SEQ ID
NO: 11.
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The amplified S. pneumoniae nucleic acid, can be detected in real-time, for
example by real-time PCR, in order to determine the presence, and/or the amount of
S. preumoniae specific nucleic acid in a sample, such as S. preumoniae Iytd, psad,
or ply nucleic acid. In this manner, an amplified nucleic acid sequence, such as an
5  amplified S. preumoniae lyt4, psad, or ply nucleic acid sequence, can be detected
using a probe specific for the product amplified from the S. preumoniae sequence of
interest, such as an amplified S. prneumoniae Iytd, psad, or ply nucleic acid
sequence.
Real-time PCR monitors the fluorescence emitted during the reaction as an
10 indicator of amplicon production during each PCR cycle as opposed to the endpoint
detection. The real-time progress of the reaction can be viewed in some systems.
Typically, real-time PCR uses the detection of a fluorescent reporter. Typically, the
fluorescent reporter’s signal increases in direct proportion to the amount of PCR
product in a reaction. By recording the amount of fluorescence emission at each
15 cycle, it is possible to monitor the PCR reaction during exponential phase where the
first significant increase in the amount of PCR product correlates to the initial
amount of target template. The higher the starting copy number of the nucleic acid
target, the sooner a significant increase in fluorescence is observed.
In one embodiment, the fluorescently-labeled probes rely upon fluorescence
20  resonance energy transfer (FRET), or in a change in the fluorescence emission
wavelength of a sample, as a method to detect hybridization of a DNA probe to the
amplified target nucleic acid in real-time. For example, FRET that occurs between
fluorogenic labels on different probes (for example, using HybProbes) or between a
fluorophore and a non-fluorescent quencher on the same probe (for example, using a
25  molecular beacon or a TAQMAN® probe) can identify a probe that specifically
hybridizes to the DNA sequence of interest and in this way, using a S. pneumoniae
IytA probe, a S. pneumoniae psaA probe, a S. preumoniae ply probe, can detect the
presence, and/or amount of 5. pneumoniae in a sample. In some embodiments, the
fluorescently-labeled DNA probes used to identify amplification products have
30  spectrally distinct emission wavelengths, thus allowing them to be distinguished
within the same reaction tube, for example in multiplex PCR, for example a

multiplex real-time PCR. In some embodiments, the probes and primers disclosed
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herein are used in multiplex real-time PCR. For example, multiplex PCR permits
the simultaneous detection of the amplification products of a {4, psad, and ply
nucleic acid using the disclosed probes or even an other nucleic acid, such as a
control nucleic acid, for example a RNAse P nucleic acid. Using the disclosed
5  primers and probes, any combination of /14, psad, and ply can be detected.
In another embodiment, a melting curve analysis of the amplified target

nucleic acid can be performed subsequent to the amplification process. The Tn of a
nucleic acid sequence depends on the length of the sequence and its G/C content.
Thus, the identification of the Ty, for a nucleic acid sequence can be used to identify

10  the amplified nucleic acid, for example by using double-stranded DNA binding dye
chemistry, which quantitates the amplicon production by the use of a non-sequence
specific fluorescent intercalating agent (such as SYBR-green or ethidium bromide).
SYBR green is a fluorogenic minor groove binding dye that exhibits little
fluorescence when in solution but emits a strong fluorescent signal upon binding to

15 double-stranded DNA. Typically, SYBR green is used in singleplex reactions,
however when coupled with melting point analysis, it can be used for multiplex
reactions.

Any type of thermal cycler apparatus ¢an be used for the amplification of the

S. pneumoniae nucleic acid, such as a /24, psad, or ply nucleic acid and/or the

20  determination of hybridization. Examples of suitable apparatuses include a PTC-
100® Peltier Thermal Cycler (MJ Research, Inc.; San Francisco, CA),a
ROBOCYCLER® 40 Temperature Cycler (Stratagene; La Jolla, CA), ora
GENEAMP® PCR System 9700 (Applied Biosystems; Foster City, CA). For real-
time PCR, any type of real-time thermocycler apparatus can be used. For example, a

25  BioRad iCycler iQTM, LIGHTCYCLER™ (Roche; Mannheim, Germany), a 7700
Sequence Detector (Perkin Elmer/Applied Biosystems; Foster City, CA), ABI™
systems such as the 7000, 7500, 7700, or 7900 systems (Applied Biosystems; Foster
City, CA), or an MX4000™, MX3000™ or MX3005™ (Stratagene; La Jolla, CA);
DNA Engine Opticon Continuous Fluorescence Detection System (MJ Research);

30  and Cepheid SMARTCYCLER™ can by used to amplify nucleic acid sequences in

real-time.
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In some embodiments, detecting the presence of a S. preumoniae nucleic
acid sequence in a sample includes the extraction of S. pneumoniae DNA. DNA
extraction relates to releasing DNA from a latent or inaccessible form in a cell or
sample and allowing the DNA to become freely available. In such a state, itis

5 suitable for effective detection and/or amplification of the S. pneumoniae nucleic
acid. Releasing DNA may include steps that achieve the disruption of cells.
Additionally, extraction of DNA may include steps that achieve at least a partial
separation of the DNA dissolved in an aqueous medium from other cellular
components, wherein such components may be either particulate or dissolved.

10 In some embodiments, detecting the presence of a S. preumoniae lytA
nucleic acid sequence in a sample includes the extraction of S. pneumoniae RNA.
RNA extraction relates to releasing RNA from a latent or inaccessible form in a cell
or sample and allowing the RNA to become freely available. In such a state, it is
suitable for effective detection and/or amplification of the S. pneumoniae nucleic

15  acid. Releasing RNA may include steps that achieve the disruption of cells.
Extraction of RNA is generally carried out under conditions that effectively exclude
or inhibit any ribonuclease activity that may be present. Additionally, extraction of
RNA may include steps that achieve at least a partial separation of the RNA
dissolved in an aqueous medium from other cellular components, wherein such

20 components may be either particulate or dissolved.

One of ordinary skill in the art will know suitable methods for extracting
nucleic acids such as RNA and/or DNA from a sample; such methods will depend
upon, for example, the type of sample in which the S. pneumoniae nucleic acid is
found. For example, the nucleic acids may be extracted using guanidinium

25  isothiocyanate, such as the single-step isolation by acid guanidinium isothiocyanate-
phenol-chloroform extraction of Chomezynski et al. (Anal. Biochem. 162:156-59,
1987). The sample can be used directly or can be processed, such as by adding
solvents, preservatives, buffers, or other compounds or substances. Nucleic acids
can be extracted using standard methods. For instance, rapid nucleic acid

30  preparation can be performed using a commercially available kit (such as the
QIAGEN® DNA Mini kit (QIAGEN®)Roche MagNA Pure Compact Nucleic Acid
Isolation Kit I or RNEASY® Mini Kit (QIAGEN®); NUCLISENS® NASBA
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Diagnostics (bioMérieux); or the MASTERPURE™ Complete DNA and RNA
Purification Kit (EPICENTRE)).
In some embodiments, the probe is detectably labeled, either with an isotopic
or non-isotopic label; in alternative embodiments, the S. preumoniae nucleic acid is
5 labeled. Non-isotopic labels can, for instance, comprise a fluorescent or luminescent
molecule, or an enzyme, co-factor, enzyme substrate, or hapten. The probe is
incubated with a single-stranded or double-stranded preparation of RNA, DNA,ora
mixture of both, and hybridization determined. In some examples, the hybridization
results in a detectable change in signal such as in increase or decrease in signal, for
10 example from the labeled probe. Thus, detecting hybridization comprises detecting
a change in signal from the labeled probe during or after hybtidization relative to

signal from the label before hybridization.

Streptococcus pneumoniae Identification Arrays
15 An array containing a plurality of heterogeneous probes for the detection, of
S. pneumoniae are disclosed. Such arrays may be used to rapidly detect S.
pneumonige in a sample.
Arrays are arrangements of addressable locations on a substrate, with each
address containing a nucleic acid, such as a probe, such as a S. preumoniae td
20  psad, or ply probe as disclosed herein. In some embodiments, each address
corresponds to a single type ot class of nucleic acid, suchas a single probe, though a
particular nucleic acid may be redundantly contained at multiple addresses. A
“microatray” is a miniaturized array requiring microscopic examination for
detection of hybridization. Larger “macroarrays” allow each address to be
25  recognizable by the naked human eye and, in some embodiments, a hybridization
signal is detectable without additional magnification. The addresses may be labeled,
keyed to a separate guide, or otherwise identified by location.
In some embodiments, a S. preumoniae detection array is a collection of
separate probes at the array addresses. The S. preumoniae detection array is then
30  contacted with a sample suspected of containing S. preumoniae nucleic acids under
conditions allowing hybridization between the probe and nucleic acids in the sample

to occur. Any sample potentially containing, or even suspected of containing, S.
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pneumoniae nucleic acids may be used, including nucleic acid extracts, such as
amplified or non-amplified DNA or RNA preparations. A hybridization signal from
an individual address on the array indicates that the probe hybridizes to a nucleotide
within the sample. This system permits the simultaneous analysis of a sample by

5  plural probes and yields information identifying the S. preumoniae nucleic acids
contained within the sample. In alternative embodiments, the array contains S.
preumoniae nucleic acids and the array is contacted with a sample containing a
probe. In any such embodiment, either the probe or the S. preumoniae nucleic acids
may be labeled to facilitate detection of hybridization.

10 The nucleic acids may be added to an array substrate in dry or liquid form.
Other compounds or substances may be added to the array as well, such as buffers,
stabilizers, reagents for detecting hybridization signal, emulsifying agents, or
preservatives.

In certain examples, the array includes one or more molecules or samples

15 occurring on the array a plurality of times (twice or more) to provide an added

feature to the array, such as redundant activity or to provide internal controls.
Within an array, each arrayed nucleic acid is addressable, such that its

location may be reliably and consistently determined within the at least the two

dimensions of the array surface. Thus, ordered arrays allow assignment of the

20  location of each nucleic acid at the time it is placed within the array. Usually, an
array map or key is provided to correlate each address with the appropriate nucleic
acid. Ordered arrays are often arranged in a symmetrical grid pattern, but nucleic
acids could be arranged in other patterns (for example, in radially distributed lines, a
“spokes and wheel” pattern, or ordered clusters). Addressable arrays can be

25  computer readable; a computer can be programmed to correlate a particular address
on the array with information about the sample at that position, such as hybridization
or binding data, including signal intensity. In some exemplary computer readable
formats, the individual samples or molecules in the array are arranged regularly (for
example, in a Cartesian grid pattern), which can be correlated to address information

30 by a computer.

An address within the array may be of any suitable shape and size. In some

embodiments, the nucleic acids are suspended in a liquid medium and contained
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within square or rectangular wells on the array substrate. However, the nucleic acids
may be contained in regions that are essentially triangular, oval, circular, or
irregular. The overall shape of the array itself also may vary, though in some
embodiments it is substantially flat and rectangular or square in shape.

5 S. preumoniae detection arrays may vary in structure, composition, and
intended functionality, and may be based on either a macroarray or a microartay
format, or a combination thereof. Such arrays can include, for example, at least 10,
at least 25, at least 50, at least 100, or more addresses, usually with a single type of
nucleic acid at each address. In the case of macroarrays, sophisticated equipment is

10 usually not required to detect a hybridization signal on the aray, though
quantification may be assisted by standard scanning and/or quantification techniques
and equipment. Thus, macroarray analysis as described herein can be carried out in
most hospitals, agricultural and medial research laboratories, universities, ot other
institutions without the need for investment in specialized and expensive reading

15  equipment.

Examples of substrates for the arrays disclosed herein include glass (¢.g.,
functionalized glass), Si, Ge, GaAs, GaP, 8i02, SiNy, modified silicon
nitrocellulose, polyvinylidene fluoride, polystyrene, polytetrafluoroethylene,
polycarbonate, nylon, fiber, or combinations thereof. Array substrates can be stiff

20  and relatively inflexible (for example glass or a supported membrane) or flexible
(such as a polymer membrane). One commercially available product line suitable
for probe arrays described herein is the Microlite line of MICROTITER® plates
available from Dynex Technologies UK (Middlesex, United Kingdom), such as the
Microlite 1+ 96-well plate, or the 384 Microlite+ 384-well plate.

25 Addresses on the array should be discrete, in that hybridization signals from
individual addresses can be distinguished from signals of neighboring addresses,
either by the naked eye (macroarrays) or by scanning or reading by a piece of
equipment or with the assistance of a microscope (microarrays).

Addresses in an array may be of a relatively large size, such as large enough

30 to permit detection of a hybridization signal without the assistance of a microscope
or other equipment. Thus, addresses may be as small as about 0.1 mm across, with a

separation of about the same distance. Alternatively, addresses may be about 0.5, 1,
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2,3, 5,7, or 10 mm across, with a separation of a similar or different distance.
Larger addresses (larger than 10 mm across) are employed in certain embodiments.
The overall size of the array is generally correlated with size of the addresses (for
example, larger addresses will usually be found on larger arrays, while smaller

5  addresses may be found on smaller arrays). Such a correlation is not necessary,
however.

The arrays herein may be described by their densities (the number of
addresses in a certain specified surface area). For macroarrays, array density may be
about one address per square decimeter (or one address in a 10 cm by 10 em region

10 of the array substrate) to about 50 addresses per square centimeter (50 targets within
a1 cm by 1 cm region of the substrate). For microarrays, array density will usually
be one or more addresses per square centimeter, for instance, about 50, about 100,
about 200, about 300, about 400, about 500, about 1000, about 1500, about 2,500, or
more addresses per square centimeter.

15 The use of the term “array” includes the arrays found in DNA microchip
technology. As one, non-limiting example, the probes could be contained on a DNA
microchip similar to the GENECHIP® products and related products commercially
available from Affymetrix, Inc. (Santa Clara, CA). Briefly, a DNA microchipisa
miniaturized, high-density array of probes on a glass wafer substrate. Particular

20  probes are selected, and photolithographic masks are designed for use in a process
based on solid-phase chemical synthesis and photolithographic fabrication
techniques similar to those used in the semiconductor industry. The masks are used
to isolate chip exposure sites, and probes are chemically synthesized at these sites,
with each probe in an identified location within the array. After fabrication, the

25  array is ready for hybridization. The probe or the nucleic acid within the sample
may be labeled, such as with a fluorescent label and, after hybridization, the

hybridization signals may be detected and analyzed.

Kits
30 The nucleic acid primers and probes disclosed herein can be supplied in the
form of a kit for use in the detection S. preumoniae, including kits for any of the

arrays described above. In such a kit, an appropriate amount of one or more of the
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nucleic acid probes and/or primers (such as S. preumoniae Iytd psad, or ply probes
and primers as disclosed herein) is provided in one or more containers or heldona
substrate. A nucleic acid probe and/or primer may be provided suspended in an
aqueous solution or as a freeze-dried or lyophilized powder, for instance. The

5  container(s) in which the nucleic acid(s) are supplied can be any conventional
container that is capable of holding the supplied form, for instance, microfuge tubes,
ampoules, or bottles. The kits can include either labeled or unlabeled nucleic acid
probes for use in detection of S. pneumoniae nucleotide sequences.

In some applications, one or more primers (as described above), such as pairs

10 of primers, may be provided in pre-measured single use amounts in individual,
typically disposable, tubes or equivalent containers. With such an arrangement, the
sample to be tested for the presence of S. pneumoniae nucleic acids can be added to
the individual tubes and amplification carried out directly.

The amount of nucleic acid primer supplied in the kit can be any appropriate

15  amount, and may depend on the target market to which the product is directed. For
instance, if the kit is adapted for research or clinical use, the amount of each nucleic
acid primer provided would likely be an amount sufficient to prime several PCR
amplification reactions. General guidelines for determining appropriate amounts
may be found in Innis er al., Sambrook et al., and Ausubel ef al. A kit may include

20  more than two primers in order to facilitate the PCR amplification of a larger
number of S. preumoniae nucleotide sequences.

In some embodiments, kits also may include the reagents necessary to carry
out PCR amplification reactions, including DNA sample preparation reagents,
appropriate buffers (such as polymerase buffer), salts (for example, magnesium

25  chloride), and deoxyribonucleotides (ANTPs).

One or more control sequences for use in the PCR reactions also may be
supplied in the kit (for example, for the detection of human RNAse P).

Particular embodiments include a kit for detecting a S. pneumoniae nucleic
acid based on the arrays described above. Such a kit includes at least one probe

30  specific for a S. pneumoniae nucleic acid (as described above) and instructions. A
kit may contain more than one different probe, suchas 2,3,4,5,6,7,8,9, 10, 11,
12, 13, 14, 15, 20, 25, 50, 100, or more probes. The instructions may include
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directions for obtaining a sample, processing the sample, preparing the probes,
and/or contacting each probe with an aliquot of the sample. In certain embodiments,
the kit includes an apparatus for separating the different probes, such as individual
containers (for example, microtubules) or an array substrate (such as, a 96-well or

5 384-well microtiter plate). In particular embodiments, the kit includes prepackaged
probes, such as probes suspended in suitable medium in individual containers (for
example, individually sealed EPPENDORF® tubes) or the wells of an array
substrate (for example, a 96-well microtiter plate sealed with a protective plastic
film). In other particular embodiments, the kit includes equipment, reagents, and

10 instructions for extracting and/or purifying nucleotides from a sample.

Synthesis of Oligonucleotide Primers and Probes
In vitro methods for the synthesis of oligonucleotides are well known to
those of ordinary skill in the art; such methods can be used to produce primers and
15  probes for the disclosed methods. The most common method for in vitro
oligonucleotide synthesis is the phosphoramidite method, formulated by Letsinger
and further developed by Caruthers (Caruthers et al., Chemical synthesis of
deoxyoligonucleotides, in Methods Enzymol. 154:287-313, 1987). This is a non-
aqueous, solid phase reaction carried out in a stepwise manner, wherein a single
20 nucleotide (or modified nucleotide) is added to a growing oligonucleotide. The
individual nucleotides are added in the form of reactive 3’-phosphoramidite
derivatives. See also, Gait (Ed.), Oligonucleotide Synthesis. A practical approach,
IRL Press, 1984.
In general, the synthesis reactions proceed as follows: A dimethoxytrityl or
25  equivalent protecting group at the 5’ end of the growing oligonucleotide chain is
removed by acid treatment. (The growing chain is anchored by its 3’ end to a solid
support such as a silicon bead.) The newly liberated 5’ end of the oligonucleotide
chain is coupled to the 3°-phosphoramidite derivative of the next deoxynucleotide to
be added to the chain, using the coupling agent tetrazole, The coupling reaction
30  usually proceeds at an efficiency of approximately 99%; any remaining unreacted 5’
ends are capped by acetylation so as to block extension in subsequent couplings.

Finally, the phosphite triester group produced by the coupling step is oxidized to the
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phosphotriester, yielding a chain that has been lengthened by one nucleotide residue.
This process is repeated, adding one residue per cycle. See, for example, USs.
Patent Nos. 4,415,732, 4,458,066, 4,500,707, 4,973,679, and 5,132,418.
Oligonucleotide synthesizers that employ this or similar methods are available
5  commercially (for example, the PolyPlex oligonucleotide synthesizer from Gene

Machines, San Carlos, CA). In addition, many companies will perform such
synthesis (for example, Sigma-Genosys, The Woodlands, TX; Qiagen Operon,
Alameda, CA; Integrated DNA Technologies, Coralville, IA; and TriLink
BioTechnologies, San Diego, CA).

10 The foilowing examples are provided to illustrate particular features of
certain embodiments. However, the particular features described below should not
be construed as limitations on the scope of the invention, but rather as examples

from which equivalents will be recognized by those of ordinary skill in the art.

15 EXAMPLES
Example 1
Materials and Methods
This example describes the materials and methods used to determine the
specificity and sensitivity of the disclosed probes and primers.
20
Bacterial isolates
The disclosed probes and primers where tested for specificity for S.
preumoniae using a panel that included 67 S. preumoniae strains representing 44
different S, pneumoniae serotypes (1,2, 4, 5, 6A, 6B, 7B, 7C, 7F, 8, 9N, 9V, 10A,
25 11A, 12F, 13, 14, 15B, 15A, 15C, 16F, 17A, 17F, 18B, 18C, 18F, 194, 19C, 19F,
20,21, 22A, 22F, 23B, 23F, 24A, 24B, 28A, 28F, 32F, 33A, 33F, 35A, 35F, 40, and
3 non-capsulated from conjunctivitis outbreaks) and 104 non-pneumococcal isolates
including S. pseudopneumoniae, S. mitis, S. oralis, S. sanguinis, S. parasanguinis, S.
peroris, S. infantis, S. gordonii, S. cristatus, 8. salivarius, S. vestibularis, S.
30 australis, S. sinensis, S. oligofermentans, S. intestinalis, S. pyogenes, S. agalactiae,
S. canis, 8. anginosus, S. equi subsp. equi, S. equi subsp. zooepidemicus, S.
porcinus, S. dysgalactiae, S. constellatus, S. iniae, S. intermedius, S. aureus, S.
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warneri, 13 viridans streptococci not identified to the species level, Dolostigranulum
pigrum, Enterococcus faecalis, Escherichia coli, Chlamydia preumoniae, C.
psittaci, Mycoplasma preumoniae, Legionella pneumophila, Haemophilus
influenzae types a-f and NT, H. parainfluenzae, Corynebacterium diphtheriae, C
S pseudotuberculosis, Nocardia farcinica, N. asteroides, Klebsiella pneumoniae,
Mycobaterium fortuitum, M. tuberculosis, Pseudomonas aeruginosa, Bordetella
pertussis and B. bronchiseptica.
S. pneumoniae ATCC strain 33400 was used as a positive control in all
assays described below. All bacteria isolates were obtained from the culture
10 collections of CDC laboratories (Sireptococcus Laboratory, Respiratory Diseases
Branch and Molecular Sequencing Laboratory, Meningitis and Vaccine Preventable

Diseases Branch).

Optochin susceptibility test (OPT)

15 OPT susceptibility testing was performed on 5% sheep blood agar plates at
5% CO, environments as described in Arbique er al. (Arbique et al., J. Clin.
Microbiol, 42: 4686—4696, 2004, which is incorporated herein by reference to the
extent that it discloses this test).

20  Bile solubility (BS) test
The tube BS test was performed as previously described (Arbique ef al,J
Clin. Microbiol. 42: 4686—4696, 2004, and Ruoff et al., Streptococcus p. 405-421.,
InP. R. Murray et al. (ed.), Manual of clinical microbiology 8th ed. American
Society for Microbiology, Washington, D.C, 2003, both of which is incorporated
25  herein by reference to the extent that they discloses this test).

DNA probe hybridization test
The ACCUPROBE® Streptococcus pneumoniae culture identification test,
based on the TRNA gene sequence, was performed according to the manufacturer’s

30 instructions (Gen-Probe, San Diego, CA).
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DNA-DNA reassociation
Growth, harvesting and lysis of the bacterial cells were performed as
described previously (Arbique et al., J. Clin. Microbiol. 42: 4686-4696, 2004, and
Brenner et al., J. Clin. Microbiol. 15:1133-1140, 1982). Extraction and purification
5  of DNA and DNA-DNA reassociation studies including determination of DNA

relatedness by the hydroxyapatite hybridization method were performed as described
by Brenner and colleagues (Brenner et al., J. Clin. Microbiol, 15:1133-1140, 1982).
DNA hybridization experiments were performed at 55 °C for optimal DNA
reassociation and at the stringent DNA reassociation temperature of 70 °C. The

10  levels of divergence within related sequences were determined by assuming that
each degree of heteroduplex instability was caused by 1% unpaired bases.
Divergence, expressed by the change in melting temperature, is the decrease in the
thermal stability (in degrees Celsius) of the heterologous DNA duplex relative to
that of the homologous duplexes. Divergence was calculated to the nearest 0.5%.

15
Clinical specimens

Clinica! specimens included serum, middle ear fluids (MEFs), and cerebral

spinal fluids (CSFs) and were obtained in accordance with CDC Institutional
Review Board (IRB) stipulations. The sera and MEFs were obtained from the

20  Sorcka University Hospital in Beer-Sheva, Isracl. Serum specimens were collected
from 15 patients with pneumococcal bacteremia and 15 age-matched, ethnic group-
matched, healthy control children in whom nasopharyngeal (NP) culture was
negative for S, pneumoniae. MEF specimens consisted of 10 S. pneumoniae culture
positive middle ear fluids and 10 S. preumoniae culture negative but H. influenzae

25  positive MEFs. Twenty-five CSFs were obtained from the Laboratorio Central do
Estado do Rio Grande do Sul, Porto Alegre, Brasil and consisted of 15 specimens
from meningitis patients that were pneumococcal culture positive and 10 CSFs from
pneumococcal negative, N. meningitidis positive patients. Specimens were shipped
on dry ice and frozen at -70 °C upon arrival.

30
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DNA extraction for real-time PCR analysis
DNA was extracted from the isolates by a modification of the QIAGEN®
DNA Mini kit (QIAGEN® Inc., Valencia, CA) method. Briefly, a loopfull of
overnight growth from a blood agar plate was resuspended in lysis buffer (20 mM
5 Tris-HCL pH 8.0, 2.0 mM EDTA, 1.2 % Triton X100 containing 0.04 g/ml
lysozyme and 75 U/ml of mutanolysin (Sigma Chemical Co, St Louis, MO) and
incubated for one hour at 37 °C in a water-bath. The remaining procedures followed
the manufacture’s recommendations.
For clinical specimens, 200pl of clinical material was added to 100 pl of TE
10  buffer containing 0.04 g/ml lysozyme and 75 U/m! of mutanolysin (Sigma Chemical
Co) and incubated for one hour in a 37 °C water bath. All subsequent steps were as
outlined in the QIAGEN® DNA mini protocol booklet. DNA was eluted in 100 pl
of QIAGEN® EA elution buffer and stored at -20 °C. Concentrations of extracted
DNA from bacterial cultures were determined by NANODROP® (NANODROP®
15  Technologies, Wilmington, DE).

Real-time PCRs for lytA, ply and psaA

The two previously published real-time PCR assays were performed as

described (Corless et al., J. Clin. Microbiol. 39:1553-1558, 2001; McAvinetal, J.
20  Clin. Microbiol. 39:3446-3451, 2001).

For development of the assays disclosed herein, oligonucleotide primers and
fluorescent dye-labeled probes were designed based on previously published ly14,
ply, and psad gene sequences and sequences available in GENBANK® using the
PRIMER EXPRESS® Software (Applied Biosystems, AB, Foster City, CA). The

25  probes were labeled 5* with either 6-carboxy-fluorescein (FAM) or in the case of the
psad probe with hexachloro-6-carboxy-fluorescein (HEX). Black hole quencher
(BHQI®, Biosearch Technologies, Novato, CA) was either placed at the 3’ end of
the probe or intemally on a thymidine (Table 1). Ifinternally quenched the 3° end
was capped with a phosphate group to prevent extension of the probe. Primer and

30  probe sequences are listed in Table 1.
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Table 1. Real-time PCR primers and probes
Oligonucleotide Sequence Nucleotide Accession
position number
tA-CDC forward 5"ACGCAATCTAGCAGATGAAGCA-3' 1841014 AE005672
(SEQID NO: 3)
IytA-CDC reverse 5-TCGTGCGTTTTAATTCCAGCT-3' 1840961
(SEQ ID NO: 4)
Iyt4-CDC_1 probe 5-FAM 1840985
GCCGAAAACGCTTGATACAGGGAG-3'
BHQI1 (SEQ ID NO: 5)
A-CDC_2 probe “FAM 1840984
TGCCGAAAACGCTTGATACAGGGAG-
3' BHQ1 (SEQ ID NO: 6)
psad-CDC forward 5 166 Us3509
GCCCTAATAAATTGGAGGATCTAATG
A-3'(SEQID NO: 7)
psad-CDC reverse 5- 279
GACCAGAAGTTGTATCTTTTTTTCCG-
3'(SEQID NO: 8)
psaA-CDC probe ®*  5-HEX 219
CTAGCACATGCTACAAGAATGATTGC
AGAAAGAAA-3 phosphate (SEQ ID NO:
9
ply-CDC forward 5.GCTTATGGGCGCCAAGTCTA -3' 721 AE008539
(SEQID NO: 10)
ply-CDC teverse 5-CAAAGCTTCAAAAGCAGCCTC TA- 798
3'(SEQIDNO: 11)
ply-CDC probe *° ""FAM 742

CTCAAGTTGGAAACCACGAGTAAGA
GTGATGAA-3' phosphate (SEQ ID NO:
12)

a, psaA probe is designed to bind to the reverse strand of the amplicon

b, T indicates the thymidine on which the internal BHQ quencher was attached

¢, For multiplex detection the 5’ end label was changed to CAL Flour 610

Assays were carried out in a final 25 pl reaction volume, using the TAQMAN®
Universal Master Mix kit (AB) according to instructions with 2.5 pl of sample DNA.
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Primer and probe concentrations for each of the three assays were optimized; and in
accordance with the experimentally optimized concentrations, 500, 200, 200 nM of
psad-CDC, Iytd-CDC, ply-CDC primers and 100, 200, 200 nM of psad-CDC, IytA-
CDC, ply-CDC probes, respectively, were used for subsequent experiments. A no-
5 template control and a Streptococcus pneumonige positive DNA control (S.

preumoniae ATCC 33400) were included in every run. DNA was amplified with
Mx3000P (Stratagene, La Jolla, CA) or 7500 Real-time PCR system (AB), using the
following cycling parameters: 95° C for 10 min followed by 40 cycles of 95°C for
15 s and 60°C for 1 min. Amplification data were analyzed by instrument software

10 (STRATAGENE® or Applied Biosystems). Negative samples were defined as
those with cycle thresholds greater than >40. New assays are designated Jyt4-CDC,
ply-CDC, and psad-CDC.

Real-time PCR analytical sensitivity and specificity determinations

15 For lower limit of detection (LLD) assessments, serial 10-fold dilutions
(equivalent to 6666 to 6.6 copies) of purified DNA from the pneumococcal reference
strain ATCC 33400 were prepared and aliquots tested using all five real-time PCR
protocols. Specificity determinations were made by testing extracted DNAs at
5ngful from 67 S. pneumoniae isolates and 104 non pneumococcal isolates (listed

20  above) in all five assays.

Real-time PCR of clinical samples
S. pneumoniae DNA detection in serum, MEFs and CSFs were performed in

parallel on aliquots of the same specimen for all assays. Extracted DNA 2.5pl of
25  undiluted or 2.5l of 1:3 dilution) from serum, MEFs or CSF was used in

amplification reactions. All assays of each clinical sample were performed in

triplicate. A specimen was considered positive if two of the three triplicates gave a

positive result within the <40 cycle cut-off. Assay protocols were as described

above. An RNaseP human gene control reaction was performed independently on
30 each sample to check for the presence of inhibitors. Failure to get amplification in

this reaction was considered indicative of inhibitors.
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Mutiplex real-time PCRs for psaA-CDC, lytA-CDC and ply-CDC

The three sets of primers and probes were combined into a single reaction
mixture for multiplex detection. Modifications to the single gene detection assays
included: use of QITAGEN’s® QUANTITECT® Multiplex PCR NoROX master

5 mix, changing the ply-CDC gene probe fluorescent label from FAM to 5° CAL
FLOUR RED 610®, 3’ BHQ2® (Biosearch Technologies) and reduction of the
concentration of the lytd FAM probe to 100 nM from the original to 200 nM.
Temperatures and number of cycles remained the same as described in the original
single PCR protocols.

10
Example 2
Lower limit of detection of assays for Streptococcus pneumoniae detection

This example describes the methodology employed to determine the

sensitivity of the disclosed probes and primers and methods of using such probes
15  and primers versus the probe and primer sets described by Corless et al. and
McAuvin et al.

The analytical lower limit of detection (LLD}) for the five assays were
measured by amplifying serial dilutions of purified extracted genomic DNA from
the positive control strain Strepfococcus pneumoniae ATCC 33400. All five assays

20  showed a high sensitivity with their respective primer pairs and probes with a limit
of detection equivalent to < 10 copies, except for the psa4-CDC that was
approximately 2 fold less sensitive. All standard curves generated had slopes of -3.4
to -3.2 with R? > 0.96. Efficiencies of the assays were very similar ranging from
96% to 100%. Evaluation of the five assays for their ability to amplify DNA from a

25  panel of 67 S. pneumoniae strains representing 45 serotypes and non-typeable S.
preumoniae resulted in 100% amplification or detection of DNA from all S.

preumoniae strains tested.

Example 3
30 Specificity of assays for Streptococcus pneumoniae detection
This example describes the methodology employed to determine the

specificity of the disclosed probes and primers and methods of using such probes
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and primers versus the probe and primer sets described by Corless ef al. and
McAvin et al.
The analytical specificity of each of the five assays was evaluated and
compared by amplifying extracted DNA from 104 strains of non-pneumnococcal
5 bacteria. These strains represented several geneta of gram-positive and gram-
negative bacteria some of which inhabit the oral cavity. No amplification occurred
with any of the non streptococci in the specificity panel. There was however
amplification with some strains of P-LVS and Spseudo. The P-LVS were
specifically selected from among strains that were submitted to the Streptococcus
10  Laboratory, which had been difficult to identify or classify using the standard
methodology criteria. DNA/DNA reassociation analysis had been performed on
these isolates in addition to BS, OPT, and ACCUPROBE®. DNA/DNA
reassociation values revealed that these P-LVS and the Spseudo (Table 2) were not
S. pneumoniae.
15

20

25

30

35

40
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T, type strain; OPT, susceptibility to optochin; BS, bile solubility; GP, GenProbe
Accuprobe Pneumococeus culture identification test; RBR relative binding relation,
at 55 °C (optimal temperature) at 70 °C (stringent temperature); D, divergence

5 calculated to the nearest 0.5%; nd, not done; AL, Alaska; AZ, Arizona; MD,
Maryland; NS-CA, Nova Scotia-Canada;

Analysis of these strains using real-time PCR demonstrated that the new A-CDC
real-time PCR assay was the most specific (100%), showing no detectable

10  fluorescent signal with DNA from non-S. preumoniae organisms in the specificity
panel (Table 2). This was followed by psad-CDC real-time PCR (98%), which gave
positive results with two of the Spseudo and the psad-McAvin real-time PCR (96%)
published by McAvin ef al. which was positive for four Spseudo. No amplification
occurred with DNAs from P-LVS with psad-McAvin, lytA-CDC and psad-CDC

15  primer probe sets (Table 2). The two assays for the ply S. preumoniae gene gave
positive reactions with all Spseudo; of the other P-LVS, positive reactions occurred
with both ply (13 of 13) and ply-CDC (10 of 13) assays, making final specificities
78% and 81% respectively.

Both the yt4-CDC and the psad-CDC real-time PCR were highly specific,

20  showing no amplification with P-LVS isolates. The psad-CDC real-time PCR
was slightly less specific, amplifying two of the Spseudo. These results correlate
with an earlier study using conventional PCR, showing the utility of these genes in

discriminating S. pneumoniae.

25 Example 4
Detection of Streptococcus pneumoniae in clinical samples
This example describes the detection of . pneumoniae in clinical samples
using the disclosed probes and primers and methods of using such probes and
_ primers versus the probe and primer sets described by Corless et al. and McAvin et
30 a4l
The five assays were used on three types of clinical specimens (described

above) to evaluate and compare assays (Table 3).
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Table 3. Assay results for clinical specimens for all five real-time PCRs.

Specimens® 8. pneumoniae  N. Real-time-PCR
Culture psad-CDC  psad-McAvin d-CDC phy-CDC ply-Corless
(G IS ) +) [C] )] 8] [$] [C]
Serum
+ 15° 7 8 7 8 8 7 8 7 6 9
15 ] 15 0 15 1° 14 1° 14 0 15
MEF
+ 10 10 0 10 0 10 0 10 0 10 [
- 10 6 4 6 4 6 4 7 3 & 4
CSF
+ 15 15 (] 15 o 15 0 15 0 15 0

[ 9 2% 3 3%4 7 254 8 24 8

a MEF, middle ear fluids; CSF, cerebral spinal fluids

b One serum was RNase P gene negative

¢ Average of Ct values = < 38 for psad-McAvin, iytA-CDC, ply-CDC
d Ct values < 37 for all 5 PCR tested for that one specimen

All five assays showed excellent correlation. When specimens were positive
or negative in one assay, identical specimens were generally positive or negative in
the other assays. Differences were only in total numbers positive or negative for
each. Sensitivities were calculated based on the 15 culture positive serum specimens
even though one of these was RNase P negative, indicating inhibition. Sensitivities
with serum samples were 53% (8/15) for lyzd-CDC and ply-CDC (1 additional
positive for each but different specimens), 47 % (7/15) for lyt4 and psad, and 40%
(6/15) for S. preumoniae ply. Analysis of the S. pneumoniae culture negative sera
showed good correlation between the assays as well as good specificities. No
positives occurred for psad, lytA and ply, resulting in a 100% specificity with serum.

Analysis of MEFs and CSFs revealed that all five assays gave positive
results for all 10 of the Spn-positive MEFs and all 15 CSFs, yielding sensitivities of
100%. Specificity evaluations of the 10 culture negative MEFs resulted in positives
with the same six MEF specimens for psad-CDC, psad-McAvin, iytd-CDC, and ply-
Corless real-time PCR assays yielding 40% specificities. An additional specimen
was positive by ply-CDC for a 30% specificity. Examination of Streptacoccus
preumoniae-negative CSFs showed good specificity. Positives were 1 of 10 (90%
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specificity) for psad, 2 of 10 (80% specificity) for psad-McAvin, ply-CDC, ply-
Corless and 3 of 10 (70% specificity) for lyt4d-CDC.

Example 5
5 Mutiplex CDC real-time PCRs for psad, lytA, and ply

This example describes the detection of S. preumoniae using the disclosed
probes and primers in a multiplex real-time PCR assay.

To ascertain if combining the primer probe sets to detect all three genes at
once would be advantageous in improving sensitivity we constructed a multiplex of

10  the three newly developed assays. LLD evaluations with serial dilutions of known
concentrations of the pneumnococcal positive control ATCC 33400 were done and
results compared to the singleplex assay for each gene. These studies showed that
variation was less than +1 C; value (cycle number where the fluorescence value
crosses the threshold) when compared to all the singleplex PCR’s. Evaluation of the

15  Spseudo and other P-LVS bacteria yielded results similar to the individual assays.
There were no additional positive or negative reactions.

Currently, the trend is to multiplex assays for simultaneous detection of
various pathogens, representing a savings in time and money. ‘We have done this for
a single pathogen but would propose that our lyt4-CDC or psaA-CDC primer probe

20  sets would provide high specificity in a respiratory platform multiplexed with
primers and probes for detection of other respiratory pathogens. This potential for
multiplexing and the speed of performance make these assays promising tools for
molecular detection and epidemiologic carriage studies. The use of this technology
should offer an added advantage when used in conjunction with other assays for

25  pneumococcal disease diagnosis.

While this disclosure has been described with an emphasis upon particular
embodiments, it will be obvious to those of ordinary skill in the art that variations of
the particular embodiments may be used, and it is intended that the disclosure may
be practiced otherwise than as specifically described herein. Features,

30  characteristics, compounds, chemical moieties, or examples described in conjunction
with a particular aspect, embodiment, or example of the invention are to be

understood to be applicable to any other aspect, embodiment, or example of the
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invention. Accordingly, this disclosure includes all modifications encompassed

within the spirit and scope of the disclosure as defined by the following claims.
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We claim:

1. A method for detecting a Streptococcus pneumoniae nucleic acid ina
sample, comprising:

contacting the sample with at least one probe comprising a nucleic acid
sequence between 20 and 40 nucleotides in length capable of hybridizing under very
high stringency conditions to a Streptococcus pneumoniae nucleic acid sequence set
forth as SEQ ID NO: 13 or SEQ ID NO: 15, wherein the probe comprises a nucleic
acid sequence at least 95% identical to the nucleotide sequence set forth as SEQ ID
NO: 5, SEQ ID NO: 6, or SEQ ID NO: 12; and

detecting hybridization between the Streptococcus pneumoniae nucleic acid
and the probe, wherein the detection of hybridization indicates the presence of the

Streptococcus pneumoniae nucleic acid in the sample.

2. The method according to claim 1, wherein the probe consists
essentially of the nucleic acid sequence set forth as SEQ ID NO: 5, SEQ ID NO: 6,
or SEQ ID NO: 12.

3. The method according to claim 2, wherein the probe consists of X-
GCCGAAAACGCTTGATACAGGGAG-Y (SEQ ID NO: 5), or X-
TGCCGAAAACGCTTGATACAGGGAG-Y (SEQ ID NO: 6), wherein X is a

fluorophore, and wherein Y is a dark quencher or acceptor dye.

4. The method according to claim 2, wherein the probe consists of X-
CTCAAGT*“T”GGAAACCACGAGTAAGAGTGATGAA-Y (SEQ IDNO: 12),
wherein X is a fluorophore, Y is one or more phosphates, and “T” is a thymine with

a dark quencher or acceptor dye linked to it.

5. The method according to any one of claims 1 to 4, wherein the probe

is labeled.
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6. The method according to claim 5, wherein the probe is radiolabeled,

fluorescently-labeled, biotin-labeled, enzymatically-labeled, or chemically-labeled.

7. The method according to claim 5 or 6, wherein the probe is labeled
with a fluorophore.
8. The method according to any one of claims 5 to 7, wherein the probe

is labeled with a fluorescence quencher.

9. The method according to any one of claims 5 to 8, wherein detecting
hybridization comprises detecting a change in signal from the labeled probe during

or after hybridization relative to signal from the label before hybridization.

10.  The method according to any one of claims 1 to 9, wherein the
method discriminates between Streptococcus pneumoniae nucleic acid and a

pneumococcus-like viridans Streptococci (P-LVS) nucleic acid.

11.  The method according to any one of claims 1 to 10, further
comprising amplifying the Streptococcus pneumoniae nucleic acid by polymerase
chain reaction (PCR), real-time PCR, reverse transcriptase-polymerase chain
reaction (RT-PCR), real-time reverse transcriptase-polymerase chain reaction (rt

RT-PCR), ligase chain reaction, or transcription-mediated amplification (TMA).

12.  The method according to claim 11, wherein the Streptococcus

prneumoniae nucleic acid is amplified by real-time PCR.

13.  The method according to claim 11 or 12, wherein amplifying the
Streptococcus pneumoniae nucleic acid comprises contacting the sample with at
least one primer between 15 and 40 nucleotides in length capable of hybridizing
under very high stringency conditions to a Streptococcus pneumoniae nucleic acid
sequence set forth as SEQ ID NO: 13 or SEQ ID NO: 15, wherein the primer is

capable of amplifying the Streptococcus pneumoniae nucleic acid.
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14,  The method according to claim 13, wherein the primer comprises a
nucleic acid sequence at least 95% identical to the nucleotide sequence set forth as
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 10, or SEQID NO: 11.

15.  The method according to claim 14, wherein the primer consists
essentially of the nucleic acid sequence set forth as SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 10, or SEQ ID NO: 11.

16. The method according to any one of claims 1 to 15, wherein the

sample is a biological sample obtained from a subject.

17. The method of claim 16, wherein the presence of a Streptococcus
preumoniae nucleic acid in the biological sample indicates the presence of a
Streptococcus pneumoniae infection in the biological sample obtained from the

subject.

18.  The method according to any one of claims 16 to 17, wherein the
biological sample is obtained from blood, serum, cerebral spinal fluids, middle ear
fluids, bronchoalveolar levage, tracheal aspirates, sputum, nasopharyngeal aspirates,

oropharyngeal aspirates, or saliva.

19.  The method according to any one of claims 1 to 18, wherein the

probe is arrayed in a predetermined array with an addressable location.

20. A probe for the detection of a Streptococcus pneumoniae nucleic acid
comprising a nucleic acid sequence between 20 and 40 nucleotides in length capable
of hybridizing under very high stringency conditions to a Streptococcus pneumoniae
nucleic acid sequence set forth as SEQ ID NO: 13 or SEQ ID NO: 15, wherein the
probe comprises a nucleic acid sequence at least 95% identical to the nucleotide
sequence set forth as SEQ ID SEQ ID NO: 5, SEQ ID NO: 6, or SEQ ID NO: 12.
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21.  The probe according to claim 20, wherein the probe consists
essentially of the nucleic acid sequence set forth as SEQ ID NO: 5, SEQ ID NO: 6,
or SEQ ID NO: 12.

22.  The probe according to claim 21, wherein the probe consists of X-
GCCGAAAACGCTTGATACAGGGAG-Y (SEQID NO: 5), or X-
TGCCGAAAACGCTTGATACAGGGAG-Y (SEQ ID NO: 6), wherein X is a

fluorophore, and wherein Y is a dark quencher or acceptor dye.

23.  The probe according to claim 21, wherein the probe consists of X-
CTCAAGT“T’GGAAACCACGAGTAAGAGTGATGAA-Y (SEQ ID NO: 12),
wherein X is a fluorophore, Y is one or more phosphates, and “T” is a thymine with

a dark quencher or acceptor dye linked to it.

24.  The probe according to any one of claims 20 to 23, wherein the probe
is labeled.

25.  The probe according to claim 24, wherein the probe is radiolabeled,

fluorescently-labeled, biotin-labeled, enzymatically-labeled, or chemically-labeled.

26. The probe according to claim 24 or 25, wherein the probe is labeled

with a fluorophore.

27.  The probe according to any one of claims 24 to 26, wherein the probe

is labeled with a fluorescence quencher.

28. A primer for the amplification of a Streptococcus pneumoniae nucleic
acid sequence comprising a nucleic acid 15 to 40 nucleotides in length capable of
hybridizing under very high stringency conditions to a Streptococcus pneumoniae
nucleic acid sequence set forth as SEQ ID NO: 13 or SEQ ID NO: 15, comprising a
nucleic acid sequence at least 95% identical to a nucleic acid sequence set forth as

SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 10, SEQ ID NO: 11, and wherein the
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primer is capable of directing the amplification of the Streptococcus pneumoniae

nucleic acid.

29.  The primer according to claim 28, wherein the primer consists
essentially of the nucleic acid sequence set forth as SEQ ID NO: 3, SEQ ID NO: 4,
SEQ ID NO: 10, SEQ ID NO: 11.

30. A set of primers for the amplification of a Streptococcus pneumoniae
nucleic acid comprising:

one or more forward primers consisting essentially of the nucleic acid
sequence set forth as SEQ ID NO: 3 or SEQ ID NO: 10; and

one or more reverse primers consisting essentially of the nucleic acid
sequence set forth as SEQ ID NO: 4 or SEQ ID NO: 11, wherein the set of primers
is capable of hybridizing to and directing the amplification of the Streptococcus

pneumoniae nucleic acid.

31.  The set of primers according to claim 30, wherein the set of primers
is a set of one or more primer pairs, wherein the one or more primer pairs comprises:

a forward primer consisting essentially of the nucleic acid sequence set forth
as SEQ ID NO: 3 and a reverse primer consisting essentially of the nucleic acid
sequence set forth as SEQ ID NO: 4;

a forward primer consisting essentially of the nucleic acid sequence set forth
as SEQ ID NO: 10 and a reverse primer consisting essentially of the nucleic acid
sequence set forth as SEQ ID NO: 11; or

a combination thereof.

32.  AKit for detecting a Streptococcus pneumoniae nucleic acid in a
sample, comprising:

the probe according to any one of claims 20 to 27; and

instructions for hybridizing the probe to the Streptococcus pneumoniae

nucleic acid within the sample.
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33.  The kit according to claim 32, further comprising the primer

according to claim 30.

34. A device for detecting a Streptococcus pneumoniae nucleic acid in a
sample, comprising nucleic acid array comprising at least one probe according to

any one of claims 20 to 27.

35. A method for diagnosing a Streptococcus pneumoniae infection in a
subject suspected of having a Streptococcus pneumoniae infection comprising:

obtaining a sample comprising nucleic acids from the subject;

contacting the sample with one or more the nucleic acid probes according to

any one of claims 20 to 27;

detecting hybridization between a Streptococcus pneumoniae nucleic acid
sequence present in the sample and the probe, wherein the detection of hybridization

indicates that the subject is infected with Streptococcus pneumoniae.
36.  The method according to claim 35, further comprising amplifying the

Streptococcus pneumoniae nucleic acid with one or more the primers according to

claim 30.
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FIG. 5
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