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The present invention Is directed to methods, devises and kits for separating, accumulating, characterizing and/or identifying
microorganisms known to be present or that may be present in a test sample. The method of the invention comprises optional
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(57) Abrege(suite)/Abstract(continued):

lysing non-

microorganism cells and/or particulates that may be present in a test sample, followed by a subsequent filtration step for

Isolation and/or accumulation of microorganisms. |In one embodiment, a filtration and sample transfer device Is used for Isolation
and/or accumulation of microorganisms by filtration. Once the microorganisms have been filtered for isolation and/or accumulation
microorganisms, the Iisolated and/or accumulated microorganisms can be analyzing to acquire measurements for the

characteriz

ation and/or identification of sald microorganisms.
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(57) Abstract: The present mvention 1s directed to methods,
devises and kits for separating, accumulating, characterizing
and/or identifying microorganisms known to be present or
that may be present in a test sample. The method of the m-
vention comprises optional lysing non-microorganism cells
and/or particulates that may be present m a test sample, fol-
lowed by a subsequent filtration step for i1solation and/or ac-
cumulation of microorganisms. In one embodiment, a filtra-
tion and sample transter device 1s used for i1solation and/or
accumulation of microorganisms by filtration. Once the mi-
croorganisms have been filtered for 1solation and/or accumus-
lation microorganisms, the isolated and/or accumulated mi-
croorganisms can be analyzing to acquire measurements for
the characterization and/or identification of said microorgan-
1sms.
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METHODS FOR THE ISOLATION, ACCUMULATION, CHARACTERIZATION
AND/OR IDENTIFICATION OF MICROORGANISMS USING A
FILTRATION AND SAMPLE TRANSFER DEVICE

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/424.418, entitled, “Methods for the Isolation, Accumulation, Characterization and/or
Identification of Microorganisms using a FHiltration and Sample Transter Device”, filed

December 17, 2010, which 1s incorporated herein.

FIELD OF THE INVENTION

[0002] The present invention relates to methods and devices for isolating,
accumulating, characterizing and/or 1dentifying microorganisms in a test sample. In one
aspect, the present invention 1s directed to a method employing the use of a filtration and
sample transfer device for the 1solation, accumulation, transter and subsequent
characterization and/or 1dentification of microorganisms in a test sample. In another aspect,
the present invention is directed to methods and kits for isolating, accumulating and/or

purifying microorganisms from a sample.

BACKGROUND OF THE INVENTION

[0003] The detection of pathogenic microorganisms in biological fluids should be
performed 1n the shortest possible time, 1n particular in the case of septicemia for which the
mortality remains high in spite of the broad range of antibiotics which are available to
doctors. The presence of biologically active agents such as a microorganism 1n a patient's
body fluid, especially blood, 1s generally determined using blood culture bottles. Bloodstream
infections are associated with high morbidity and mortality, yet current diagnostic methods,
of culture followed by biochemical 1dentification and antibiotic susceptibility testing, can
take several days to perform. ‘Typically, empiric therapy 1s initiated based on clinical
symptoms, and test results only impact clinical decisions when the 1nitial therapy tails. The
ability to characterize bloodstream infections within the first few hours, preferably within an
hour after a positive blood culture result would significantly boost the clinical relevance of
the diagnostic information provided. Molecular amplification methods have been proposed

to f1ll this need, but serious challenges to this approach remain. The positive blood culture
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broth 1itself represents a naturally amplified population of microorganisms with potential for
use 1n a variety of rapid, identification (ID) tests.

[0004] Traditional automated phenotypic ID tests, such as the Vitek®, Phoenix™ and
Microscan® systems, or manual phenotypic tests such as API require that microorganisms be
in an appropriate growth phase and free of interfering media and blood products in order to
provide robust results. These systems use colonies grown from the positive broth for 18-24
hours on plated media. However, in an etfort to obtain faster results, some laboratories have
reported using these systems with microorganisms i1solated from positive blood culture
bottles. 'These direct-from-the-bottle tests are not appropriate for all microorganisms (e.g.,
Gram-positive cocci), are not validated by the test manufacturers, and generally take 3-8
hours to provide results. Faster and more broadly specific tests are urgently needed in order
to provide the physician with clinically relevant results within the first few hours, preterably
within an hour after a positive culture result.

[0005] Mass spectrometric methods have the potential to allow for identification of
microorganisms very quickly, but may encounter interterence from the many compounds
present 1n liquid microbiological culture media and 1n clinical samples such as blood or
combinations thereof. The most commonly employed methods {for recovering
microorganisms directly from positive blood culture broth are two-step ditferential
centrifugation and centrifugation 1n a serum separator tube.

[0006] Other methods for separation, characterization and/or identification of
microorganisms have been described, include:

[0007] U.S. Pat. No. 6,177,266 discloses a method for the chemotaxonomic
classification of bacteria with genus, species and strain specific biomarkers generated by
matrix assisted laser desorption 1onization time-of-flight mass spectrometry (MALDI-TOLF-
MS) analysis of either cellular protein extracts or whole cells.

[0008] In U.S. Pat. No. 7,070,739 a method 1s presented to extract, separate, and
purify microbes including viruses by two-dimensional ultra-centrifuging directly from body
fluids or homogenized tissue. In a first centrifuging step, all particles are removed having a
sedimentation speed higher than those of the microbes to be 1dentified. In the second ultra-
centrifuging step, 1sopycnic banding is used in liquids filled 1n to form a wide-range density
gradient, using special serrated centrifuge tubes. According to the patent, the separation
technique can be used for detecting banded particles by light scatter or fluorescence using
nucleic acid specific dyes, and for recovering the banded particles 1n very small volumes for

characterization by mass spectrometry ot viral protein subunits and intact viral particles, and
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by tluorescence tlow cytometric determination of both nucleic acid mass and the masses of
fragments produced by restriction enzymes.

[0009] EPO533912A describes a sample pretreatment apparatus and method for
dialysis fluid and urine. The patent application describes the use of a large pore size pre-filter
to remove typical urinary sediments such as blood cells, epithelial cells, casts, mucus and
crystals. Any bacteria present pass through the pre-filter and are captured on a second
downstream filter. Captured bacteria are then accessed by manually disassembling the
stacked apparatus.

[0010] U.S. Pat. Appl. Pub. No. 2007/0175278 describes using a liquid culture
medium for culturing a sample of interest, including for example, blood, urine, feces,
intravenous catheters etc., industrial production lines, water systems, a food product, a
cosmetic product, a pharmaceutical product and a forensic sample. Subsequently, the
microorganisms can be harvested from the liquid medium by methods known 1n the art, €.g.
by centrifugation. The concentrated microorganisms may then be transterred to carrier
material, optionally after drying, for obtaining a vibrational spectrum. The patent application
discusses various methods for identifying and classifying microorganisms, including
vibrational spectroscopy, such as Raman spectroscopy.

[0011] However, these methods have several drawbacks when attempting to separate
and characterize microorganisms from some clinical test samples (e.g., complex samples such
as blood-containing culture media). In the case of blood-containing culture media, the
resultant microbial preparations often contain contaminating red blood cells, platelets, lipid
particles, plasma enzymes and cellular debris, which can cause poor results. These methods
are also very labor-intensive and unsafe due to steps which can result in acrosol exposure of
potentially dangerous pathogens to the user.

[0012] Co-assigned U.S. Pat. Appl. Pub. No. 2010/0120085 describes methods for
separating, characterizing and/or identifying microorganisms in a test sample. The method
described a sample preparation procedure comprising of a selective lysis step and subsequent
separation step for the 1solation and purification of an unknown microorganism from a test
sample for identification of the microorganism using mass spectrometry. ‘The application
also describes using filtration for the 1solation and purification of an unknown microorganism
from a test sample.

[0013] Accordingly, there remains a need for improved sample preparation methods,
devices and/or kits tor the 1solation and/or accumulation of microorganisms from clinical test

samples, which are compatible with rapid identification technologies such as mass
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spectrometry. Furthermore, there remains a need for improved sample preparation methods,
devices and/or kits for simultaneous i1solation and/or accumulation of a plurality of
microorganisms from a plurality of clinical test samples, which are compatible with rapid and
automated techniques for identification of microorganisms. The methods and devices
described herein produce a clean, concentrated, sample of microorganisms that 1s optimal for

analysis, for example, by mass spectrometry, especially for MALDI-TOF MS analysis.

SUMMARY OF THE INVENTION

[0014] The present invention provides methods, devices and kits for the isolation,
separation and/or accumulation for subsequent characterization and/or 1dentification of
microorganisms in a sample. The methods allow for the characterization and/or 1dentification
of microorganisms more quickly than prior techniques, resulting in faster diagnoses (e.g., 1n a
subject having or suspected of having septicemia, meningitis or a urinary tract infection) and
identification of contaminated materials (e.g., foodstuffs and pharmaceuticals) or water. The
steps 1nvolved in the methods of the invention, from obtaining a sample to characterization
and/or 1dentification of microorganisms, can be carried out 1in a very short time frame to
produce clinically relevant actionable information, e.g., in less than about 120 minutes.

[0015] In one aspect, the present invention is directed to a method of i1solating and

subsequently characterizing and/or 1dentifying a microorganism from a test sample,

COmprising:
(a) obtaining a test sample known to contain or that may contain microorganismes;
(b) optionally lysing non-microorganism cells and/or particulates in said test sample

producing a lysed sample;

(C) 1solating and accumulating said microorganisms from other components of said test
sample or said lysed sample by filtration using an integrated filtration and sample transfer
device;

(d) transferring said 1solated microorganism sample to a container or slide appropriate for
analyzing and/or interrogating said 1solated and accumulated microorganism sample;

(€) analyzing said 1solated or accumulated sample of said microorganisms to acquire
measurements for the characterization and/or 1dentification of said microorganism; and

(1) characterizing and/or identifying said microorganisms 1n said 1solated and

accumulated sample based on the acquired measurements.
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[0016] In another aspect, the present invention 1s directed to a method of isolating,

and subsequently characterizing and/or identifying a microorganism from a blood culture,

CoOmprising:

(a) obtaining a sample from a blood culture known to contain or that may contain
mMiCroorganismes;

(b) optionally lysing non-microorganism cells and/or particulates 1n said sample to

produce a lysed sample;

(C) 1solating and accumulating said microorganisms from other components of said lysed
sample by filtration using an integrated filtration and sample transfer device;

(d) transferring said 1solated microorganism sample to a mass spectrometry plate;

(e) analyzing said isolated and accumulated sample of said microorganisms by mass
spectrometry to acquire a mass spectrum of said microorganism; and

(1) characterizing and/or identifying said microorganisms 1n said 1solated and
accumulated sample by comparison of the acquired mass spectrum with reference mass
spectra.

[0017] In yet another aspect, the present invention is directed to a method of
1solating, and subsequently characterizing and/or identifying a microorganism from a urine
specimen, comprising:

(a) obtaining a sample of urine known to contain or that may contain microorganisms;

(b) optionally lysing non-microorganism cells and/or particulates 1n said urine sample to
produce a lysed sample;

(C) 1solating and accumulating said microorganisms from other components of said
optionally lysed sample by filtration using an integrated filtration and sample transfer device;
(d) transferring said 1solated microorganism sample to a container or slide appropriate for
analyzing and/or interrogating said 1solated and accumulated microorganism sample;

(€) analyzing said 1solated or accumulated sample of said microorganisms to acquire
measurements for the characterization and/or 1dentification of said microorganism; and

(1) characterizing and/or identifying said microorganisms 1n said 1solated and
accumulated sample based on the acquired measurements.

[0018] In one embodiment, the isolated or accumulated sample of said
microorganisms can be analyzed using spectroscopic interrogation, €.g2., based on intrinsic
characteristics of the microorganisms (e.g., intrinsic fluorescence) or the vibrational structure

of constituent molecules (e.g., Raman spectroscopy). In another embodiment, the 1solated or
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accumulated microorganisms can be analyzed by mass spectrometry (e.g., MALDI-TOL-
MS).

[0019] In accordance with another embodiment of the invention, the integrated
filtration and sample transfer device may comprise a hollow elongated body (e.g., a
cylindrical, hexagonal, or similarly shaped elongated hollow tube) having a first end or tip
that 1s provided with, or capped with a filtratton material (e.g2., a filtration membrane),
wherein said filtration material 1s located adjacent to and external from said first end or tip,
and a second end operable for providing fluid flow for filtration. For example, the second
end can be adapted for connection to a vacuum system, a syringe, a plunger or similar device
to generate a vacuum. In another embodiment, the hollow cylindrical body comprises a long
and narrow body made of glass, plastic, metal, or other like material. In still another
embodiment, as an alternate to a vacuum source, the filtration and sample transfer device may
use an internally packed adsorbent to provide sufficient capillary action and/or wicking force
for filtration and washing. For example, the adsorbent can provide for passive filtration by
providing a capillary action or wicking force for fluid tlow.

[0020] In another embodiment, the present invention is also directed to an integrated
filtration and sample transfer assembly comprising a plurality of integrated filtration and
sample transfer devices for the 1solation and/or accumulation of a plurality of test samples
and for the simultaneous transter of the plurality of 1solated and/or accumulated
microorganisms to a container, slide or plate for analyzing said 1solated or accumulated
miCcroorganisms.

[0021] In yet another embodiment, the present invention is also directed to a two-part
sample filtration and transfer system comprising a filtration assembly operable for the
isolation and/or accumulation of microorganisms for a plurality of test samples by filtration
and a transfer assembly operable for the simultaneous transfer of said plurality of 1solated
and/or accumulated microorganisms to a slide or plate for analysis.

[0022] In still another aspect, the present invention i1s directed to a kit for the
1solation, accumulation and/or purification of microorganisms from a test sample comprising,
in a packaged combination:

(a) optionally a selective lysis butfer for the selective lysis of non-microorganisms known to
be present or that may be present in a test sample;

(b) an integrated filtration and sample transfer device wherein said device 1s operable for the
1solation, accumulation and/or purification of microorganisms from a test sample, and for the

subsequent transter of microorganisms to a container, slide or plate for analysis; and
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(c) at least one wash fluid or buffer for washing the 1solated, accumulated and/or purified
microorganism sample. In one embodiment, the integrated filtration and sample transfer
device comprises a hollow elongated shaped body having a first end or tip that 1s provided
with, or capped with a filtration material, wherein said filtration material 1s located adjacent
to and external from said first end or tip, and a second end operable for providing fluid flow
for filtration.

[0023] The present invention 1s explained in greater detail in the figures herein and

the description set forth below.

BRIEF DESCRIPTION OF THE FIGURES

[0024] Figure 1A shows a front view of an integrated filtration and sample transfer
device, in accordance with the present invention. Figure 2B shows a cross-sectional view of
the integrated filtration and sample transfer device shown in Figure 1A.

[0025] Figure 2A shows a front view of second design concept of an integrated
filtration and sample transfer device, in accordance with the present invention. Figure 2B
shows a cross-sectional view of the device and Figure 2C shows a detailed view of a first end
of the device.

[0026] Figure 3A shows an exploded view of the integrated filtration and sample
transfer device 1llustrated in Figure 2 and Figure 3B shows a detailed view of a first end of
the device.

[0027] Figure 4 shows a perspective view of a filtration and sample transfer assembly
for the 1solation and/or accumulation of microorganisms from a plurality of test samples.

[0028] Figure 5 shows an exploded view of the filtration and sample transfer
assembly 1llustrated 1n Figure 4.

[0029] Figure 6 shows an exploded view of a filtration assembly, which comprises the
first part of a two-part sample filtration and transfer system.

[0030] Figure 7 shows a perspective view of the filtration assembly illustrated in
Figure 6.

[0031] Figure 8 shows a partial exploded view of the filtration assembly illustrated in
Figure 6.

[0032] Figures 9A-D show perspective views of a transfer assembly, 1in accordance
with the present invention. Figure YA shows a perspective view of a slide or plate being

placed onto the bottom gasket plate. Figure 9B shows a perspective view of the bottom
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gasket and slide or plate. Figure 9C shows an exploded view of the bottom gasket in
alignment with the transter pin block. Figure 9D shows a perspective view of the bottom
gasket plate position on top of, and 1n alignment with, the transfer pin block.

[0033] Figure 10 shows a bottom view of the bottom surface of the top plate of the
filtration assembly illustrated 1n Figure 6.

[0034] Figure 11 shows an exploded view of the top plate, middle gasket or tape and a
top block of the filtration assembly 1llustrated 1n Figure 6.

[0035] Figure 12 shows an exploded and cross-sectional view of the top plate, middle
gasket or tape and a top block of the filtration assembly 1llustrated 1n Figure 6.

[0036] Figure 13 shows a schematic representation of a method comprising a lysis
step, separation step and transfer step, facilitated with the integrated filtration and sample

transfer device of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The present invention can be embodied in different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. For example, features illustrated with
respect to one embodiment can be incorporated into other embodiments, and features
illustrated with respect to a particular embodiment can be deleted from that embodiment. In
addition, numerous variations and additions to the embodiments suggested herein will be
apparent to those skilled in the art in light of the instant disclosure, which do not depart from
the 1nstant invention.

[0038] Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The terminology used 1n the description of the invention herein 1s for the
purpose of describing particular embodiments only and 1s not intended to be limiting of the

1nvention.

Definitions.

[0039] As used herein, “a,” “an,” or “the” can mean one or more than one. For

example, “a” cell can mean a single cell or a multiplicity of cells.
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[0040] Also as used herein, "and/or" refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of
combinations when interpreted 1n the alternative ("or”

[0041] Furthermore, the term "about," as used herein when referring to a measurable

value such as an amount of a compound or agent of this invention, dose, time, temperature,
and the like, 1s meant to encompass variations of + 20%, + 10%, £ 5%, £ 1%, £ 0.5%, or even
T 0.1% of the specified amount.

[0042] As used herein, the term “microorganism’ is intended to encompass organisms
that are generally unicellular, which can be multiplied and handled 1n the laboratory,
including but not limited to, Gram-positive or (Gram-negative bacteria, yeasts, molds,
parasites, and mollicutes. Non-limiting examples of Gram-negative bacteria of this invention
include bacteria of the tollowing genera: Pseudomonas, Escherichia, Salmonella, Shigella,
Enterobacter, Klebsiella, Serratia, Proteus, Campylobacter, Haemophilus, Morganella,
Vibrio, Yersinia, Acinetobacter, Stenotrophomonas, Brevundimonas, Ralstonia,
Achromobacter, Fusobacterium, Prevotella, Branhamella, Neisseria, Burkholderia,
Citrobacter, Hafnia, Edwardsiella, Aeromonas, Moraxella, Brucella, Pasteurella,
Providencia, and Legionella. Non-limiting examples of (Gram-positive bacteria of this
invention 1nclude bacteria of the {following genera: Enterococcus, Streptococcus,
Staphvylococcus, Bacillus, Paenibacillus, Lactobacillus, Listeria, Peptostreptococcus,
Propionibacterium, Clostridium, Bacteroides, Gardnerella, Kocuria, Lactococcus,
Leuconostoc, Micrococcus, Mycobacteria and Corynebacteria. Non-limiting examples of
yeasts and molds of this invention include those of the following genera: Candida,
Cryptococcus, Nocardia, Penicillium, Alternaria, Rhodotorula, Aspergillus, Fusarium,
Saccharomyces and Trichosporon. Non-limiting examples of parasites of this invention
include those of the following genera: Trypanosoma, Babesia, Leishmania, Plasmodium,
Wucheria, Brugia, Onchocerca, and Naegleria. Non-limiting examples of mollicutes of this
invention include those of the following genera: Mycoplasma and Ureaplasma.

[0043] In one embodiment, as described in further detail herein, microorganisms from
a sample or growth medium can be “separated™ or “1solated” and subsequently interrogated to
characterize and/or i1dentify the microorganism present in the sample. As used herein, the
term “‘separate” 1s intended to encompass any sample of microorganisms that has been
removed, concentrated or otherwise set apart from its original state, or from a growth or

culture medium. For example, 1in accordance with this invention, microorganisms may be
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separated away (e.g., as a separated sample or mass of microorganism) from non-
microorganism oOr non-microorganism components that may otherwise interfere with
characterization and/or 1dentification. The term may include a layer of microorganisms
collected on a solid surface (e.g., a filter membrane). As such, a separated microorganism
sample (or mass or thin film of microorganism) may include any collection or layer of
microorganisms and/or components thereof that 1s more concentrated than, or otherwise set
apart from, the original sample, and can range from a closely packed dense clump of
microorganisms to a diffuse layer of microorganisms. Microorganism components that can
be comprised in a separated form or sample include, without limitation, pilli, flagella,
fimbriae, and capsules 1n any combination. Non-microorganism components that are
separated away from the microorganisms may include non-microorganism cells (e.g2., blood
cells and/or other tissue cells), urine casts or crystals and/or any components thereof. As
used herein, the term “1solated™ 1s intended to encompass any sample of microorganisms that
has been at least partially purified from 1ts original state, or away from a growth or culture
medium, and any non-microorganisms Or non-microorganism components contained therein.
For example, 1n accordance with this invention, microorganisms may be 1solated away (e.g.,
as an 1solated sample) from non-microorganisms Or non-microorganism components that may
otherwise 1nterfere with characterization and/or 1dentification.  Non-microorganism
components that are separated away from the microorganisms may include non-
microorganism cells (e.g., blood cells and/or other tissue cells) and/or any components
thereof.

[0044] In one embodiment, as described in further detail herein, microorganisms from
a sample or growth medium can be *“accumulated” or “captured” in, or on a filter material
(e.g., a filter membrane), and subsequently interrogated to characterize and/or i1dentify the
microorganism present in the sample. As used herein, the term *“accumulated™ or “captured”
1s 1ntended to encompass any sample of microorganisms that has been compressed or
deposited into a mass or film of microorganisms. For example, microorganisms from a
sample can be compressed or deposited 1nto a mass or film on a filtration material (e.g., a
filter membrane) by filtration. The term includes a collection of microorganisms (and/or
components thereof) on the surface of a filter material (e.g., a filter membrane) following
filtration (e.g., vacuum filtration). Microorganism components that can be comprised in
compressed or deposited mass of microorganisms include, without limitation, pilli, flagella,
fimbriae, and capsules 1n any combination. In accordance with this 1nvention,

microorganisms may be compressed or deposited into a mass (€.2., as a substantially puritied
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microorganism mass), away from non-microorganism Or non-microorganism components
that may otherwise interfere with characterization and/or identification of the microorganism
(e.2., by mass spectrometry). Non-microorganism components that are 1solated or separated
away from the microorganisms may include non-microorganism cells (e.g., blood cells and/or
other tissue cells) and/or any components thereof.

[0045] As used herein, the term “analyzing said isolated or accumulated sample” i1s
intended to encompass all well-known methods or means for analyzing, interrogating,
obtaining or otherwise acquiring measurements or data that can be used for the
characterization and/or identification of microorganisms (e€.2. unknown miCroorganisms).
For example, an 1solated or accumulated mass of microorganisms can be analyzed or
interrogated by spectroscopic methods, e.g., based on intrinsic characteristics of the
microorganisms (e.g., intrinsic fluorescence) or the vibrational structure of constituent
molecules (e.g., Raman spectroscopy). In another embodiment, an 1solated or accumulated
mass of microorganisms can be analyzed or interrogated by mass spectrometry methods (e.g.,
MALDI-TOF-MS) for the acquisition or measurements or data that can be used for the
characterization and/or identification of unknown microorganisms, as discussed in further
detail herein.

[0046] The present invention provides methods for isolating or separating
microorganisms, and subsequently characterizing and/or identifying microorganisms in a
sample. Moreover, the method may be particularly usetul for the 1solation or separation, and
subsequent characterization and/or identification of microorganisms from complex samples
such as blood-containing culture media or urine samples. The rapid methods also allow for
the characterization and/or 1dentification of microorganisms more quickly than prior
techniques, resulting 1n faster diagnoses (e.g., in a subject having or suspected of having
septicemia, meningitis or a urinary tract infection) and characterization/identification of
contaminated materials (e.g., foodstufts and pharmaceuticals) or water. The steps involved in
the methods of the invention, from obtaining a sample to characterization/identification of
microorganisms, can be carried out 1n a very short time frame to obtain clinically relevant
actionable information. In certain embodiments, the methods of the invention can be carried
out in less than about 120 minutes, e.g., in less than about 110, 100, 90, 80, 70, 60, 50, 40, 30,
20, 15, 10, 5 minutes. The tremendous rapidity of the methods of the invention represents an
improvement over prior methods. The methods can be used to characterize and/or 1dentify
any microorganism as described herein. In one embodiment, the microorganism 1s a

bacterrum. In another embodiment, the microorganism i1s a yeast. In still another
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S  embodiment, the microorganism is a mold. In a further embodiment, the microorganism i1s a
parasite. In another embodiment, the microorganism 1s a mollicute. Additionally, the
methods of the invention can be fully automated, thereby reducing the risk of handling

infectious materials and/or contaminating the samples.

10 Samples
[0047] Samples that may be tested (1.e., a test sample) by the methods of the invention
include both clinical and non-clinical samples 1n which microorganism presence and/or
orowth 1s or may be suspected, as well as samples of materials that are routinely or
occasionally tested for the presence of microorganisms. The amount of sample utilized may
15  vary greatly due to the versatility and/or sensitivity of the method. Sample preparation can be
carried out by any number of techniques known to those skilled in the art although one of the
advantages of the present invention 1s that complex sample types, such as, e.g., blood, bodily
fluids, and/or other opaque substances, may be tested directly utilizing the system with little
Oor no extensive pretreatment. In one embodiment, the sample 1s taken from a culture. In
20  another embodiment, the sample 1s taken from a microbiological culture (e.g., a blood
culture). In another embodiment, the sample i1s suspected of, or known to, contain
microorganisms therein.
[0048] Clinical samples that may be tested include any type of sample typically tested
in clinical or research laboratories, including, but not limited to, blood, serum, plasma, blood
25  fractions, joint fluid, urine, semen, saliva, feces, cerebrospinal fluid, gastric contents, vaginal
secretions, tissue homogenates, bone marrow aspirates, bone homogenates, sputum, aspirates,
swabs and swab rinsates, other body fluids, and the like. In another embodiment, the clinical
sample can be cultured, and a culture sample used.
[0049] The present invention finds use in research as well as veterinary and medical
30  applications. Suitable subjects from which clinical samples can be obtained are generally
mammalian subjects, but can be any animal. The term “mammal” as used herein includes,
but 1s not limited to, humans, non-human primates, cattle, sheep, goats, pigs, horses, cats,
dog, rabbits, rodents (e.g., rats or mice), efc. Human subjects include neonates, infants,
juveniles, adults and geriatric subjects. Subjects from which samples can be obtained include,
35  without limitation, mammals, birds, reptiles, amphibians, and fish.
[0050] Non-clinical samples that may be tested also include substances,
encompassing, but not limited to, foodstutfs, beverages, pharmaceuticals, cosmetics, water

(e.g., drinking water, non-potable water, and waste water), seawater ballasts, air, soil, sewage,
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plant material (e.g., seeds, leaves, stems, roots, flowers, fruit), blood products (e.g., platelets,
serum, plasma, white blood cell fractions, efc.), donor organ or tissue samples, biowarfare
samples, and the like. The method 1s also particularly well suited for real-time testing to
monitor contamination levels, process control, quality control, and the like 1n 1ndustrial
settings. In another embodiment, the non-clinical sample can be cultured, and a culture
sample used.

[0051] In one embodiment of the invention, samples are obtained from a subject (e.g.,
a patient) having or suspected of having a microbial infection. In one embodiment, the
subject has or 1s suspected of having septicemia, e.g., bacteremia or fungemia. The sample
may be a blood sample directly from the subject. The sample may be from a blood culture
erown from a sample of the patient’s blood, e.g., a BacT/ALERT® blood culture. The blood
culture sample may be from a positive blood culture, e.g., a blood culture that indicates the
presence of a microorganism. In certain embodiments, the sample 1s taken from a positive
blood culture within a short time after 1t turns positive, e.g., within about 6 hours, e.g., within
about 3, 4, 3, or 2 hours, or within about 60 minutes, e.g., about 55, 50, 45, 40, 35, <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>