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COMPOSITIONS AND METHODS TO DETECT LEGIONELLA PNEUMOPHILA NUCLEIC ACID

RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. 119(e) of provisional applications no. 60/727,883, filed
October 17, 2005, and 60/735,709, filed November 9, 2005, both of which are incorporated by reference.

FIELD OF THE INVENTION
[0002]  This invention relates to detection of the presence of bacteria in a sample by using molecular biological
methods, and specifically relates to detection of Legionella pneumophila in a sample by amplifying L. pneumophila
nucleic acid sequences and detecting the amplified nucleic acid sequences.

BACKGROUND

[0003] Legionellag, which consists of the one genus Legionella, are fastidious gram-negative bacteria found in
moist environments as intracellular parasites of freshwater protozoa (Fields, et al., 2002, Clin, Microbiol. Rev. 15(3):
506-526). Legionellae can multiply in mammalian cells and cause respiratory disease in humans when a
susceptible host inhales or aspirates water or an aerosol containing the bacteria. Although at least 48 species of
Legionella are known, L. pneumophila is responsible for most reported cases of legionellosis that result in a severe

multisystem disease involving pneumonia, and most other legionellosis cases are caused by L. bozemanii, L. dumoffi,

L. longbeachae, and L, micdaaei.

[0004] Legionellae may be detected from a number of specimen types and by using a variety of methods. Culture
of bacteria from bronchoscopy, bronchoalveolar lavage (BAL), or lung biopsy specimens in a specialized Buffered
Charcoal Yeast Extract medium (BCYE) is sensitive and accurate but requires up to two weeks of incubation for
maximal recovery followed by identification of the bacteria by using a combination of colony morphoiogy, gram
staining, and serologic testing, e.g., immunoassays. Although direct detection of Legionella in uncultured clinical
specimens is possible by immunofluorescent or radioimmunoassay methods, these tests are often less sensitive.
Legionellosis may be diagnosed by indirect detection of a soluble polysaccharide antigen of L. pneumophila
serogroup 1 in uring, but these assays have limited diagnostic utility because of the time delay needed for
seroconversion and cannot detect by used for environmental testing. Molecular diagnostic tests have been developed
that use DNA probes or @ combination of nucleic acid amplification and DNA probes to detect genetic sequences
of Legionellag, including the mip gene of L. pneumophila. Such methods detect the presence of nucleic acids from
Legionellae in a variety of specimens and with varying degrees of specificity and sensitivity. Many such tests, however,

are [abor intensive, require atleast a day to perform, and are subject to contamination that results in false positive results.

]
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[0005] Because Legionellae can survive and persist for a long time in aquatic and moist environments, such as
reservoirs and cooling tower water, they can cause commsunity acquired or nosocomial infections. Hence, there is
a need for a rapid, sensitive and accurate method to detect Legionellae, particularly”L. pneumophila, in environmental
samples so that an infectious source can be accurately detected and eliminated to prevent infections. There is also
a need for methods that allow rapid and accurate detection of L. pnuemOphilé infections in humans so that infected
people may be treated promptly to limit morbidity, mortality, and spread of infection.
SUMMARY

[0006] Disclosed are methods of detecting Legionella pneumophila-in a sample, including environmental samples
or biological specimens derived from infected humans, by amplifying and detecting target sequences contained in
L. pnuemophila 16S rRNA or 23S rRNA, of DNA encoding them. By using specific primers and probes disclosed
herein, the methods amplify target sequences in 16S and/or 23S rRNA sequences of L. pneumophila and detect the
amplified products. Some embodiments monitor the development of specific amplification products during the
amplification step whereas other embodiments detect the amplification products following the amplification step.

Some method embodiments include detection of an internal control or calibrator, €.g., a non-Legionella sequence.

[0007] A method is "disclosed for detecting L. pnuemaphila in a sample that includes the steps of: providing a
'sample that contains a L. pnuemophila target nucleic acid that is a 16S rRNA sequence or DNA encoding the 165
rRNA sequence, mixing the sample with at least one first amplification oligonucleotide selected from the group
consisting of SEQ 1D NOS. 30, 31, 32, 33, 34, 35, 36, 37, 40, 41, 42, 43_, 44, 45, 53, 54, 60 and 61, combined with at
least one second amplification oligonucleotide selected from the group consisting of SEQ 1D NOS. 28, 29, 38, 39,
46, 47", 48, 49, 50, 51, 52, 55, 56, 57, 58, and 59, providing an enzyme with nucleic acid polymerase activity and
nucleic acid precursors to make an amplification mixture tha"t includes the first and second amplification
oligonucleotides and the L. pneumophila target nucleic acid, elongating /in vitro a 3' end of at least one of the
amplification oligonucleotides hybridized to the L. pnuemophila target nucleic acid by using the enzyme with nucleic
acid polymerase activity and the L. pneumophila target nucleic acid as aﬁ template to produce an amplified product,
and detecting the amplified product to indicate the presence Legionella pnuemophila in the sample. In some
embodiments, the detecting step hybridizes the amplified product specifically to a detection probe oligomer
consisting of SEQ ID NOS. 1, 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,18, 21, 22, 23, 24, 25, 26, 27, 62, 63,
64, or 65. Some embodiments also inciude a sample processing step that captures the L. pneumophila target

nucleic acid from the sample before the hybridizing step, preferably by using a capture probe oligomer that contains
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a target specific sequence consisting of SEQ ID NO:66, SEQ ID NO:67 or SEQ ID NO:68, which may be covalently
attached to a 3' tail sequence. In some embodiments, the mixing step uses a combination of the first and second
‘amplification oligonucleotides selected from the group consisting of: SEQ ID NO:29 with SEQ ID NO:31, SEQ ID
NQ:28 with SEQ ID NO:31, SEQ ID NO:29 with SEQ ID NO:33, SEQ |D NO:28 with SEQ ID NO:33, SEQ ID NO: 41
with SEQ ID NO:46, SEQ ID NO:41 with SEQ ID NO:55, SEQ ID NO:54 with SEQ 1D NO:46, SEQ ID NO:54 with SEQ
ID NO:55, SEQ ID NO:51 with SEQ ID NO:43, SEQ ID NO:52 with SEQ ID NO:43, SEQ ID NO:51 with SEQ 1D NO:45,
SEQ ID NO:52 with SEQ ID NO:45, SEQ ID NO:60 with SEQ ID NO:58 and SEQ ID NO:56, SEQ ID NO:60 with SEQ
ID NO:59 and SEQ ID NO:56, SEQ 1D NO:60 with SEQ ID NO:58 and SEQ ID NO:57, SEQ ID NO:60 with SEQ 1D
NO:59 and SEQ ID NO:57, SEQ ID NO:61 with SEQ ID NO:58 and SEQ ID NO:56, SEQ ID NO:61 with SEQ 1D NQO:59
and SEQ ID NO:56, SEQ ID NO:61 with SEQ ID NO:58 and SEQ ID NO:57, and SEQ 1D NO:61 with SEQ 1D NO:59
and SEQ ID NO:57. In some preferred embodiments, the mixing step uses a combination of the first and secona
amplification oligonucleotides selected from the group consisting of: SEQ ID NO:29 with SEQ ID NO:31, SEQ ID
NO:28 with SEQ ID NO:31, SEQ ID NO: 41 with SEQ ID NO:46, SEQ ID NO:41 with SEQ ID NO:55, SEQ ID NO:54
with SEQ 1D NO:46, SEQ ID NO:54 with SEQ 1D NO:55, SEQ ID NO:52 with SEQ ID NO:43, and SEQ ID NO:52 with
SEQ ID NO:45.

10008] A composition is disclosed for detecting Legionella pnuemophila 16S rRNA sequence or DNA encoding the
16S rRNA sequence by using in vitro amplification, that includes at least one first amplification oligonucleotide
selected from the group consisting of SEQ 1D NOS. 30, 31, 32, 33, 34, 35, 36, 37, 40, 41, 42, 43, 44, 45, 53, 54, 60
and 61, combined with at least one second amplification oligonucleotide selected from the group consisting of SEQ
ID NOS. 28, 29, 38, 39, 46, 47,48, 49, 50, 51, 52, 55, 56, 57, 58, and 59. The composition may also include at least
one capture probe oligomer that contains a target specific sequence consisting of SEQ ID NO:66, SEQ ID NO:67
or SEQ ID NO:68, which is optionally linked with a 3 tafl sequence. The composition may also include at least one
detection probe oligomer selected from the group consisting of SEQ ID NOS. 1,2, 3,4, 5,6, 7,8, 9,10, 11, 12, 13,
14, 15, 16, 17, 18, 21, 22, 23, 24, 25, 26, 27, 62, 63, 64, and 65. Preferred embodiments include at least one
detection probe oligomer selected from the group consisting of SEQ ID NOS. 5, 13, 15, and 21. Preferred
embodiments of such compositions are provided in the form of a kit., which may optionally include other reagents

used in nucleic acid amplification and/or detection.
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[0009] A method is disclosed for detecting Legionella pnuemophila in a sample that includes the steps of providing
a sample that contains a L. pnuemophila target nucleic acid that is a 23S rRNA sequence or DNA encoding the 23S
RNA sequence, mixing the sample with at least one first amplification oligonucleotide selected from the group
consisting of SEQ ID NOS. 69, 70, 71, 74, 75,76, 77, 78, 79, 80, 81, 82, and 83, combined with at least one second
amplification oligonucleotide selected from the group consisting of SEQ 1D NOS. 84, 85, 86 and 87, providing an
enzyme with nucleic aéid polymerase activity and nucleic acid precursors to make an amplification mixture that
includes the first and second amplification ofigonucleotides and the L. pneumaphila target nucleic acid, elongating
in vitro a 3' end of at least one of the amplification oligonucleotides hybridized to the L. pnuemophila target nucleic
acid by using the enzyme with nucleic acid polymerase activity and the L. pneumophila target nucleic acid as a
template to produce an amplified product, and detecting the amplified product to indicate the presence Legionella
pnuemophila in the sample. In some embodiments, the detecting step hybridizes the amplified product specifically
to a detection probe oligomer selected from the group consisting of SEQ ID NOS. 72, 88 and 89. Other embodiments
may also include a sample processing step that captures the L. pneumophila target nucleic acid from the sample
before the hybridizing step, p"referably by using a capture probe ofigomer that contains a target specific sequence
consisting of SEQ ID NO:73, which may be covalently attached to a 3' tail sequence. In some embodiments, the
mixing step uses a combination of the first and second amplification oligonucleotidés selected from the group
consisting of: SEQ ID NO:69 or SEQ ID NO:70 with SEQ ID NO:84, any one of SEQ ID NOS. 71 to 77 with SEQ ID
NO:84, SEQ ID NQ:78 or SEQ ID NO:79 with SEQ ID NO:84, any one of SEQ ID NOS. 80 to 83 with SEQ ID NO:84,
SEQID NO:69 or SEQ ID NO:70 with SEQ 1D NO:85, any one of SEQ 1D NOS. 7110 77 with SEQ ID NO:85, SEQID
NOQ:78 or SEQ ID NO:79 with SEQ ID NO:85, any one of SEQ ID NOS. 80 to 83 with SEQ ID NO:85, SEQ ID NO:69
or SEQ ID NO:70 with SEQ ID NO:86, any one of SEQ ID NOS. 71 to 77 with SEQ ID NO:86, SEQ ID NO:78 or SEQ
ID NO:79 with SEQ 1D NO:86, any one of SEQID NOS. 8010 83 with SEQID NO:86, SEQ ID NO:69 orSEQID NO:7'O
with SEQ ID NO:87, any one of SEQ ID NOS. 71 to 77 with SEQ [D NO:87, SEQ ID NQO:78 or SEQ ID NO:79 with SEQ
ID NO:87, and any one of SEQ ID NOS. 80 to 83 with SEQ ID NO:87. Preferred embodiments include those in which
the mixing step uses a combination of the first and second amplification oligonucleotides selected from the group
consisting of: SEQ ID NO:79 with SEQ ID NO:85 and SEQ ID NO:87; SEQ ID NO:75 with SEQ ID NO:84 and SEQ
ID NO:87; and SEQ ID NO:75 with SEQ ID NO:85 and SEQ D NO:87.

f00010] A composition is disclosed for detecting a Legionella bnuemophila 235 rBNA sequence or DNA encoding

the 23S rRNA ‘'sequence by using in vitro amplification, that includes at least one first amplification oligonucleotide



CA 02625414 2008-04-08
WO 2007/047912 PCT/US2006/041017

selected from the group consisting of SEQ ID NOS. 69, 70, 71, 74, 75, 76, 77, 78, 79, 80, 81, 82, and 83, combined
with at least one second amplification oligonucleotide selected from the group consisting of SEQ ID NOS. 84, 85,
86 and 87. In preferred embodiments, the composition is a combination of first and second amplification
oligonucleotides selected from the group consisting of: SEQ D NQO:79 with SEQ ID NO:85 and SEQ ID NO:87; SEQ
ID NO:75 with SEQ ID NO:84 and SEQ ID NO:87; and SEQ ID NO:75 with SEQ ID NO:85 and SEQ ID NO:87. Some
embodiments also include at least one capture probe oligomer that contains a target specific sequence consisting
of SEQ ID NO:73, which may be covalently attached to a 3' tail sequence. Some embodiments of the composition
also include at least one detection probe oligomer selected from the group consisting of SEQ ID NOS. 72, 88 and
89. Preferred embodiments of such compositions are provided in the form of a kit., which may optionally include
other reagents used in nucleic acid amplification and/or detection.
DETAILED DESCRIPTION

[00011]  Methods are disclosed for sensitively and specifically detecting the presence of L. pneumophila in an
environmental or biological sample by detecting L. pneumophila nucleic acids. The methods include performing
a nucleic acid amplification of 16S or 23S rRNA sequehces and detecting t'.he amplified product, typically by using
a nucleic acid probe that specifically hybridizes to the amplified product to provide a signal that indicates the
presence .of L. pneumophila in the sample. The amplification step includes contacting the sample with a one or
more amplification oligomers specific for a target sequence in 165 or 23S rRNA to produce an amplified product if
L. pneumophila rRNA in present in the sample. Amplification synthesizes additional copies of the target seqtjence
or its complement by using at least one nucleic acid polymerase to extend the sequence from an amplification
oligomer (a primer) using a L. pneumophila template strand. Preferred embodiments for detecting the amplified
product use a hybridizing step that includes contacting the amplified product with at least one probe specific for an
amplified sequence, e.g., a sequence contained in the target sequence that is flanked by a pair of amplification
oligomers. The detecting step may be performed after the amplification reaction is completed, or may be performed
simultaneous with the amplification reaction (sometimes referred to as “real time”). In preferred embodiments, the
detection step detects the amplified product that uses a probe that is detected in a homogeneous reaction, i.e.,
detection of the hybridized probe does not require removal of unhybridized probe from the mixture (e.g., US Pat. Nos.
5,639,604 and 5,283,174, Amold Jr. et al.). In preferred embodiments that detect the amplified product near or at the
end of the amplification step, a linear probe hybridizes to the amplified product to provide a signal that indicates
hybridization of the probe to the amplified sequence. In preferred embodiments that use real-time detection, the

probe is preferably a hairpin structure probe that includes a reporter moiety that provides the detected signal when
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the probe binds to the amplified product. For example, a hairpin probe may include a reporter moiety or label, such
as a fluorophore (“F"), attached to one end of the probe and an interacting compound, such as quencher ("Q"),
attached to the other end the hairpin structure to inhibit signal production when the hairpin structure is in the “closed”
conformation and not hybridized to the amplified product, whereas a detectable signal results when the probe is
hybridized to a complementary sequence in the amplified product, thus converting the probe to a “open’
conformation. Examples of hairpin structure probe include a molecular beacon, molecular torch, or hybridization
switch probe and other forms (e.g., US Pat. Nos. 5,1 18,801 and 5,312,728, Lizardi et al., US Pat. Nos. 5,925,517 and
6,150,097, Tyagi et al., US Pat. Nos. 6,849,412, 6,835,542, 6,534,274, and 6,361,945, Becker et al., US Ser. No.
11/173,915, Becker et al., and US Pub. No. 2006-0194240 A1, Armold Jr. et al.).

[00012] To aid in understanding this disclosure, some terms used herein are described below. Unless otherwise
described, scientific and technical terms used herein have the same meaning as commonly understood by those
skilled in the relevant art based on technical literature, e.g., in Dictionary of Microbiology and Molecular Biology, 2nd
ed. (Singleton et al., 1994, John Wiley & Sons, New York, NY), The Harper Collins Dictionary of Biology (Hale &
Marham, 1991, Harper Perennial, New York, NY), or Dorland’s lllustrated Medical Dictionary, 30" ed. (2003, W.B.
Saunders, Elsevier Inc., Philadeiphia, PA). Unless otherwise described, techniques employed or contemplated herein

are standard methods well known in the art of molecular biology.

100013} “Sam"ple” includes any specimen that may contain Legionella bacteria or components thereof, such as
nucleic acids or nucleic acid fragments. Samples may be obtained from environmental sources, e.g., water, soil,
slurries, debris, biofilms from containers of aqueous fluids, airborne particles or aerosols, and the like, which may
include processed sa'mples, such as those obtained from passing an environmental sample over or through a filters,
by centrifugation, or by adherence to a medium, matrix, or support. “Biological samples” include any tissue or
material derived from a living or dead mammal, including humans, which may contain Legionellae or target nucleic
acid derived therefrom, e.g., respiratory tissue or exudates such as bronchoscopy, bronchoalveolar lavage (BAL) or
lung biopsy, sputum, peripheral blood, plasma, serum, lymph node, gastrointestinal tissue, urine, exudates, or other
body fluids. A sample may be treated to physically or mechanically disrupt aggregates or cells to release intracellular
components, including nucleic acids, into a solution which may contain other components, such as enzymes, buffers,

salts, detergents and the like.
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00014]  “Nucleic acid” refers to a multimeric compound comprising nucleosides or nucleoside analogs which have
nitrogenous heterocyclic bases, or base analogs, which are linked by phosphodiester bonds or other linkages to form
a polynucleotide. Nucleic acids include RNA, DNA, or chimeric DNA-RNA polymers, and analogs thereof. A nucleic
acid “backbone” may be made up of a variety of linkages, including one or more of sugar-phosphodiester linkages,
peptide-nucleic acid (PNA) bonds (PCT No. WO 95/32305), phosphorothioate linkages, methylphosphonate linkages,
or combinations thereof. Sugar moieties of the nucleic acid may be either ribose or deoxyribose, or similar
compounds having known substitutions, e.g., 2 methoxy substitutions and 2' halide substitutions (e.g., 2-F).
Nitrogenous bases may be conventional bases (A, G, C, T, U), analogs thereof (e.g., inosine; The Biochemistry of the
Nucleic Acids 5-36, Adams et al., ed., 11" ed., 1992), derivatives of purine or pyrimidine hases, e.g., N*-methyl
deoxygaunosine, deaza- or aza-purines, deaza- or aza-pyrimidines, pyrimidine bases having substituent groups at the
5 or 6 position, purine bases having an altered or replacement substituent at the 2, 6 and/or 8 position, -such as 2-
amino-6-methylaminopurine, 0%-methyiguanine, 4-thio-pyrimidines, 4-amino-pyrimidines, 4-dimethylhydrazine-
pyrimidines, and O*-alkyl-pyrimidines, and pyrazolo-compounds, such as unsubstituted or 3-substituted pyrazolo[3,4-
dipyrimidine {US Pat. Nos. 5,378,825, 6,949,367 artd PCT No. WO 93/13121). Nucleic acids may include “abasic”
positions in which the backbone does not include a nitrogenous base for one or more residues (USG Pat. No.
5,585,481). A nucleic acid may comprise only conventional sugars, bases, and Iinkages as found in RNA and DNA,
or may include conventional components and substitutions (e.g., conventional bases linked by a 2' methoxy
backbone, or a nucleic acid including a mixture of conventional bases and one or more base analogs). Nucleic
acids also include “locked nucleic acids” (LNA), an analogue containing one or more LNA nucleotide monomers
with a bicyclic furanose unit locked in an RNA mimicking sugar conformation, which enhances hybridization affinity
toward complementary sequences in single-stranded RNA (ssRNA), single-stranded DNA (ssDNA), or double-
stranded DNA (dsDNA) (Vester et al., 2004, Biochemistry 43(42):13233-41). .' Methods for synthesizing nucieic acids

in vitro are well known in the art.

[00015]  The interchangeable terms “oligomer” and “oligonucleotide” refer to a nucleic acid having generally less
than 1,000 nucleotides (nt), including polymers in a range having a lower limit of about 2 nt to 5 nt and an upper limit
of about 500 nt to 900 nt. Preferred oligomers are in a size range having a lower limit of about 5 nt to 15 nt and an
upper limit of about 50 nt to 600 nt, and particularly preferred embodiments are in a range having a lower limit of
about 10 nt 1o 20 nt and an upper limit of about 22 ntto 100 nt. Preferred oligomers are synthesized by using any well

known enzymatic or chemical method and purified by standard methods, e.g., chromatography.
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[00016] An “amplification oligomer” is an oligonucleotide that hybridizes to a target nucleic acid, or its complement,
and participates in a nucleic acid amplification reaction. An example of an amplification oligomer is a “primer” that
hybridizes to a template nucleic acid and contains a 3' hydroxyl end that is extended by a polymerase in an
amplification process. Another example is an oligonucleotide that participates in or facilitates amplification but is
not extended by a polymerase, e.g., because it has a 3 blecked end. Preferred size ranges for amplification
oligomers include those that are about 10 to about 60 nt long and contain at least about 10 contiguous bases, and
more preferably at least 12 contiguous bases that are complementary to a region of the target nucleic acid sequence
(or its complementary sequence). The contiguous bases are preferably at least 80%, more preferably at least 90%,
and most preferably about 100% complementary to the target sequence to which the amplification oligomer binds.
An amplification oligomer may optionally include modified nucleotides or analogs, or optionally an additional
sequence that participate in an amplification reaction but are not complementary to or contained in or
~ complementary to the target or template sequence. For example, a “promoter primer” is an oligonucleotide that
includes a 5' promoter sequence that is non-complementary to the target nucleic acid but is adjacent or near to the
farget comp!ementaw sequence of the primer. Those skiiled in the art will understand that ae amplification oligomer
- that functions as a primer may be modified to include a 5' promoter sequence, and thus function as a promoter-
primer, and a promoter-primer can function as a primer independent of its promoter sequence, i.e., the
oligonucleotide may -' be modified by removal of, or synthesis without, its promoter sequehce. An amplification
oligomer referred to as a “promoter provider” includes a promoter sequence that serves as a template for
polymerization but the oligonucleotide is not extended from its 3' end which is blocked and, therefore, not available

for extension by polymerase activity.

[0001 71 “Amplification” refers to any knowh in vitro procedure for obtaining_multiple copiee of a targef nucleic acid
sequence or fragments thereof, or its complementary sequence. Amplification of “fragments” refers to production
of an amplified nucleic acid that contains less than the complete target nucleic acid or its corﬁplement, e.g., by using
an amplification oligonucleotide that hybridizes to and initiates polymerization from an internal position of the target
nucleic acid. Known amplification methods include, for example, replicase-mediated amplification, the polymerase
chain reaction (PCR), ligase chain reaction (LCR), strand-displacement amplification (SDA), and transcription-
mediated or transcription-associated amplification. Replicase-mediated ampliﬁcetion uses self-replicating RNA
molecules, and a replicase such as QB-replicase (e.g., US Pat. 4,786,600, Kramer et al.). PCR amplification uses

a DNA polymerase, pairs of primers, and thermal cycling to synthesize multiple copies of two complementary strands
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of a dsDNA or from a cDNA (e.g., US Pat. Nos. 4,683,195, 4,683,202, and 4,800,159, Mullis et al.). LCR amplification
uses four or more different oligonucleotides to amplify a target and its complementary strand by using multiple cycles
of hybridization, ligation, and denaturation (e.g., US Pat. No. 5,427,930, Birkenmeyer et al., US Pat. No. 5,516,663,
Backman et al.). SDA uses a primer that contains a recognition site for a restriction endonuclease and an
endonuclease that nicks one strand of a hemimodified DNA duplex that includes the target sequence, whereby
amplification occurs in a series of primer extension and strand displacement steps (e.g., US Pat. No. 5,422,252,

Walker et al., US Pat. No. 5,547,861, Nadeau et al., US 5,648,211, Fraiser et al.).

[00018]  “Transcription-associated amplification” or “transcription¥mediated amplification” (TMA) refer to any type
of nucleic acid amplification that uses an RNA polymerase to produce multiple RNA transcripts from a nucleic acid
template. These methods generally use an RNA polymerase, a DNA polymerase, nucleic acid substrates (dNTPs
and NTPs), and a template complementary oligonucleotide that includes a promoter sequence, and optionally may
include one or more other oligonucleotides. Variations of transcription-associated amplification are well known in
the art (e.g., disclosed in detail in US Pat. Nos. 5,399,491 and 5,554,516, Kacian et al.; US Pat. No. 5,437,990, Burg
et al.: PCT Nos. WO 88/01302 and WO 88/10315, Gingeras et al.; US Pat. No. 5,130,238, Malek et al.; US Pat. Nos.
4,868,105 and 5,124,246, Urdea et al.; PCT No. WO 95/03430, Ryder et al.; and US 2006-0046265 A1, Becker et al.).
TMA methods of Kacian et al. and a one-primer transcription-associated method (US 2006-0046265 A1, Becker &t
al.) are preferred embodiments of transcription associated ampliﬁcation methods for use In detection of Legionella
farget sequences as described herein. Although preferred embodiments are illustrated :by such amplification
reactions, a person of ordinary skill in the art will appreciated that amplification oligomers disclosed herein may be

readily used in other amplification methods that extend a sequence from primer(s) by using a polymerase.

[00019] “Probe” refers to a nucleic acid oligomer that hybridizes specifically to a target sequence in a nucleic acid,
preferably in an amplified nucleic acid, under conditions that allow hybridization to permit detection of the target
sequence or amplified nucleic acid. Detection may either be direct (i.e., probe hybridized directly to its target
sequence) or indirect (i.e., probe linked to its target via an intermediate molecular structure). A probe’s “target
sequence” generally refers to a subsequence within a larger sequence (e.g., a subset of an amplified sequence) that
hybridizes specifically to at least a portion of a probe by sténdard base pairing. A probe may include target-specific
sequence and other sequences that contribute to the probe’s three-dimensional conformation (e.g., described in US
Pat. Nos. 5,118,801 and 5,312,728, Lizardi et al.; US Pat. Nos. 6,849,412, 6,835,542, 6,534,274, and 6,361,945,
Becker et al., and US 2006-0068417 A1, Becker et al.).
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[00020] By “sufficiently complementary” is meant a contiguous sequence that Is capable of hybridizing to another
sequence by hydrogen bonding between a serigs of complementary bases, which may be complementary at each
position in the sequence by standard base pairing (e.g., G:C, A:T or A:U pairing) or may contain one or more positions,
including abasic ones, which are not complementary bases by standard hydrogen bonding. Contiguous bases are
at least 80%, preferably at least 90%, and more preferably about 100% complementary to a sequence to which an
oligomer is intended to specifically hybridize. Sequences that are “sufficiently complementary” allow stable
hybridization of a nucleic acid oligomer to its target sequence under the selected hybridization conditions, even if the
sequences are not completely complementary. Appropriate hybridization conditions are well known in the art, can
be predicted readily based on base sequence composition, or can be determined by using routine testing (e.g.,
Sambrook et al., Molecular Cloning, A Laboratory Manual, 2™ ed. (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY, 1989), §§ 1.90-1.91, 7.37-7.57, 9.47-9.51 and 11.47-11.57, particularly at §§ 9.50-9.51, 11.12-11.13,
~ 11.45-11.47 and 11.55-11.57). : :

[00021] “Sample preparation” refers to any steps or methods that prepére a sample for subsequent amplification
and detection of Legionella nucleic acids present in the sample. Sample preparation may include any known
method of concentrating components from a larger sample volume or from a substantially aqueous mixture, e.g., by
filtration or trapping of airborne particles from an air sample or microbes from a water sample. Sample preparation
may include lysis of cellular components and removal of debris, e.g., by filtration or centrifugation, and may include

- use of nucleic acid oligomers to selectively capture the target nucleic acid from other samplie components.

[00022] A “capture probe” or “capture oligomer” refers to at least one nucieic acid oligomer that joins a target
sequence and an immobilized oligomer by using base pair hybridization to selectively capture the target sequence.
A preferred capture probe embodiment includes two binding regions: a target sequence-binding region and an
immobilized probe-binding region, usually on the same oligomer, although the two regions may be present on
different oligomers joined by one or more linkers. For example, a first oligomer may include the immobilized probe-
binding region and a second oligomer may include the target sequence-binding region, and the two different

oqligomers are joined by a linker that joins the two sequences into a functional unit.

[00023] An “immobilized probe” or “immobilized nucleic acid’ refers o a nucleic acid that joins, directly or indirectly,

a capture oligomer to an immobilized support. A preferred iImmobilized probe is an oligomer joined i0 a support that
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facilitates separation of bound target sequence from unbound material in a sample. Supports may include known |
materials, such as matrices and particles free in solution, e.g., made up of nitrocellulose, nylon, glass, polyacrylate,
mixed polymers, polystyrene, silane, polypropylene, metal and preferred embodiments are magnetically attractable
particles. Preferred supports are monodisperse magnetic spheres (e.g., uniform size + 5%), to which an immabilized
probe is joined directly (via covalent linkage, chelation, or ionic interaction), or indirectly (via one or more linkers),

where the linkage or interaction between the probe ans support is stable during hybridization conditions.

[00024]  “Separating” or “purifying” means that one or more components of a mixture, such as a sample, are
removed or separated from one or more other components. Sample components include target nucleic acids in a
generally aqueous mixture (solution phase) which may include cellular fragments, proteins, carbohydrates, lipids,
and other nucleic acids. Separating or purifying removes at least 70%, preferably at least 80%, and more preferably

about 95% of the target nucleic acid from other mixture components.

[00025] A “label” refers fo a molecular moiety or compound that is detebted or léads to a detectable signal. A label
may be joined directly or indirectly to a nucleic acid probe. Direct labeling can occur through bonds or interactions
that link the label to the probe, including covalent bonds or non-covalent interactions, e.g. hydrogen bonds,
hydrophobic and ionic interactions, or formation of chelates or coordination complexes. Indirect labeling can océur
through use of a bridging moiety or linker (e.g., antibody or additional oligomer), which is either directly or indirectly
labeled, and which may amplify the detectable signal. Labels include any detectab'lef moiety, such as a radionuclide,
ligand (e.g., biotin, avidin), enzyme, enzyme substrate, reactive group, chromophore (e.g., dye, particle, or bead that
imparts detectable color), luminescent compound (e.g., bioluminescent, phosphorescent, or chemiluminescent
labels), or fluorophore. Preferred labels include a “homogeneous detectable label” Ithat" provides a detectable signal |
in a homogeneous reaction in which bound lébeled probe in a mixture exhibits a detectable change that differs from
that of unbound labeled probe, e.g., stability or differential degradation (e.g., US Pat. No. 5,283,174, Amold et al.; US
Pat. No. 5,656,207, Woodhead et al.; US Pat. No. 5,658,737, Nelson et al.). Preferred labels include
chemiluminescent compounds, preferably acridinium ester (“AE”) compounds that include standard AE and
defivatives thereof (described in US Pat. Nos. 5,656,207, 5,658,737 and 5,639,604). Methods of synthesis and
attaching labels to nucleic acids and detecting signals from labels are well known (e.g., Sambrook et alh., Molecular
Cloning, A Laboratory Manual, 2nd ed. (Cold Spring Harbor Laboratory Press, Cold Spring Habor, NY, 1989), Chpt.
10: US Pat. Nos. 5,658,737, 5,656,207, 5,547,842, 5,283,174, and 4,581,333).
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[00026] Methods are disclosed for amplifying and detecting Legionella nucleic acid, specifically L. pneumophila
16S and 23S rBNA sequences or DNA encoding 16S and 23S rRNA. Disclosed are selected oligonucleotide
sequences that specifically recognize target sequences of L. pneumophila 16S and 23S rRNA or their complementary
sequences, or DNA encoding 16S and 23S rBNA. Such oligonucleotides may function as amplification oligomers,
e.g., as primers, promo’ter primers, blocked oligomers, and prorhoter provider oligomers, whose functions are known
(e.g., described in US Pat. Nos. 4,683,195, 4,683,202, 4,800,159, 5,399,491, 5,554,516 and 5,824,518, and US
2006-0046265 A1). Other embodiments may function as probes to detect the amplified L. pneumophila sequences.

00027]  Amplification methods that use transcription mediated amplification (TMA) include the steps summarized
herein (described in detail in US Pat. Nos. 5,399,491, 5,554,516 and 5,824,518). The target nucleic acid that
contains the sequence to be amplified is provided as single stranded nucleic acid (e.g., SSRNA or ssDNA) or made
single stranded by conventional methods, e.g., temperature and/or chemical melting of double stranded nucleic acid
to provide a single-stranded target nucleic acid. A promoter primer binds specifically its target sequence in the target
nucleic acid and an enzyme with reverse transcriptase (RT) activity extends the 3' end of the promoter primer using
the target strand as a template, to make a cDNA of the target sequence, which is in an RNA:DNA duplex. Enzymatic
RNase activity (e.g., RNaseR) digests the RNA strand of the RNA:DNA duplex and a second primer binds specifically
to its target sequence on the cDNA strand downstream from the promoter-primer end. The RT synthesizes a new
DNA strand by extending the 3' end of the second primer using the first CONA as a template to make a dsDNA that
contains a functional promoter sequence. An RNA polymerase specific for the promoter seqdence then initiates
transcription to produce multiple RNA transcripts that are, e.g., about 100 to 1000 amplified copies (“amplicons”) |
of the initial target strand in the reaction. Amplification continues when the second primer binds specifica<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>