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(57) Abstract: The present invention relates to an improved culture medium and method for the enhanced growth and detection of
Mycobacterium growth. The invention further relates to an improved mycobacterial reagent system or kit that can be used for the
enhanced growth and detection of Mycobacterium.
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METHOD AND CULTURE MEDIUM FOR

ENHANCED DETECTION OF MYCOBACTERIUM

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/269,977, entitled, “Method and Culture Medium for Enhanced Detection of
Mycobacterium”, filed July 1, 2009, which is incorporated herein.

FIELD OF THE INVENTION

[0002] The present invention in general is directed to a culture medium and method
for enhanced detection of mycobacterium. More specifically, the present invention is
directed to various improvements 1o a culture medium and method for improving or reducing

the time to detection (TTD) of mycobacterium growth in the culture medium,

BACKGROUND OF THE INVENTION

[0003] The mycobacteria are a genus of bacteria that are characterized as acid-fast,
non-motile, gram-positive bacillus. The genus comprises many species including
Mycobacterium africanum, M. avium, M. bovis, M. bovis-BCG, M. chelonae, M. fortuitum,
M. gordonac, M. intracellulare, M. kansasii, M. leprae, M, microti, M. scrofulaceum, M.
paratuberculosis, and M. (uberculosis. Some of the mycobacteria are pathogenic to both
humans and animals, in particular M. rubercuiosis, M. leprae, and M. bovis. Other
mycobacterial species are not normally pathogenic, but cause opportunistic infections in
immunocompromised individuals, such as AIDS patients. For example, infection by M
kansasii, M. avium, and M. intracellulare can cause severe lung disease in subjects in whom
the immune system is suppressed or compromised. In fact, for the first time since 1953,
reported cases of mycobacterial infcctions arc incrcasing in the United States; many of these
cases are related to the AIDS epidemic.

[0004] Detection of Mycobacterium species in clinical species is important as a
clinical diagoostic tool. Historically, M. tuberculosis was thought to be the only clinically
significant pathogen in this genus. A rise in the incidence of drug-resistant strains of M
tuberculosis has further emphasized the need to detect this species. Tuberculosis displays all

of the principal characteristics of a global epidemic disease. Currently, tuberculosis afflicts

1



10 Apr 2015

2010266347

more than 35 million individuals worldwide and results in over 4 million deaths annually.
Thus, tuberculosis is a problem of major concern throughout the world. Tuberculosis can be
causcd by M. tuberculosis, M. bovis, M. africanum and M. microti, the acid-fast, Gram
positive, tubercle bacilli of the family Mycobacteriaceae. Some local pathogenic strains of M.
tuberculosis have also been isolated from patients in Madras and other cities in India, which
differ in some respects from M. fuberculosis H37Rv, which is a virulent strain.

[0005} Other Mycobacterium species, however, are also clinically important. These
are sometimes referred to as "MOTT" for mycobacterium other than tuberculosis, commonly
including M. avium/intracellulare complex organisms (M. avium, M. intracellulare, M.
paratuberculosis, commonly rcferred to as MAIC), M. gordonae, M. fortuitum, M. chelonae,
M. mucogenicum and mixtures of Mycobacterium species in a clinical specimen. For
example, fast-growing opportunistic infections by M. avium complex (MAC) bacteria have
been shown to occur frequently in AIDS and other immunocompromised individuals, In such
infected individuals, at least 10° MAC celis/ml of sputum sediment have been found.
Therefore, delection assays that can detect many species of mycobacterium are clinically
impottant.

[0006] Many clinical methods for detecting and identifying mycobacterium species in
samples require analysis of the bacteria's physical characteristics (e.g., acid-fast staining and
microscopic detection of bacilli), physiological characteristics (e.g., growth on defined
media) or biochemical characteristics (e.g., membrane lipid composilion). These methods
requirc rclatively high concentrations of bacteria in the sample fo be detected, may be
subjective depending on the clinical technician's experience and expertise, and are time-
consuming. Because mycobacterium species are often difficult to grow in vitro and may take
several weeks to reach a useful density in culture, these methods can also result in dclayed
patient treatment and costs associated with isolating an infected individual until the diagnosis
is completed.

[0007} Mycobacteria in general, and M. fuberculosis and M. bovis in particular, are
fastidious microorganisms which are very sllow growing. It can take two to three weeks to
grow these organisms on the culture media conventionally used. There have been several
cfforts to find a medium or a substance which can enhance the growth and reduce the time
factor. For Example, U.S. Patent No. 3,935,073, which is incorporated herein by reference,
discloses a growth medium for culturing mycobacteria containing the following nutrients at
the indicated levels: 7H9 broth base 0.47% {containing potassium and sodium phosphates,

sodium glutamate, sodium citrate, ammonium sulfate, pyridoxine, ferric ammonium citrate,
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magncsium sulfate, zine sulfate, copper sulfate, biotin and calcium chloride obtained from
BBL Microbiology Systems in Cockeysville, Maryland), bovine serum albumin 0.5%, casein
hydrolysate 0.1%, catalase 96 units/vial, ¢ labeled substrate 2 uCi/vial, deionized water
balance to 2 ml, Final pH 6.8 + 0.1,

[0008] Albumin can be used as a detoxifying agent in a medium for the growth of
mycobacteria. Albumin is a simple protein found in nearly every animal and in many
vegetable tissues. Albumins are characterized as being soluble in water and coagulable by
heat, They contain carbon, hydrogen, nitrogen, oxygen and sulfur. A preferred albumin for
the growth media of the present invention is bovine serum albumin. The albumin is typically
present in the growth media at a level of from about 0.1 percent by weight to about 10
percent by weight.

[0009] However, because of the slow growth rate and the need for an enriched
medium for mycobacterial growth in culture, detection of mycobacteria from clinical samples
(e.g. sputum, lung fluids, tissue or feces) still represents a significant biological challenge.
One factor in this challenge arises from the fact that more rapidly-growing bacteria can
overgrow the slow-growing mycobacterial organism of interest, thus precluding or
significantly hindering mycobacteria detection. Over the decades, several techniques have
been developed to decontaminate diagnostic samples (i.e. kill or inhibit non-mycobacterial
organisms) submitted for mycobacterial identification. These techniques either kill the
potential contaminates or injure them to the extent that their growth is inhibited or totally
prevented.

[0010] Conventionally, laboratory diagnosis of mycobacteria was based on acid-fast
staining and cultivation of the organism, followed by biochemical assays. As a result of the
slow growth and long generation time of mycobacteria, accurate laboratory diagnosis of
mycobacteria by conventional techniques can take as long as six weeks. Automated culturing
systems such as the BacT/ALERT® system (bioMérieux, Inc.) can dccrcasce the time for
identification of mycobacteria by up to two weeks.

[0011] The present assignee, bioM¢éricux, Inc. offcrs the plastic BacT/ALERT® MP
culture bottle for use in the BacT/ALERT® Microbial Detection systems as its culture based
system for detecting mycobacteria in clinical samples, other than blood. The BacT/ALERT®
Microbial Detection System utilizes a colorimetric sensor and reflected light to monitor the
presence and production of carbon dioxide (CQO,) that is dissolved in the culture medium, If
mycobacteria are present in the test sample, carbon dioxide is produced as the

microorganisms metabolize the substrates in the culture medium. When growth of the
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mycobacteria produces CO,, the color of the gas-permeable sensor installed in the bottom of
each culture bottle changes from blue-green to yellow.

[0012] The BacT/ALERT® MP rcagent system includes BacT/ALERT® MP culture
bottle, reconstitution fluid (RF) and MB BacT antibiotic supplement (MAS) (hereinafter
referred to as conventional or old RF (or conventional/old RF) and conventional or old MAS
(or conventional/old MAS). The BacT/ALERT® MP culture bottle is a plastic bottle that
contains some components of the medium. The reconstitution fluid (RF) contains the
remaining nutrients for mycobacteria growth and is used to reconstitute the MAS. The MAS
is a [yophilized powder made up of six antimicrobials to suppress unwanted respiratory flora
from sputum samples. The RF and MAS are packaged as the MAS kit. Nevertheless, there
still exists a need in the art to further reduce the time required for accurate diagnosis of
mycobacteria.,

[0013] Tt is, accordingly, a primary object of this invention to provide a culture media
and method for enhanced growth and detection of Mycobacterium species that may be
present in a clinical sample. A further object of this invention is to provide a novel
mycobacteria culture medium suitable for the in vitro cultivation of mycobacteria. Still
another object of this invention is to provide a mycobacteria culture medium in accordance
with the preceding object, wherein growth of contaminating organisms is inhibited.

[0014] Accordingly, we describe herein a new culture media formulation, a new
nutrient supplement (NS) and a new mycobacterial antimicrobial supplement (MAS)
formulation, and manufacturing proccss improvements that show unexpected enhancement in
the growth and detection of mycobacteria. Also described herein are methods for enhanced

growth and detection of mycobacteria.

SUMMARY OF THE INVENTION

[0015) The present invention generally relates to a novel culture medium for the
growth and detection of Mycobacterium. Morcover, the present invention provides
compositions and diagnostic methods that detect a wide spectrum of Mycobacterium species
that may be present in a clinical sample. The present invention is also directed to a new and
improved MP system or kit that shows enhanced time to detection (TTD) for mycobacterial
growth and detection, the MP system or kit comprising an autoclavable BacT/ALERT® MP

culture bottle, a nutrient supplement (NS) and a new mycobacteria antimicrobial supplement

(MAS).
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[0015A] In one aspect of the invention, provided herein is a method for enhanced
growth of mycobacteria comprising adding a sample suspected of containing mycobacteria Lo
a culture medium comprising fatty acid-frec BSA, a fatty acid supplement comprising one or
more long chain fatty acids, and an antimicrobial supplement, and subjecting the culture
medium to conditions suitable for growth of said mycobacteria, wherein said fatty acid-free
BSA and said one or more long chain fatty acids enhance the growth of said mycobacteria
compared to culture medium not containing a fatty acid-free BSA and a fatty acid supplement

comprising one or more long chain fatty acids.

|0015B] In another aspect, provided herein is a method for the diagnosis of infection
caused by a mycobacterium specics, comprising the steps of: (a) providing a culture medium;
(b) adding a nutrient supplement to said culture medium, said nutrient supplement additive
comprising fatty acid-frec BSA and one or more long chain fatty acids, wherein said fatty
acid-free BSA and said one or more long chain fatty acids enhance the growth of said
mycobactcria éompared to culture medium not containing a fatty acid-free BSA and a fatty
acid supplement comprising one or more long chain fatty acids; (c) adding a sample for
which the presence or absence of said mycobacterium species is to be determined; and (d)
analyzing said culture for the presence of said mycobacterium species, wherein a finding of

the presence of said mycobacterium species indicates a positive diagoosis for said infection.

[0015C] In another aspect, provided herein is a kit for dctecting the growth of
mycobacteria in a culture medium, said kit comprising: (1) a culture bottle containing a base
culturec medium; (2) a nutrient supplement comprising fatty acid free BSA and one or more
long chain fatty acids; and (3) an antimicrobial supplement comprismg one or more
antimicrobial agents for suppressing the growth of contaminating respiratory flora in said
culture medium, wherein said fatty acid-free BSA and said one or more long chain fatty acids
enhance the growth of said mycobacteria compared to culture medium not containing a fatty

acid-free BSA and a fally acid supplement comprising one or more long chain fatty acids.

[0016] In one embodiment, the present invention is directed to a novel culture
medium for culturing mycobacteria, the culture medium comprising: (a) a basc culture
medium suitable for growth of mycobacteria; (b) ane or more nutrient supplement additives;
(c) and an improved antimicrobial supplement; and wherein said culture medium exhibits

ephanced growth for said mycobacteria.
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[0017] In another embodiment, the present invention is directed to a method for
enhanced growth of mycobacteria comprising adding a sample suspected of containing
mycobactcria to a culture medium containing an effective amount of one or more nutrient
additives to enhance the growth of said mycobacteria and subjecting the cullure medium to

conditions suitable for growth of said mycobacteria.

[0018] Another embodiment of the present invention is directed to a method for the
diagnosis of infection caused by a mycobacterium species, comprising the steps of: (a)
providing a culture medium; (b) adding a nutrient supplement to said culture medium, the
nutrient supplement comprising one or more nutrient additives for the enhance growth of said
mycobacteria; (¢) adding a sample for which the presence or absence of said mycobacterium
species is to be determined, and (d) analyzing the culture for the presence of mycobacterium
species, wherein a finding of the presence of the mycobacterium species indicates a positive

diagnosis for said infection.

[0019] In still another embodiment, the present invention is directed to an improved
BacT/ALERT® MP reagent system or kit. The improved BacT/ALERT® MP reagent system
or kit will include an improved MP culture bottle that includes a base culture medium for the
growth of mycobacteria or water. Optionally, the culture medium or water of the new MDP
culture bottle will not include any heat labile components, thereby allowing the new MP
culture bottle to be autoclavable. The reagent system or kit will further include a new nutrient
supplement (NS) and a new mycobacterial antimicrobial supplement (MAS). The nutrient
supplement (NS) may include a base culture medium for the growth of mycobacteria and/or
one or more carbon sources, nitrogen sources, sugars, salts, nutrients, proteins, amino acids,

fatty acids, or other nutrients.

BRIEF DESCRIPTION OF THE FIGURES

[0020] Figure 1A — is a boxplot showing time to detection (1'I'D) of M. fubercudosis

with and without fatty acid supplementation.
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{0021] Figure 1B — is a boxplot showing time to detection (TTD) of M. intracellulare
with and without fatty acid supplementation.

[0022] Figure 1C — is a boxplot showing time to detection (1'I'D) of M. avium with
and without fatty acid supplementation.

[0023] Figure 2 — is a boxplot showing time to detection (TTD) of mycobacteria
strains with and without a-kefoglutarate.

[0024] Figure 3 — is a boxplot showing time to detection (TTD) of mycaobacteria
strains with azlocillin,

[0025] Figure 4 — is a boxplot showing the effect of vancomycin on mycobacterial
strain growth.

[0026] Figure SA — is a boxplot showing time to detection (TTD) of M. tuberculosis
18283 with various mycobacterial antimicrobial supplement (MAS) formulations.

[0027] Figure 5B — is a boxplot showing (ime 1o detection (TTD) of M. tuberculosis
27294 with various mycobacterial antimicrobial supplement (MAS) formulations.

[0028] Figure 5C — is a boxplot showing time to detection (TTD) of M. avium 569
with various mycobacterial antimicrobial supplement (MAS) formulations.

[0029] Figure 5D — is a boxplot showing time to detection (TTD) of M. infracellulare
13950 with various mycobacterial antimicrobial supplement (MAS) formulations.

[0030] Figure SE — is a boxplot showing time to detection (TTD) of M. scrofulaceum
19981 with various mycaobacterial antimicrobial supplement (MAS) [ormulations.

[0031] Figure SF — is a boxplot showing time to detection {1'ID) of M. kansasii
12478 with various mycobacterial antimicrobial supplement (MAS) formulations.

[0032] Figure 6 — is a boxplot showing a comparison of the prior MAS formulation
versus new mycobacterial antimicrobial supplement (MAS) formulation for time to detection
(TID) of M. tuberculosis complex growth,

[0033] Figure 7 — is a boxplot showing a comparison of the prior MAS formulation
versus new mycobacterial antimicrobial supplement (MAS) formulation for time to detection

(TTD) of other mycobacteria strain growth.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The cultivation of propagating microorganisms by providing the proper
nutritional and environmental conditions is well known. A suitable growth or culture medium

should contain all the nutrients required by the microorganism which is to be cultivated. For
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example, a typical microbiological culture medium should contain available sources of water,
a carbon source, a nitrogen source, vitamins, trace elements such as potassium, magnesium,
calcium and iron, and minerals, such as sulfur and phosphorous. Typically, these needs are
supplied from a number of sources. Other factors for suitable propagaling conditions may
include pH, temperature, aeration, salt concentration and osmotic pressure of the medium.

[0035] In addition, it is known that cerfain growth factors may be required. A growth
factor is an organic compound which a microorganism must contain in order to grow but
which it is unable to synthesize. Many microorganisms, when provided with the nutrients
listed above, are able to synthesize all of the organic constituents of their protoplasm,
including amino acids, vitamins, purines and pyrimadines, fatty acids and other compounds.
Each of these essential compounds is synthesized by a discrete sequence of enzymatic
reactions and each enzyme is produced under the control of a specific gene. However, some
microorganism cannot synthesis one or more of these growth factors und must then obtain
that compound from the environment. Required growth factors may include, but are not
limited to, amino acids, vitamins, purines and pyrimadines, fatty acids and other required
compounds for growth.

[60036] As discussed hereinabove, the current assignee, bioMérieux, Inc., produces
and sells a culture media bottle for growth and detection of mycobacterium (BacT/ALERT®
MP Process Bottle). The BacT/ALERT® MP Process Botile is designed for use with the
BacT/ALERT® or BacT/ALERT® 3D systems for recovery and detection of mycobacteria
from sterile body specimens and from digested-decontaminated clinical specimens. ‘{he MP
Process Bottle can be used in conjunction with the MB/BacT® Antimicrobial Supplement
(MAS) and/or the MB/BacT® Reconstitution Fluid (RF) (referred to herein as conventional or
old MAS and conventional or old RF).

[0037] The BacT/ALERT® MP disposable cuiture bottle has a removable closure and
contains approximately 10 ml of media and an internal sensor that detects carbon dioxide as
an indicator of microbial growth. The culture media formulation consists of: Middlebroak
TH9 Broth (0.47% w/v), pancreatic digest of casein (0.1% w/v), bovine scrum albumin (0.5%
w/v), and catalase (48 uw/ml) in purified water (referred to herein as conventional or -old
culture media).

[0038] The conventional or old MB/BacT® Antimicrobial Supplement
(conventional/old MAS) is a lyophilized supplement formulated to contain amphotericin B
(0.0180% w/v), azlocillin (0.0034% w/v), nalidixic acid (0.0400% w/v), polymyxin B
(10,000 units), trimethoprim (0.00105% w/v), and vancomycin {0.0005% w/v).

7
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[0039] The conventional/old MB/BacT® Reconstitution Fluid (conventional/old RF)
contains oleic acid (0.05% w/v), glycerol (5% w/v), amaranth (0.004%), and bovine setum
albumin (1% w/v) in purified water. The Reconstitution Fluid (RF) and MB Bac1/ALERT®
Antimicrobial Supplement (MAS) comprise a supplement kit that can be added to the MP
bottle.

[0040] The present invention js directed to a new and improved culture medium and
method for the enhanced growth of mycobacterium. The culture medium and methods of the
present invention can be uscd for the cultivation of any known mycobacteria, including, but
not limited to, Mycobacterium tuberculosis, Mycobacterium bovis, Mycobacterium microti,
Mycobacterium africanum, Mycobacterium canetti, Mycobacterium avium, Mycobacterium
imtracellulare, Mycobacterium scrofulaceum, Mycobacterium kansasii, Mycobacterium
malmoense, Mycobacterium xenopi, Mycobacterium marinum, Mycobacterium simiae,
Mycobacterium rerrae, Mycobacterium ulcerans, Mycobacterium abscessus, Mycobacterium
Jortuitum, Mycobacterium chelonae, and Mycobacterium gordonae. We have now discovered
a new culture media formulation, a new nutrient supplement (referred to herein as ncw NS)
and a new antimicrobial supplement (referred to herein as new MAS) formulation, and
manufacturing process improvements that show unexpected enhancement in the growth and
detection of mycobacteria.

[0041] The novel features of the MP system of the present invention may include: (1)
transfer of heat labile components from the MP culture medium lo a nutrient supplement,
allowing for terminal sterilization of the MP bottle; (2) use of novel carbon sources to
optimize CO; production; (3) optimization of the nutrient supplement; and/or (4)
optimization of the MAS antimicrobials and/or concentration of antimicrobials. These
improvements lead to several unexpected improvements in the growth and detection of
mycobacteria, including: (1) improved performance of the MP bottle in terms of Time To
Detection (TTD) of mycobacterial growth; (2) improved rccovery of clinically relevant
mycobacteria; (3) reduction in breakthrough of contaminating respiratory flora (CRF); and/or
(4) minimization of false positives, Additional improvements include simplification of the
manufacturing process, such that, BacT/ALERT® MP bottles can be stored and shipped at

room temperature.
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Culture Medium

[0042] In one embodiment, the novel culture medium of the present invention
provides for enhanced growth of mycobacteria. As used herein, “enhanced growth™” means
mycobacteria growth can be detected using the culture medium and/or supplements of the
present invention, for example in a culture botﬂe, at lcast about 0.5 day, at least about 1 day,
at least about 2 days, at least about 3 days, at least about 5 days, or at least about 7 days
earlier than using conventional culturc media. In other words, mycobacteria growth can be
enhanced thereby allowing for an improvement or reduclion in time to detection (TTD) of
growth compared to the growth of mycobacteria in a conventional culture medium. In
accordance with this invention, TTD can be improved or reduced by at least about 0.5 day, at
least about 1 day, at least about 2 days, at least about 3 days, at least about 5 days, or at least
about 7 days using the culture medium of the present invention comparcd to conventional
culture media. In one embodiment, the conventional culture medium can be the conventional
culture media supplemented with the conventional/old RF and conventional/old MAS of the
BacT/ALERT® MP Process Bottle (bioMéricux, Inc.), described hereinabove.

[0043] In another cmbodiment, the novel culture medium of the present invention
pravides for a decrease in lag time for growth of mycobacteria. As used herein, “decreased
lag time™ means a decrease in the incubation or latency time before the mycobacterium enters
log phase growth. In accordance with the present invention, the culture medium and/or
supplements result in a decrease or reduction of lag time by at least about 0.5 days, or at least
about 1 day, or at least about 2 days, or at least about 3 days, when compared to the lag phase
of the mycobacterium in conventional/old culture medium. In one embodiment, the
conventional/old culture medium can be the conventional culture media supplemented with
the conventional/old RF and conventional/old MAS of the BacT/AT.ERT® MP Process Bolile
(bioMérieux, Inc.), described hereinabove.

[0044] The culture medium of the present invention comprises a liquid nutrient
medium or nutrient broth. The culture medium or nutrient broth of the present invention
typically comprises one or more known nutirents, for example, the culture medium may
contain one or more carbon sources (e.g., glycerol), nitrogen sources (e.g., ammonia salts),
sugars, salis (e.g., K*, Mg®*, Ca®', Zn™), nutrients, and/or watcr. In onc embodiment, the
culture medium of the present invention comprises Middiebrook 7H9. As discussed

hereinabove, Middlebrook 7H9 compriscs potassinm salts, sodium salts, sodium glutamate,
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sodium citrate, ammonium sulfate, pyridoxine, ferric ammonium citrate, magnesium sulfate,
zinc sulfate, copper sulfate, biotin and calcium chloride.

[0045] The culture medium of the present invention may further comprise additional
nutrients and/or components that allow for the enhanced detection of mycobacteria growth.
Additional nutrients and/or components that may be added to the culture medium of the
present invention include, but are not limited to, proteins, amino acids, fatty acids, cell or
plant extracts and/or other nutrients. For example, the culture medium of the present
invention may further comprise casein (c.g., a pancrcatic digest of casein), albumin (e.g.,
bovine serum albumin), catalase and/or amaranth. In one embodiment, as discussed furlhér
herein, these additional nutricnts and/or components may comprise a separate nuirient
supplement that may be added to a base culture medium prior to the inaculation of the culture
medium with a sample for which the determination of the presence or absence of a
mycobacterium may be desired.

[0046] In accordance with the present invention, we have discovered that high levels
of short and medium chain fatty acids (e.g., fatty acids having about 8 or fewer carbon atoms)
associated with bovine serum albumin (BSA) in the culture media bottle may result in false
positive readings. As such, it may be preferred to aveid using short, or medium chain fatty
acids. For example, in accordance with this embodiment, the use of fatty acids having 8 or
fewer carbon atoms (e.g., caprylic acid) should be avoided.

[0047] However, we have also discovered that these reagent induced false positives
can be climinated or significantly reduced by using fatty acid free BSA and supplementing
the culture medium formulation with long chain fatty acids, Accordingly, the culture
medium may further comprise fatty acid free BSA (FA-free BSA) and one or more saturated
or unsaturated fong chain fatty acids, or salts thereof. In one embodiment, it may be preferred
to utilize one or more long chain fatty acids having 10 or more carbon atoms. In general, any
known long chain fatty acid can be used, including, but not limited to, myristic acid, palmitic
acid, stearic acid, oleic acid, linoleic acid, and salts thereof. In another embodiment, as
discussed further herein, we have found that the fatty acids can bc transferred from the
culture media of the bottle to a nutrient supplement that can be added separately to the culture
media prior to inoculation with a test sample. As shown herein (see, e.g., Example 1 and
Figures 1A-1C), the use of a fatty acid free BSA and supplementation of the culture medium
with long chain fatty acids resulted in an improvement in time to detection (1TD) of 2 to 2.5
days for the growth and detection of M. tuberculosis (see Figure 1A), M. intracellulare (sce
Figure 1B), and M. avium {see Figure 1C).
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[0048] In one aspect of the present invention, the culture medium of the present
invention can be supplemented with one or more known metabolic pathway substrates or
intermediates. We surprisingly discovered that by including a metabolic pathway substrate
(e.g., a-ketoglutarate) in the culture media, mycobacleria growth and detection could be
enhanced compared to a culture media not containing the metabolic pathway substrate (e.g.,
a-ketoglutarate). Although not wishing to be bound by theory, it is believe that thc use of a

metabolic pathway substrate {e.g., a-ketoglutarate) in the culture medium may enhance CQOa

production by mycobactcria present in the culture. In accordance with this embodiment,

substrates or intermediates of the citric acid cycle, glycolysis or glyoxylate bypass can be
used. In one embodiment, substrates or cofactors of CO, producing enzymes, or
intermediates, precursors or derivatives thereof, may be used in the present invention. For
example, citric acid cycle intermediates, such as pyruvate, citrate, cis-aconitate, isocitrate,
oxalosuccinate, o-ketoglutarate, succinyl-CoA, succinate, {umarate, malate, oxaloacetate,
may be useful. In another embodiment, one or more of o-ketoglutarate, an o-ketoglutarate
precursor, and/or an a-ketoglutarate derivative can be included in the culture medium of the
present invention. The a-ketoglutarate precursors or derivatives, may include, but are not
limited to, glutamate, isocitrate, oxalosuccinate, or mixtures thercof. The a-ketoglutarate, a-
ketoglutarate precursor(s), and/or a-ketoglutarate derivative(s) can be present in the culture
medium at a final concentration of from about 0.1 g/L to about 50 g/L, from about 0.5 g/L to
about 20 g/T., or from about 1 g/L to about 20 g/L. In one embodiment, as discussed forther
herein, the a-ketoglutarate, a-ketoglutarate precursor, and/or a-ketoglutarate derivative can be
included in a nutrient supplement that can be added separately to the culture media.

[0049] In yet another aspect of the present invention, the culture medium of the
present invention may further comprise one or more antimicrobial agents or substances, An
antimicrobial is an agent or substance that kills, suppresses, or otherwise inhibits the growth
of microbes. In general, any known antimicrobial agent can be used, such as, drugs,
chemicals, or other substances that kill, suppress, or slow the growth of microbes. Useful
antimicrobial agents include, but arc not limitced to, antibiotics, bacteriostatics, bactericides,
antibacterials, antivirals, antifungals, antiprotozoals and antiparasites. In general, the
antimicrobial is used at an amount sufficient to kill, suppress, or inhibit the growth of
contaminating bacteria which may be present in the culture medium. For example, as one of
skill in the art would understand, it may be preferred to inhibit the growth of contaminating
respiratory flora (CRF) in the culture medium. CRF can interferc with thc growth of

mycobacteria, deplete necessary nutrients for mycobacterial growth and/or lead to false
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positives, Contaminating respiratory flora (CRF) may include, but arc not limited to, P.
aeruginosa, S. aureus, C. albicans, E. faecalis, K. pnuemoniae, S. maltophilia, C. tropicalis,
methicillin resistant S. qureus (i.e., MRSA), vancomycin rcsistant £. faecalis (i.e., VRE).

[0050] The antimicrobial may be one or more antibiotics or synthetic drugs,
including, but not limited to, polymyxin B, vancomycin, azlocillin, amphotericin B, nalidixic
acid, trimethoprim and fosfomycin. In a preferred embodiment, useful antibiotics inhibit
contaminating respiratory flora (CRF) without suppressing or inhibiting mycobacterial
growth.

[0051] In some embodiments, the antimicrobial supplement comprises one or more
antifungal antibiotics, gram negative antibiotics, gram positive antibiotics, an antifungal
antibiotic, and broad-spectrum antibiotics. For example, the antimicrobial supplement of the
present invention may comprise, an antifungal (c.g., amphotericin B), a gram-negative
antibiotic that alters the cytoplasmic membrane permeability (e.g., polymyxin B), a broad-
spectrum antibiotic that inhibits DNA gyrase (e.g., nalidixic acid), a chemotherapeutic agent
(e.g., an agent that inhibits dihydrofolate reduclase (e.g., trimethoprim)) and a broad-
spectrum antibiotic that inhibits enolpyruvate transferase (e.g., fosfomycin). In general, any
known antifungals, gram negative antibiotics, broad-spectrum antibiotics, antibiotic inhibitors
of DNA Gyrase, or chemotherapeutic agent, can be used in the praétice of this invention. In
one embodiment, the antimicrobial supplement may comprise amphotericin B, polymyxin B,
nalidixic acid, trimetlioprim and fosfomycin.

[0052] As shown herein (scc, c.g., Examples 3-4 and Figures 3-4), the use of
vancomycin and/or azlocillin may suppress, inhibit or slow the growth of some mycobacleria
species. Thus, in some embodiments, it may be preferred to avoid the use of vancomycin
and/or azlocillin. We have discovered that fosfomycin can be used instead of azlocillin and
vancomycin to yield an antimicrobial supplement (MAS) that can be used to enhance growth
and detection of mycobacteria in culture, when compared to the MB/BacT® Antimicrobial
Supplement. For example, by replacing azlocillin and vancomycin with fosfomycin, we have
found the new mycobacterial antimicrobial supplement (MAS) improves or reduces the time
to detection (TTD) of mycobacteria growth from 2-9 days, when compared to the
conventional/old MAS (scc, c.g., Example 5 and Figures 5A-5F). Therefore, in some
embodiments, the use of polymyxin B, amphotericin B, nalidixic acid, trimethoprim and
fosfomycin may be preferred. These antibiotics can be used in amounts sufficient to inhibit
the growth of contaminating bacteria which may be present in the culture medium. For

example, the culture medium may contain a final concentration of from about 400 units/ml to
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about 2000 units/ml polymyxin B, from about 50 pg/ml to about 400 pg/ml amphotericin B,
from about 100 pg/ml to about 1000 pg/ml nalidixic acid, from about 10 pg/ml to about 100
ug/ml trimethoprim and from about 100 pg/m! to about 1000 pg/ml fosfomycin. In one
embodiment, as discussed further herein, these antimicrobial agenls may comprise a separate
supplement that may be added to a base culture medium prior to the inoculation of the culture
medium with a sample for which the determination of presence or absencc of a
mycobacterium may be desired.

[0053] In accordance with the present invention, in one embodiment, the culture
medium of the present invention may comprise one or more of Middlebrook 7H9, bovine
scrum albumin, a-ketoglutarate, casein, catalase, and/or water. The culture medium may
further comprise one or more additional nutrients and/or components known to those of skill
in the art as being beneficial to the cultivation of mycobacteria. For example, the culture
medium of the present invention may additionally comprise of one or more sugars or carbon
sources, nitrogen sources, minerals, salts, amino acids, vitamins, purines and pyrimadines,
fatty acids and other compounds. In another embodiment, the culture medium of the prescnt
invention comprises Middlebrook 7H9, glycerol, stearic acid (e.g., sodium stearate), myristic
acid (or salt thereof), palmitic acid (e.g., sodium palmitate), oleic acid (e.g., sodium oleate),
bovine serum albumin, casein (e.g., pancreatic digest of casein), catalase, sodiam pyruvate, a-
ketoglutarate, amaranth and water,

[0054] Tn yet another embodiment, the culture medium further comprises one or more
antimicrobial agents (e.g., fosfomycin). For example, the culture medium may further
comprises a mixture of antimicrobial agents, selected [rom one or more of polymyxin B,
azlocillin, vancomycin, amphotericin B, nalidixic acid, trimethoprim and/or fosfomycin. The
culture medium may further comprise a mixture of antibiotics comprising polymyxin B,
amphotericin B, nalidixic acid, trimethoprim and fosfomycin.

[0055] In still another embodiment, the culture medium can be adjusted to a pH of
from about 5.5 to about 7.5, a pH of from about 6.0 to about 7.0, or a pH of from about 6.5 to
about 7.0. In accordance with this invention, the culturc medium improves or reduces the
time to detection (TTD) of mycobacterial growth by at least about 0.5, at least about 1, al
least about 2, at least about 3, at least about 5, or at least about 7 days compared to

conventional/old mycobacterial cultlure medium,
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Method for Enhanced Detection of Mycobacteria

[0056] In general, the present invention is also directed to a method for detecting the
growth of one or more mycobacterium that may be present in a biological sample. Samples
that may be tested include both clinical and non-clinical samples where the presence of a
mycobacterium may be suspected. Clinical samples that may be tested include any type of
sample typically tested in clinical laboratories, including, but not limited to, blood, sputum,
aspirates, swabs and swab rinsates, other body fluids, and the like. In one embodiment, the
sample may be a sterile body specimen or a digested-decontaminated clinical specimen. Non-
clinical samples that may be tested also include highly variable substances, encompassing,
but not limited to, foodstuffs, beverages, pharmaceuticals, cosmetics, water, air, soil, plants,
blood products (including platelets), donor organ or tissue samples, and the like.

{0057] In one aspect, the present invention is directed to a method for enhanced
growth and/or detection of mycobacteria comprising adding a sample suspected of containing
mycobacteria to a culture medium comprising fatty acid-free BSA, one or more long chain
fatty acids, and optionally an antimicrobial supplement, and subjecting the culture medium to
conditions suitable for growth of said mycobacteria, wherein said fatty acid-free BSA and
said one or more long chain fatty acids enhance the growth of said mycobacteria. We have
found that the use of fatty acid-free BSA and one or more long chain fatty acids in the NS
results in a substantial reduction in false positive rcadings. Furthermore, as shown herein
(see Example 1 and Figures 1A-1C), the use of a fatty acid free BSA and supplementation of
the culture medium with long chain fatty acids resuited in an improvement in time to
detection (TTD) of 2 to 2.5 days for the growth and detection of M fuberculosis (see Figure
1A), M intracellulare (see Figure 1B), and M. avium (see Figure 1C). In one embodiment,
the culture medium may further comprise an effective amount of an additive comprising a-
ketoglutarate, an o-ketoglutarate precursor or an e-ketoglutarate derivative to enhance the
growth of said mycobacteria and subjecting the culture medium to conditions suitable for
growth of said mycobacteria. We have unexpectedly discovered that by using o-ketoglutarate,
an o-ketoglutarate precursor and/or an a-ketoglutarate derivative in the culturc medium and
method of the present invention that the time to detection (TTD) of mycobacterial growth can
be detected atf least about 0.5 day, at least about 1 day, at least about 2 days, at least about 3
days, at least about 5 days, or at least about 7 days earlier than using conventional/old culture
medivm (i.e., culture medium not having a-ketoglutarate, an a-ketoglutarate precursor or
derivative). As shown in Example 2 and Figure 2, the time to detection (TTD) of

mycobacteria strains in a culture medium containing a-ketoglutarate is improved or reduced
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by approximately two days compared to TTD in a culture medium not containing o-
ketoglutarate.

[0058] The present invention is also directed to a method for the diagnosis of
infection caused by a mycobacterium species, comprising the steps of: (a) providing a culture
medium; (b) adding a nutrient supplement to said culture medium, said nutrient supplement
additive comprising fatty acid-free BSA and optionally one or more long chain fatty acids; (c)
adding a sample for which the presence or absence of said mycobacterium species is fo be
determined; and (d) analyzing said culture for the presence of said mycobacterium species,
wherein a finding of the presence of said mycobacterium species indicates a positive
diagnosis for said infection. We have found that the use of fatty acid-frec BSA and one or
more long chain fatty acids in the NS results in a substantial reduction in false positive
readings. Turthermore, as shown herein (sec Examplc 1 and Figures 1A-1C), the use of a
fatty acid free BSA and supplementation of the culture medium with long chain fatty acids
resulted in an improvement in time to detection (TTD) of 2 to 2.5 days for the growth and
detection of M. tuberculosis (see Figure 1A), M. intracellulare (see Figure 1B), and M. avium
(see Figure 1C). In one embodiment, the supplement may further comprise o-ketoglutarate,
an a-ketoglutarate precursor and/or an o-ketoglutarate derivative. As discussed hereinabove,
the use of a-ketoglutarate, an a-ketoglutarate precursor or an a-ketoglutarate derivative in the
culture medium and method of the present invention can reduce the TTD by at least about 0.5
day, at least about 1 day, at Jeast about 2 days, at least about 3 days, at least about 5 days, or
by at least about 7 days. In accordance with this mcthod, the nutrient supplement (NS) may
optionally use fatty acid-free BSA and further comprise one or more long chain fatty acids
(e.g., fatty acids having 10 or more carbon atoms).

[0059] In another embodiment, the present invention is directed to a method of
inhibiting bacterial contamination in a mycobacteria culture, the method comprising culturing
a sample suspected of containing mycobacteria in a culture medium comprising fosfomycin
in an amount sufficient to inhibit the growth of contaminating bactetium under conditions
suitable for growth of said mycobacteria. In accordance with this method, one or more
antimicrobial agents or substances can be added to the culture medium prior to, or
concurrently with inoculation of the culturc medium with the biological sample to be tested.
Subsequently, the culture media and sample can be cultivated for a sufficient time and at a
sufficient temperature to allow for the growth and detection of any mycobacteria that may be
present in the test sample. In another embodiment, the one or more antimicrobials can be

included in a mycobacterial antimicrobial supplement (MAS) that can be added to the base
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culture medium prior to, or concurrently with inoculation of the culture medium with the
sample to be tested. As described hereinabove, the MAS may comprise of one or more of
polymyxin B, amphotericin B, nalidixic acid, trimethoprim, and fostomycin.

[0060] In still another embodiment, the present invention is directed to method
employing the usc of an improved BacT/ALERT® MP reagent system or kit for the growth
and/or detection of mycobacteria that may be present in a biological sample. In accordance
with this cmbodiment, as deseribed in further detail herein, the improved BacT/ALERT® MP
reagent system will include an improved MP culture bottle that includes a basc culture
medium for the growth of mycobacteria, a new nutrient supplement (NS) and a new
mycobacterial antimicrobial supplement (MAS). The nutrient supplement (NS) and/or
mycobacterial antimicrobial supplement (MAS) can be added to the base culture medium of
the bottle prior to, or concurrently with inoculation of the culturc medium with the biological
sample to be tested for the presence of mycobacteria. The inoculated bottle will be cultivated
for a sufficicnt time and at a sufficient temperature to allow for growth and/or detection of
any mycobacteria that may be present in the biological sample. In one embodiment, the
culture medium of the new MP culture bottle will not include any heat labile components,

thereby allowing the new MP culture bottle (o be autoclavable.

MP Reagent Kit

[0061] In one aspect, the present invention is directed to an MP reagent kit for the
enhanced growth and detection of mycobacteria. The MP rcagent kit will include a culture
bottle having a base mycobacterium culture medium, a nutrient supplement (NS), and/or a

mycobactcrial antimicrobial supplement (MAS).

Culture Bottlc

[0062] Tn one embodimenlt, the present invention is directed to a bottle or containcr
(i.e., a culture bottle) that contains a new and improved mycobacterium culture medium. In
general, the culture botlle may be of any design or size known in the art, and may comprise
any known culture medium beneficial to the growth and/or detection of mycobacteria. In one
embodiment, the culture bottle comprises Middlcbrook 7H9 broth and/or water as a base
culture medium. The conventional/old MP bottle uses a liquid culture media with a pH of
about 6.8 for the growth and detection of Mycobacterium. Likewise, the new and improved
MP culture bottle will have a liquid or broth base culture medium to which a new nutrient

supplement and/or a new mycobacterial antimicrobial supplement (MAS) can be added. The
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culture medium can be adjusted to a pH of from about 5.5 to about 7.5, a pH of from about
6.0 to about 7.0, or a pH of from about 6.5 to about 7.0. In ancther embodiment, the MP
culture bottle culture medium will have a pH of about 6.8.

[0063] We have surprisingly found that by removing certain growth nutrients {from the
culture media bottle, including, for example, bovine serum albumin, catalase bovine liver
and/or casein, the boltle can be terminally sterilized. For example, by removing the heat
labile components the bottle can be autoclaved. Improvements related to terminal sterilization
of the botile include improved storage and shipping. For example, the terminally sterilized
bottle (e.g., autoclaved bottle) can be stored and shipped at room temperature resuiting in
considerable cost reduction. The terminally sterilized bottle may further result in an improved

shelf life and/or an increased sterility level (SAL).

Nutrient Supplement (NS)

[0064] The present invention is also directed to an improved nutrient supplement (NS)
that can be added to the cullure bottle of the present invention to enhance the growth and
detection of mycobacteria. In general, the nutrient supplement (NS) is added to a culture
bottle containing a base culture medium for mycobacteria growth, prior to inoculation of the
bottle and culture medium with a sample for which detection of the presence of a
mycobacterium is desired.

[0065] The improved nutrient supplement (NS) of the present invention can include
any known nutricnt or supplement beneficial to the growth of mycobacteria. For example, the
nutrient supplement may include one or more carbon sources, nitrogen sources, sugars, salts,
nutrients, proteins, amino acids, fatty acids, and/or other nutrients known to those skilled in
the art.

[0066] In accordance with this invention, in one embodiment, the nutrient supplement
may further comprise a-ketoglutarate, an a-ketoglutarate precursor and/or an a-ketoglutarate
derivative. In general, any known a-ketoglutarate precursor or derivative can be used,
including, but not limited to, glutamate, isocitrate, oxalosuccinate, or mixtures thercof. The a-
ketoglutarate, a-ketoglutarate precursor(s), and/or a-ketoglutarate dmivative(sj can be present
in the nutricnt supplement at a sufficient amount such that after addition to the culture
medium of the culture bottle, the final concentration of a-ketoglutarate, u-keloglutarate
precursor and/or a-ketoglutarate derivative is from about 0.1 g/L to about 50 g/L.

[0067] In accordance with another embodiment of the present invention, the nutricnt

supplement may further comprise one or more saturated or unsaturated long chain fatty acids,
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or salts thereof. In onc cmbodiment, it may be preferred to utilize one or more long chain
fatty acids having 10 or more carbon atoms. In general, any known long chain fatty acid can
be uscd, including, but not limited to, myristic acid, palmitic acid, stearic acid, oleic acid,
linoleic acid, and salts thercof. In another embodiment, it inay be preferred to avoid using
short, or medium chain fatty acids. For example, in accordance with this embodiment, the use
of faity acids having 8 or fewer carbon atoms (e.g., caprylic acid) should be avoided.

|0068] 1n another aspect, as mentioned hereinabove, it may be preferred to use fatty
acid free bovine serum albumin (BSA) in thc nutrient supplement of the present invention.
As previously mentioned, the use of fatty acid free BSA can substantially reduce or eliminaie
reagent based falsc positives.

[0069] In one embodiment, the nutrient supplement (NS) comprises glycol, one or
morc long chain fatty acids, fatty acid free bovine serum albumin (BSA), pancreatic digest of
casein, sodium pyruvate, amaranth and a-ketoglutarate. The nutrient supplement can be
added to the culture bottle along with the base culfure medium, or can be added to the culture
bottle just prior to inoculation with a test sample. Alternatively, the nutrient supplement can
be used to resuspend the mycobacterial antimicrobial supplement (MAS) and then added to

the culture media bottle.

Mycobacterial Antimicrobial Supplement (MAS)

[0070] The present invention is also directed to an improved mycobacterial
antimicrobial supplement (MAS) that can be added to the culture bottle of the present
invention to enhance the growth and detection of mycobacteria. We havé developed an
improved. mycobacterial antimicrobial supplement (MAS) that enhances the growth of
mycobacteria in culture. The improved MAS is effective in suppressing or inhibiting the
growth of contaminating respiratory flora (CRF) without suppressing or inhibiting
mycobacterial growth. Contaminating respiratory flora (CRF) may include, but are not
limited to, P. aeruginosa, S. aureus, C. albicans, E. faecalis, K. pnuemoniae, S. maltophilia,
C. tropicalis, methicillin resistant S. agureus (MRSA), vancomycin resistant E. faecalis
(VRE). In one embodiment, the mycobacterial antimicrobial supplement (MAS) can be
directly added to a culture bottle comprising a base culture medium for mycobacteria growth,
prior to inoculation of the bottle and culture medium with a sample for which detection of the
presence of a mycobacterium is desired. In another embodiment, the nutrient supplement
(NS) can be used to resuspend the antimicrobial supplement (MAS), prior to being added to
the culiure media bottie.
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[0071] In general, any known antimicrobial agent or substance may be used,
including, but not limited to, antibiotics, bacteriostatics, bactericides, antibacterials,
antivirals, antifungals, antiprotozoals and/or antiparasites. However, preferred antimicrobial
agents include any antimicrobials that suppress or inhibit the growth of contaminating
respiratory flora (CRF) without suppressing or inhibiting the growth of mycobacteria. In one
embodiment, the MAS comprises one or more antimicrobials in an amount sufficient to
inhibit bacterial contamination in said culture medium.

[0072] In another embodiment, the culture medium of the present invention includes
one or more antibiotics. Useful antibiotics include, for example, antibiotics the suppress or
inhibit CRI' growth, including, but not limited to, polymyxin B (POLY B), vancomycin
(VAN), azlocillin (AZL), amphoiericin B (AMP B), nalidixic acid (NA), trimethoprim
(TMP) and fosfomycin (FOS). Antibiotics used to treat mycobacterial infections and which
may kill, suppress or inhibit mycobacteria growth are not useful in the antibiotic supplement
in the present invention and include, for example, isoniazid, rifampin, pyrazinamide,
streptomycin and ethambutol. As previously discussed hereinabove, the present assignee
markets and sells a MB/Bac'I® Antimicrobial Supplement that is a Iyophilized supplement
formulated to contain amphofericin B (0.0180% w/v), azlocillin (0.0034% w/v), nalidixic
acid (0.0400% wfv), polymyxin B (10,000 units), trimethoprim (0.00105% w/v), and
vancomycin (0.0005% w/v). However, ch have now uncxpectedly discovered that
fosfomycin can be supplemented for azlocillin and vancomycin to yield an antimicrobial
supplement (MAS) that can be uscd for the enhanced growth and detection of mycobacteria
in culture, when compared to the conventional/old MB/BacT® Antimicrobial Supplement.

[0073] As such, in one embodiment, the improved mycobacterial antimicrobial
supplement (MAS) comprises a lyophilized supplement formulated to contain ampotericin B
(AMP B), polymyxin B (POLY B), trimethoprim (TMP), nalidixic acid (NA) and fosfomycin
(FOS). The mycobacterial antimicrobial supplement (MAS) can be formulated such that the
final culture medium will contain a final concentration of from about 400 units/ml to about
2000 units/ml polymyxin B, from about 50 pg/ml to about 400 pg/ml amphotcricin B, from
about 100 pg/ml to about 800 pig/ml nalidixic acid, from about 10 pg/ml to about 100 pg/mi
trimethoprim and from about 100 pg/ml to about 1000 pg/ml fosfomycein.

[0074] In yet another embodiment, the nutrient supplement (NS) and antimicrobial
supplement (MAS) may form a separate kit that can then be added to a terminally sterilized
culture media botlle. In this embodiment, the NS/MAS kit can be separately marketed and
sold as an additive for the BacT/ALERT MP bottle.
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[0075] The following examples are given to further illustrate features of the invention,

but are not intended to limit the scope of the invention in any way.

EXAMPLES

EXAMPLE 1. TTD of various mycobacteria strains with and without fatty acid
supplementation

[0076] To evaluate the effect of long chain fatty acids (FA) on Mycobactcria growth,
fatty acid free (FAF) BSA was selected from Proliant, Inc, (Ames, lowa). Five long chain
FA: myristic acid (C14:0), palmitic acid (C16:0), stearic acid (C18:0), oleic acid (C18: 1),
and linoleic acid (C 18: 2) were identified as possible FA supplements based on the FA profile
and growth performance. A new formulation of supplement with FAF BSA was prepared and
iested with and without the five FA (see Table 1 for new supplement formulation). The FA
supplementation target levels were based on FA content obtained from previous evaluations.
The FAF BSA concentration used was 10 g/L. The loss of FA during filtration of new
supplement was determined by Fatty Acid Methyl Ester (FAME) analysis. The recovery of
FA was observed to be >80% after filtration with 0.45 um filter. The analysis of this
formulation demonstrated that the higher levels of BSA enhanced the FA solubilization and
stability by BSA-FA binding (data not shown). The analysis also demonstrated that the lower
the BSA content, the less binding of FA resulting in more FA loss during filtration.

[0077] A new autoclavable culture bottle was devised by transferring heat labile
components of culture medium present in the conventional or old bottle to the
conventional/old RF, The new autoclavable culture bottle comprised Middlebrook 7H9. The
new RF supplement was prepared using the composition of conventional or old RF but
modifying to accommodate the heat labile components transferred from the old MP bottle
formulation. Table 1 below shows thé composition of a ncw autoclavable MP bottle (as
described hereinabove) and new supplement. BSA used in this new supplement was fatty acid
fiee (FAF) BSA (Proliant Inc., Ames, lowa) rather than conventional BSA used in

conventional/old RF.
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Table 1 — New MP Bottle and New Supplement formulations

New MP Bottle Modified RF or New Supplement
MP Culture Bottle Reconstitution Fluid
Raw Material g/L Raw Material g/l
B Middlebrook 7119 47 Bovine Serum Albumin 210
Pancreatic digest or Casein 20
Catalse Bovine Liver 0.36
Glycerol 50
Oleic acid 0.475
Sodium pyruvate 20
Amaranth 0.04

[0078] For Growth Performance, five organisms (M. tubercufosis, M. avium, and M.
intraceflulare) were {ested. The conventional MAS formulation was used for these
experiments. The new supplement with/without FA supplementation and conventional/old RF
were used to rehydrate a lyophilized powdecr of the conventional ot old MB BacT antibiotic
supplement (conventional/old MAS) (bioMérieux, Inc.). The conventional/old MAS
contained 1000 umts/m! polymyxin B (POLY B), 180 pg/ml amphotericin B (AMP B), 400
pg/ml nalidixic acid (NA), 10.5 pg/ml trimethoprim (TMP), 34 pg/ml Azlocillin (AZL) and 5
pg/ml Vancomycin (VAN).

[0079] For the new supplement, the new, autoclavable BacT/ALERT® MP bottle (as
described hereinabove) was used and for conventional/old RF, the conventional/old MP
bottle was used. Before the inoculation of new and conventional/old MP culture bottles
(bioMérieuy, [nc.) with mycobacteria cultures, 0.5 ml of new supplement with/without FA or
0.5 ml of conventional/old RF were added to one set of the BacT/ALERT® MP culture
bottles. The rehydrated conventional MAS (using new supplement with/without FA and
conventional/old RF) was added to the second set of MP culture bottles. The growth (as TTD
of growth) was compared in these boitles for Mycobacterium avium, Mycobacterium
intracellulare and Mycobacterium tuberculosis cultures after inoculating with approximately
0.5x10° CFU/ml. The colony counts were also performed using Middlebrook 7H10 agar
plates to verify the inoculum levels and purity of cultures. The inoculated MP bottles were
loaded al 35-37°C in BacT/ALERT® 3D (bioMérieux, Inc.) non-rocking system for 35 days.
Time 1'o Detection (TTD) data was collected when the bottles were declared positive by the
BacT/ALERT® instrument. The results are shown in Table 2 and Figures 1A-1C.
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Table 2 — TTD results for M. tuberculosis, M. intracellulare and M. avium

Organism Supplement BSA Fatty Acids| Avg. | Std. | Min. |Max. # Positive| # Tested
TTD | Dev. |TTD|TTID
TTD
Media only  [Conventional No FA 15.1 07 |143]16.0 5 5
FAF A 15.3 05 [(14.8]|15.8 5 5
, No FA 17.0 06 (16.2(17.7 5 5
M. avium 25291+ MAS [Conventional No FA 781 | 09 |167(190| & 5
FAF FA 16.8 0.9 (15.8({17.7 5 5
No FA 21.0 08 |20.3(220 5 5
Media only [Conventional [No FA 8.3 03 (78|87 5 5
~AF FA 7.9 03 (76|82 5 5
M. intracellulare No FA 12.5 0.5 [11.7]12.8 5 5
13950 Media+MAS (Conventional No FA 18.7 | 27 |[16.0[225 5 5
FAF FA 138 | 14 [11.5]|16.0| 10 10
. No FA 24 8 6.1 [17.31335 10 10
Media only  [Conventional [No FA 19.3 | 04 1871197 5 5
FAF FA 18.7 08 |17.7[19.5 5 5
No FA 19.9 05 |19.3(20.3 5 5
MTB 25177 Media+ MAS Conventional [No FA 256 40 202315 9] 5
FAF FA 23.4 06 |22.3(23.8 5 5
No FA 276 1.8 [25.8]30.0 5 5

[0080] Figure 1A shows TTD results for Mycobacterium tuberculosis in cultures
containing FA free (KAF) BSA with and without supplementation of long chain fatty acids.
As shown in Tigure 1A, a reduction in TTD was scen in samples containing FA free BSA
supplemented with FAs when compared to samples containing BSA without supplementation
of FA.

[0081] Figure 1B shows TTD results for Mycobacterium intracelluiure in cultures
containing FA free (FAF) BSA with and without supplementation of long chain fatty acids.
As shown in Figure 1B, a reduction in TTD was seen in samples containing FFA frec BSA
supplemented with FAs when compared to samples containing BSA without supplementation
of FA.

[0082] Figure LC shows TTD results for Mycobacterium avium in cultures containing
FA free (FAF) BSA with and without supplementation of long chain fatty. As shown In
Figure 1C, a reduction in TTD was seen in samples containing FA free BSA supplemented
with FAs when compared to samples containing BSA without supplementation of FA.

[0083] The results demonstrated an improvement in TTD of M. (uberculosis, M.

intracellulare, and M, avium by 2 to 2.5 days in the presence of mycobacterial antimicrobial
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supplement (MAS) and new nutrient supplement (NS). As discussed hereinabove, the new

NS comprises fatty acid free BSA and supplemented long chain falty acids.

EXAMPLE 2. TTD of Mycobacteria strains with and without a-ketoglutarate

[0084] To improve TTD of mycobacteria further, substrates and/or cofactors of CO»-
producing enzymes in the mycobacterial cell pathways were sclected for further study,
including a-ketoglutarate, iso-citrate, T.-malate, oxaloacetic acid, lactate and L-arginine. The
ncw supplement with FA was prepared and filter sterilized as explained above. The substrates
were added at different concentrations in the new supplement,

[0085] Four species of mycobacteria were tested at 0.5x10°> CFU/ml. The effect of
different concentrations of o-ketoglutarate was studied on the growth (as TTD of growth) of
Mycobacterium avium, Mycobacterium intracellulare and Mycobacterium tuberculosis
cultures. A new, autoclavable BacT/ALERT® MP culture botile was uscd (as described
hereinabove). Before the inoculation of MP culture bottles with mycabacteria cultures, 0.5 mi
of new supplement with various amounts of a-kctogl.utai'atc was added to the pew
BacT/ALERT® MP culture bottles. The colony counts were also performed using
Middlebrook 7H10 agar plates to verify the inoculum levels and purity of cultures. The
inoculated MP bottles were loaded at 35-37°C in BacT/ALER® 3D non-rocking system for 35
days. Time To Detection (TTD) data was collected when the bottles were declared positive
by the BacT/ALERT® instrument.

[0086] The results for TTD of key mycobacteria species with the inclusion of two
concentrations of a-ketoglutarate 5 and 15 g/L are presented in Table 3 and Figure 2, Table 3
and Figure 2 show that the addition of o-ketoglutarate (5 g/L or 15 g/L) to a culture medium
resulted in an approximate two days reduction in time to detection (TTD) of growth in
Mycobacterium avium, Mycobacterium intracellulare and Mycobacterium tuberculosis
cultures when compared to a culture medium not containing a-ketoglutarate.

[0087] Similar experiments were performed using different concentrations of iso-
citrate, L-malate, oxaloacetic acid, lactate and L-arginine, however, unlike a-ketoglutarate,

these other substrales did not show a reduction in TTD (data not shown).
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Table 3 — TTD of Mycobacteria species with and without a-ketoglutarate

Organism Substrate Avg. Std. [ Min. | Max. | No.of No.
TTD | Dev. | TTID | TTD | posilives | tested
TTD
No-a-kelo glutarate 15.6 0.2 15.5 15.8 3 3
M. avium 25291 | o-keto glutarate-5g 13.8 1.1 12.7 14.8 3 3
o-keto glutarate-159 13.5 1.3 12.2 14.8 3 3
) No-a-keto glutarate 11.6 1.3 10.7 13.0 3 3
M. intracellulare 'pketo gitarate-6g | 0.0 | 03 | 87 | 92 3 3
A-keto glutarate-15g { 8.8 0.4 8.5 9.2 3 3
No-a-keto glutarate 15.7 0.8 14.8 16.2 3 3
MTB 27294 | A-keto glutarate-5g 14.3 0.8 13.8 15.2 3 3
A-keto glutarate-15g | 13,9 0.2 13.7 14.0 3 3

EXAMPLE 3. TTD of Mycobacteria species with conventional MAS

[0088] The effectiveness of the conventional MAS against mycobacteria growth was
determined by studying the effect of six drugs including polymyxin B (POLY B),
amphotericin B (AMP B), nalidixic acid (NA), trimethoprim (TMP), Azlocillin (AZL) and
Vancomycin (VAN). These studies were also performed to identify the drugs and their
concentrations that had adverse effects on mycobacteria growth.

[0089] For growth performance, conventional/old RF was prepared and different
concentrations of six antimicrobials were added. The concentrations were selected as 25-50%
lcvels lower than or higher than the concentrations of conventional MAS which are 1000
units/mt polymyxin B (POLY B), 180 pg/ml amphotericin B (AMP B), 400 pg/mi nalidixic
acid (NA), 10.5 pg/m!i trimethoprim (TMP), 34 ug/ml Azlocillin (AZL) and S pg/mi
Vancomycin (VAN).

[0090] The growth (as TITD of growth) was determined for Mycobacteritm
intracellulare, Mycobacterium kansasii, Mycobacterium scrofulaceum, and Mycobacterivm
tuberculosis using azlocillin in the culture medium, The suppression of gram pasitives, gram
negatives and yeast that could be present in a sputum sample (referred to as contaminating
respiratory flora, or CRF) was also studied in parallel with the same formulations (data not
shown).

[0091] For this evaluation, the conventional or old MP formulation (bioMérieux, Inc.)
was used. Before the inoculation of MP culture bottles with mycobacteria or other

bacterial/yeast cultures, 0.5 ml of conventional/old RF with different drugs was added to the
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conventional BacT/ALERT® MP culture bottles (bioMérieux, Inc.). The colony counts were
also performed using Middlebrook 7H10 or sheep blood or tryptic soy agar plates to verify
the inoculum levels and purity of cultures. The inoculatcd MP bottlcs were loaded at 35-37°C
in BacT/ALERT® 3D (bioMérieux, Inc.) non-rocking system for 35 days for mycobacteria
cultures and up to 15 days for other cultures. Time To Detection (TTD) data was collected
when the bottles were declared positive by the BacT/ALERT instrument. The results are
shown in Tables 4-5 and Figures 3-4.

[0092] As shown in Table 4 and Figure 3, the use of azlocillin in a culturc medium
had a negative effect on the growth (as determined by TTD of growth) of Mycobacterium
intracellulare, Mycobacterium kansasii, Mycobacterium scrofulaceum, and Mycobacterium
tuberculosis, when compared to a culture medium that contained no antimicrobial agents.

{0093) The growth (as TTD of growth) was dctermined for Mycobacterium kansasii,
Mpycobacterium scrofulaceum, and Mycobacterium tuberculosis using vancomycin in the
culture medium,

{0094] As shown in Table 5 and Figure 4, the use ol vancomycin in a culture medium
had a negative effect on the growth (as determined by I'I'D of growth) of Mycobacterium
kansasii, Mycobacterium scrofiducenm, and Mycobacterium tuberculosis, when compared to
a culture medium that contained no antimicrobial agents.

[0095] The use of other drugs in a culture medium did not have any adverse impact on
mycobacteria growth (data not shown) even at higher concentrations tested. The higher
concentrations of drugs were ablc to suppress most of CRF for 10-15 days with some

exceptions of gram negatives (data not shown).
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Table 4 — TTD of Mycobacteria species in the presence of Azlocillin (AZL)

Organism Supplement Average TTD| Std. Dev |Min TTD|Max TTD|# Positive | # Tested
TTD )

M. avium 25291 Media+ AZL12 20.1 2.2 17.8 22.8 4.0 40
Media+AZL 24 22.2 1.8 20.7 24.3 40 4.0
Media+AZL 48 21.2 1.6 19.8 23.0 40 4.0
Media- No drug 186 0.9 17.7 19.5 30 3.0
M. fortuitum 6841 Media+ AZL12 4.0 6.2 3.8 4,2 4.0 4.0
Media+AZL 24 42 0.3 3.8 4.5 40 4.0
Media+AZl. 48 4.1 0.2 3.8 4.3 40 4.0
Media- No drug 3.8 0.3 35 4.0 30 3.0
M. intraceliulare Mediat+ AZL12 16.4 1.1 15.3 18.0 40 4.0
13950 edia+AZL 24 19.8 4.7 16.8 26.8 40 4.0
Mediat+AZL 48 20.0 1.1 10.2 20.8 2.0 4.0
Media- No drug 8.5 0.2 8.3 8.7 3.0 3.0
M. kansasii 12478 {Media+ AZL12 18.5 1.1 17.7 19.7 3.0 4.0
Media+AZL 24 18.9 1.8 166 20.6 40 4.0
edia+AZL 48 20.5 #DIVIO! 205 20.5 1.0 4.0
edia- No drug 14.8 1.8 13.0 16.5 30 3.0
M. scrofulaceum Media+ AZL12 242 0.2 240 24,3 20 4.0
19981 ediat+AZL 24 4.0
Media+AZL 48 21.7 #DIVIO! 217 21.7 1.0 3.0
Media- No drug 15.4 0.5 15.0 16.0 3.0 3.0
Mtubercuiosis [Media+ AZL12 15.4 0.8 14.7 16.5 4.0 4.0
27204 Media+AZL 24 16.0 0.9 15.3 17.3 4.0 40
Media+AZL 48 154 0.5 14.7 15.8 4.0 4.0
Media- No drug 15.5 0.8 14.7 16.2 3.0 3.0
M.tuberculosis25177Media+ AZL12 224 3.7 17.0 24.8 4.0 4.0
MediatAZL 24 23.8 4.2 20.8 26.8 2.0 4.0
edia+AZL 48 248 0.1 247 248 2.0 4.0
edia- No dry 23.6 1.3 222 248 3.0 3.0
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Table 5 — TTD of Mycobacteria species in the presence of Vancomycin (VAN)

Organism Supplement | Average | Std. Dev [Min TTD [Max TTD[# Positives |# Tested
TTD TTD

M. avium 25291 [Media+VAN 1.75 20.6 22 18.5 22.8 3.0 4.0
Media+VAN 3.5 21.2 16 19.8 22.7 4.0 4.0
Media+VVAN 7 20.6 2.0 18.3 232 4.0 4.0
Media-No drug 19.4 0.4 19.0 19.8 3.0 3.0
M. fortuitum 6841 Media+VAN 1.75 4.7 0.3 4.5 52 4.0 40
Media+VAN 3.5 4.1 0.3 37 45 4.0 40
Media+VAN 7 4.8 0.5 4.3 5.3 40 4.0
lMedia-No drug 42 0.3 4.0 4.5 30 30
M. intraceliulare Media*VAN 1.75 | 84 01 92 9.5 40 40
13950 ediat+VAN 3.5 9.7 0.3 9.5 10.2 4.0 4.0
ediatVAN 7 10.3 0.7 9.7 11.2 4.0 4.0
Media-No drug 8.3 0.2 8.2 9.5 3.0 3.0
M. kansasfi  |Media+VAN 1.75 17.7 0.8 17.0 18.8 4.0 4.0
12478 Media+VAN 3.5 21.5 0.4 21.2 21.8 2.0 4,0
Media+VAN 7 4.0
edia-No drug 16.5 0.2 16.3 16.7 3.0 3.0
M. scrofulaceum Media+VVAN 1,75 14.2 1.0 12.8 16.3 4.0 4.0
19981 ediatVAN 3.5 14.0 1.2 12.2 15.0 4.0 4.0
ediatVAN 7 16.3 - 15.3 153 1.0 1.0
edia-No drug 13.9 0.8 132 | 148 3.0 3.0
MTB 25177 edia+VAN 1.75 23.7 0.9 23.0 243 20 4.0
ediatVAN 3.5 4.0
Media+VAN 7 4.0
Media-No drug 22.6 0.8 21.8 233 3.0
MTB 27294 |Media+VAN 1.75 16.3 0.7 15.3 16.8 4.0 40
MediatVAN 3.5 16.0 0.6 156.5 16.8 4.0 4.0
Media+VAN 7 18.3 0.9 17.2 19.0 40 4.0
Media-No drug 15.4 1.1 14.7 16.7 3.0 3.0

EXAMPLE 4. TTD of various mycobacterium species with various MAS formulations

[0096] To improvc TTD of mycobacteria, various drugs were screened for their

ability to suppress contaminating respiratory flora (CRF). From these evaluations, fosfomycin

was considered to be the best choice for suppression of CRF.

[06097] A study was performed to determine the best possible formulation for a new

MAS cocktail, various formulétions were tested containing different concentrations of TMP,
NA, IFOS and POLY B. The following formulas were evaluated: (1) NS: New bottle +
Nutrient Supplement (NS); (2) RF: Conventional/old MP bottle + Conventional/old Recon
I'luid; (3) Formula 1: NS + TMP (30 pg/ml), NA (600 pg/ml), POLY B (1250 units/ml), FOS
(600 pg/ml), Amp B (180 pg/ml-PI or IFU); (4) Formula 2: NS + TMP (30 pg/ml), NA (400
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ug/ml-PI or IFU), POLY B (1250 units/ml), FOS (600 pg/ml), Amp B (180 pg/ml-Pl or IFU);
(5) Formula 3: NS + TMP (30 pg/ml), NA (400 pg/ml-PI or TIFU), POLY B (1500 units/ml),
FOS (600 pg/ml), Amp B (180 pug/ml- PI or IFU); (6) Formula 4: NS + TMP (30 pg/ml), NA
(600 pg/ml), POLY B (1250 units/ml), FOS (600 pg/ml), Amp B (180 pg/mi- PI or IFU); and
(7) Formula S: NS -+ TMP (50 pg/ml), NA (400 pg/ml-PI or I[FU), POLY B (1250 units/ml),
FOS (600 pg/ml), Amp B (180 pg/ml- PI or IFU); Where TMP is (rimethoprim, NA is
nalidixic acid, POLY B is polymyxin B, FOS is fostomycin, and Amp B is amphotericin B.
[0098] The new supplement containing fatty acid free (IFAL') BSA, 5 long chain fatty
acids and of a-ketoglutarate, referred as nutrient supplement (NS), was prepared and filter
sterilized as explained previously. The new, autoclavable MP culture bottle (as described
hereinabove) was used for this study. Table 6 shows the composition of the new MP culture

bottle and nutrient supplement (NS).

Table 6 — New Culture Bottle and new Nutrient Supplement formulations

New BacT/ALERT MP culture Nutrient Supplement (NS)

hottle

MP Culture Bottle Material Description Quantity per

liter

Raw Material g/L Giycerol 50g

Middlebrook 4.7 Sodium Stearate #1 0.113¢
Myristic Acid Sodium Salt #2 0.167¢
Sodium Palmitate #3 0.088g
Sodium Ofeate #4 0.113g
Linoleic Acid Sodium #35 0.111g
Bovine Serum  Albumin | 210g
(BSA)
Catalase 0.064g
Pancreatic digest of Casein 20g
Sodium Pyruvate 20g
Amaranth 0.04¢g
AXKeto-glutarate S5g

[0099] For the new NS, an autoclaved or now BacT/ALERT® MP bottle was used (as
described hercinabove) and for conventional/old RF, conventional/old MP bottle
(bioMérieux, Inc.) was used. Before the inoculation of old or new MP culture bottles with

mycobacteria or other bacterial/yeast culiures, 0.5 ml of nutrient supplement (new NS) or 0.5
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ml conventional/old RF with different drugs were added to one set of the BacT/ALERT® MP
culture bottles. The conventional MAS (using conventional/old RF) and new MAS formulas
{using NS) were added to the second set of MP culture bottles. The experiment was
performed with mycobacteria species at 0.5x10* CFU/ml and CRF cultures at 0.5x10°
CFU/ml. The colony counts were also performed using Middlebrook 7H10 or sheep blood or
tryptic soy agar plates to verify the inoculum levels and purity of cultures. The inoculated MP
bottles were loaded at 35-37°C in BacT/ALERT® 3D (bioMérienx, Inc.) non-rocking system
for 35 days for mycobacteria cultures and up to 15days for other cultures. Time To Detection
(TTD) data was collected when the bottles were declared positive by the BacT/ALERT®
instrument. The results are shown in Table 7 and Figures SA-5F.

[0100] All the new MAS formulas achieved better suppression of Gram-negative
bacteria as compared to conventional/lold MAS. There was breakthrough growth of
Staphylococcus and Enterococcus species with the new formulas as compared to
conventional/old MAS.

[0101] Table 7 and Figure 5A show the TTD of M. tuberculosis 18283 wilh various
MAS formulations. All 5 new formulations showed an improvement in TTD when compared
to the conventional/old formulation for the MAS. The improvement in TTD for M
tuberculosis 18283 with the new MAS formulation was approximately 6-8 days.

[0102] Table 7 and Figure 5B show the TTD of M. fuberculosis 27294 with various
MAS formulations. All 5 new formulations showed an improvement in TTD when compared
to the conventional/old formulation for the MAS. The improvement in TTD for M
tuberculosis 27294 with the new MAS formulation was approximately 3-4 days.

[0103] Table 7 and Figurc 5C show the TTD of M. avium 569 with various MAS
formulations. All 5 new formulations showed an improvement in TTD when compared to the
conventional/old formulation for the MAS, The improvement in TTD for M. avium 569 with
the new MAS formulation was approximately 6-7 days.

[0104] Table 7 and Figure SD show the TTD of M, intracellulare 13950 with various
MAS formulations. All 5 new formulations showed an improvement in TTD when compared
to the conventional/old formulation for the MAS. ‘The improvement in TTD for M
z'mracellularé 13950 with the new MAS formulation was approximately 8-9 days.

[0105] Table 7 and Figure SE show the TTD of M. scrofulaceum 19981 with various
MAS formulations. All 5 ncw formulations showed an improvement in TTD when compared
to the conventional/old formulation for the MAS. The improvement in TTD for M

scrofulaceum 19981 with the new MAS formulation was approximately 6-7 days. Notably, 2
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of the 5 samples tested for M. scrofulaceum 19981 showed no growth with the
conventional/old MAS formulation.

[0106] Table 7 and Figure SF show the TTD of M. kansasii 12478 with various MAS
formulations. All 5 new formulations showed an improvement in TTD when compared to the
conventional/old formulation for the MAS. TTD detection for M. kansasii 12478 was
approximately 13-14 days with the new MAS compared to no growth detected with the

conveniional/old MAS formulation,

30



10 Apr 2015

2010266347

Table 7 — TTD of various species

Organism RF Supplement | Average |Std. Dev.{ Min TTD [Max TTD# Positive|# Tested
TTD TTD :
) 1 NS-no drugs 9.2 0.5 8.7 9.7 3.0 3.0
W. avium 569 3 NS+Formula 1 9.0 0.6 85 10.0 5.0 50
4 NS+Formula 2 9.3 0.8 8.8 10.3 5.0 5.0
5 NS+Formula 3 8.4 0.3 8.0 8.7 5.0 50
6 NS+Formula 4 8.5 0.2 8.3 8.8 5.0 5.0
7 NS+Formula & 92 0.3 8.7 95 50 50
8 RF-no drugs 94 0.4 8.0 8.7 3.0 3.0
9 RF+ old MAS 146 04 14.3 15.0 3.0 3.0
M. intraceflulare 1 NS-no drugs 9.2 0.1 0.2 9.3 3.0 3.0
13950 3 |NS*Formutai| 95 0.3 9.0 9.7 5.0 5.0
4 NS+Formula 2 9.4 0.1 93 9.5 50 5.0
5 NS+Formula 3 9.4 03 9.0 9.7 50 50
8 NS+Formula4| 10.0 0.2 9.7 10.3 50 50
7 NS+Formula 5 9.2 0.2 8.0 95 5.0 5.0
8 RF-no drugs 8.1 0.1 8.0 8.2 3.0 3.0
9 RF+ old MAS 17.2 1.3 158 18.2 3.0 3.0
. 4 NS-no drugs 123 | 0.8 11.7 12.8 3.0 3.0
M. kansasii 12478 3 |[NS+Formula1] 137 0.3 13.3 14.2 5.0 5.0
4 |NS+Formula2| 134 0.7 127 14.3 50 | 50
5 NS+Formula 3 13.4 0.5 13.0 14.2 5.0 50
6 NS+Formula4| 139 06 13.2 14.8 5.0 5.0
7 |NS+Formula5{ 14.0 0.8 13.0 15.3 5.0 50
8 RF-no drugs 17.3 05 16.7 17.7 3.0 3.0
9 RF+ old MAS 3.0
M. scrofulaceum 1 NS-no drugs | 12.3 0.4 12.0 12.7 3.0 3.0
19981 3 NS+Formula 1 11.0 0.5 10.3 11.5 50 5.0
4 [NS+Formula2| 111 0.1 11.0 11.3 5.0 5.0
5 {NStFormula3| 111 0.3 10.5 11.3 5.0 5.0
6 |NS+Formulag| 11.3 0.2 112 11.5 5.0 5.0
7 NS+Formula 5 10.8 0.3 10.5 11.2 5.6 50
8 RF-no drugs 12.3 0.2 12.2 12.5 3.0 30
9 |RFtoldMAS | 175 | 1.1 167 | 183 2.0 30
MTB 18283 1 NS-no drugs 9.3 0.1 9.2 8.3 3.0 3.0
3 NS+Formula 1 10.1 0.9 9.2 11.3 5.0 50
4 NS+Formula 2 9.5 0.4 9.0 10.0 5.0 50
5 NS+Formula 3 9.7 0.3 95 10.3 50 50
6 |NS+Formulad4| 10.8 03 | 105 11.2 5.0 5.0
7 NS+Formula5| 10.1 0.6 8.6 10.8 5.0 50
8 RF-no drugs 11.3 0.5 10.8 11.7 3.0 3.0
9 RF+ old MAS 17.5 09 16.5 18.2 3.0 3.0
e 1 NS-nodrugs | 136 0.6 133 14.3 3.0 3.0
MTE 27284 3 |NS+Formula 1] 129 | 04 | 128 | 130 | 50 5.0
4 |NS+Formula2| 13.1 0.3 12.7 13.5 5.0 5.0
5 NS+Formula 3| 13.0 0.3 12.8 13.5 5.0 50
5] NS+Formula4| 132 0.4 12.7 13.7 5.0 5.0
7 [NS+Formula5| 12.5 0.3 12.2 13.0 5.0 5.0
8 RF-no drugs 126 04 12.2 13.0 3.0 3.0
9 RF+ old MAS 14.8 0.8 14.0 15.5 3.0 3.0

31




10 Apr 2015

2010266347

EXAMPLE 5. Comparison of prior MAS formulation versus new MAS formulation for
TTD of M. tuberculosis complex growth

[0107] The formula of the new MP bottle and nutrient supplement and formula 5 of
new MAS were selected for further testing. This study was performed by M. tuberculosis
complex strains including Mycebacterium africanum, Mycobacterium bovis, Mycobacterivm
microti, and Mycobacterium tuberculosis. The composition of formula 5 was: NS + TMP (50
pg/ml), NA (400 pg/ml-PI or IFU), POLY B (1250 units/ml), FOS (600 pg/ml), Amp B (180
pg/ml- PTor IFU).

[0108] For the new MAS formulas and NS, a new, autoclaved BacT/ALERT® MP
bottle (as described hereinabove) was used and for conventional/old RF, conventional/old MD
bottle (bioMérieux, Inc.) was used. Before the inoculation of old or new MP culture bottles
with mycobacteria cultures, 0.5 ml of nutrient supplement (new NS) or 0.5 ml of
conventional/old R¥ with different drugs were added to one set of the BacT/ALERT® MP
culture bottles. The conventional MAS (using conventional/old RF) and new MAS formulas
(using NS) were added to the second set of MP culture bottles.

[0109] The mycobacteria inoculum was 0.5x10* CFU/mi. The colony counts were
atso performed using Middlebrook 7H10 or sheep blood or tryptic soy a-gar plates (o verify the
inoculum levels and purity of cultures. The inoculated MP bottles were loaded at 35-37°C in
BacT/ALERT® 3D (bioMérieux, Inc.) non-rocking system for 35 days for mycobacteria
cultures, Time To Detection (1'ID} data was collected when the bottles were declared positive
by the BacT/ALERT instrument.

[0110] The growth (as TTD of growth) was determined for M. tuberculosis compiex
strains comparing the conventional/old RF and MAS (RF + Conventional/old MAS) and the
new nutrient supplement and new MAS (NS + New MAS). TTD was determined for [our out
of five M. tuberculosis complex strains i.e. Mycobacterium africanum, Mycobacterium bovis,
Mycobacterium microti, and Mycohacterium tuberculosis in RF + Conventional/old MAS
culturc medium and NS + New MAS culture medium. Results are shown in Table 8 and Figure
6.

[0111] As shown in Table 8 and Figure 6, NS + New MAS shows an approximate 1-
10 days improvement in TTD for M. tuberculosis complex strain growth when comparcd to RF

+ conventional/old MAS.
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Table 8 — TTD of M. tuberculosis complex

Organism | Suppiement | Average | Std. Dev. | Min. TTD | Max. TTD #  [#Tested
TTD (days}| TTD (days} | (days) {days) Positives

. africanum INS+ Formula 5 14.2 0.3 13.8 14.7 5.0 5.0
25420 RF+0id MAS 15.5 0.8 14.8 16.3 3.0 3.0
M. bovis NS+ Formula 5 18.4 1.3 17.2 19.7 5.0 5.0
8131 RF+Old MAS 20.4 2.1 18.2 22.3 3.0 3.0
M. microti NS+ Formuia 5 15.0 14 12.8 16.3 5.0 50
19422 RF+OId MAS | 166 0.3 16.2 16.8 3.0 3.0
MTB 18283 [NS+ Formulas| 101 0.2 9.7 10.2 5.0 5.0

RF+0Old MAS 20.9 1.8 19.2 227 3.0 30
MTB 25177 [NS+ Formula 6 12.9 1.3 18.3 21.2 8.0 5,0

RF+Qld MAS 324 16 31.3 342 3.0 30
MTB 27204 NS+ Formula 5 14.1 0.4 13.7 147 5.0 50
l RF+0Id MAS 16.8 0.5 183 17.3 3.0 3.0

EXAMPLE 6. Comparison of prior MAS formulation versus new MAS formulation for
TTD of Mycobacteria other than tuberculosis (MOTT) growth

{0112} The formula of the new MP bottle, nutrient supplement (NS) and formula 5 of
new MAS were selected for further testing, This study was performed by mycobacteria other
than tuberculosis (MOTT) straings including Mycobacterium avium, Mycobacterium
intracellulare, Mycobacterium kansasii, and Mycobacterium scrofidaceum. The composition
of formula 5 was: NS + TMP (50 pg/ml), NA (400 pg/ml-PI or IFU), POLY B (1250
units/ml), FOS (600 pg/ml), Amp B (180 pg/ml- PI or IFU).

[0113) For the new formulas and NS, an autoclaved or new BacT/ALERT® MP bottle
{(as described hereinabove) was used and for conventional/old R¥, conventional/old MP bottle
(bioMéricux, Inc.) was used. Before the inoculation of old or new MP culture bottles with
mycobacteria cultures, 0.5 ml of nutrient supplement (new NS) or 0.5 ml of conventional/old
RF with different drugs were added to one set of the BacT/ALERT® MP culture bottles. The
conventional MAS (using conventional/old RF) and new MAS formulas (using NS) were
added to the sccond set of MP culture bottles.

[0114] The mycobacteria inoculum was 0.5x10° CFU/ml. The colony counts were
also performed using Middlebrook 7H10 or sheep blood or tryptic soy agar plates to verify
the inoculum levels and purity of cultures. The inoculated MP bottles were loaded at 35-37°C
in Bacl/ALERT 3D (bioMérieux, Inc.) non-rocking system for 35 days for mycobacteria
cultures. Time To Detection (TTD) data was collected when the bottlcs were declared

positive by the BacT/ALERT® instrument. Results are shown in Table 9 and Figure 7.
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[0115] As shown in Table 9 and Figure 7, NS + New MAS shows an approxitnate 1-
12 days improvement in TTD for the Mycobacteria other than tuberculosis (MOTT) when
compared to RF + Conventional/old MAS.

Table 9 — TTD of Mycobacteria other than tuberculosis (MOTT)

Organism Supplement | Average |Std. Dev.| Min. TTD |Max. TTD {# Positives| # Tested
TTD TTD {days) (days)
(days) { (days)
M. avium 25291 NS+Formula 6 11.8 0.4 1.5 12.5 50 5.0
RF+Oid MAS 12.9 Q.7 12.3 137 3.0 3.0
M. avium 569 INS+Formula § 14.2 1.3 12.7 15.7 5.0 5.0
RF+Old MAS 20.0 1.8 18.7 21.2 2.0 3.0
M. intraceliufareNS+Formula 5 8.6 0.3 8.2 9.0 5.0 5.0
13950 RF+0ld MAS. 16.0 0.9 15.0 16.8 3.0 3.0
M. intraceliulareNS+Formula 5 138 1.0 12.7 14.7 5.0 8.0
644 RFE+Old MAS 299 26 280 31.7 2.0 3.0
M. kansasii |NS+Formula 5 1386 0.6 12.8 14.5 5.0 5.0
12478 RF+Old MAS 315 26 30.0 345 3.0 3.0
M. NS+Formula 5 10.0 0.3 9.7 10.5 5.0 5.0
scrofulaceum 17.9 0.3 17.7 18.2 3.0 3.0
19981 RF+Old MAS

EXAMPLE 7. Comparison of prior MAS formulation versus fwo new MAS
formulations with different FOS concentrations for TTD of M. tuberculosis strains

[0116] Formula 5 of new MAS was further refined to achieve betler suppression of
CRT by increasing the FOS concentration from 600 pg/mi to 800 pg/ml. The next study was
performed with 10 strains of M. fuberculosis at 0.5x1 0° CFU/mL. Ten M. tuberculosis strains
comprised of four CDC isolates, five virulent ATCC strains and one QC reference strain.

[0117] For the new formulas and new NS, an autoclaved or new BacT/ALERT® MP
bottle (as described hereinabove) was used and for conventional/old RF, conventional/old MP
bottle (bioMérieux, Inc.) was used. Before the inoculation of old or ncw MP culture bottles
with mycobacteria cultures, 0.5 ml of nutrient supplement (new NS) or 0.5 ml
conventional/old RI* with different drugs wore added to onc set of the BacT/ALERT® MP
culture bottles. The conventional MAS (using conventional/old RF) and new MAS formulas
(using new NS) were added to the second set of MP culture bottles.

[0118] The mycobacteria inoculum was 0.5x10° CFU/ml. The colony counts were

also performed using Middlebrook 7H10 or sheep blocd or tryptic soy agar plates to verify

34



10 Apr 2015

2010266347

the inoculum levels and purity of cultures. The inoculated MP bottles were loaded at 35-37°C
in BacT/ALERT® 3D (bioMérieux, Inc.) non-rocking system for 35 days for mycobacteria
cultures. Time To Detection (TTD) data was collected when the bottles were declared
positive by the BacT/ALERT® instrument. Results are shown in Table 10.

[0119] As shown in Table 10, the new MAS formulas showed an approximate 2-8
days improvement in TTD for M. ruberculosis strains when compared to RF +

Conventional/old MAS.,
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EXAMPLE 8. Comparison of prior MAS formulation versus two new MAS
formulations with different FOS concentrations for suppression of contaminating
respiratory flora (CRF)

[0120] Formula 5 of new MAS was further refined to achieve better suppression of
CRF by increasing the FOS concentration from 600 pg/ml to 800 pg/ml. Growih or no
growth (NG) was determined for various gram positive or gram negative bacterial and yeast
cultures by comparing the conventional/old RF and MAS (RF + Conventional/old MAS) and
new nuttient supplement and new MAS formulations NS + new MAS). The new MAS
formulations contained formula $ + 200 pg/ml FOS (a total of 800 pg/ml FOS). CRF were
tested were tested at 0.6X10" CFU/mL. The colony counts were also performed using sheep
blood or tryptic soy agar plates to verify the inoculum levels and purity of cultures. The
inoculated MP bottles were loaded at 35-37°C in BacT/ALERT® 3D (bioMérieux, Inc.) non-
rocking system for 15 days for all cultures. Time To Detection (TTD) data was collected
when the bottles were declared positive by the BacT/ALERT® instrument.

[0121] Table 11 shows that the new formulation of MAS was a better formulation (o
suppress the growth of CRIF when compared to conventional/old MAS formulation.

[0122] Throughout this specification, unless the context requires otherwise, the word
"comprise" or variations such as "comprises" or "comprising”, will be understood to imply
the inclusion of a stated integer or group of integers but not the exclusion of any other integer
or group of integers.

[0123] Each document, reference, patent application or patent cited in this tcxt is
expressly incorporated herein in their entirety by reference, which means that it should be
read and considered by the reader as part of this text. That the document, reference, patent
application, or patent cited in this text is not repeated in this text is merely for reasons of
conciseness.

[0124] Reference to cited material or information contained in the text should not be
understood as a concession that thc matcrial or information was part of the common general

knowledge or was known in Australia or any other country.

37



10 Apr 2015

2010266347

Table 11 - Table showing suppression of contaminating respiratory flora (CRF)

. r Breakthrough
Organism Strain ID Supplemetit. Contamination
Candida albicans 11006 | NS I Formula 5 NG
NS + Formula 5 + FOS 200 NG
RF + Old MAS NG
302876 NS | Formula§ NG
NS + Formula 5 + FOS 200 NG
R + Old MAS 1/5
Entervcoccus faecalis 8711 NS ) Formula 5 515
NS + Formula S + FOS 200 1/5
. - RF + Old MAS NG
8340 (VRE) NS | Formula 5 S/5
. NS + Farmula S + FOS 200 NG
‘ RF + Old MAS 35
Klebsiella pneumoniae 109241 NS 1| Formula 5 NG
NS + Formula 5 + FOS 200 NG
‘ RF + Old MAS NG
Pseudomonas aeruginosa 27853 NS | Formula 5 NG
| NS + Formula 5 + FOS 200 NG
RF + Old MAS 1/5
106159 NS 1 Formula S NG
| NS + Formula 5 + FOS 200 NG
RF + Old MAS NG
Staphylocuccens aureus 12535 NS 4 Pormula 5 5/
NS + Formula 5 + FOS 200 NG
RF + Old MAS NG
25923 NS Formula 5 515
NS + Formula 5 + FOS 200 2/5
RF + Old MAS NG
13305 (MRSA) NS + Formula 5 5/5
NS + Formula 5 + FOS 200 NG
| RF + Old MAS NG
Staphylococcus epiderinidis 7104 NS + Formula 5 5/5
NS + Formula § + FOS 200 1/5
L ] RF + Old MAS NG
Stenotrophomonas 13637 NS + Formula 5 NG
maltophilia NS + Formula 5 + FOS 200 NG
RF + Old MAS NG
106259 NS + Formula § 5/5
NS + Formula 5 + FOS 200 NG
; Ny RF + Old MAS 2/5
Streptococcus oralis 12975 NS + Formula 5 NG
NS + Formula 5 + FOS 200 NG
‘ RF + Old MAS NG
Streptococcus preunioniae 6305 NS + Formula § 5/5
NS + Formula § + FOS 200 NG
RF + Old MAS NG
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THAT WHICH IS CLAIMED IS:

1. A method for enhanced growth of mycobacteria comprising adding a sample suspected of
containing mycobacteria to a culture medium comprising fatty acid-free BSA, a fatty acid
supplement comprising one or more long chain fatty acids, and an antimicrobial supplement, and
subjecting the culture medium to conditions suitable for growth of said mycobacteria, wherein
said fatty acid-free BSA and said one or more long chain fatty acids enhance the growth of said
mycobacteria compared to culture medium not containing a fatty acid-free BSA and a fatty acid

supplement comprising one or more long chain fatty acids.

2. The method of claim 1, wherein said enhanced growth comprises reducing the time to

detection of mycobacteria growth by at least about 1 day.

3. The method of claim 1 or 2, wherein said one or more long chain fatty acids are fatty

acids having 10 or more carbon atoms.

4. The method of any preceding claim, wherein said fatty acids are selected from the group

consisting of myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, and salts thereof.

5. The method of any preceding claim, wherein said antimicrobial supplement comprises
one or more antimicrobials in an amount sufficient to inhibit bacterial, yeast or fungal
contamination in said culture medium and wherein said one or more antimicrobial substances are
selected from the group consisting of antibiotics, bacteriostatics, bactericides, antibacterials,
antivirals, antifungals, antiprotozoals and antiparasites and optionally wherein said one or more
antimicrobials comprise one or more antibiotics, and wherein said one or more antibiotics are
selected from the group consisting of polymyxin B, vancomycin, azlocillin, amphotericin B,

nalidixic acid, trimethoprim and fosfomycin.

6. A method for the diagnosis of infection caused by a mycobacterium species, comprising

the steps of: (a) providing a culture medium; (b) adding a nutrient supplement to said culture
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medium, said nutrient supplement additive comprising fatty acid-free BSA and one or more long
chain fatty acids, wherein said fatty acid-free BSA and said one or more long chain fatty acids
enhance the growth of said mycobacteria compared to culture medium not containing a fatty
acid-free BSA and a fatty acid supplement comprising one or more long chain fatty acids; (c)
adding a sample for which the presence or absence of said mycobacterium species is to be
determined; and (d) analyzing said culture for the presence of said mycobacterium species,
wherein a finding of the presence of said mycobacterium species indicates a positive diagnosis

for said infection.

7. The method of claim 6, wherein said one or more long chain fatty acids are fatty acids

having 10 or more carbon atoms.

8. The method of claims 6 or 7, wherein said fatty acids are selected from the group

consisting of myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid, and salts thereof.

9. The method of claims 6-8, wherein said culture medium further comprises an
antimicrobial supplement, and wherein said antimicrobial supplement is added prior to the
addition of said sample in step (c) and optionally wherein said antimicrobial supplement
comprises one or more antibiotics selected from the group consisting of polymyxin B,

vancomycin, azlocillin, amphotericin B, nalidixic acid, trimethoprim and fosfomycin.

10. A kit when used in detecting the growth of mycobacteria in a culture medium, said kit
comprising: (1) a culture bottle containing a base culture medium; (2) a nutrient supplement
comprising fatty acid free BSA and one or more long chain fatty acids; and (3) an antimicrobial
supplement comprising one or more antimicrobial agents for suppressing the growth of
contaminating respiratory flora in said culture medium, wherein said fatty acid-free BSA and
said one or more long chain fatty acids enhance the growth of said mycobacteria compared to
culture medium not containing a fatty acid-free BSA and a fatty acid supplement comprising one

or more long chain fatty acids, and wherein the nutrient supplement and/or the antimicrobial
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supplement is added to the base culture medium prior to, or concurrently with inoculation of the

culture medium with a biological sample to be tested for the presence of mycobacteria.

11. The kit of claim 10, wherein said enhanced growth comprises reducing the time to

detection of mycobacteria growth by at least about 1 day.

12. The kit of claim 10 or 11, wherein said base culture medium is Middlebrook 7H9
and/or does not contain heat labile components and preferably wherein said culture bottle and

said base culture medium are sterilized by autoclaving.

13. The kit of claims 10-12, wherein said one or more long chain fatty acids are fatty acids
having 10 or more carbon atoms and optionally wherein said fatty acids are selected from the
group consisting of capric acid, myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid,

and salts thereof.

14. The kit of claims 10-13, wherein said antimicrobial supplement comprises fosfomycin
and optionally further comprises one or more additional antibiotics selected from the group
consisting of polymyxin B, vancomycin, azlocillin, amphotericin B, nalidixic acid, and

trimethoprim.

15. The method according to any one of claims 1 or 6, or the kit according to claim 10

substantially as hereinbefore described with reference to the examples and figures.
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Fig. 1C
Time to Detection (TTD) of M. avium 25291
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Fig. 4

Time to Detection (TTD) of Mycobacteria species in the presence of Vancomycin (VAN)

510

Tt
I:D -
1

@

=k

0/4 0/4

0/4

T
wn
(4V]

i

(o]

1 T
n o
(qV] - -

TTD (Days)

SUBSTITUTE SHEET (RULE 26)

Supplement

PCT/US2010/040564

Organism



WO 2011/002862 PCT/US2010/040564

6/10

Fig. 5A
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Fig. 5E
Time to Detection (TTD) of M. scrofulaceum 19981
19
18 @
174
16 213
. 15-
TTD (Days
(Days) |
13
12{ @ =
114 @ & T 5
10- L T U 1 T 1 T U
,\\39 \"b\ ‘\'bq' \'b(b \'bb‘ \’?;O @0? @VYO
SUENFSERFA AR  ARC
€ (& & & F &9
RCHNIPE S S R I S
I ¢ ¢ ¢ ¢ < <
Supplement
Fig. 5F
Time to Detection (TTD) of M. kansasii 12478
18
174 @
16
O Dayy
ays
: Y 14- @ @ @
134
2| [
0/3
11- ~T T T T bl‘ 61) T o:)
S @ @ © o ® S \a
S P P SO S
NEEPES S o Qo" Qo‘ ® S

Supplement

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/040564

WO 2011/002862

9/10

xa|dwod sisojnaraqny ‘N 4o (gLL) uondsisq o} awi|

9 "B

“ “ " \ zevel ! 1E18 | 0ZpSe
| v62/2EIW | L/1SZELN | €828LELN | NODWIW | SWOQ'W | wnueoie
; } ) ) ) )
S S S S S e S S S S
Vi xvv s xvv > / XVV / X > / wi ’ xvv
J $° /S 0 ¥ /S 0 ¥ S0 ¥ s 0 ¥ s
Y Py NPy Py PSS EL S
ENEEE O NP \ S A\ S SR S S\ S S \ S S
O 9 (9 o9 9 9 (9 o (9 o9 (9 o
& Lot
& & g
@ o @ - 5
\1l/
e o -0z
gz
L 0e
G2
se

]
)
| wswebiQ
[}
)

juswse|ddng

(she@) alrL

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/040564

WO 2011/002862

10110

(LLOW) sisojnosaqny uey) 18410 euajoeqodA 40 (g1 L) uondalaq 0} awtl

L "B

' 18661 | 8/v2l | ¥¥9 H 0s6eL d 698G | 16252
_“Esmom_:,,o_om ._>_m fisesuey '\ mm_m_:__oom::_ .Emmhm_:__womhuc_ ._>_m WNIAE. *|\ m wniAe ‘|
) ) ) ) ; )
S S SS9 SS9 S S e S
J/ XV OVV 7/ XVV OVV ,/ XVV OVV J/ XV Ovv ,/ XVv Oy 7 xvv Ovv s
7O > 7O N 7O > 7 O > 7O > ’ N ,
7R % /S K »///v R 00« /K % ;SR Oxzv /K 0@ J/
PN A \ S A\ S A \ S N0 \ > YO\ S
G 9 (% 9 (& 9 (% 9 (5 % (% 9
2 < R
iS5:
:=2 22 @ £ o)
S - -
-G
@ @ -0€
-GE

wsiuebiQ

N > = -

/
/
/
/

swse|ddng

(skeq) glL

SUBSTITUTE SHEET (RULE 26)



