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(57) ABSTRACT

The invention relates to a method of identifying a specific
yeast species in patient tissue or body fluid. The method
comprises the steps of extracting and recovering DNA of the
yeast species from the patient tissue or body fluid, amplifying
the DNA, hybridizing a probe to the DNA to specifically
identify the yeast species, and specifically identifying the
yeast species. The invention also relates to a method of iden-
tifying a yeast mycotoxin in patient tissue or body fluid. The
method comprises the steps of extracting and recovering the
yeast mycotoxin from the patient tissue or body fluid, con-
tacting the yeast mycotoxin with an antibody directed against
the yeast mycotoxin, and identifying the yeast myocotoxin.
Both of these methods can be used to determine if a patient is
at risk for or has developed a disease state related to a yeast
infection, and to develop an effective treatment regimen for
the patient.
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METHODS AND COMPOSITIONS FOR
IDENTIFYING YEAST

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Application Ser. No. 61/091,188,
filed on Aug. 22, 2008, incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] This invention relates to methods and compositions
for detecting or identifying yeast and mycotoxins. More par-
ticularly, the invention relates to methods and compositions
for detecting or identifying yeast and mycotoxins in the tis-
sues or body fluid samples of patients.

BACKGROUND AND SUMMARY

[0003] Infections by various yeast species have become
recognized as a cause of disease and ultimate death in many
types of patients, including cancer patients and immunocom-
promised patients. Candidemia has increased over the past
decade with Candida albicans being the most often isolated
organism. Other species frequently isolated from infected
patients include Candida glabrata, Candida tropicalis, and
Candida krusei. Resistance to therapeutics, including the
polyenes and the azoles, is common in patients infected with
various yeast species.

[0004] A sensitive method using PCR assays which are
based on the detection of yeast DNA in human body fluids or
tissue samples is herein described. The use of realtime PCR
(RT-PCR) for detection of yeast infections increases the reli-
ability of PCR results.

[0005] In one embodiment, a method of identifying a spe-
cific yeast species in patient tissue or body fluid is provided.
The method comprises the steps of extracting and recovering
DNA of'the yeast species from the patient tissue or body fluid,
amplifying the DNA, hybridizing a probe to the DNA to
specifically identify the yeast species, and specifically iden-
tifying the yeast species.

[0006] In this embodiment, 1) the amplifying step can be
performed with primers that hybridize to the DNA, 2) the
body fluids can be selected from the group consisting of urine,
nasal secretions, nasal washes, bronchial lavages, bronchial
washes, spinal fluid, sputum, gastric secretions, seminal fluid,
other reproductive tract secretions, lymph fluid, whole blood,
serum, and plasma, 3) the DNA can be amplified using PCR,
4) the PCR can be real-time PCR, 5) the probe can be fluo-
rescently labeled, 6) the yeast species can be selected from the
group consisting of Candida albicans, Candida glabrata,
Candida kruseii, and Candida tropicalis, 7) the probe, a for-
ward primer, and a reverse primer can be used during the
amplification step and the probe comprises the sequence of
SEQID NO: 1, the forward primer comprises the sequence of
SEQ ID NO: 2, and the reverse primer comprises the
sequence of SEQ ID NO: 3, 8) the probe, a forward primer,
and a reverse primer can be used during the amplification step
and the probe comprises the sequence of SEQ ID NO: 4, the
forward primer comprises the sequence of SEQ IDNO: 5, and
the reverse primer comprises the sequence of SEQ ID NO: 6,
9) the probe, a forward primer, and a reverse primer can be
used during the amplification step and the probe comprises
the sequence of SEQ ID NO: 7, the forward primer comprises
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the sequence of SEQ ID NO: 8, and the reverse primer com-
prises the sequence of SEQ ID NO: 9, 10) the probe, a forward
primer, and a reverse primer can be used during the amplifi-
cation step and the probe comprises the sequence of SEQ ID
NO: 10, the forward primer comprises the sequence of SEQ
ID NO: 11, and the reverse primer comprises the sequence of
SEQ ID NO: 12, 11) the amplified sequence can be internal
transcribed spacer regions of nuclear ribosomal DNA, and/or
12) the probe can be bound to a bead dyed with a fluoro-
chrome. Any applicable combination of 1 through 12 is also
contemplated.

[0007] In another embodiment, a method of identifying a
yeast mycotoxin in patient tissue or body fluid is provided.
The method comprises the steps of extracting and recovering
the mycotoxin from the patient tissue or body fluid, contact-
ing the mycotoxin with an antibody directed against the myc-
otoxin, and identifying the myocotoxin. In another embodi-
ment, the method can further comprise the step of quantifying
the mycotoxin. In either of these embodiments, 1) the body
fluid can be selected from the group consisting of urine, nasal
secretions, nasal washes, bronchial lavages, bronchial
washes, spinal fluid, sputum, gastric secretions, seminal fluid,
other reproductive tract secretions, lymph fluid, whole blood,
serum, and plasma, 2) the mycotoxin can be selected from the
group consisting of a gliotoxin and a patulin, 3) the tissue can
be derived from a patient tissue biopsy and can be in a 10%
formalin solution or can be in a paraftin block, and/or 4) the
antibody can be bound to a bead dyed with a fluorochrome.
Any applicable combination of 1 through 4 is also contem-
plated.

[0008] In yet another embodiment, a method of determin-
ing if a patient is at risk for or has developed a disease state
related to a yeast infection is provided. The method comprises
the steps of extracting and recovering a yeast mycotoxin from
atissue or body fluid of the patient, contacting the mycotoxin
with an antibody directed against the toxin, identifying the
mycotoxin, and determining if the patient is at risk for or has
developed the disease state related to the yeast infection. In
another embodiment, the method can further comprise the
step of developing an effective treatment regimen for the
patient.

[0009] In either of the methods in the immediately preced-
ing paragraph, 1) the body fluid can be selected from the
group consisting of urine, nasal secretions, nasal washes,
bronchial lavages, bronchial washes, spinal fluid, sputum,
gastric secretions, seminal fluid, other reproductive tract
secretions, lymph fluid, whole blood, serum, and plasma, 2)
the mycotoxin can be selected from the group consisting of a
gliotoxin and a patulin, 3) the tissue can be derived from a
patient tissue biopsy and can be in a 10% formalin solution or
can be in a paraffin block, and/or 4) the antibody can be bound
to a bead dyed with a fluorochrome. Any applicable combi-
nation of 1 through 4 is also contemplated.

[0010] In still another embodiment, a method of determin-
ing if a patient is at risk for or has developed a disease state
related to a yeast infection is provided. The method comprises
the steps of extracting and recovering DNA of a specific yeast
species from a tissue or body fluid of the patient, amplifying
the DNA, hybridizing a probe to the DNA to specifically
identify the yeast species, and specifically identifying the
yeast species. In another embodiment, the method can further
comprise the step of developing an effective treatment regi-
men for the patient. In these two embodiments, the probe can
be bound to a bead dyed with a fluorochrome.
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[0011] Inanother illustrative embodiment, a kit is provided
comprising a purified nucleic acid with a sequence selected
from the group consisting of SEQ IDNO: 1to SEQIDNO: 12
or with a complement of a sequence selected from the group
consisting of SEQ ID NO: 1 to SEQ ID NO: 12.

[0012] In yet another illustrative embodiment, a kit is pro-
vided comprising components for the extraction and recovery
of a yeast mycotoxin from body fluid or tissue of a patient.
The kit can further comprise components for identification of
the mycotoxin. The components for identification of the myc-
otoxin can include beads dyed with a fluorochrome and
coupled to antibodies to the mycotoxin or to the mycotoxin or
to a mycotoxin antigen.

[0013] In another embodiment, a purified nucleic acid is
provided comprising a sequence of SEQ ID NO: 1to SEQID
NO: 12 or a sequence that hybridizes under highly stringent
conditions to a sequence consisting of SEQ ID NO: 1 to SEQ
ID NO: 12.

[0014] In still another embodiment, a purified nucleic acid
is provided comprising a complement of a sequence of SEQ
ID NO: 1 to SEQ ID NO: 12 or a sequence that hybridizes
under highly stringent conditions to a complement of a
sequence consisting of SEQ ID NO: 1 to SEQ ID NO: 12.

[0015] Inanotheraspect, a method of detecting an antibody
IP a mycotoxin in a patient body fluid is provided. The
method comprises the steps of contacting the patient body
fluid with a mycotoxin or a mycotoxin antigen coupled to a
bead wherein the bead is dyed with a fluorochrome, and
detecting the antibody.

[0016] Inyetanotheraspect,amethodofidentifyingayeast
species in a patient tissue or body fluid is provided. The
method comprises the steps of identifying a yeast mycotoxin
in a patient tissue or body fluid, and specifically identifying a
yeast species in the mycotoxin positive patient tissue or body
fluid. The method can further comprise the steps of extracting
and recovering the mycotoxin from the patient tissue or body
fluid, and contacting the mycotoxin with an antibody directed
against the mycotoxin. The method can further comprise the
steps of extracting and recovering DNA of the yeast species
from the patient tissue or body fluid, amplifying the DNA,
and hybridizing a probe to the DNA to specifically identify
the yeast species.

[0017] In any of the embodiments in the immediately pre-
ceding paragraph, 1) the amplifying step can be performed
with primers that hybridize to the DNA, 2) the body fluids can
be selected from the group consisting of urine, nasal secre-
tions, nasal washes, bronchial lavages, bronchial washes, spi-
nal fluid, sputum, gastric secretions, seminal fluid, other
reproductive tract secretions, lymph fluid, whole blood,
serum, and plasma, 3) the DNA can be amplified using PCR,
4) the PCR can be real-time PCR, 5) the probe can be fluo-
rescently labeled, 6) the yeast species can be selected from the
group consisting of Candida albicans, Candida glabrata,
Candida kruseii, and Candida tropicalis, 7) the amplified
sequence can be internal transcribed spacer regions of nuclear
ribosomal DNA, 8) the probe can be bound to a bead dyed
with a fluorochrome, 9) the method can further comprise the
step of quantifying the mycotoxin, 10) the mycotoxin cm be
selected from the group consisting of a gliotoxin and a patu-
lin, 11) the tissue can be derived from a patient tissue biopsy
and can be in a 10% formalin solution or is in a paraffin block,
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and/or 12) the antibody can be bound to a bead dyed with a
fluorochrome. Any applicable combination of 1 through 12 is
also contemplated.

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

[0018] The present invention relates to methods and com-
positions for identifying or detecting the presence of yeast in
patient tissue and body fluids. The identification and detec-
tion methods are based on 1.) amplification of yeast DNA
using a PCR-based method; 2.) detection and quantification
of mycotoxin in patient body fluids and tissues; and 3) com-
binations thereof. The methods and compositions (e.g., prim-
ers and probes) for amplification of yeast DNA are highly
specific and sensitive and avoid co-amplification of or do not
co-amplify non-specific human or animal nucleic acids.
[0019] The methods and compositions for detection and
quantification of mycotoxins are also very specific and sen-
sitive. These methods and compositions utilize antibody-
based identification of mycotoxins. In illustrative embodi-
ments, Enzyme Linked Immunosorbant Assay (ELISA), or
affinity chromatography can be used to detect mycotoxins
produced by yeast. Illustratively, the mycotoxins can be
gliotoxins or patulin.

[0020] Invarious illustrative embodiments, body fluids that
can be tested for the presence of yeast DNA or mycotoxins, or
yeast DNA in combination with mycotoxins, include, but are
not limited to, urine, nasal secretions, nasal washes, inner ear
fluids, bronchial lavages, bronchial washes, alveolar lavages,
spinal fluid, bone marrow aspirates, sputum, pleural fluids,
synovial fluids, pericardial fluids, peritoneal fluids, saliva,
tears, gastric secretions, stool, reproductive tract secretions,
such as seminal fluid, lymph fluid, and whole blood, serum, or
plasma. These samples can be prepared for testing as
described herein. In various embodiments, tissue samples can
include tissue biopsies of hospital patients or out-patients and
autopsy specimens. As used herein, the term “tissue”
includes, but is not limited to, biopsies, autopsy specimens,
cell extracts, tissue sections, aspirates, tissue swabs, and fine
needle aspirates.

[0021] Inaccordance with the invention the word “patient”
means a human or an animal, such as a domestic animal (e.g.,
a dog or a cat). Accordingly, the methods and compositions
disclosed herein can be used for both human clinical medi-
cine and veterinary applications. Thus, the patient afflicted
with a disease state related to a yeast infection can be a
human, or in the case of veterinary applications, can be a
laboratory, agricultural, domestic or wild animal. The present
invention can be applied to patients including, but not limited
to, humans, laboratory animals such as rodents (e.g., mice,
rats, hamsters, etc.), rabbits, monkeys, chimpanzees, domes-
tic animals such as dogs, cats, and rabbits, agricultural ani-
mals such as cows, horses, pigs, sheep, goats, chickens, and
wild animals in captivity such as bears, pandas, lions, tigers,
leopards, elephants, zebras, giraffes, gorillas, dolphins, and
whales.

[0022] The methods and compositions described herein
can be used to detect or identify microbial DNA (e.g., yeast
DNA) or microbial toxins (e.g., mycotoxins), or microbial
DNA in combination with microbial toxins. In embodiments
where the microbe is a yeast species, the microbe is typically
selected from the group consisting of various Candida spe-
cies, for example, Candida albicans, Candida glabrata, Can-
dida kruseii, Candida tropicalis, Candida stellatoidea, Can-



US 2010/0068718 Al

dida parapsilosis, Candida guilliermondii, Candida
viswanathii, Candida pseudotropicalis, and Candida lusita-
niae, as well as Rhodotorula mucilaginosa and Cryptococcus
neoformans.

[0023] In one illustrative embodiment, a method is pro-
vided of identifying a specific yeast species in a patient tissue
or body fluid. The method comprises the steps of extracting
and recovering DNA of the yeast species from the patient
tissue or body fluid, amplifying the DNA, hybridizing a probe
to the DNA to specifically identify the yeast species, and
specifically identifying the yeast species.

[0024] In some embodiments, real-time PCR-based meth-
ods can be used to amplify the yeast DNA and to detect and
identify yeast DNA by hybridization of the probe to the yeast
DNA. PCR is described in U.S. Pat. Nos. 4,683,202 and
4,800,159, incorporated herein by reference, and methods for
PCR are well-known in the art. Real-time PCR combines
amplification and simultaneous probe hybridization to
achieve sensitive and specific detection of infectious yeast
species in real-time thereby providing instant detection of the
yeast species. In this embodiment, the time to detect or iden-
tify the yeast and to obtain a diagnosis is greatly reduced.
Real-time PCR is conducted according to methods well-
known in the art. Exemplary probes and primers and their
target DNAs, that can be used in accordance with the inven-
tion are shown below. “F1” refers to a forward primer, “R1”
refers to a reverse primer, and “P1” refers to a probe sequence
which are well known terms in the art.

TABLE 1
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not limited to, centrifugation, pressure techniques, or by
using a substance with affinity for DNA, such as, for example,
silica beads. After sufficient washing, the isolated DNA may
be suspended in either water or a buffer. In other embodi-
ments, commercial kits are available, such as Quiagen™,
Nuclisensm™, and Wizard™ (Promega), and Promegam™.
Methods for isolating DNA are described in Sambrook et al.,
“Molecular Cloning: A Laboratory Manual”, 3rd Edition,
Cold Spring Harbor Laboratory Press, (2001), incorporated
herein by reference.

[0026] Invarious embodiments described herein, the prim-
ers and probes used for amplification of the target DNA and
for detection and identification of yeast DNA are oligonucle-
otides from about ten to about one hundred, more typically
from about ten to about thirty or about six to about twenty-five
base pairs long, but any suitable sequence length can be used.
In illustrative embodiments, the primers and probes may be
double-stranded or single-stranded, but the primers and
probes are typically single-stranded. The primers and probes
described herein are capable of specific hybridization, under
appropriate hybridization conditions (e.g., appropriate buffer,
ionic strength, temperature, formamide, and MgCl, concen-
trations), to a region of the target DNA. The primers and
probes described herein are designed based on having a melt-
ing temperature within a certain range, and substantial
complementarity to the target DNA. Methods for the design
of primers and probes are described in Sambrook et al.,

Sequences and concentrations of primers and probes and
corregponding probe-specific T, in real-time PCR assays

5

Sequence Description Mod Sequence Mod Purification
Candida albicans

CAP1 (SEQ ID NO: 1) 6FAM TCGGGGGCGGCCGCTGCGG BHQ #1 Dual HPLC
CAF1 (SEQ ID NO: 2) AAAAAGTACGTGARATTGTTG Stnd. Desalt
CAR1 (SEQ ID NO: 3) AAGCCGTGCCACATTC Stnd. Desalt

Candida glabrata

CGP1 (SEQ ID NO: 4) 6FAM
CGF1 (SEQ ID NO: 5)
CGR1 (SEQ ID NO: 6)

TGGGCCAGCATCGGTTTTG
CCTAGATAACAAGTATCGCAG

Candida kruseil

CKP1 (SEQ ID NO: 7) 6 FAM

CKF1 (SEQ ID NO: 8) TCAGTAGCGGCGAGTGAAG
CKR1 (SEQ ID NO: 9) AGAAGGGCCTCACTGCTTC
Candida tropicalis

CTP1 (SEQ ID NO: 10) 6FAM TCGGGGGTGGCCTCTACAG
CTF1 (SEQ ID NO: 11) AAAAAGTACGTGARATTGTTG
CTR1 (SEQ ID NO: 12) AAGCCGTGCCACATTC

ACCTAGGGAATGTGGCTCTGCG BHQ #1 Dual HPLC

Stnd. Desalt
Stnd. Desalt

AAGGCGGTGTCCAAGTCCCTTG BHQ #1 Dual HPLC

Stnd. Desalt
Stnd. Desalt

BHQ #1 Dual HPLC

Stnd. Desalt
Stnd. Desalt

[0025] In various embodiments, sample preparation (i.e.,
preparation of the target DNA) involves rupturing the cells
(e.g., cells of the tissue or yeast in patient body fluid or tissue)
and isolating the yeast DNA from the lysate. Techniques for
rupturing cells and for isolation of DNA are well-known in
the art. For example, cells may be ruptured by using a deter-
gent or a solvent, such as phenol-chloroform. DNA may be
separated from the lysate by physical methods including, but

“Molecular Cloning: A Laboratory Manual”, 3rd Edition,
Cold Spring Harbor Laboratory Press, (2001), incorporated
herein by reference.

[0027] The primers and probes described herein for use in
PCR can be modified by substitution, deletion, truncation,
and/or can be fused with other nucleic acid molecules
wherein the resulting primers and probes hybridize specifi-
cally to the intended targets and are useful in the methods
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described herein for amplification of the target DNAs.
Derivatives can also be made such as phosphorothioate, phos-
photriester, phosphoramidate, and methylphosphonate
derivatives, that specifically bind to single-stranded DNA or
RNA (Goodchild, et al., Proc. Natl. Acad. Sci. 83:4143-4146
(1986)).

[0028] Theinvention encompasses isolated or substantially
purified nucleic acids. An “isolated” or “purified” nucleic
acid molecule is substantially free of other cellular material,
or culture medium when produced by recombinant tech-
niques, or substantially free of chemical precursors or other
chemicals when chemically synthesized. Preferably, an “iso-
lated” or “purified” nucleic acid is free of sequences that
naturally flank the nucleic acid in the genomic DNA of the
organism from which the nucleic acid is derived. For
example, in various embodiments, the isolated or purified
nucleic acid molecule can contain less than about 5 kb, 4 kb,
3 kb, 2kb, 1 kb, 0.5kb, or 0.1 kb of nucleotide sequences that
naturally flank the nucleic acid molecule in genomic DNA of
the cell from which the nucleic acid is derived.

[0029] Also within the scope of the invention are nucleic
acids complementary to the probes and primers described
herein, and those that hybridize to the nucleic acids described
herein or those that hybridize to their complements under
highly stringent conditions. In accordance with the invention
“highly stringent conditions” means hybridization at 65° C.
in 5xSSPE and 50% formamide, and washing at 65° C. in
0.5xSSPE. Conditions for low stringency and moderately
stringent hybridization are described in Sambrook et al.,
“Molecular Cloning: A Laboratory Manual”, 3rd Edition,
Cold Spring Harbor Laboratory Press, (2001), incorporated
herein by reference. In some illustrative aspects, hybridiza-
tion occurs along the full-length of the nucleic acid.

[0030] Also included are nucleic acid molecules having
about 60%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, 96%, 97%, and 98% homology to the
probes and primers described herein. Determination of per-
cent identity or similarity between sequences can be done, for
example, by using the GAP program (Genetics Computer
Group, software; now available via Accelrys on http://www.
accelrys.com), and alignments can be done using, for
example, the ClustalW algorithni (VNTI software, InforMax
Inc.). A sequence database can be searched using the nucleic
acid sequence of interest. Algorithms for database searching
are typically based on the BLAST software (Altschul et al.,
1990). In some embodiments, the percent identity can be
determined along the full-length of the nucleic acid.

[0031] As used herein, the term “complementary” refers to
the ability of purine and pyrimidine nucleotide sequences to
associate through hydrogen bonding to form double-stranded
nucleic acid molecules. Guanine and cytosine, adenine and
thymine, and adenine and uracil are complementary and can
associate through hydrogen bonding resulting in the forma-
tion of double-stranded nucleic acid molecules when two
nucleic acid molecules have “complementary” sequences.
The complementary sequences can be DNA or RNA
sequences. The complementary DNA or RNA sequences are
referred to as a “complement.”

[0032] Techniques for synthesizing the probes and primers
described herein are well-known in the art and include chemi-
cal syntheses and recombinant methods. Such techniques are
described in Sambrook et al., “Molecular Cloning: A Labo-
ratory Manual”, 3rd Edition, Cold Spring Harbor Laboratory
Press, (2001), incorporated herein by reference. Primers and
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probes can also be made commercially (e.g., CytoMol,
Sunnyvale, Calif. or Integrated DNA Technologies, Skokie,
111.). Techniques for purifying or isolating the probes and
primers described herein are well-known in the art. Such
techniques are described in Sambrook et al., “Molecular
Cloning: A Laboratory Manual”, 3rd Edition, Cold Spring
Harbor Laboratory Press, (2001), incorporated herein by ref-
erence. The primers and probes described herein can be ana-
lyzed by techniques known in the art, such as restriction
enzyme analysis or sequencing, to determine if the sequence
of the primers and probes is correct.

[0033] In various embodiments of the methods and com-
positions described herein, the probes and primers can be
labeled, such as with fluorescent compounds, radioactive iso-
topes, antigens, biotin-avidin, colorimetric compounds, or
other labeling agents known to those of skill in the art, to
allow detection and quantification of amplified DNA, such as
by Real-Time PCR. In illustrative embodiments, the labels
may include 6-carboxyfluorescein (FAM™), TET™ (tetra-
chloro-6-carboxyfluorescein), JOE™ (2,7, -dimethoxy-4,5-
dichloro-6-carboxyfluorescein), VIC™, HEX (hexachloro-
6-carboxyfluorescein), TAMRA™ (6-carboxy-N,N,N',N'-
tetramethylrhodamine), BHQ™, SYBR® Green, Alexa 350,
Alexa 430, AMCA, BODIPY 630/650, BODIPY 650/665,
BODIPY-FL, BODIPY-R6G, BODIPY-TMR, BODIPY-
TRX, Cascade Blue, Cy3, CyS5,6-FAM, Fluorescein, Oregon
Green 488, Oregon Green 500, Oregon Green 514, Pacific
Blue, REG, Rhodamine Green, Rhodamine Red, ROX, and/
or Texas Red.

[0034] In one illustrative embodiment, universal probes
can be used to provide a method for determining the presence
of'yeast DNA before conducting target-specific assays. In one
embodiment, universal probes and primers can be used to
detect the presence of Candida species.

[0035] Inanother illustrative embodiment, a method is pro-
vided of identifying a mycotoxin in patient tissue or body
fluid. The method comprises the steps of extracting and
recovering the mycotoxin from the patient tissue or body
fluid, contacting the mycotoxin with an antibody directed
against the mycotoxin, and identifying the myocotoxin.
[0036] In accordance with this invention, “mycotoxin”
means a yeast mycotoxin, such as a gliotoxin or patulin.
[0037] Illustratively, patient (e.g., human or animal) tissue
isreceivedin 1.)a 10% formalin fluid or 2.) in a paraffin block
in which the tissue has been fixed in formalin. In one embodi-
ment for mycotoxin detection and quantitation, the tissue can
then be processed by various dehydration steps and finally
embedded in paraffin. In this embodiment, the tissue can then
be cut in 3-5 micron samples. In an illustrative embodiment,
approximately 25-35 mg of tissue can then be processed as
described in Examples 2-6 for mycotoxin extraction. Illustra-
tively, body fluids can be prepared as described in Examples
1 and 3-6 or by other methods known in the art. In another
illustrative embodiment, patient body fluids can be tested for
the presence of mycotoxins. Illustratively, any antigen asso-
ciated with a yeast or with a mycotoxin can be detected.
[0038] Inthe embodiment where mycotoxins are identified
and quantitated, control samples of the body fluid or tissue to
be analyzed can be obtained from patients with no docu-
mented history of exposure to yeast or mycotoxins. For
example, negative control samples can be obtained from
autopsy specimens in which the patient had no exposure to
mycotoxins or yeast (e.g., victims of motor vehicle accidents,
coronary artery disease, or myocardial infarction). For posi-



US 2010/0068718 Al

tive controls, for example, samples of negative tissue and/or
body fluids can be spiked with known positive amounts of
mycotoxins or yeast prior to evaluation to generate a calibra-
tion curve.

[0039] In another embodiment, a method is provided of
determining if a patient is at risk for or has developed a
disease state related to a yeast infection. The method com-
prises the steps of extracting and recovering a mycotoxin (i.e.,
a mycotoxin or a mycotoxin antigen) from a tissue or body
fluid of the patient, contacting the mycotoxin (i.e., a myc-
otoxin or a mycotoxin antigen) with an antibody directed
against the toxin, identifying the mycotoxin (i.e., a mycotoxin
or a mycotoxin antigen) and determining if the patient is at
risk for or has developed the disease state related to the yeast
infection. In another embodiment, a method is provided of
determining if a patient is at risk for or has developed a
disease state related to a yeast infection. The method com-
prises the steps of extracting and recovering DNA of a spe-
cific yeast species from a tissue or body fluid of the patient,
amplifying the DNA, hybridizing a probe to the DNA to
specifically identify the yeast species, and specifically iden-
tifying the yeast species.

[0040] In any embodiment involving “determining if the
patient has developed the disease state related to the yeast
infection,” this phrase means “diagnosing the patient with a
yeast infection.”

[0041] The method embodiments described in the preced-
ing paragraph provide methods of diagnosing yeast infec-
tions. Patients in need of diagnosis of a yeast infection can
include cancer patients, post-operative patients, transplant
patients, patients undergoing chemotherapy, immunosup-
pressed patients, and the like. Patients in need of diagnosis
may include humans or animals.

[0042] Inoneembodiment, for diagnosing yeast infections,
kits are provided. The kits are useful for identifying, detect-
ing, or quantitating yeast DNA or mycotoxins, or yeast DNA
in combination with mycotoxins, in a patient tissue or body
fluid. In the embodiment where the kit is used to identify yeast
DNA, the kit can contain the probes and/or primers described
herein, components to extract and isolate yeast DNA, and
components for DNA amplification, such as a heat stable
DNA polymerase (e.g., Taq polymerase or Vent polymerase),
bufters, MgCl,, H,O, and the like. In the embodiment where
the kit is used to identify mycotoxins (i.e., a mycotoxin or a
mycotoxin antigen), the kit can contain components to extract
and isolate the mycotoxin (i.e., a mycotoxin or a mycotoxin
antigen), antibody affinity matrices, ELISA plates,
Luminex® beads, polyclonal or monoclonal antibodies, color
development reagents, buffers, and the like.

[0043] In one embodiment, the reagents can remain in lig-
uid form. In another embodiment, the reagents can be lyo-
philized. In another illustrative embodiment, the kit can be
used to detect other yeast antigens. The kits can also contain
instructions for use.

[0044] Inanotherembodiment, akitis provided comprising
a purified nucleic acid with a sequence as described in Table
1 or a complement of a sequence as described in Table 1. The
kit may include a nucleic acid selected from the group con-
sisting of SEQ ID NO: 1 to SEQ ID NO: 12, or the comple-
ment of any of these nucleic acids. “Selected from the group
consisting of SEQ ID NO: 1 to SEQ ID NO: 12” means the
group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ
ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10,
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SEQ ID NO: 11, and SEQ ID NO: 12. The kit can comprise
components for the extraction and recovery of yeast DNA or
a mycotoxin, or combinations thereof, from the body fluid or
tissue of a patient. The kit can further comprise components
for identification of the yeast DNA or the mycotoxin, or
combinations thereof. The components for identification of
the yeast DNA or the mycotoxin, or combinations thereof;,
can include beads dyed with a fluorochrome and coupled to a
probe for the yeast DNA or to antibodies to the mycotoxin or
to the mycotoxin itself or to a mycotoxin antigen.

[0045] A purified nucleic acid is also provided comprising
a sequence as described in Table 1 or a sequence that hybrid-
izes under highly stringent conditions to a sequence as
described in Table 1. In accordance with the invention “highly
stringent conditions” means hybridization at 65° C. in
5xSSPE and 50% formamide, and washing at 65° C. in 0.5x
SSPE.

[0046] A calibration reagent (or multiple calibration
reagents) can also be included in the mycotoxin kit and “cali-
bration reagent” means any standard or reference material
containing a known amount of the mycotoxin (i.e., a myc-
otoxin or a mycotoxin antigen). The sample suspected of
containing the mycotoxin and the calibration reagent (or mul-
tiple calibration reagents) are assayed under similar condi-
tions. The mycotoxin concentration is then calculated by
comparing the results obtained for the unknown sample with
the results obtained for the calibration reagent(s).

[0047] In accordance with one embodiment of the inven-
tion, a method of identifying a yeast species in a patient tissue
or body fluid is described. A patient tissue or body fluid (e.g.,
blood, serum, spinal fluid, urine, sputum, or nasal washes) is
first examined for the presence of mycotoxins. The method
comprises the steps of extracting and recovering the myc-
otoxin from the patient tissue or body fluid, contacting the
mycotoxin with an antibody directed against the mycotoxin,
and identifying the mycotoxin. If a mycotoxin is present, the
specimen is then tested for the presence of specific yeast
species, the method further comprising the steps of extracting
and recovering DNA of the yeast species from the patient
tissue or body fluid, amplifying the DNA, hybridizing a probe
to the DNA to specifically identify the yeast species, and
specifically identifying the yeast species.

[0048] In various illustrative embodiments, the identifica-
tion of a mycotoxin in a patient tissue or body fluid is followed
by steps to specifically identify a corresponding yeast species
in the patient tissue or body fluid. For example, if Candida
albicans, Candida glabrata, Candida kruseii, or Candida
tropicalis are identified in the patient tissue or body fluid,
steps for specifically identifying, e.g., gliotoxins or other
specific yeast mycotoxins will follow.

[0049] The following examples provide illustrative meth-
ods for carrying out the practice of the present invention. As
such, these examples are provided for illustrative purposes
only and are not intended to be limiting.

Example 1
Samples

Clinical Samples—

[0050] Samples obtained for routine microbiology diag-
nostic procedures from patients suspected and not suspected
of having yeast infections were obtained for PCR assays.
Samples include sputum, urine, and EDTA-anticoagulated
blood. Part of the material was cultured using standard culti-
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vation methods and part was used for RT-PCR. All specimens
were stored at £20° C. until used for DNA extraction.

Yeast Strains—

[0051] Yeast strains were obtained from the American Type
Culture Collection (ATCC), Manassas, Va. The identification
of all clinical isolates was confirmed by conventional mor-
phological and physiological methods. DNA was extracted
from the following isolates: C. glabrata (ATCC 90030), C.
tropicalis (ATCC 750), C. albicans (ATCC 44374), and C.
krusei (ATCC 6258).

[0052] Yeast isolates were cultured by standard cultivation
methods. Cell suspensions were prepared with 0.9% saline
and adjusted to a 3 McFarland standard. The yeast suspen-
sions were centrifuged, resuspended in 200 pul 0.9% NaCl,
and incubated with 20 U recombinant Lyticase (Sigma-Ald-
rich,) at 37° C. for 30 min.

Example 2
DNA Extraction from Blood

[0053] A modification of a protocol described by Loeffler et
al. was used. For red cell lysis, 3 ml EDTA-blood was mixed
with 15 ml lysis buffer (LB; 10 mM Tris [pH 7.6], 5 mM
MgCl,, 10 mM NaCl), incubated for 15 mM on ice, and then
centrifuged for 10 min at 3,000 rpm. The pellet was resus-
pended in 15 ml LB, incubated again for 15 min on ice, and
then centrifuged for 10 mM at 3,000 rpm. For white cell lysis,
the pellet was then resuspended in 1 ml LB containing 200
pg/ml protease (QIAGEN, Hilden, Germany), incubated at
65° C. for 45 min, and then centrifuged at 13,000 rpm for 10
min. To obtain spheroplasts, the pellet was resuspended in
500 ul Lyticase solution (50 mM Tris [pH 7.6], 1 mM EDTA
[pH 8.0], 0.2% 2-mercaptoethanol) containing 20 U recom-
binant Lyticase, incubated at 37° C. for 30 min, and then
centrifuged at 13,000 rpm for 10 min. Finally, DNA was
extracted with a High Pure PCR template preparation kit by
following the instructions of the manufacturer. DNA was
eluted with 100 pl elution buffer.

Example 3

DNA Extraction from Cerebrospinal Fluid (CSF)
and Sputum

[0054] For concentration of the yeast, 1 to 2 ml of the
specimen was centrifuged for 5 min at 13,000 rpm. To obtain
spheroplasts, the pellet plus 200 pl supernatant was incubated
with 20 U recombinant Lyticase at 37° C. for 30 min. Finally,
DNA was extracted with a High Pure PCR template prepara-
tion kit by following the instructions of the manufacturer.
DNA was eluted with 100 ul elution buffer.

Example 4
DNA Extraction from Tissue

[0055] Tissue (0.02 g) was incubated in 200 pl elution
buffer and 200 pl binding buffer from the High Pure PCR
template preparation kit with 900 pg protease at 55° C. until
the tissue was completely digested. After inactivation of the
protease (95° C. for 5 min), the sample was treated with 20 U
recombinant Lyticase at 37° C. for 30 min to obtain sphero-
plasts. Finally, DNA was extracted with a High Pure PCR
template preparation kit by following the instructions of the
manufacturer. DNA was eluted with 100 pl elution buffer.
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[0056] To avoid contamination in all extraction methods
herein described, all steps were performed with aerosol-re-
sistant tips. DNA extraction, preparation of the master mix,
and addition of the template were carried out in two separate
rooms. For each extraction, a reagent blank was carried out to
exclude false-positive PCR results due to contamination.

Example 5
Candida Extraction from Urine

[0057] Candida DNA was extracted from urine using a
modified procedure from Norgen’s Urine Bacteria Genomic
DNA Isolation Kit (Thorold, ON, Canada). The kit is
designed for the rapid preparation of bacterial genomic DNA
from 1-20 ml of urine. The modification here demonstrates
that yeast genomic DNA can be isolated from both human
urine and animal urines in order to study the levels and types
of yeast that are present.

[0058] Purification is based on spin column chromatogra-

phy (similar to that in Quiagen’s procedure listed above to

extract mold spore DNA). The process involved obtaining the
urine and pelleting the yeast cells present through centrifu-
gation. The cells were then resuspended in a Resuspension

Buffer and vortexed. The cells were then lysed using

lysozyme, Proeinase K and a Lysis Solution. The lysate was

applied to the spin columns containing resin. The resin binds

DNA in a manner that depends on ionic concentrations. Thus,

only the DNA will bind to the column while most of the RNA

and digested proteins are removed. The bound DNA was
washed twice with the two provided Wash Solutions in order
to remove any impurities. Finally, the genomic DNA was
eluted with the Elution Buffer. The purified DNA is of the
highest quality and can be used in a number of applications.

The time to complete the purification process is approxi-

mately 45 minutes.

[0059] Procedure:

[0060] 1. Transfer 1.5 ml of urine to a microcentrifuge tube
and centrifuge at 13,000xg for 4 minutes to pellet the cells.
Pour off supernantant so as not to disturb the cell pellet.

[0061] 2.Add 250 ul of Resupension Solution (Norgen) to
cell pellet and vortex gently.

[0062] 3.Add 12 ul of lysozyme stock solution.

[0063] 4. Add 250 ul of Lysis Solution and 12 ul of Proe-
inase K to the cell suspension. Mix by gentle vortexing and
incubate at 55 degrees C. for 30 minutes.

[0064] 5. Add 60 ul of Binding Solution to the lysate and
mix by gently vortexing.

[0065] 6. Assemble a micro spin column with a provided
collection tube. Apply the mixture to the spin column
assembly.

[0066] 7. Centrifuge the unit for 3 minutes at 6000xg (8000
RPM).
[0067] 8. Apply 500 ul of Wash Solution I to column, cen-

trifuge the unit for 3 minutes at 13000xg.
[0068] 9. After centrifugation, discard the flowthrough and
reassemble the spin column with its collection tube.

[0069] 10. Apply 500 ul of Wash Solution II to the column.
[0070] 11. Centrifuge for 3 minutes at 13000xg.
[0071] 12. Detach the spin column from the collection tube

and discard the collection tube and flow through.

[0072] 13. Assemble the spin column (with DNA bound to
the resin) with a 1.7 ml Elution tube.

[0073] 14.Add 100 ul of Elution Buffer to the center of the
resin bed.
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[0074] 15. Centrifuge for 1 minute at 3000 g. A portion of
the Elution Buffer will pass through the column which
allows for hydration of the DNA to occur.

[0075] 16. Centrifuge at 13000xg for an additional 2 min-
utes to collect the total elution volume

[0076] 17.Thepurified DNA canbe stored at 2-8 degrees C.
for 3 days or stored at -20 degrees C. for an extended
amount of time.

Example 6
Validation of Candida DNA

[0077] Novel real-time PCR assays targeting various yeast
species, including Candida species (for example, Candida
albicans, Candida glabrata, Candida krusei, and Candida
tropicalis) are herein described. The assays can be performed
either as single assays or simultaneously using a Cepheid
Smart Cycler. Specimens were evaluated using pure cultures
and EDTA-anticoagulated blood, cerebrospinal fluid (CSF),
and urine spiked with C. albicans, C. glabrata, C. krusei, anti
C. tropicalis cell suspensions. Yeast Genomic DNA was iso-
lated using NORGEN Urine Bacteria Genomic DNA Isola-
tion Kit, Ontario Canada.

[0078] The validation showed that the Cepheid SmartCy-
cler System utilizing specially designed target probes and
primers can detect yeast in clinical fluid and urine utilizing
real-time PCR technology. The validation showed that the
SmartCycler can generate a qualitative determination of the
presence or absence of yeast species in clinical samples for
various targets, for example:

Candida

C. albicans
C. glabrata
C. kruseii

C. tropicalis

Example 7
Description of Smart Cycler System

[0079] The RT-PCR assays as used herein employ a closed
system using the Cepheid Smart Cycler which decreases the
risk of false-positive results. Fast turnaround time is also
significant in using RT-PCR. The Smart Cycler system is a
real-time PCR instrument with rapid cycling times and ran-
dom access capabilities. Four-color detection allows for mul-
tiplex reactions. Cepheid’s single test, disposable reaction
tubes were used. As testing volumes expand, the SmartCycler
system can be configured for additional testing with 16, 32,
48, 64, 80, and 96 reaction site systems. The integrated soft-
ware system allows for the performance of Cepheid kits or
user developed assays.

[0080] The system is fully programmable and can be
adapted to run the probe/primer set utilized in the targets
being validated. The following represents the general flow of
a clinical sample from extraction to reporting.

[0081] The clinical sample is extracted utilizing a commer-
cial extraction kit. After the extraction, PCR reactions are
setup with the extracted nucleic acid from the clinical sample
(and positive and negative control) and each of the target
probe and primer set. The reactions are placed in the Smart-
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Cycler and a preprogrammed real-time program is run for
each reaction with data being collected by the instrument.
After the instrument runs are complete, the data from each run
is analyzed to determine if the run is acceptable and to deter-
mine if the clinical sample is positive or negative for the target
tested. Upon completion of this analysis, a report is generated
for the sample processed and the results of the testing is
reviewed, approved, and reported.

[0082] A run is determined to be acceptable if the internal
control for the extracted sample is positive, the positive target
control is positive, the negative target control is negative, and
no instrument errors are generated during the course of a PCR
run.

Example 8
Validation Protocol
Test Samples Required:

[0083] Yeast Target Samples: show that all samples can be
detected utilizing target specific probes.

[0084] Yeast Target Samples: Stock suspensions of each
target and serial dilutions based on the estimated concentra-
tion of the stock suspension.

Target
1st Point 2nd Point 3rd Point
Stock 1:10 Dil 1:10 Dil
[0085] Clinical Urine Samples: Negative urine samples

spiked with the target and spores for the internal control
Geometrica.

[0086] Negative Patient Samples: Patient urine samples
expected to be negative for yeast (Used for negative controls).

Testing Conditions:

[0087] Real-time PCR was performed on the extracted tar-
get suspension stocks utilizing the Candida Assays to provide
a cross over point for the stock solutions.

[0088] Real-time PCR was performed on the extracted tar-
get suspensions and the Geometrica internal control spores
(dilutions shown in the chart above) with the appropriate
probe/primer. PCR will also be performed on a negative tissue
control for the target. The dilutions will be processed in
triplicate with the target primer/probe set.

[0089] Real-time PCR was performed on the extracted tar-
get-spiked urine samples utilizing the target probe/primer set
and the internal control probe/primer set. PCR will also be
performed on a positive control for the target and a negative
urine control for the target.

[0090] Real-time PCR was performed to show specificity
from assay to assay utilizing all Candida assays run with all
Candida stocks.

Data Collected:

[0091] The Real-time PCR results of the target suspension
stocks.

[0092] The real-time PCR results of the extracted target

suspension dilutions (run in triplicate) with the appropriate
probe/primer. PCR results of a negative urine control (run in
triplicate).
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[0093] The real-time PCR results of the extracted target-
spiked urine utilizing the target probe/primer set and the
internal control probe/primer set. Also, results from the posi-
tive control for the target and a negative urine control for the
target.

[0094] The real-time PCR results showing specificity from
assay to assay utilizing all Candida assays with all Candida
stocks.

Example 9
Acceptance Criteria
Definitions:
[0095] Positive Result: A positive result is defined as any

amplification observed crossing a baseline fluorescence of
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licate) in a real-time PCR run. Results demonstrate the ability
to detect each target at differing concentrations with precision
in each of three reactions.

[0103] Extracted target-spiked urine samples: The spiked
clinical urine sample tested produces a positive result when
tested with the target probe/primer set (including the Geo-
metrica internal control set) in a real-time PCR run. The
negative control is negative, the positive control is positive,
and the internal control is positive as expected.

[0104] Target Specificity: Results show that each assay is
specific to the target that the assay is used to detect. This was
demonstrated by running each assay with all target stocks
with only the appropriate stocks giving a positive result when
run with the appropriate assay.

230 between cycles 1 and 45 of the real-time PCR run. Example 10
[0096] Negative Result: A negative result is defined as no Validation Results
amplification observed crossing a baseline fluorescence of
=30 between cycles 1 and 45 of the PCR run. [0105]
[0097] Equivocal Result: An equivocal result is defined as
no amplification observed crossing a baseline fluorescence of TABLE 2
Z30 between cycles 1 and 45, a control out of range or Taret Stocks
questions regarding sample integrity.
[0098] Positive Control: A control that is positive for the Assay MSCI Run
target being tested and shows that the assay will show a  Target #  Sample ID Result  Result  Number
positive in the presence of target DNA and that there is not C lruseii 1 Jruseii Stock  Positive  OK  101007.1
PCR inhibition. (Note: a sample that shows amplification for C tropicalis 2 tropicalis Stock Positve ~ OK  101007.1
a target when the positive control is negative can be reported € glabraza 3 glabrata Stock  Positive  OK  101007.1
as a positive result.) C albicans 4 albicans Stock  Positive OK 101007.1
[0099] Negative Control: A control that is negative for the
target being tested and shows that the reagents or the sample
were not contaminated with the target prior to the testing of TABLE 3
the sample. (Note: a sample that shows amplification at an
earlier cycle than a contaminated negative control can be Larget Detection and Precision
reported as a positive due to the fact that the contamination Stock 1:10 Dil 1:10 Dil
cannot cause a sample to report a stronger positive than the Assay Load (1% (29 (3¢ Run
contamination.) Target # #  point) Point) Point)  Number
[0100]‘ Internal antrol: A control used to shgw that the C brusei ) 1 1547 1940 0250 1022073
extraction process is working fine for the purification of 5> 1580 19.24 2258 1022073
nucleic acid from the clinical specimen and that a negative 3 1618 1935 na 1022073
result is truly negative and not due to an issue associated with C tropicalis 2 11662 1954 23.07 1022073
. s e 2 1625 1974 2294 1022073
the extraction. (Note: the internal control must be positive for 3 1632 197 e 1022073
any sample to be reported as negative for a target.) C glabrata 3 1 1378 17.51 2076  102207.4
[0101] Target suspension stocks: Target stocks tested pro- 2 1420 1774 2107 1022074
duces a positive result when run with the appropriate probe/ _ 3 1424 1775 Na - 1022074
. C albicans 4 1 14.20  17.30 20.72 1022074
primer set. ) o . 2 1410 17.32 2054 1022074
[0102] Target suspension Dilution and Precision: Target 3 1416 17.44 na 102207.4
stocks tested produces a positive result when run with the
appropriate probe/primer set for each dilution point (in trip-
TABLE 4
Urine Samples
Unknown Organism expected in Positive  Negative Organism
Sample Urine Samples Assay Run  Control Control Geo Detected
P3 C albicans Cglabrata NotRun  NotRun NotRun  Not Run Not Run
P3 C albicans Calbicans  Positive  Negative  Positive Positive 102307.3
P3 C albicans C kruseii NotRun  NotRun NotRun  Not Run Not Run
P3 C albicans Ctropicalis  Positive Negative  Positive Not Detected 102307.2
P4 C tropicalis Cglabrata NotRun  NotRun NotRun  Not Run Not Run
P4 C tropicalis Calbicans  NotRun  NotRun NotRun  Not Run Not Run
P4 C tropicalis C kruseii NotRun NotRun NotRun  Not Run Not Run
P4 C tropicalis Ctropicalis  Positive ~ Negative  Positive Positive 102307.2



US 2010/0068718 Al

TABLE 4-continued

Urine Samples

Unknown Organism expected in Positive Negative Organism
Sample Urine Samples Assay Run  Control Control Geo Detected
P5 C kruseti Cglabrata NotRun  NotRun NotRun  Not Run Not Run
P5 C kruseii Calbicans  NotRun  NotRun NotRun  Not Run Not Run
P5 C kruseii C kruseii Positive Negative  Positive Positive 102307.2
P5 C kruseii C tropicalis  Positive Negative  Positive Not Detected 102307.2
P6 C glabrata Cglabrata  Positive Negative  Positive Positive 102307.3
P6 C glabrata Calbicans  NotRun  NotRun NotRun  Not Run Not Run
P6 C glabrata C kruseii NotRun NotRun NotRun  Not Run Not Run
P6 C glabrata C tropicalis  Positive Negative  Positive Not Detected 102307.2
P9 C albicans Cglabrata NotRun  NotRun NotRun  Not Run Not Run
P9 C albicans Calbicans  Positive  Negative  Positive Positive 102307.3
P9 C albicans C kruseii NotRun NotRun NotRun  Not Run Not Run
P9 C albicans Ctropicalis  NotRun  NotRun NotRun  Not Run Not Run
P10 Ckruseii & C glabrata  C glabrata Positive ~ Negative  Positive Positive 102307.3
P10 Ckruseii & C glabrata  Calbicans  NotRun  NotRun  NotRun  Not Run Not Run
P10 C kruseii & C glabrata  C kruseii Positive ~ Negative  Positive Positive 102307.2
P10 C kruseii & C glabrata Ctropicalis NotRun  NotRun NotRun  Not Run Not Run
P11 Calbicans & C glabrata  C glabrata  Positive Negative  Positive Not detected 102307.3
P11 Calbicans & C glabrata  C albicans ~ Positive Negative  Positive Positive 102307.3
P11 C albicans & C glabrata  C kruseii NotRun  NotRun NotRun  Not Run Not Run
P11 Calbicans & C glabrata  Ctropicalis  NotRun  NotRun  NotRun  Not Run Not Run
P12 C tropicalis (CAP PT) Cglabrata NotRun  NotRun NotRun  Not Run Not Run
P12 C tropicalis (CAP PT) Calbicans  NotRun  NotRun NotRun  Not Run Not Run
P12 C tropicalis (CAP PT) C kruseii NotRun  NotRun NotRun  Not Run Not Run
P12 C tropicalis (CAP PT) C tropicalis  Positive Negative  Positive Positive 102307.2
P13 Negative Cglabrata  Positive Negative  Positive Not Detected®*  102307.3
P13 Negative Calbicans  Positive Negative  Positive Not Detected*  102307.3
P13 Negative C kruseii Positive Negative  Positive Not Detected 102307.2
P13 Negative C tropicalis  Positive Negative  Positive Not Detected*  102307.2
TABLE 5
Specificity
C kruseii Calbicans  C tropicalis  C glabrata Run
Sample Tested Assay Assay Assay Assay Number
C kruseii (516) Positive Not Detected Not Detected Positive™ 021308.1
C tropicalis (517) Not Detected Not Detected Positive Positive* 021308.1
C glabrata (518) Not Detected Not Detected Not Detected Positive 021308.1
C albicans (519) Not Detected Positive Not Detected Positive* 021308.1

[0106] Four Candida Real-time PCR assays were run on
extracted target suspension stocks. Each assay for each target
was run on target solutions containing a specific organism and
all assays produced positive results.

[0107] Four Candida Real-time PCR assays were run on
extracted target suspension stocks. Each assay provided posi-
tive results for each dilution in triplicate demonstrating the
ability to detect a target by differing concentrations in a pre-
cise and repetitive manner.

[0108] Four Candida Real-time PCR assays were run on
spiked clinical urine samples. All assays were able to detect
the expected targets with the exception of sample P11.
Sample P11 was supposed to contain both C. albicans and C.
glabrata but the assays were only able to detect C. albicans.
Based on the overall data generated for the C. glabrata assay
including the spiked sample number P6 and P10 it is deduced
that there was either no or not adequate C. glabrata target
present in the spiked sample number P11 to allow detection.
The negative urine was negative as expected.

[0109] Four Candida Real-time PCR assays were tested for
specificity with all assays showing great specificity with the
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exception of C. glabrata. C. glabrata showed some level of
detection on all sample targets with the strongest detection for
C. glabrata as expected. The weak detection of C. glabrata on
the other three sample stocks is most likely due to some C.
glabrata contamination in the negative urine used for the
spiking experiment.

[0110] All four Candida assays passed the validation in
exact accordance with the acceptance criteria. These four
target assays can be considered validated for the qualitative
determination of the presence or absence of Candida in clini-
cal urine samples.

[0111] Methods and compositions, such as those for PCR,
as described in WO 2008/051285, incorporated herein by
reference, can also be used.

Example 11

Detection of Yeast in Clinical Samples Utilizing
Real-Time PCR Technology

[0112] PCR analysis was performed as described above
using clinical samples. Specifically, urine samples from 10
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patients were analyzed using PCR assays designed to target
various yeast species, including Candida albicans, Candida
tropicalis, Candida glabrata, and Candida kruseii.

[0113] Thetarget probes and primers used to detect various
yeast species in the urine samples utilizing real-time PCR
technology were as follows:

Candida

C. albicans
C. tropicalis
C. glabrata
C. kruseii

[0114] Patients tested included women with asymptomatic
urinary tract infections (i.e., patients with a history of recur-
ring yeast urinary tract infections, with no present urinary
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complaints). All patients tested had a history of recurring
yeast infections with the most common organism being Can-
dida albicans (by culture history).

[0115] PCR Results:

[0116] 70% of patients tested (who, at present, had no his-
tory of urinary infection) had Candida albicans and Candida
glabrata present in the urine.

[0117] 30% of patients tested (who, at present, had no his-
tory of urinary infection) had no findings of yeast in the urine
with the four probes tested.

[0118] Typically, Candida glabrata is multiply resistant to
many antifungal agents which are commonly used in symp-
tomatic, culture positive urinary infections. Thus, the identi-
fication of this organism in a patient sample, will allow more
powerful antifungal agents to be administered to alleviate the
C. glabrata infection in the patient. In addition, the powerful
antifungal will alleviate the other less resistant yeast species
present in the urine.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12

<210> SEQ ID NO 1

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 1

tegggggegg ccgetgegy

<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 2

aaaaagtacg tgaaattgtt g

<210> SEQ ID NO 3

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 3

aagccgtgece acatte

<210> SEQ ID NO 4

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe

Synthetic

19

Synthetic

21

Synthetic

16

Synthetic
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-continued
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<400> SEQUENCE: 4

acctagggaa tgtggctctg cg

<210> SEQ ID NO 5

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 5

tgggccagea teggttttyg

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 6

cctagataac aagtatcgca g

<210> SEQ ID NO 7

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

probe
<400> SEQUENCE: 7

aaggcggtgt ccaagtccct tg

<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 8

tcagtagegyg cgagtgaag

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 9

agaagggcct cactgctte

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

22

Synthetic

19

Synthetic

21

Synthetic

22

Synthetic

19

Synthetic

19

Synthetic
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-continued

probe
<400> SEQUENCE: 10

tegggggtgg cctctacag

<210> SEQ ID NO 11

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 11

aaaaagtacg tgaaattgtt g

<210> SEQ ID NO 12

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 12

aagccgtgece acatte

19

Synthetic

21

Synthetic

16

1. A method of identifying a specific yeast species in
patient tissue or body fluid, the method comprising the steps
of:

extracting and recovering DNA of the yeast species from

the patient tissue or body fluid;

amplifying the DNA;

hybridizing a probe to the DNA to specifically identify the

yeast species; and

specifically identifying the yeast species.

2. The method of claim 1 wherein the amplifying step is
performed with primers that hybridize to the DNA.

3. The method of claim 1 wherein the body fluid are
selected from the group consisting of urine, nasal secretions,
nasal washes, bronchial lavages, bronchial washes, spinal
fluid, sputum, gastric secretions, seminal fluid, other repro-
ductive tract secretions, lymph fluid, whole blood, serum, and
plasma.

4. The method of claim 1 wherein the DNA is amplified
using PCR.

5. The method of claim 4 wherein the PCR is real-time
PCR.

6. The method of claim 1 wherein the probe is fluorescently
labeled.

7. The method of claim 5 wherein the probe is fluorescently
labeled.

8. The method of claim 1 wherein the yeast species are
selected from the group consisting of Candida albicans, Can-
dida glabrata, Candida kruseii, and Candida tropicalis.

9. The method of claim 2 wherein the probe, a forward
primer, and a reverse primer are used during the amplification
step and the probe comprises the sequence of SEQ ID NO: 1,
the forward primer comprises the sequence of SEQ IDNO: 2,
and the reverse primer comprises the sequence of SEQ ID
NO: 3.

10. The method of claim 2 wherein the probe, a forward
primer, and a reverse primer are used during the amplification
step and the probe comprises the sequence of SEQ ID NO: 4,
the forward primer comprises the sequence of SEQ ID NO: 5,
and the reverse primer comprises the sequence of SEQ ID
NO: 6.

11. The method of claim 2 wherein the probe, a forward
primer, and a reverse primer are used during the amplification
step and the probe comprises the sequence of SEQ ID NO: 7,
the forward primer comprises the sequence of SEQ ID NO: §,
and the reverse primer comprises the sequence of SEQ ID
NO: 9.

12. The method of claim 2 wherein the probe, a forward
primer, and a reverse primer are used during the amplification
step and the probe comprises the sequence of SEQ ID NO: 10,
the forward primer comprises the sequence of SEQ ID NO:
11, and the reverse primer comprises the sequence of SEQ ID
NO: 12.

13. The method of claim 2 wherein the amplified sequence
is internal transcribed spacer regions of nuclear ribosomal
DNA.

14. The method of claim 1 wherein the probe is bound to a
bead dyed with a fluorochrome.

15. A method of identifying a yeast mycotoxin in patient
tissue or body fluid, the method comprising the steps of:

extracting and recovering the mycotoxin from the patient

tissue or body fluid;

contacting the mycotoxin with an antibody directed against

the mycotoxin; and

identifying the myocotoxin.

16. The method of claim 15 further comprising the step of
quantifying the mycotoxin.

17. The method of claim 15 wherein the body fluid is
selected from the group consisting of urine, nasal secretions,
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nasal washes, bronchial lavages, bronchial washes, spinal
fluid, sputum, gastric secretions, seminal fluid, other repro-
ductive tract secretions, lymph fluid, whole blood, serum, and
plasma.

18. The method of claim 15 wherein the mycotoxin is
selected from the group consisting of a gliotoxin and a patu-
lin.

19. The method of claim 15 wherein the tissue is derived
from a patient tissue biopsy and is in a 10% formalin solution
or is in a paraffin block.

20. The method of claim 15 wherein the antibody is bound
to a bead dyed with a fluorochrome.

21. Akitcomprising a purified nucleic acid with a sequence
selected from the group consisting of SEQ ID NO: 1 to SEQ
ID NO: 12 or with a complement of a sequence selected from
the group consisting of SEQ ID NO: 1 to SEQ ID NO: 12.
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22. A kit comprising components for the extraction and
recovery of a yeast mycotoxin from body fluid or tissue of a
patient.

23. The kit of claim 22 further comprising components for
identification of the mycotoxin.

24. The kit of claim 23 wherein the components for iden-
tification of the mycotoxin include beads dyed with a fluoro-
chrome and coupled to antibodies to the mycotoxin or to the
mycotoxin or to a mycotoxin antigen.

25. A purified nucleic acid comprising a sequence of SEQ
ID NO: 1 to SEQ ID NO: 12 or a sequence that hybridizes
under highly stringent conditions to a sequence consisting of
SEQ ID NO: 1 to SEQ ID NO: 12.

s * sk sk
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