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DESCRIPTION

Field of the Invention

[0001] The present invention generally relates to compositions and methods for detecting, identifying and optionally quantitating
nucleic acid segments within a population of isolated polynucleotides such as obtained from a biological sample. In particular, the
compositions and methods of the invention can be maintained for long periods of time at ambient temperatures without
compromising the integrity of the components or the fidelity of the analysis.

Background

[0002] Mycobacteria are unicellular, aerobic, Gram-positive bacteria. Typically, mycobacteria have a thick hydrophobic cell wall
and lack an outer cell membrane. Infections caused by mycobacteria can be active within a host, or latent and asymptomatic.
The emergence of multi-drug resistant strains, the need for prolonged antibacterial therapy, and poor patient compliance, has
made treatment of mycobacterial infections difficult, particularly in developing nations. The emergence of multidrug resistant
(MDR) strains of M. tuberculosis, in particular, has made diagnosis and treatment of TB a high priority in developing African
populations.

[0003] Mycobacteria are typically classified as acid-fast Gram-positive bacteria due to their lack of an outer cell membrane. Acid-
fast staining methods that are frequently used are the Ziehl-Neelsen stain or the Kinyoun method. They do not, generally, retain
the crystal violet stain well and so are not considered a typical representative of Gram-positive bacteria. They do, however,
contain a unique cell wall structure, which is thicker than that present in most other bacterial species. Typically, rod shaped, the
cell wall consists of a hydrophobic mycolate layer (containing mycolic acids) and a peptidoglycan layer which is held together by
arabinogalactan, a polysaccharide. This cell wall structure aids the mycobacteria in their ability to survive drastic environmental
changes and contributes to the hardiness of the Mycobacterium species, as well in the difficulty in treating tuberculosis and
leprosy patients, both of which are caused by different Mycobacterium species. Mycolic acids are strong hydrophobic molecules
that form a lipid shell around the organism and affect permeability properties at the cell surface. Mycolic acids are thought to be
a significant determinant of virulence in some Mycobacterium species. Most likely, they prevent attack of the mycobacteria by
cationic proteins, lysozyme, and oxygen radicals in the phagocytic granule. They also protect extracellular mycobacteria from
complement deposition in serum.

[0004] Additionally, mycobacteria are typically slow growing organisms, contributing to the difficulty of culturing the species. Due
to their unique cell wall, they can survive long exposure to acids, alkalis, detergents, oxidative bursts, lysis by complement, and
many antibiotics. Most mycobacteria are susceptible to the antibiotics clarithromycin and rifamycin, but antibioticresistant strains
have emerged.

[0005] Members of the Mycobacterium tuberculosis complex, i.e., M. tuberculosis, M. bovis, M. africanum, M. microti, M.
cannetti, M. caprae and M. pinnipedi, the causative agents of tuberculosis, have all of the above stated characteristics of
mycobacteria. The primary consequence of mycobacterial infection (and particularly, infection by one or more species of
Mycobacterium genus) in humans is tuberculosis (TB), a contagious infection caused by members of the "M. tuberculosis
complex,” which include, e.g., pathogenic strains of the species M. tuberculosis, M. bovis, M. africanum, M. microti, M. cannetti,
M. caprae and M. pinnipedi. TB typically attacks the lungs in mammalian hosts, but can also spread to other organs and regions
of the body including, for example, bone, joints, kidneys, and the abdomen, etc. Members of the M. tuberculosis complex are
closely related genetically, and possess highly-conserved 16S rRNA sequences across the genus.

[0006] TB can be acquired by breathing in air droplets from a cough or sneeze of an infected person. Accordingly, collection of
biological samples suspected of containing members of the M. tuberculosis complex involves the collection of sputum from
patients suspected of being infected with the same. Sputum is coughed up expectorate from the airways and ideally contains
little to no saliva or nasal secretion, so as to avoid contamination of the sputum sample with oral bacteria. Sputum mainly
contains mucus, a viscous colloid which is rich in glycoproteins. Patients suspected of having tuberculosis typically have an
increased mucus viscosity, as well as increased production of mucus. In addition to mucus, sputum may contain blood, i.e.,
hemoptysis may occur, and/or pus, i.e., be purulent in nature. Symptoms of an active tubercular infection can include chronic
cough (typically with blood-tinged sputum), fever, nocturnal hyperhidrosis, chronic fatigue, pallor, weight loss, and cachectic
wasting (“"consumption"). Other symptoms can include breathing difficulties, thoracic pain and wheezing ("Pulmonary
Tuberculosis," PubMed Health). If an inhaled tubercle bacillus settles in a lung alveolus, infection occurs, followed by
alveolocapillary dilation, and endothelial cell swelling. Alveolitis results with intracellular replication of the tubercle bacilli, and an
influx of polymorphonuclear leukocytes to the alveoli. The organisms then spread through the lymph system to the circulatory
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system, and then throughout the body.

[0007] Although M. tuberculosis infects less than 200,000 people annually in the United States, according to the World Health
Organization (WHO) nearly two billion people worldwide may be infected, 90% of whom can remain asymptomatic for years
following infection. Left untreated, TB is fatal in >50% of the infected population, and in disseminated forms of the disease, the
mortality rate approaches 90%.

[0008] Because of the chronic and debilitating persistence of TB infection, co-infection with one or more secondary pathogens,
including in particular, human immunodeficiency virus (HIV), is also widespread. In 2007, there were at least 1.37 million cases
of HIV-positive TB, concentrated primarily in emerging populations where diagnosis and treatment are often limited, ineffective,
and/or cost-prohibitive.

[0009] Conventional diagnosis of a TB infection typically relies on a combination of physical examination (e.g., chronic persistent
cough, enlarged or tender lymph nodes, pleural effusion, unusual breath sounds, and, in later stages of the disease,
characteristic "clubbing" of the fingers or toes) and diagnostic testing (e.g., sputum examination, microbial culture and nucleic
acid testing of specimens, bronchoscopy, CT scan or X-ray of the chest, pulmonary biopsy, thoracentesis, interferon-y (gamma)
blood test, and tuberculin skin test).

[0010] The "standard" of TB diagnostics, cell culturing of mycobacterial organisms, is difficult, due in part to their long generation
times, i.e., twenty-four hours for M. tuberculosis. In addition, mycobacteria are typically present at low levels in infected
individuals. Culturing from a clinical specimen can therefore take anywhere between four to eight weeks, during which time a
patient may become seriously ill and contagious to others. In addition, cell culturing requires the collection, transport and
maintenance of viable mycobacterial organisms in a sample until such time as the sample can be analyzed in a lab setting. In
countries where TB is prevalent, and health care is minimal, this may not be an option, thus increasing the risk of spreading
infection.

[0011] Unfortunately for regions with limited access to medical care, the whole blood must be analyzed within 12 hours of
obtaining the sample, and the effectiveness of the test has not been analyzed on patients with other medical conditions such as
HIV, AIDS, diabetes, silicosis, chronic renal failure, hematological disorders, individuals that have been treated for TB infection,
nor has it been tested on pregnant individuals or minors (“Clinicians Guide to QuantiFERON® -TB Gold," Cellestis). Other non-
culture methods such as radioimmunoassays, latex agglutination, and enzyme-linked immunosorbent assays (ELISAs) have
been used with limited degrees of success to confirm the presence of tubercle bacilli in biological samples.

[0012] The majority of clinical diagnostic laboratories employed traditional culture for pathogen identification that typically
requires 3-7 days for most viruses and longer for some bacterial strains, including up to about 21 days for the culturing of M.
tuberculosis. Traditional culture requires specimen collection of viable microbes, frozen transport, and propagation and handling
of potentially infectious and often unknown biological microbes. Furthermore, many infectious agents, e.g., highly pathogenic
avian influenza, SARS, M. tuberculosis complex, etc., are BSL-3 level pathogens that require specialized facilities and
precautions for analysis. There are challenges in obtaining, shipping and maintaining high-quality, viable biological specimens for
culture. Specimens must be shipped using a cold chain, most often dry ice. Transporting potentially infectious samples from
remote sites or across international borders using commercial transit can be costly and tedious, particularly when specimens
must be received frozen.

[0013] Collection is the first step in diagnostic platforms or molecular protocols requiring the detection of potentially minute
amounts of nucleic acids from microbes. Regardless of the nucleic acid test used or the RNA/DNA extraction protocol, specimen
collection, specifically the inactivation of potentially infectious agents and the preservation and stability of pathogen RNA/DNA
remains a critical gap in clinical diagnostics, especially for use around the world.

[0014] Typically, patients suspected of having tuberculosis are asked to cough hard and then expectorate into a specimen cup in
order to obtain a sputum sample. Usually, this procedure is done in a well ventilated area so as to minimize the potential for
spreading infective mycobacteria. Patients may be asked to repeat this procedure in order to collect enough sputum for analysis,
typically in amounts from about 5 mL to about 20 mL. Typically, collected sputum samples are refrigerated until further analytic
procedures, such as cell culturing or decontamination procedures to inactivate or kill any microorganisms contained within the
sample, can be performed. In order to detect Mycobacterium tuberculosis in a sputum sample, an excess of 10,000 organisms
per mL of sputum are needed to visualize the bacilli with a 100X microscope objective (1000X magnification). Direct smear
microscopy of sputum samples from tuberculosis patients is typically regarded as an effective tool for monitoring patient
response to treatment. Typically, more acid fast bacilli will be found in the purulent portions of the sputum.

[0015] The field of clinical molecular diagnostics changed drastically with the advent of polymerase chain reaction (PCR), and
subsequently, real-time PCR. Real-time (RT-PCR) and real-time reverse transcription PCR (rRT-PCR) can deliver superior
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sensitivity and specificity results in hours. Thus, the majority of current diagnostic laboratories have transitioned from traditional
culture to nucleic acid testing (NAT) such as real-time PCR.

[0016] Nucleic acid amplification testing for TB includes the use of standard polymerase chain reaction (PCR) techniques to
detect mycobacterial DNA in patient specimens, nucleic acid probes to identify mycobacteria in culture, restriction fragment
length polymorphism (RFLP) analysis to compare different strains of TB for epidemiological studies, and genetic-based
susceptibility testing to identify drug-resistant strains of mycobacteria. The complete genome of M. tuberculosis has been
sequenced and published; currently two nucleic acid amplification-based tests for TB have been approved for use in the United
States by the Food and Drug Administration (FDA). The first, known as the "Enhanced Amplified Mycobacterium Tuberculosis
Direct Test" (E-MTD, Gen-Probe, San Diego, CA, USA), is approved for detection of M. tuberculosis complex bacteria in acid-fast
bacilli in both smear-positive and smear-negative respiratory specimens from patients suspected of having TB. The E-MTD test
combines isothermal transcription-mediated amplification of a portion of the 16S rRNA with a detection method that uses a
hybridization probe specific for M. tuberculosis complex bacteria. The second, known as the AMPLICOR® Mycobacterium
tuberculosis Test (AMPLICOR®, Roche Diagnostics, Basel, Switzerland), has been approved for the detection of M. tuberculosis
complex bacteria only in smear-positive respiratory specimens from patients suspected of having TB. This test uses PCR to
amplify a portion of the 16S rRNA gene that contains a sequence that hybridizes with an oligonucleotide probe specific for M.
tuberculosis complex bacteria. ("Report of an Expert Consultation on the Uses of Nucleic Acid Amplification Tests for the
Diagnosis of Tuberculosis," Centers for Disease Control and Prevention).

[0017] Results have indicated that the sensitivity and specificity of these tests tends to vary depending on geographical location
and risk factors. In addition, these techniques require complex laboratory conditions and equipment to be performed, thus
reducing the speed and sensitivity of the test. For these and other reasons, there remains a need in the art for reliable and
accurate methods for detection of Mycobacterial pathogens in clinical samples, and in particular, methods for rapidly identifying
such pathogens in field applications, remote locations, and in developing countries where conventional laboratories are lacking,
and financial resources are limited. In particular, compositions for the safe collection, handling, and transport of pathogenic
specimens, as well as molecular biology-based methods for the rapid detection and accurate identification of TB-specific nucleic
acids in such specimens are highly desired.

Summary of the Invention

[0018] The present invention overcomes the problems and disadvantages associated with current strategies and designs, and
provides new composition, tools and methods for detecting and identifying nucleic acid sequences. Thus the invention provides
compositions, methods and kits according to the claims.

[0019] One embodiment of the invention is directed to PCR-ready compositions for detection of a microorganism in a biological
sample comprising as components: a heat-stable polymerase present in an amount from about 0.05U to about 1 U; a mix of
deoxynucleotide tri phosphates comprising about equivalent amounts of dATP, dCTP, dGTP and dTTP, collectively present in the
composition at a concentration of about 0.1 mM to about 1 mM; a chelating agent selected from the group consisting of ethylene
glycol tetraacetic acid, hydroxyethylethylenediamine ftriacetic acid, diethylene triamine pentaacetic acid, N,N-
bis(carboxymethyl)glycine, ethylenediaminetetraacetic, citrate anhydrous, sodium citrate, calcium citrate, ammonium citrate,
ammonium bicitrate, citric acid, diammonium citrate, potassium citrate, magnesium citrate, ferric ammonium citrate, lithium
citrate, and any combination thereof, present in the composition at a concentration of about 0.01 mM to about 1 mM; the PCR
osmolarity agent N,N,N-trimethylglycine (betaine)present in the composition at a concentration of about 1 mM to about 1 M; an
albumin selected from the group consisting of bovine serum albumin, human serum albumin, goat serum albumin, mammalian
albumin, and any combination thereof, present in the composition at a concentration of about 5 ng/ml to about 100 ng/ml; at
least two salts, the first being a potassium salt selected from the group consisting of potassium chloride and potassium
glutamate and the second being a magnesium salt selected from the group consisting of magnesium chloride and magnesium
sulfate, collectively present in the composition at a concentration of about 50 mM to about 1 M; and a buffer selected from the
group consisting of tris(hydroxymethyl) aminomethane (Tris), citrate, 2-(N-morpholino)ethanesulfonic acid (MES), N,N-Bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid (BES), 1,3-bis(tris(hydroxymethyl) methylamino)propane (Bis-Tris), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 3-(N-morpholino)propanesulfonic acid (MOPS), N,N-bis(2-
hydroxyethyl)glycine (Bicine), N-(tris(hydroxymethyl)methyllglycine (Tricine), N-2-acetamido-2-iminodiacetic acid (ADA), N-(2-
acetamido)-2-aminoethanesulfonic acid (ACES), piperazine-1,4-bis(2-ethanesulfonic acid) (PIPES), bicarbonate, phosphate, and
any combination thereof, present in the composition at a concentration of about 1 mM to about 1 M and with a pH of about 6.5 to
about 9.0, wherein the pKa of the buffer is within about one unit of the pH at a selected temperature, wherein the components
are combined with nuclease-free water. Preferably the heat-stable polymerase is a Taq polymerase, a high fidelity polymerase, a
Pfu polymerase, a hot start polymerase, or a next gen polymerase. The composition further comprises one or more dyes,
preferably selected from the group consisting of fluorescein, 5-carboxy-X-rhodamine and ROX. Preferably the pH of the buffer or
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the overall composition is from about 6.5 to about 7.5, and the pKa of the buffer is within 0.5 of the pH of the buffer at ambient
temperature, more preferably the pKa of the buffer is within 0.2 of the pH of the buffer at ambient temperature. The composition
further comprises a pair of PCR primers configured to amplify by PCR a nucleic acid sequence that is specific for the
microorganism, collectively present in the composition at a concentration of about 0.5 pM to about 50 pM, wherein each PCR
primer is from about 18 to 35 nucleotides in length. The microorganism to be detected is mycobacteria . Preferably the
composition further comprises a control nucleic acid present in the concentration at a concentration of about 1 fg to about 1 ng
which provides a qualitative or quantitative measure of PCR amplification. Preferred control nucleic acid comprises, for example,
the sequence of SEQ ID NO 8, the sequence of SEQ ID NO 12, or the sequence of SEQ ID NO 21. The composition further
contains a detection probe that specifically binds to a PCR amplified nucleic acid sequence that is specific to the microorganism.
A preferred composition of the invention contains about 50 mM of TRIS; about 70 mM of potassium chloride; about 3 mM of
magnesium sulfate; about 45 mM of betaine; about 0.03 pg/mL of bovine serum albumin; about 0.1 mM of EDTA; about 0.05 uM
of dye; about 8 pM of the pair of PCR primers. Preferably one primer of the pair of PCR primers comprises the nucleic acid
sequence of SEQ ID NO 2 or SEQ ID NO 5, and the other primer of the pair of PCR primers comprises the nucleic acid
sequence of SEQ ID NO 3 or SEQ ID NO 6. In the composition of the invention the detection probe is a Mycobacterium-specific
sequence of about 20 to about 35 nucleotides in length and comprises the sequence of SEQ ID NO 4 or SEQ ID NO 7.

[0020] Described herein are PCR-ready compositions for detection of a microorganism in a biological sample comprising as
components: a heat-stable polymerase; a mix of deoxynucleotide tri phosphates comprising about equivalent amounts of dATP,
dCTP, dGTP and dTTP; a chelating agent; a PCR osmolarity agent; an albumin; at least two salts; and a buffer which is present
in the composition at a concentration of at least 50 mM and has a pH of about 6.5 to about 9.0, wherein the pKa of the buffer is
within about one unit of the pH at a selected temperature, wherein the components are combined with nuclease-free water.
Preferably the heat-stable polymerase is present in an amount from about 0.05U to about 10 U; the mix of deoxynucleotide tri
phosphates is present in the composition at a concentration of about 0.1 mM to about 10 mM; the chelating agent is present in
the composition at a concentration of about 0.01 mM to about 10 mM; the PCR osmolarity agent is present in the composition at
a concentration of about 1 mM to about 10 M; the albumin is present in the composition at a concentration of about 5 ng/ml to
about 1 mg/ml; the at least two salts are collectively present in the composition at a concentration of about 50 mM to about 10 M;
and the buffer is present in the composition at a concentration of about 1 mM to about 10 M.

[0021] Another embodiment of the invention is directed to methods for detection of a microorganism in a biological sample
comprising: contacting the biological sample to the composition of any one of claims 1 to 6 to form a mixture; performing multiple
thermal cycling steps on the mixture to form an amplification product that is derived from the nucleic acid that is specific for the
microorganism; detecting the presence or absence of the amplification product to determine the presence or absence of the
microorganism in the biological sample. Preferably the method further comprises detecting an amplified sequence of a control
nucleic acid and determining the quality or quantity of amplification which occurred from the multiple thermal cycling steps. Also
preferably, the biological sample comprises biological material obtained from an individual, one or more chaotropes, one or more
detergents, one or more reducing agents, one or more chelators, and one or more buffers.

[0022] Described herein are methods of providing for detection of a microorganism in a biological sample comprising providing a
PCR-ready composition containing as components: a heat-stable polymerase present in an amount from about 0.05U to about 1
U; a mix of deoxynucleotide tri phosphates comprising about equivalent amounts of dATP, dCTP, dGTP and dTTP, collectively
present in the composition at a concentration of about 0.1 mM to about 1 mM; one or more chelating agents present in the
composition at a concentration of about 0.01 mM to about 1 mM; one or more PCR osmolarity agents present in the composition
at a concentration of about 1 mM to about 1 M; one or more albumin proteins present in the composition at a concentration of
about 5 ng/ml to about 100 ng/ml; one or more salts present in the composition at a concentration of about 50 mM to about 1 M;
and one or more buffers present in the composition at a concentration of about 1 mM to about 1 M and with a pH of about 6.5 to
about 9.0, wherein the pKa of the buffer is within about one unit of the pH at a selected temperature, wherein the components
are combined with nuclease-free water. Preferably the pH of the buffer is from about 6.5 to 7.5 and the pKa is within about 0.5
units of the pH at an ambient temperature. Preferably the method further comprises contacting the biological sample with the
composition and performing a thermal cycling reaction on the mixture. Preferably the one or more chelating agents comprise
ethylene glycol tetraacetic acid, hydroxyethylethylenediaminetriacetic acid, diethylene triamine pentaacetic acid, N,N-
bis(carboxymethyl)glycine, ethylenediaminetetraacetic, citrate anhydrous, sodium citrate, calcium citrate, ammonium citrate,
ammonium bicitrate, citric acid, diammonium citrate, potassium citrate, magnesium citrate, ferric ammonium citrate, lithium
citrate, or any combination thereof, the one or more PCR osmolarity agents comprise N,N,N-trimethylglycine (betaine), dimethyl
sulfoxide (DMSO), foramide, glycerol, nonionic detergents, deoxyinosine, glycerine, 7-deaza deoxyguanosine triphosphate,
sodium hydroxide, polyethylene glycol, tetramethylammonium chloride, or any combination thereof, the one or more albumins
comprises bovine serum albumin, human serum albumin, goat serum albumin, mammalian albumin or any combination thereof,
the one or more salts comprise potassium chloride, potassium glutamate, magnesium chloride, magnesium sulfate, and any
combination thereof, the one or more buffers comprise tris(hydroxymethyl) aminomethane (Tris), citrate, 2-(N-
morpholino)ethanesulfonic acid (MES), N,N-Bis(2-hydroxyethyl)-2-aminoethanesulfonic acid (BES), 1,3-bis(tris(hydroxymethyl)
methylamino)propane (Bis-Tris), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 3-(N-morpholino)propanesulfonic
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acid (MOPS), N,N-bis(2-hydroxyethyl)glycine (Bicine), N-(tris(hydroxymethyl)methyl]glycine (Tricine), N-2-acetamido-2-
iminodiacetic acid (ADA), N-(2-acetamido)-2-aminoethanesulfonic acid (ACES), piperazine-1,4-bis(2-ethanesulfonic acid)
(PIPES), bicarbonate, phosphate, or any combination thereof.

[0023] Another embodiment of the invention is directed to kits comprising the composition of the invention contained within a
sterile vessel configured for addition of a biological sample and thermal cycling, and instructions for determining the presence or
absence of the M. tuberculosis complex from the results of the thermal cycling.

[0024] Other embodiments and advantages of the invention are set forth in part in the description, which follows, and in part,
may be obvious from this description, or may be learned from the practice of the invention.

Description of the Drawings

[0025]

Figure 1 illustrates the real time (RT) PCR analysis of tuberculin DNA from positive smear sputum samples preserved in
PrimeStore® in a 1:1 ratio. In addition, the same smear positive sputum samples were swabbed, resulting in about 50 to about
400 microliters of sample on the swab, and the swabs placed in 1.5 mL of PrimeStore®. DNA was extracted from each sputum
sample in PrimeStore® using the AMPLICOR® Respiratory Specimen Preparation Kit (AMPLICOR®, Roche Diagnostics, Basel,
Switzerland) according to manufacturer's instructions. Four microliters of extracted DNA was used for real-time PCR using the
LightCycler® Mycobacterium detection kit, according to the manufacturer's instructions. The resulting Ct values for each of the
samples is shown in Table 2;

Figure 2 illustrates the real time (RT) PCR analysis of tuberculin DNA from seven smear negative, culture positive sputum
specimens and three scanty, i.e., positive smears results in which the stain was barely visible on the slide, specimen swabs
preserved in PrimeStore®. DNA was extracted using the AMPLICOR® Respiratory Specimen Preparation Kit and Invitrogen™
iPrep™ Purelink™ Virus Kit (Carlsbad, CA, USA), according to the manufacturer's instructions. The LightCycler® Mycobacterium
detection kit was used, according to the manufacturer's instructions. The resulting Ct values for each of the samples is shown in
Table 8;

Figure 3 shows a graph of the RT-PCR analysis of PrimeMix® Universal MTB Assay components that were removed from
storage in -20°C temperature and placed at room temperature a varying number of times, i.e., one, three, five and ten times and
then used in the PrimeMix® Universal MTB Assay;

Figure 4 shows a graph of the RT-PCR analysis when a single stranded DNA internal positive control (IPC) was detected in a
PrimeMix® assay using detection probes that were labeled with either 6-FAM (FAM) or VIC™ dye;

Figure 5 shows a graph of the RT-PCR analysis when varying amounts of extracted tuberculosis patient DNA, i.e., 2 ul, 3 ul, 4 pl,
and 5 pl of template DNA, were used in the PrimeMix® Universal MTB Assay;

Figure 6 shows a graph of the RT-PCR analysis when a multiplex PrimeMix® Universal MTB Assay is performed wherein a
single stranded DNA internal positive control (IPC) is added to the solution containing the tuberculin sample, as compared to a
uniplex assay wherein the initial solution solely contains the biological sample obtained from the patient and the storage solution,
i.e., PrimeStore®;

Figure 7 shows a graph of the RT-PCR analysis when the concentration of the internal positive control (“IPC") placed in

PrimeStore® was varied, i.e., 103 106, 1077, and 108 ng/uL of IPC were placed into the same amount of PrimeStore®. The
probes for the IPC were either labeled with 6-FAM (“IPC Fam") or VIC™ dye ("IPC Vic"). A multiplex reaction was also carried
out, in which M. tuberculosis complex-specific primers and probes were also added to the PrimeMix® (results shown in column
labeled "MTB in Multiplex"), along with the IPC primers and probes (results shown in column labeled "IPC Vic in Multiplex");

Figure 8 shows a graph of the RT-PCR analysis when the initial amount of an M. tuberculosis sample is 15 pl and 150 pl (a 10-
fold difference) when each is initially stored in 1.5 mL of PrimeStore®. This was performed for IPC probes labeled with 6-FAM
("IPC Fam") and VIC™ dye ("IPC Vic"), as well as for uniplex detection of M. tuberculosis ("MTB") and multiplex detection of M.
tuberculosis ("MTB in Multiplex") and the IPC wherein the probe is labeled with VIC™ dye ("IPC Vic in Multiplex");

Figure 9 shows a graph of the RT-PCR analysis when various mycobacterium strains, i.e., five different M. tuberculosis strains,
two different M. avium strains, one M. intracellularae strain, one M. gondii strain, and one M. kansasii strain, were placed in and
then extracted from PrimeStore® and then analyzed using both the uniplex (“MTB Uniplex") and multiplex ("MTB in Multiplex")
formats of the PrimeMix® procedure. The uniplex assay used only M. tuberculosis complex-specific primers and probes,
whereas the multiplex assay used both M. tuberculosis complex-specific primers and probes and IPC-specific primers and
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probes;

Figure 10 shows a graph of the RT-PCR analysis when the amount of M. tuberculosis from a particular purified strain is varied,
ie., 104 1073 102, 10" are representative of ten-fold dilutions wherein 10-" represents a DNA concentration of 330 ng/uL, 102

represents a DNA concentration of 33 ng/uL, 1073 represents a DNA concentration of 3.3 ng/uL and 104 represents a DNA
concentration of 0.33 ng/pL. A uniplex reaction using PrimeMix® Universal MTB Assay with M. tuberculosis complex-specific
primers and probes was performed (results shown in "MTB Uniplex" column"), as well as a multiplex PrimeMix® assay in which
both M. tuberculosis complex-specific primers and probes and IPC-specific primers and probes were present was performed
(results shown in "MTB in Multiplex" and "IPC in Multiplex" columns); and

Figure 11 shows a graph of the RT-PCR analysis when the amount of M. tuberculosis from a particular purified strain is varied,
ie., 10‘4, 10‘3, 10‘2, 10" are representative of ten-fold dilutions wherein 10" represents a DNA concentration of 33 ng/uL, 102

represents a DNA concentration of 3.3 ng/uL, 1073 represents a DNA concentration of 0.33 ng/pL and 104 represents a DNA
concentration of 0.033 ng/uL and different labels, either 6-FAM (“IPC Fam") or VIC™ dye ("IPC Vic") on the IPC-specific probe
were used.

Figure 12 shows a chart comparing non-acetylated BSA (mg/mL final concentration) vs. cycle threshold (Cy).

Description of the Invention

[0026] The present invention overcomes these and other inherent limitations in the prior art by providing useful, non-obvious,
and novel compositions to safely collect, handle and transport biological samples suspected of containing pathogenic organisms,
as well as methods for rapidly detecting, identifying and quantitating those pathogens through molecular biology-based nucleic
acid testing. In particular, methods are provided for specifically detecting one or more strains of pathogenic microorganisms such
as bacteria, viruses, fungus and parasites. In particular applications, the invention encompasses a diagnostic product that
permits the collection of a target specimen, preparation of the target specimen for assaying, isolation of genomic material from
the specimen, and subsequent processing of the genomic material to identify one or more organisms, if present, in the biological
sample. When coupled with one or more specimen collection devices, the compositions disclosed herein permit safe, collection,
transport and storage of biological specimens, even for those collected in remote or “field" applications, wherein the time from
sample collection to sample assay may be hours to days, or even weeks.

[0027] The invention further encompasses compositions and methods that simplify and expedite specimen collection,
preparation and molecular detection of microorganisms, specifically those microorganisms that are the causative agents of
influenza and tuberculosis. In particular applications, the invention encompasses a diagnostic product whereby the specimen is
collected, transported and rapidly prepared for downstream PCR without the need for a cold chain or costly and time-consuming
sample decontamination and specimen emulsification. The molecular diagnostic product includes a thermo-stabile, all-inclusive
PCR mixture of primers, probes and enzymes in a ready-to-use solution or suspension. This diagnostic product can be used in
central labs and with high through-put systems or in rural or mobile clinics with minimal capabilities and in the absence of reliable
community electric power, or even with a hand-held device. The invention also encompasses a method for epidemiologic and
outbreak surveillance, pandemic and epidemic tracking and microbial sequencing directly from field samples at the site of
collection or by using inexpensive, simplified, safe shipping through standard mail at ambient temperature. This invention also
encompasses a diagnostic molecular detection kit for safe site of care collection, rapid extraction and rapid PCR detection of
microbes, specifically pathogens.

[0028] Using the pathogen-specific nucleic acid detection probes and amplification primers disclosed herein, the present
invention also provides facile identification of pathogens in collected samples, and permits a safe, cost-effective, and near-term
assessment of infection, including, for example, as a tool in surveillance against potential epidemics, monitoring of outbreaks,
assessment of disease progression in affected or at-risk populations, and/or identification of particular species and/or strains of
the microorganism for diagnostic testing or determining particular therapeutic modalities.

[0029] In one example described herein there is a method for obtaining a population of specific polynucleotides from a sample
suspected of containing one or more pathogenic microorganisms, or pathogenic or pathogen infected cells (collectively
"pathogens"). In an overall sense, this method generally involves contacting a sample suspected of containing one or more
pathogens for an effective amount of time and with a sufficient amount of a composition that includes: a) one or more
chaotropes; b) one or more detergents; c) one or more reducing agents; d) one or more chelators; and e) one or more
surfactants, to kill substantially all, and preferably to kill all of the pathogenic organisms therein, including, for example,
pathogenic bacteria, fungi, and viruses (if present in the sample). In the practice of the method, substantially all (and preferably,
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all) of the cells and microorganisms contained therein are lysed, and their cellular contents liberated into the solution. Preferably,
substantially all (and more preferably, all) of the cellular enzymes, proteins, peptides, lipoproteins, and other cellular contents are
denatured and/or inactivated, including any exogenous or endogenous nucleases that may be present in the sample, such that
the resulting mixture is rendered substantially safe (and preferably, safe) for handling, storage, and/or transport by workers
without undue effects, and without the need for concern over pathogenicity, toxicity, or danger of handling the sample now that it
has been decontaminated and any pathogenic organisms originally present therein, destroyed, inactivated, killed, and/or lysed to
render them harmless. Compositions for the collection of biological samples may be maintained in ready-to-use concentrations,
or in concentrated forms such as, for example, 2x, 5x, 10x, 20x 25x, 30x, or greater as convenient or necessary for the particular
application.

[0030] Preferably the population of polynucleotides so obtained from the method will preferably be substantially stable, such that
the nucleic acids do not substantially degrade, and the integrity of the obtained population of polynucleotides will preferably be at
least substantially maintained, so that the obtained polynucleotides are substantially intact, and present in the sample in the form
that they were in when the cells containing them were initially liberated/lysed by the action of the components present in the
composition. As noted herein, in preferred applications of the method, the population of pathogen-specific polynucleotides
obtained using the disclosed methods are substantially stable and non-degraded such that they can be maintained for significant
periods of time even at less-than-ideal ambient temperatures (e.g., at a temperature of about 0°C to even about 40°C or more)
for extended periods of time (e.g., for periods of several hours to several days to several week or months even) without
significantly degrading the liberated nucleic acids, thereby making them suitable for downstream molecular analysis (e.g.,
template-dependent amplification reactions et al.) days to weeks after extraction of the nucleic acids takes place, even when it is
not possible to store the populations of polynucleotides extracted from the samples frozen, on ice, or refrigerated between initial
sample collection and subsequent molecular analysis.

[0031] As noted herein, in preferred examples, the (i) the one or more chaotropes preferably include guanidine thiocyanate,
guanidine isocyanate, guanidine hydrochloride, or any combination thereof; (ii) the one or more detergents preferably include
sodium dodecyl sulfate, lithium dodecyl sulfate, sodium taurodeoxycholate, sodium taurocholate, sodium glycocholate, sodium
deoxycholate, sodium cholate, sodium alkylbenzene sulfonate, N-lauroyl sarcosine, or any combination thereof; (iii) the one or
more reducing agents preferably include 2-mercaptoethanol, tris(2-carboxyethyl) phosphine, dithiothreitol, dimethylsulfoxide, or
any combination thereof, (iv) the one or more chelators preferably include ethylene glycol tetraacetic acid,
hydroxyethylethylenediaminetriacetic ~ acid, diethylene triamine pentaacetic acid, N,N-bis(carboxymethyl)glycine,
ethylenediaminetetraacetic, citrate anhydrous, sodium citrate, calcium citrate, ammonium citrate, ammonium bicitrate, citric acid,
diammonium citrate, ferric ammonium citrate, lithium citrate, or any combination thereof; or (v) the one or more buffers
preferably include tris(hydroxymethyl) aminomethane, citrate, 2-(N-morpholino)ethanesulfonic acid, N,N-Bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid, 1,3-bis(tris(hydroxymethyl)methyl amino)propane, 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic
acid, 3-(N-morpholino) propanesulfonic acid, bicarbonate, phosphate, or any combination thereof.

[0032] Preferred formulations that are at ready-to-use concentrations include: (a)(i) about 3 M guanidine thiocyanate; (ii) about 1
mM TCEP; (iii) about 10 mM sodium citrate; (iv) about 0.5% N-lauroyl sarcosine; (v) about 0.0002% silicone polymer; (vi) about
100 mM 2-amino-2-hydroxymethyl-propane-1,3-diol (TRIS); and (vii) about 0.1 mM EDTA; or (b) (i) about 3 M guanidine
thiocyanate; (ii) 1 mM TCEP; about 10 mM sodium citrate; (i) about 0.5% N-lauroyl sarcosine, sodium salt; (iv) about 0.0002%
of a silicone polymer; (v) about 100 mM TRIS; (vi) about 0.1 mM EDTA; and (vii) about 10% to about 25% ethanol (vol./vol.).

[0033] Because of the remarkable effectiveness of the disclosed formulations in readily killing, and lysing the cells, denaturing
the proteinaceous cellular components and inactivating enzymes such as endogenous and exogenous nucleases that are
deleterious to the preservation of intact nucleic acids, the inventors have demonstrated that in certain instances, substantially all
of the microorganisms present in a sample are killed and/or lysed within the first few minutes it is contacted with the composition.
In some instances, the killing and lysing of the cells is substantially complete within about 3 or about 4 or about 5 or so minutes
of contacting the sample with the composition. Likewise, in other instances, contacting the sample with the composition for a
period of about 6, or about 7, or about 8, or about 9, or about 10 minutes or so is sufficient to substantially kill and/or lyse all of
the pathogens that may be present in the collected sample. Likewise, substantially all of the proteins, enzymes, nucleases, and
the like liberated from the lysed cells present in a sample are substantially all inactivated and/or denatured within only a few
minutes of contacting the sample with the composition.

[0034] Preferably the samples will be of biological, clinical, veterinary, or environmental origin, and in certain embodiments, the
samples are preferably of human origin, and in particular, from humans that have, are suspected of having, or are at risk for
developing a microbial infection, such as a tubercular infection caused by one or more strains or species of the genus
Mycobacterium. The individuals from which the samples are taken may be patients that also have, are suspected of having, or
are at risk for developing one or more secondary or tertiary medical conditions, and in particular, a secondary and/or tertiary
infection by one or more non-pathogenic species of bacteria, or one or more pathogenic species of fungal or viral origin, or any
combination thereof.



DK/EP 2702192 T3

[0035] Preferably the population of nucleic acid segments contained with the plurality of isolated and purified polynucleotides
obtained from a sample will be suitable for primer-dependent amplification, and particularly so, when the polynucleotides are
stored in the composition for a period of about 1 to about 90 days between the time of sample collection and molecular analysis,
even when stored at less-than-ideal storage conditions, including, for example, storage under ambient temperature of about 0°C
to about 40°C, preferably at ambient temperatures.

[0036] In some examples, the method further includes the step of detecting within the obtained population of pathogen-specific
polynucleotides the presence of at least a first pathogen-specific nucleic acid segment by contacting the population with a
labeled oligonucleotide detection probe, wherein the presence of a labeled hybridization product is indicative of the presence of
one or more pathogen-specific nucleic acid segments in the obtained population of polynucleotides.

[0037] In exemplary examples, the labeled oligonucleotide detection probe includes at least a first sequence region that consists
of the sequence of SEQ ID NO:4 or SEQ ID NO:7. The composition may further initially include a known quantity of at least a first
internal positive control nucleic acid segment of about 50 to about 500, alternatively, about 70 to about 250, or alternatively still,
about 90 to about 150 nucleotides in length, wherein the internal positive control nucleic acid segment does not substantially
hybridize to genomic nucleic acids of the host from which the sample was obtained, nor to genomic nucleic acids of a pathogen.
Such IPCs are disclosed herein in detail, and may include a single-stranded DNA, a double-stranded DNA, a single-stranded
RNA, a double-stranded RNA, or a double-stranded DNA:RNA hybrid. In certain embodiments, the IPC nucleic acid segment
includes an at least 40-contiguous nucleotide sequence, an at least 50-contiguous nucleotide sequence, an at least 60-
contiguous nucleotide sequence, an at least 70-contiguous nucleotide sequence, or an at least 80-contiguous nucleotide
sequence from SEQ ID NO:8, or the complement thereof.

[0038] In exemplary examples, the IPC includes: (a) a first sequence domain that specifically binds to a labeled oligonucleotide
detection probe of from about 15 to about 40 nucleotides in length, from about 18 to about 35 nucleotides in length, or from
about 20 to about 30 nucleotides in length, that is specific for the first internal positive control nucleic acid segment; (b) a second
sequence domain that specifically binds to a forward PCR amplification primer of about 15 to about 45 nucleotides in length,
about 25 to about 35 nucleotides in length, or about 20 to about 30 nucleotides in length; and (c) a third sequence domain that
specifically binds to a reverse PCR amplification primer of about 15 to about 45 nucleotides in length, about 18 to about 40
nucleotides in length, about 21 to about 35 nucleotides in length, or about 24 to about 30 nucleotides in length, wherein the
second and third sequence domains are operably positioned upstream, and downstream, respectively, of the first sequence
domain to facilitate a PCR-directed amplification of at least a first portion of the internal positive control nucleic acid segment
from the forward and reverse primers under conditions effective to amplify the at least a first portion.

[0039] The method may also preferably further include at least the steps of (a) performing at least one thermal cycling step,
wherein the cycling comprises at least a first amplifying step and at least a first hybridizing step, wherein the at least a first
amplifying step comprises contacting the obtained population of polynucleotides with a composition that comprises at least a pair
of distinct, independently-selected, specific amplification primers, a thermostable polymerase, a first osmolarity agent comprising
betaine or another cationic functionalized zwitterionic compound, at least a first reference dye, and a plurality of deoxynucleoside
triphosphates to produce at least a first pathogen-specific amplification product; and (b) detecting the presence of the
amplification product so produced by contacting it with a first labeled pathogen-specific oligonucleotide detection probe, wherein
the presence of a labeled hybridization product is indicative of the presence of one or more pathogen-specific nucleic acid
segments in the obtained population of polynucleotides. In such examples, the pair of distinct, independently-selected,
pathogen-specific amplification primers may preferably include a first oligonucleotide primer of 18 to about 30 nucleotides in
length, and a second oligonucleotide primer of 18 to about 30 nucleotides in length, wherein each of the first and second primers
specifically hybridize to a first, and a second distinct sequence region, respectively. For the detection and identification of
Mycobacteria, preferably the pair of primers comprises the sequence of 5'-SEQ ID NO:1 or the complement thereof.

[0040] In related examples, the method of the present invention may further optionally include the step of performing a primer-
dependent amplification of at least a first sequence region of the internal positive control nucleic acid segment in the obtained
population of polynucleotides, and quantitating the amount of the internal positive control nucleic acid segment present in the
obtained population of polynucleotides.

[0041] Likewise, the method may further optionally include the step of comparing the amount of the internal positive control
nucleic acid segment present in the composition at one or more steps along the analytical process, to the amount of IPC that
was present in the original composition before the sample was initially added to the lysis/storage/transport medium, or to the
amount of target nucleic acids that were present in the original composition. Such comparison may serve to demonstrate that the
amount of IPC still contained in the sample in a downstream point of assay is comparable to, or substantially the same as, the
known amount of IPC that was present in the MTM composition before the sample was added to it, and may serve to quantitate
the amount of target nucleic acids of interest in the collected samples, or downstream assayed components. Such information
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may also be indicative of the amount of the nucleic acids remaining in the sample as compared to what was originally present,
and may provide an estimate of the degree of sample degradation of the polynucleotides originally present over time.

[0042] In some applications of the present technology, the primer-dependent amplification of the least a first sequence region of
the internal positive control nucleic acid segment is performed subsequent to the amplification of the pathogen-specific nucleic
acid segment, while in other aspects, the primer-dependent amplification of the least a first sequence region of the internal
positive control nucleic acid segment is performed substantially simultaneously with the amplification of the pathogen-specific
nucleic acid segment.

[0043] The amplification product of the internal positive control nucleic acid segment may be detected with a suitable
oligonucleotide detection probe comprising a first detectable label, and the amplification product of the pathogen-specific nucleic
acid segment is detected with an oligonucleotide detection probe comprising a second distinct detectable label.

[0044] Such method may also further optionally include detecting the presence of one or more drug resistance genes within the
population of obtained polynucleotides.

[0045] Described herein is a primer-dependent amplification reaction-compatible composition that preferably includes (a) one or
more buffers; (b) one or more osmolarity agents; (c) one or more albumin proteins; (d) one or more chelators; (e) one or more
salts; (f) at least a pair of distinct, independently-selected, pathogen-specific amplification primers, wherein each of the first and
second primers specifically hybridize to a first, and a second distinct sequence region; (g) a pathogen-specific oligonucleotide
detection probe comprising a first detectable label, that specifically hybridizes to a third sequence region; (h) at least one primer-
dependent amplification reaction-capable thermostable polymerase; and (i) a plurality of deoxynucleoside triphosphates, each
present in an amount sufficient to enable the amplification of at least a first pathogen-specific amplification product.
Compositions that are thermal-cycling ready (e.g., PCR ready) may be maintained in ready-to-use concentrations, or in
concentrated forms such as, for example, 2x, 5x, 10x, 20x 25x, 30x, or greater as convenient or necessary for the particular
application.

[0046] In illustrative examples, (a) the one or more buffers preferably include tris(hydroxymethyl)aminomethane (TRIS); (b) the
one or more polymerase chain reaction osmolarity agents preferably include N,N,N-trimethylglycine (betaine), dimethyl sulfoxide
(DMSO), foramide, glycerol, nonionic detergents, bovine serum albumin (BSA), polyethylene glycol, tetramethylammonium
chloride, or any combination thereof; (c) one or more albumin proteins preferably BSA, HAS or any mammalian albumin; (d) the
one or more chelators preferably include ethylene glycol tetraacetic acid, hydroxyethylethylenediaminetriacetic acid, diethylene
triamine pentaacetic acid, N,N-bis(carboxymethyl)glycine, ethylenediaminetetraacetic, citrate anhydrous, sodium citrate, calcium
citrate, ammonium citrate, ammonium bicitrate, citric acid, diammonium citrate, ferric ammonium citrate, lithium citrate, or any
combination thereof; and (e) the one or more salts preferably include potassium chloride, magnesium sulfate, potassium
glutamate, or any combination thereof, and the pair of primers preferably includes: (i) a first oligonucleotide primer of 18 to about
30 nucleotides in length that preferably includes at least a first sequence region that consists of a sequence that is at least 95%
identical to the pathogen-specific nucleic acid sequence; and (ii) a second oligonucleotide primer of 18 to about 30 nucleotides in
length that preferably includes at least a first sequence region that consists of a sequence that is at least about 90% identical,
preferably at least about 95% identical to, and more preferably, at least about 98% identical the pathogen-specific nucleic acid
sequence, or a complement thereof.

[0047] The pathogen-specific oligonucleotide detection probe preferably is from 24 to about 35 nucleotides in length, and more
preferably includes at least a first sequence region that consists of a sequence that is at least 85% identical, at least 90%
identical, at least 95% identical, or at least 98% or greater identical to at least a first contiguous nucleic acid sequence from a
pathogen-specific sequence, or a complement thereof. The composition may further optionally include one or more internal
reference dyes compatible with a polymerase chain reaction, such as those that include one or more fluorophores, one or more
quenchers, one or more reporter molecules, one or more nucleic acid intercalating agents, or any combination thereof.

[0048] In illustrative embodiments, the composition at ready-to-use concentrations preferably includes (a) about 50 mM of TRIS;
(b) about 70 mM of potassium chloride; (c) about 3 mM of magnesium sulfate; (d) about 45 mM betaine; (e) about 0.03 pg/mL of
bovine serum albumin; (f) about 0.1 mM of EDTA; (g) about 0.01 uM to about 1 pM of dye; (h) about 4 pM of a first
oligonucleotide primer of 18 to about 30 nucleotides in length; (i) about 4 uM of a second oligonucleotide primer of 18 to about
30 nucleotides in length; (j) about 6 pM of a pathogen-specific oligonucleotide detection probe of 24 to about 35 nucleotides in
length; (k) about 1 unit of Tag polymerase; and (1) about 0.2 mM of deoxynucleoside triphosphates.

[0049] The detectable label may preferably include one or more radioactive labels, one or more luminescent labels, one or more
chemiluminescent labels, one or more fluorescent labels, one or more phosphorescent labels, one or more magnetic labels, one
or more spin-resonance labels, one or more enzymatic labels, or any combination thereof. Exemplary detectable labels include,
without limitation, fluorescein, 6-carboxyfluorescein (6-FAM), 6-carboxyfluorescein-N-succinimidyl ester (6-FAMSE), a VIC dye,
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or any combination thereof.

[0050] As noted herein, the invention also provides diagnostic kits that preferably include one or more of the compositions
disclosed herein, and instructions for using the kit in the detection of a pathogen-specific nucleic acid segment in an aqueous
sample; optionally the kit may further include (typically in a separate, distinct container), a first MTM composition that comprises:
a) one or more chaotropes; b) one or more detergents; c) one or more reducing agents; d) one or more chelators; and e) one or
more surfactants, each present in an amount to substantially kill or lyse one or more pathogenic or infected cells, or to denature
or inactivate one or more proteins, enzymes, or nucleases liberated there from when placed in the composition for an effective
amount of time. In certain embodiments, the kit may also further include (preferably within the MTM composition) a known
quantity of at least a first internal positive control nucleic acid segment (and preferably one of from about 50 to about 500
nucleotides in length), wherein the internal positive control nucleic acid segment does not substantially hybridize (and preferably,
does not specifically hybridize) to the genomic nucleic acids of the host from which the sample was obtained, nor to genomic
nucleic acids of the one or more microbiological pathogens suspected within the sample. As noted herein, such kits may also
further optionally include one or more extraction apparatuses for isolating and purifying the population of polynucleotides from
the lysed/liberated/denatured sample contacted with the MTM formulation. Such an extraction apparatus may be a portable,
bench-top, or even a handheld device that preferably includes: (i) a filtration vessel that has at least one receiving end and that
comprises a membrane filter adapted to bind the population of polynucleotides thereto, wherein the membrane filter is disposed
at least substantially across a width of the filtration vessel and at least partially therein; and (ii) a volume-dispensing mechanism
adapted to controllably dispense and forcibly inject an amount of liquid operably associated with the filtration vessel to filter the
liquid there through; and b) instructions for using the extraction apparatus to obtain the population of purified polynucleotides
from an aqueous sample suspected of comprising at least a first pathogen.

[0051] The compositions, kits and methods described herein advantageously improve conventional specimen collection, ensure
lysis of any microbial pathogens contained therein, and facilitate safe and effective transport and storage of such samples from
the point of collection to the point of identification and assay. Moreover, the molecular transport media compositions disclosed
herein facilitate stabilization of nucleic acids liberated from the collected microorganisms, as well as maintain the fidelity and
preserve the integrity of the liberated nucleic acids for extended periods of time, even under ambient, or less-than-ideal storage
conditions.

[0052] Accordingly, the composition described herein advantageously provides a collection and preservation formulation that
lyses biological pathogens, stabilizes the liberated nucleic acids (both RNAs and DNAs), and preferably at least substantially
maintains, and preferably entirely maintains, the integrity of the collected polynucleotides such that at least a first portion of
which is readily available, and ideally suited for downstream molecular diagnostic analysis of the nucleic acids contained within
the collected specimen.

[0053] The "one-step" isolation/storage/transport formulations described herein advantageously accomplish at least one or
more, and preferably, all of, the following principal functions: inactivation or killing of pathogens within the sample; lysis of cells
and release of nucleic acids from within the cells; inactivation of cellular enzymes, including endogenous and exogenous
nucleases, to prevent degradation of the liberated nucleic acids; facilitation of facile collection and safe handling/transport of the
sample of isolated polynucleotides at ambient temperatures for extended periods of time without the need for refrigeration or
conventional sub-zero storage temperatures; effective stabilization of the nucleic acids during subsequent handling, transport
and/or storage of the sample; and preservation and/or maintenance of the integrity of at least a first portion of the population of
polynucleotides contained therein for a time sufficient to permit molecular characterization and identification of at least a first
nucleic acid segment contained therein.

[0054] In particular aspects as described herein, and particularly when performing the method for the analysis of specimens that
are acquired in either remote or “field" sites, the molecular transport medium (MTM) compositions of the present invention
preferably stabilize the collected biological sample for at least a period of time sufficient to facilitate subsequent molecular
analysis, without substantial degradation or loss of at least a first population of nucleic acids obtained from the collected sample.
Preferably, the MTM compositions herein facilitate collection/transport/storage of the biological specimens collected therein for
extended periods of time (from a few hours to a few days, or even a few weeks or months or more) at ambient environmental
temperatures, such that the collected samples do not require refrigeration and/or freezing in order to preserve them for
subsequent molecular testing. More preferably still, the MTM formulations described herein stabilize and preserve the collected
nucleic acids in sufficient fashion to permit subsequent amplification and identification of at least a first nucleic acid sequence
from at least a first microbial pathogen present in the collected sample.

[0055] In illustrative examples, the MTM formulations described herein further optionally include at least a first internal positive
control (IPC) to facilitate improved recovery of the microbial-specific polynucleotides, and to permit determination of sequence
fidelity and preservation of the collected specimen. Exemplary known polynucleotide sequences may be present in the collection
reagent at the time of specimen collection, and the subsequent analysis of this known quantity of IPC may be used to accurately
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monitor the fidelity of the population of polynucleotides throughout the collection/transport/analysis phases of the described
identification methods.

[0056] Exemplary pathogens to be identified using the transport media described herein include, but are not limited to, one or
more mycobacteria, including, without limitation, one or more species or strains of the genus Mycobacterium, including one or
more causal agents of tuberculosis.

[0057] The integrity of the population of polynucleotides is at least substantially maintained, and the population of
polynucleotides remains substantially non-degraded, when the population of polynucleotides is stored at a temperature of about
10°C to about 40°C for a period of about 1 to about 30 days prior to the step of thermal cycling in the composition that includes
(a)(i) about 3 M guanidine thiocyanate; (ii) about 1 mM TCEP; (iii) about 10 mM sodium citrate; (iv) about 0.5% N-lauroy!
sarcosine; (v) about 0.0002% silicone polymer; (vi) about 100 mM 2-amino-2-hydroxymethyl-propane-1,3-diol (TRIS); and (vii)
about 0.1 mM EDTA,; or (b) (i) about 3 M guanidine thiocyanate; (ii) 1 mM TCEP; about 10 mM sodium citrate; (iii) about 0.5% N-
lauroyl sarcosine, sodium salt; (iv) about 0.0002% of a silicone polymer; (v) about 100 mM TRIS; (vi) about 0.1 mM EDTA; and
(vii) about 10% to about 25% ethanol (vol./vol.). In some examples, the integrity of the population of polynucleotides is at least
substantially maintained, and the population of polynucleotides remains substantially non-degraded, when the composition
containing the population of polynucleotides is stored at a temperature of from about 10°C to about 40°C for a period of from
about 1 to about 7 days or from a period from about 7 days to about 14 days, or 14 days to about 28 days.

[0058] In particular examples, the integrity of the polynucleotides within the population is substantially maintained such that at
least about 75%, or at least about 80%, at least about 85% or at least about 90%, at least about 95%, at least about 98% and in
some instances at least about 99%, of the initial polynucleotides remain at least substantially full-length upon storage of the
composition at a temperature of about 10°C to about 40°C for a period of about 1 to about 30 days, and, in some embodiments
for a period about 1 to 14 days.

[0059] The population of polynucleotides so analyzed will preferably be obtained from a biological sample, with biological
samples obtained from a mammal (including e.g., humans, non-human primates, domesticated livestock, and the like). Samples
may be obtained at any suitable time prior to the amplification protocol, and subsequent detection of amplification products, but
in particular aspects, the time between sample collection, isolation of a population of polynucleotides from the sample, and the
amplification/detection analysis of the target nucleic acids of interest is quite short, such as, on the order of minutes to hours
from specimen collection to amplification product detection, while in other embodiments, the amplification/detection analysis of
the target nucleic acids of interest may be longer.

[0060] In one example described herein, a method of collecting a biological sample suspected of containing at least a first
population of polynucleotides isolated from a pathogen includes: placing the biological sample in a first collection device that
contains at least a first solution comprising a) one or more chaotropes; b) one or more detergents; c) one or more reducing
agents; d) one or more chelators; and e) one or more surfactants, each present in an amount sufficient to denature one or more
proteins, or inactivate one or more nucleases; wherein the collection solution kills, inactivates or decontaminates any pathogens
that are present in the specimen for safe handling and transport; and wherein the integrity of the population of polynucleotides is
at least substantially maintained and the population of polynucleotides remains substantially non-degraded when the collection
solution containing the population of polynucleotides is stored at a temperature of about 10°C to about 40°C for a period of
about 1 to about 42 days prior to extracting the population of polynucleotides from the collection solution.

[0061] In a further example, the killing, inactivation or decontamination occurs within about five minutes or less of coming into
contact with the collection solution. In some examples, the killing, inactivation or decontamination occurs within about two
minutes of coming into contact with the collection solution. In other examples, the killing, inactivation or decontamination occurs
within about one minute of coming into contact with the collection solution.

[0062] In some examples, the population of polynucleotides obtained from the biological sample is further analyzed. The
invention provides a reagent mix for detection of a microbial sequence, the reagent mix including microbe-specific primers, one
or more probes, and one or more enzymes, present in a mixture that is at least substantially stable at ambient temperature and
is adapted and configured for use with a polymerase chain reaction (PCR) device. In one embodiment, the reagent mix is
substantially stable at ambient temperature for at least about 5 days and up to two weeks. In another embodiment, the detection
of the microbial sequence occurs within about 90 minutes after the microbial sequence is extracted from a sample. The reagent
mix can be used to identify a microbial sequence. The reagent mix of the present invention, also referred to herein as a
"PrimeMix®," and in some instances "PrimeMix® Universal MTB," can also be used to identify strains of a viral or bacterial
sequence, or even species-specific tuberculin strains.

[0063] Described herein is a composition including at least one microbial-specific nucleic acid sequence or a biological sample
suspected of containing at least one microbial-specific nucleic acid sequence; a solution comprising: (i) one or more buffers
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(each preferably present in the composition in an amount from about 1 mM to about 1M); (ii) one or more osmolarity agents or
albumin proteins at least one of which comprises betaine (each preferably present in the composition in an amount from about 1
mM to about 1M); (iii) one or more chelators (each preferably present in the composition in an amount from about 0.01 mM to
about 1 mM); (iv) one or more reference dyes (each preferably present in the composition in an amount from about 0.01 uM to
about 50 mM, more preferably about 0.02 uM to about 1 puM); and (v) one or more salts (each preferably present in the
composition in an amount from about 50 mM to about 1 M); and a first pair of pathogen-specific amplification primers. In some
examples, the composition further includes a pathogen-specific probe. In one example, the reference dye is present in an
amount of about 0.01 pM to about 1 pM. Preferably the composition includes one or more salts. The salts are preferably
potassium chloride, magnesium chloride, magnesium sulfate, potassium glutamate, or any combination thereof. Preferably, the
concentration of salt in the composition is between about 0.5 mM and about 50 mM.

[0064] The inclusion of one or more buffers is desirable to control the pH of the formulations which stabilizes the nucleic acids
and the enzymes. A preferred pH range is from about 6.0 to about 9.5, preferably between about 6.5 and about 8.0, and more
preferably between bout 6.5 and about 7.5. Preferably, the pH of the buffer and/or the overall composition is within one unit of
the pKa of the buffer, more preferably within about 0.5 units, more preferably within about 0.2 units and more preferably within
about 0.1 units, all as measured at a selected temperature, preferably an ambient temperature. Exemplary buffers include,
without limitation, tris(hydroxymethyl) aminomethane (Tris), citrate, 2-(N-morpholino)ethanesulfonic acid (MES), N,N-Bis(2-
hydroxyethyl)-2-aminoethanesulfonic acid (BES), 1,3-bis(tris(hydroxymethyl) methylamino)propane (Bis-Tris), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 3-(N-morpholino)propanesulfonic acid (MOPS), N,N-bis(2-hydroxyethyl)
glycine (Bicine), N-[tris(hydroxymethyl)methyl]glycine (Tricine), N-2-acetamido-2-iminodiacetic acid (ADA), N-(2-acetamido)-2-
aminoethanesulfonic acid (ACES), piperazine-1,4-bis(2-ethanesulfonic acid) (PIPES), bicarbonate, phosphate, or any
combination thereof. In a preferred embodiment, the buffer includes TRIS.

[0065] At least a first osmolarity agent can be used within the method to optimize reaction conditions, especially when a high
content of guanine and cytosine are present in the sequences, and can include, without limitation, betaine, trimethylglycine,
glycine betaine, dimethylsulfoxide (DMSO), foramide, deoxyinosine, glycerine, 7-deaza deoxyguanosine triphosphate, or sodium
hydroxide, or any combination thereof.

[0066] Exemplary chelators include, without limitation, ethylene glycol tetraacetic acid (EGTA),
hydroxyethylethylenediaminetriacetic acid (HEDTA), diethylene triamine pentaacetic acid (DTPA), N,N-bis(carboxymethyl)glycine
(NTA), ethylenediaminetetraacetic (EDTA), citrate anhydrous, sodium citrate, calcium citrate, ammonium citrate, ammonium
bicitrate, citric acid, diammonium citrate, potassium citrate, magnesium citrate, ferric ammonium citrate, lithium citrate, or any
combination thereof. In preferred examples, the chelator includes EDTA, a citrate, or a combination thereof. In a more preferred
examples, the chelator includes EDTA.

[0067] At least a first reference dye, preferably an inert chemical, can optionally be used within the method to normalize the
results obtained when using fluorescent compounds, such as those used in FRET technologies. The reference dye, when
included, can provide an internal reference to which the reporter dye signal can be normalized. Such a reference dye can
include, without limitation, passive reference dyes such as fluorescein, 5-carboxy-X-rhodamine and commercial formulations
such as ROX™ or a combination thereof. In a more preferred example, the reference dye includes ROX™.

[0068] Preferably, the compositions further include the addition of deoxynucleotide triphosphates (dNTPs), such as
deoxyadenosine triphosphate, deoxyguanosine triphosphate, deoxycytidine triphosphate, deoxythymidine triphosphate, or
deoxyurosine triphosphate, or a combination thereof, in an amount from about 0.1 mM to about 50 mM.

[0069] The compositions of the invention further include one or more additional compounds or reagents including, but not limited
to, albumin. Albumin refers generally to any protein that is water soluble, is moderately soluble in concentrated salt solutions,
and experiences heat denaturation. Albumins are commonly found in blood plasma and are unique from other blood proteins in
that they are not glycosylated. Preferably the albumin is bovine serum albumin (BSA), magnesium sulfate, water and acids or
bases, such as hydrochloric acid and sodium hydroxide. The acids or bases can be added to the final solution to adjust the pH.
Preferably, BSA is added in a concentration of about 0.01 pg/pL to about 0.5 pg/pL.

[0070] The compositions of the invention further include one or more polymerases. The one or more polymerases can include,
but are not limited to, Taq polymerase, and high fidelity polymerases. Preferably as described herein, the one or more
polymerases are present in an amount of about 1 U of enzyme to about 10 through about 50 pL of final solution.

[0071] In particular embodiments, the composition will further preferably include at least a first oligonucleotide detection probe
that includes a radioactive, luminescent, chemiluminescent, fluorescent, enzymatic, magnetic, or spin-resonance label, or
combination thereof. Fluorescent labels can include fluoroscein, 6-carboxyfluorescein (6-FAM), or 6-carboxyfluorescein-N-
succinimidyl ester (6-FAMSE), or the like, or a combination thereof. Preferred primer and/or probe concentration for each nucleic
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acid is between about 1 pmol and about 10 pM.

[0072] The invention further provides for a method for detecting the presence or absence of a pathogen-specific nucleic acid
segment in a population of polynucleotides obtained from a biological sample, the method including: (a) performing at least one
thermal cycling step, wherein the cycling comprises at least a first amplifying step and at least a first hybridizing step, wherein the
at least a first amplifying step comprises contacting a population of polynucleotides obtained from a biological sample suspected
of containing a pathogen-specific nucleic acid segment with a composition that comprises at least a pair of distinct,
independently-selected, pathogen-specific amplification primers, a polymerase, a first osmolarity agent comprising betaine,
optionally (but preferably) at least a first reference dye, and a plurality of deoxynucleoside triphosphates to produce a pathogen-
specific amplification product when a pathogen-specific nucleic acid segment is present in the sample; and (b) detecting the
presence of the amplification product by contacting the amplification product with a pathogen-specific oligonucleotide detection
probe comprising a first detectable label, wherein the presence of a labeled hybridization product is indicative of the presence of
one or more pathogen-specific nucleic acid segments in the population of polynucleotides, wherein the pair of distinct,
independently-selected, pathogen-specific amplification primers comprises a first oligonucleotide primer of 18 to about 30
nucleotides in length, and a second oligonucleotide primer of 18 to about 30 nucleotides in length, wherein each of the first and
second primers specifically hybridize to a first, and a second distinct sequence region, respectively, within the pathogen-specific
sequence, or the complement or reverse complement thereof.

[0073] Exemplary formulations of the Mycobacterium PrimeMix® of the invention are described in the examples herein, and
include, without limitation, a composition that includes: (a) about 1 U of Taq Polymerase; (b) about 6 pM of the detection probe
which includes a nucleic acid sequence that comprises, consists essentially of, or alternatively consists of, the nucleic acid
sequence of 5'- ACCAGCACCTAACCGGCTGTGGGTA -3' (SEQ ID NO:4), or 5- AGGGTTCGCCTACGTGGCCTTTGT -3' (SEQ
ID NO:7); (c) about 4 pM of a reverse oligonucleotide primer of less than about 50, preferably less than about 40, and more
preferably still, less than about 30 nucleotides in length that comprises, consists essentially of, or alternatively, consists of, a
nucleic acid sequence that is at least 98% identical to one or more of the sequences of ACAAAGGCCACGTAGGCGA -3' (SEQ ID
NO:3), or 5-ACCGACGCCTACGTCGCA -3' (SEQ ID NO:6), or the complement thereof; (d) about 4 pM of a forward
oligonucleotide primer of less than about 50, preferably less than about 40, and more preferably still, less than about 30
nucleotides in length that comprises, consists essentially of, or alternatively, consists of, a nucleic acid sequence that is at least
98% identical to one or more of the sequences of 5- CTCGTCCAGCGCCGCTTC -3' (SEQ ID NO:2), or 5'-
ACCAGCACCTAACCGGCT -3' (SEQ ID NO:5), or the complement thereof; (e) about 50 mM of Tris; (f) about 70 mM of KCI; (g)
about 3 mM of MgS04; (h) about 45 mM of Betaine; (i) about 0.05 uM of ROX or comparable reference dye; (j) about 0.025 ug/
ul of ultra pure BSA; (k) about 0.2 mM of dNTPs; and (1) about 0.1 mM of EDTA.

[0074] A further embodiment of the invention includes a method for detection of a microbial sequence that includes obtaining
genomic nucleic acid from a biological sample and assaying the genomic material by adding the nucleic acid to the reagent mix
of one or more microbe-specific primers, probes, or enzymes, or a combination thereof, wherein the mix is substantially stable at
room temperature and is adapted for use with a PCR device. In another embodiment, the PCR device includes fluorescence
detection equipment for real-time PCR detection.

[0075] The invention provides a method for detecting the presence or absence of a Mycobacterial-specific nucleic acid segment,
and in particular aspects, provides a method for detecting the presence or absence of a particular type, subtype, or strain of M.
tuberculosis. In exemplary embodiments, the invention provides a method of identifying Mycobacterial species and strains that
contain one or more 1S6110-specific nucleic acid segments in a population of polynucleotides that is preferably obtained from a
biological sample.

[0076] In another aspect, the present invention provides a method for rapidly detecting in a biological sample, a particular
polynucleotide sequence, such as that of the Mycobacterium-specific IS67110 sequence. In an overall and general sense, this
method comprises amplification of a population of nucleotides suspected of containing the particular sequence using
conventional methods such as PCR and forward and reverse primers that are specific for the target sequence, hybridization of a
specific probe set with the resulting single-stranded PCR product, performing melting curve analysis and analyzing the T,

change of the hybrid of the single-stranded PCR product with the hybridization probes.

[0077] The label on the probe can include, without limitation, radioactive, luminescent, chemiluminescent, fluorescent,
enzymatic, magnetic, or spin-resonance labels known to those of ordinary skill in the molecular arts. In illustrative embodiments,
the labeled probe contains at least a first minor groove binder. One such method for the detection of polynucleotides using a
labeled "probe" sequence utilizes the process of fluorescence resonance energy transfer (FRET). Exemplary FRET detection
methodologies often involve pairs of fluorophores comprising a donor fluorophore and acceptor fluorophore, wherein the donor
fluorophore is capable of transferring resonance energy to the acceptor fluorophore. In exemplary FRET assays, the absorption
spectrum of the donor fluorophore does not substantially overlap the absorption spectrum of the acceptor fluorophore. As used
herein, "a donor oligonucleotide probe" refers to an oligonucleotide that is labeled with a donor fluorophore of a fluorescent
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resonance energy transfer pair. As used herein, "an acceptor oligonucleotide probe" refers to an oligonucleotide that is labeled
with an acceptor fluorophore of a fluorescent resonance energy transfer pair. As used herein, a "FRET oligonucleotide pair*" will
typically comprise an "anchor" or "donor" oligonucleotide probe and an "acceptor" or "sensor" oligonucleotide probe, and such
pair forms a FRET relationship when the donor oligonucleotide probe and the acceptor oligonucleotide probe are both hybridized
to their complementary target nucleic acid sequences. Acceptable fluorophore pairs for use as fluorescent resonance energy
transfer pairs are well known to those of ordinary skill in the art and include, but are not limited to, fluorescein/rhodamine,
phycoerythrin/Cy7, fluorescein/Cy5, fluorescein/Cy5.5, fluorescein/LC Red 640, and fluorescein/LC Red 705, and the like.

[0078] In the regular practice of the method, one may also perform the cycling step on one or more "negative" and/or "positive"
control sample(s) as is routinely done in the molecular genetic assay arts to ensure integrity, fidelity, and accuracy of the method.
The use of such controls is routine to those of ordinary skill in the art and need not be further described herein. Likewise, in the
practice of the invention, it may also be desirable to incorporate one or more known “internal positive controls" (IPCs) into the
population of polynucleotides to be isolated, to further ensure the integrity, fidelity, and/or accuracy of the disclosed method.

[0079] In certain embodiments, the addition of nucleic acids (e.g., RNA and/or DNA) is contemplated to be beneficial for a variety
of purposes and applications of the disclosed methods: a) as a “carrier" (The addition of small amounts of supplemental
RNA/DNA has been previously been shown to augment/increase the overall yield of samples/specimens, particularly original
specimens that may contain low amounts of target, ie., cells, viruses, bacteria); b) as an IPC for downstream molecular
processes and to track or monitor the fidelity of the nucleic acid preparation from sample collection to detection; and c) for
comparison to a ‘calibrator’ for downstream quantitative analysis, e.g., QRT-PCR and the like. In such embodiments, one or more
known or “control" nucleic acids could be added to the compositions in a final concentration of from about 1 ag to about 1 mg,
more preferably from about 1 fg to about 1 pg, and more preferably still, from about 1 pg to about 1 ng.

[0080] In an illustrative embodiment, the invention provides an isolated single-stranded (ss) or double-stranded (ds) RNA, DNA,
PNA, or hybrid thereof that is useful: (a) as a carrier molecule for aiding in the recovery of polynucleotides from a biological
sample suspected of containing nucleic acids, and/or (b) as an IPC (i.e., a "known," “reporter," “control," "standard," or "marker")
sequence to monitor the integrity and fidelity of specimen collection and polynucleotide isolation/stabilization. In certain
embodiments, the invention provides an isolated ds-RNA, ds-DNA, ds-PNA, or a hybrid thereof that is useful as a carrier
molecule and/or an IPC. In other embodiments, the invention provides an isolated ssRNA, ssDNA, ssPNA, or a hybrid thereof
that is useful as a carrier molecule and/or as an IPC sequence. In exemplary embodiments, the invention provides an isolated
ssRNA molecule that is useful as both a carrier molecule and an IPC sequence.

[0081] Such molecules can be isolated from natural sources, prepared in the laboratory, or alternatively, a hybrid containing both
native- and non-native sequences. As noted herein, because the compositions of the invention are particularly useful for the
isolation and characterization of biological specimens obtained from mammalian (and in particular, human) sources that are
suspected of containing polynucleotides of pathogen-origin, it is preferable that the sequence(s) employed as carrier and/or
positive control compounds substantially contain a primary nucleotide sequence that is not ordinarily found within the genome of
a mammal, or within the genome of an organism that is pathogenic to such a mammal. Exemplary mammals include, without
limitation, bovines, ovines, porcines, lupines, canines, equines, felines, ursines, murines, leonines, leporines, hircines, and non-
human primates.

[0082] Preferably, this non-mammalian, non-pathogen-specific carrier/reporter sequence is not cross-reactive, i.e., does not
substantially, or preferably, does not, hybridize to, mammalian or pathogen-specific sequences, and as such, non-coding, non-
degenerate (i.e., nonsense) sequences are particularly preferred in the formulation of control/ carrier sequences to minimize
hybridization of the control/carrier sequence to a member of the isolated population of polynucleotides obtained from the
collected specimen. Exemplary carrier/control sequences therefore, do not substantially, or preferably, does not, bind (e.g.,
hybridize under stringent hybridization conditions) to a population of polynucleotides isolated from a mammalian genome, or to a
population of polynucleotides isolated from the genome of a bacterium, fungus, virus that is pathogenic to a mammal. Exemplary
stringent hybridization conditions known to those of ordinary skill in the art include, without limitation, (a) pre-washing in a
solution containing about 5X SSC, 0.5% SDS, and 1.0 mM EDTA (pH 8.0); (b) hybridizing at a temperature of from about 60°C to
about 70°C in 5X SSC overnight; and (c) subsequently washing at about 65 to about 70°C for 20 min. with each of 2X, 0.5X and
0.2X SSC containing 0.1% SDS), or equivalent hybridization conditions thereto.

[0083] Another aspect of the invention provides for a reagent mixture incorporating the aforementioned primers and probes, and
kits comprising such compositions for performance of a thermal cycling amplification method. In one embodiment, the invention
provides a diagnostic nucleic acid amplification/detection kit that generally includes, in a suitable container, a pathogen-specific
oligonucleotide amplification primer set as described herein, and instructions for using the primer set in a PCR amplification of a
population of polynucleotides obtained from a biological sample or specimen. Such kits may further optionally include, in the
same, or in distinct containers, an oligonucleotide detection probe that specifically binds to the amplification product produced
from PCR amplification of a population of polynucleotides obtained from a biological sample or specimen that contains, or is
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suspected of containing, a pathogen-specific nucleic acid segment. Such kits may also further optionally include, in the same, or
in a distinct container, any one or more of the reagents, diluents, enzymes, detectable labels (including without limitation, one or
more radioactive, luminescent, chemiluminescent, fluorescent, enzymatic, magnetic, or spin-resonance labels), dNTPs, and such
like that may be required to perform one or more thermal cycling amplifications of a population of polynucleotides as described
herein.

[0084] Another aspect of the description herein provides a kit for the collection and/or storage, and/or transport of the biological
sample prior to genetic analysis of the population of polynucleotides encompassed therein. The present description allows for a
minimal collection of biological material such as sputum, i.e., about 0.01 mL to about 25 mL may be used, preferably about 0.05
mL to about 10 mL, more preferably 0.1 mL to about 5 mL. In such examples, a kit preferably includes one or more buffers,
surfactants, chaotropes, DNAses, RNAses, or other such nucleic acid isolation and/or purification reagents as may be required to
prepare a sample for analysis, such as those described above.

[0085] In further examples, the kits of the invention may also optionally further include one or more extraction devices or
apparatuses, as described above, to facilitate the isolation or separation of the nucleic acids from the collected biological sample.
Kits of the invention may also optionally further include one or more portable, ruggedized, or field-employable thermal cycling,
PCR amplification systems and/or one or more systems, devices, or instruments to facilitate detection, quantitation, and/or
distribution of the detectable label(s) employed for visualization of the amplification products produced during the practice of the
method.

[0086] The diagnostic reagents and kits of the present invention may be packaged for commercial distribution, and may further
optionally include one or more collection, delivery, transportation, or storage devices for sample or specimen collection, handling,
or processing. The container(s) for such kits may typically include at least one vial, test tube, flask, bottle, specimen cup, or other
container, into which the composition(s) may be placed, and, preferably, suitably aliquotted for individual specimen collection,
transport, and storage. The kit may also include a larger container, such as a case, that includes the containers noted above,
along with other equipment, instructions, and the like. The kit may also optionally include one or more additional reagents,
buffers, or compounds, and may also further optionally include instructions for use of the kit in the collection of a clinical,
diagnostic, environmental, or forensic sample, as well as instructions for the storage and transport of such a sample once placed
in one or more of the disclosed compositions.

[0087] It is contemplated that in certain embodiments, the compositions disclosed herein may be formulated such that the entire
specimen collection and nucleic acid amplification/detection process may be accomplished in remote, field, battlefield, rural, or
otherwise non-laboratory conditions without significantly limiting the fidelity, accuracy, or efficiency of the amplification/detection
methodology. Such aspects of the invention provide particular advantages over conventional laborious
isolation/collection/transport/storage/analysis protocols that require several days to several weeks to achieve, and must often be
conducted under conditions that require refrigeration or freezing of the sample and/or assay reagents in order to properly
complete the analysis. By providing reagent mixtures that include a mixture with all of the necessary isolation, storage, and
polynucleotide stabilization components, as well as mixtures with all of the necessary reagents for amplification of selected target
nucleotides (including, without limitation, the amplification primers and detection probes described herein, alone or in
combination with one or more PCR buffers, diluents, reagents, polymerases, detectable labels, and such like), in a shelf-stable,
ambient-temperature facile reagent mix, significant cost savings, time-reduction, and other economies of scale may be achieved
using the present invention as compared to many of the conventional oligonucleotide probe-based thermal cycling assays
commercially available. When a real-time PCR methodology is employed for the amplification, the detecting may optionally
performed at the end of a given number of cycles, or alternatively, after one or more of each cycling step in the amplification
protocol.

[0088] The compositions and methods described herein are directed to the collection of a clinical or veterinary specimen or a
forensic or environmental sample collection system and may include one or more collection tools and one or more reagents for
efficiently: 1) obtaining a high yield of suitable specimen beyond what is currently available in the art; 2) inactivating potentially
infectious biological pathogens, such as members of the M. tuberculosis complex, so that they are no longer viable and can be
handled; shipped, or transported with minimal fear of pathogen release or contamination; or 3) effectively stabilizing and
preserving lysed 'naked' RNA/DNA polymers from hydrolysis or nuclease degradation for prolonged periods at ambient
temperatures until samples can be processed at a diagnostic laboratory, and preferably for achieving two or more, or all three, of
these goals. The collection solutions described herein provide the following benefits: inactivation, killing, and/or lysis of microbes,
viruses, or pathogens; destruction and/or inactivation of exogenous or endogenous nucleases, including, without limitation,
RNase and/or DNase; compatibility with a variety of conventional nucleic acid extraction, purification, and amplification systems;
preservation of RNA and/or DNA integrity within the sample; facilitation of transport and shipping at ambient or tropical
temperatures, even over extended periods of time, or extreme temperature variations; and suitability for short- (several hours to
several days), intermediate- (several days to several weeks), or long- (several weeks to several months) term storage of the
isolated nucleic acids. Suitable compositions (also referred to as "PrimeStore®") and methods can be found in commonly owned
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U.S. Patent Pub. No. 2009-0312285, filed October 1, 2008.

[0089] In exemplary examples, the integrity of a population of polynucleotides in the biological sample, and/or the fidelity of at
least a first sequence of at least one of the polynucleotides obtained from the sample is at least substantially maintained (i.e., at
least 75%, in some cases about 80%, in other embodiments at least about 85%, or even at least about 90%, at least about 95%
or at least about 98% of the nucleotides within the population are substantially full-length) when the composition including the
sample is stored at a temperature of from about -20°C to about 40°C, or from about -10°C to about 40°C, or from about 0°C to
about 40°C, or from about 10°C to about 40°C, for a period of from about 1 to about 7 days or longer; alternatively at a
temperature of from about -20°C to about 40°C, or from about -10°C to about 40°C, or from about 0°C to about 40°C, or from
about 10°C to about 40°C, for a period of from about 7 to about 14 days or longer; or alternatively at a temperature of from
about or from about -10°C to about 40°C, or from about 0°C to about 40°C, or from about 10°C to about 40°C or from about
20°C to about 40°C for a period of from about 14 to about 42 days or more. In addition, the integrity of the polynucleotides within
a population can be substantially maintained such that at least about 80% of the initial polynucleotides remain at least
substantially full-length upon storage of the composition at a temperature from about -20°C to about 40°C, preferably about
10°C to about 40°C, for a period of from about 1 to about 14 days or longer; or alternatively at a temperature of from about
-20°C to about 40°C, preferably about 10°C to about 40°C, for a period of from about 14 to about 42 days or longer.

[0090] Alternatively, the integrity of a population of polynucleotides in the biological sample is at least substantially maintained
such that at least about 80%, at least about 85%, at least about 90%, or at least about 95%, 96%, 97%, 98% or 99% or more of
the nucleotides within the population are present in the solution when compared to the amount present in the solution when the
sample was initially collected. In preferred examples, the integrity of the sample will be substantially maintained such that all or
almost all of the bacteria-specific polynucleotides present in the initial sample will be maintained (i.e., not detectably degraded)
over time.

[0091] In the practice of the disclosed methods, preferably from the time of collection to the time of isolating, purifying, or
characterizing a population of polynucleotides therein, less than about 20% of the population of polynucleotides originally present
in the collected sample will be degraded over time during subsequent storage. Preferably, substantially less than about 15% of
the population of polynucleotides originally present in the collected sample will be degraded over time during subsequent
storage, more preferably, less than about 10% of the population of polynucleotides originally present in the collected sample will
be degraded over time during subsequent storage, and more preferably still, less than about 5% of the population of
polynucleotides originally present in the collected sample will be degraded over time during subsequent storage. In particularly
preferred examples, not more than about 5%, about 4%, about 3%, about 2% or about 1% of the population of polynucleotides
originally present in the collected sample will be degraded over time during subsequent storage. Such high-integrity preservation
of sample quality is preferable, regardless of the conditions under which the sample is stored, and will be substantially
maintained for a period of time of at least about 1 day, at least about 5 days, at least about 7 days, at least about 14 days, at
least about 21 days, at least about 30 days, at least about 45 days, at least about 60 days, at least about 90 days, or even at
least about 120 days or more.

[0092] While the presence of, integrity of, or sequence fidelity of, a particular polynucleotide sequence obtained from, or utilized
in the practice of the present invention may be determined using any conventional methodology known to those of ordinary skill
in the molecular arts, in one embodiment, PCR amplification is utilized. Likewise, determination of the integrity of a
polynucleotide of interest may include determination of the PCR cycle threshold (Ct) under given conditions, and determination

of the sequence fidelity, qualitative integrity of collected nucleic acids may be determined by conventional DNA or RNA
sequencing methods, including, without limitation, the chemical-based methods of Maxam-Gilbert, the dideoxy chain termination
method of Sanger et al., the dye fluorophore-based method of Mathies et al., or pyrosequencing techniques as described by
Nyren and Ronaghi. For example, nucleotide sequencing may be conducted by cloning purified amplicons using a TOPO® 2.0
Cloning Kit (Invitrogen™) and then sequenced using the BigDye® Terminator v3.1 reagent kit. Unincorporated fluorescent
nucleotides can be removed using a DyeEx® 96-well plate kit per manufacturer's recommendations (Qiagen®). Nucleotide
sequencing could further be performed using an ABI 3100 Genetic Analyzer (ABI Inc., Foster City, CA, USA).

INTERNAL POSITIVE CONTROL (“IPC")

[0093] In some examples, the collection solution and methods may further include at least one internal positive control (IPC) to
monitor fidelity of the processed samples, to monitor the integrity and fidelity of specimen collection and polynucleotide
isolation/stabilization and/or to monitor downstream molecular processes or analysis. Methods include placing at least one IPC
nucleic acid segment into the collection solutions of the present invention or combining the IPC nucleic acid segment with the
extracted population of polynucleotides to monitor downstream molecular processing of the sample and/or extracted nucleic
acid. In some examples, the IPC is present as a component of the PrimeStore® solution and, as such is substantially stable, and
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substantially non-degraded when stored in the solution for extended time periods at ambient temperatures. In these instances,
the IPC may be considered part of the population of polynucleotides when extracted from the collection solution.

[0094] Preferably, the IPC sequence is not cross-reactive, i.e., does not substantially, or preferably, do(es) not, hybridize to,
mammalian or pathogen-specific sequences, and as such, non-coding, non-degenerate (i.e., nonsense) sequences are
particularly preferred in the formulation of control/ carrier sequences to minimize hybridization of the control/carrier sequence to
a member of the isolated population of polynucleotides obtained from the collected specimen. Exemplary carrier/control
sequences therefore, do not substantially, or preferably, do(es) not, bind (e.g., hybridize under stringent hybridization conditions)
to a population of polynucleotides isolated from a mammalian genome, or to a population of polynucleotides isolated from the
genome of a bacterium, fungus, protozoan, virus that is pathogenic to a mammal.

[0095] In certain examples, the invention provides an isolated single stranded (ss)-RNA, ssDNA, ss-PNA, double stranded (ds)-
RNA, ds-DNA, ds-PNA, or a hybrid thereof, that is useful as an IPC. In preferred examples, where the isolation and detection of
M. tuberculosis-complex specific nucleic acid is desired, a single stranded deoxyribonucleic acid segment is used. In illustrative
examples, the invention provides for IPC sequences that comprise, consist essentially of, or consists of, nucleic acid sequences
that are preferably at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, or at least about 99% or more identical to any one of SEQ ID NO:8, and SEQ ID NO:12 through
SEQ ID NO:21.

[0096] Where further molecular processing of the sample or extracted nucleic acid consists of identification of M. tuberculosis-
complex specific nucleic acids, the IPC sequences of the present invention should contain at least a first sequence domain that
specifically hybridizes (i.e., binds) to a suitably-detectable probe, including, without limitation, molecularly-labeled probes and
derivatives thereof. Exemplary labeled probes are those that include radioactive, luminescent, chemiluminescent, fluorescent,
enzymatic, magnetic, or spin-resonance labels known to those of ordinary skill in the molecular arts. In preferred embodiments,
the probe is labeled with 6-FAM or VIC™ dye. In illustrative embodiments, the labeled probe contains at least a first minor
groove binder. In further embodiments, wherein amplification strategies such as PCR will be employed, the IPC sequences of the
present invention contain at least a second sequence domain that specifically binds to a forward PCR amplification primer and a
third sequence domain that specifically binds to a reverse PCR amplification primer.

EXTRACTION OF NUCLEIC ACIDS FROM SOLUTIONS CONTAINING BIOLOGICAL SAMPLES AND THE COLLECTION
SOLUTION(S) OF THE INVENTION

[0097] Following collection of the population of polynucleotides from a biological sample, any method of nucleic acid extraction
or separation from the collection solution and microorganism debris, such as proteins, lipids and carbohydrates, may be
performed, as would be known to one of ordinary skill in the art, including, but not limited to, the use of the standard
phenol/chloroform purification, silica-based methods, and extraction methods based on magnetic glass particles. Compositions
and methods used in the present invention are compatible with most, if not all, commercially available nucleic acid extraction
compositions and methods, such as, but not limited to QiaAmp® DNA Mini kit (Qiagen®, Hilden, Germany), MagNA Pure 96
System (Roche Diagnostics, USA), and the NucliSENS® easyMAG® extraction system (bioMérieux, France). Generally, the
extracted genomic nucleic acid is present in an amount from about 0.1 microliters to about 10,000 microliters, more preferably
from about 1 microliter to about 1000 microliters, and more preferably from about 10 microliters to 100 microliters. An exemplary
amount of nucleic acid is 25 microliters.

[0098] In exemplary compositions and methods of PrimeMix®, the primers and probes of the invention are added to a particular
formulation so that PCR may be performed. Preferably, about 8 uM of forward and reverse primers, about 6 uM of probe and
about 1 unit of Tag are present in PrimeMix®. Exemplary concentration ranges of additional components of PrimeMix® can be
seen in Table 1A and PrimeStore® in Table IB.

TABLE 1A
FORMULATION RANGES OF EXEMPLARY COMPONENTS FOR THE PREPARATION OF PRIMEMIX®
COMPOSITIONS
Reagent Component Final
Concentration Ranges
1. One or more buffers, e.g.: about 1 mM to about 1 M

Tris, citrate, MES, BES, Bis-Tris, HEPES, MOPS, Bicine, Tricine, ADA,
ACES, PIPES, bicarbonate, phosphate

2. One or more polymerase chain reaction

osmolarity agents, cationic functionalized zwitterionic compounds, e.g.: about 1mM to about 1 M
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FORMULATION RANGES OF EXEMPLARY COMPONENTS FOR THE PREPARATION OF PRIMEMIX®
COMPOSITIONS

Reagent Component Final
Concentration Ranges

betaine, DMSO, foramide, glycerol, nonionic detergents, BSA, polyethylene
glycol, tetramethylammonium chloride

3. One or more chelators, e.g.: about 0.01 mM to about 1 mM
EGTA, HEDTA, DTPA, NTA, EDTA, citrate anhydrous, sodium citrate,
calcium citrate, ammonium citrate, ammonium bicitrate, citric acid,

diammonium citrate, potassium citrate, magnesium citrate, ferric ammonium
citrate, lithium citrate

4. One or more dyes, e.g.: about 0.01 mM to about 50 mM
fluorescein, 5-carboxy-X-rhodamine, ROX™

5. One or more salts, e.g.: about 50 mM to about 1 M
potassium chloride, magnesium sulfate, potassium glutamate

6. One or more polymerases, e.g.: about 0.05U to about 1U
Taq, Pfu, KOD,
Hot start polymerases, next gen. polymerases

7. Deoxynucleoside triphosphates, e.g.: about 0.1 mM to about 1 mM

dATP, dTTP, dGTP, dCTP, dUTP

Preferably, to this formulation a sufficient amount of primers and probe are added so as to amplify and detect the desired target.

[0099] 2-amino-2-hydroxymethyl-propane-1,3-diol (TRIS) was obtained from Applied Biosystems/Ambion (Austin, TX, USA). 2-
[2-(Bis(carboxymethyl)amino)ethyl-(carboxymethyl)amino]acetic acid (EDTA) GIBCO® UltraPure BSA was obtained from
Invitrogen™ Corp. (Carlsbad, CA, USA). All other reagents are available commercially from Sigma-Aldrich or USB Corporation.

[0100] In one embodiment, a 10X buffer solution is prepared as follows:

Add 2500 pL of 2 M Tris (pH 8.0) to a sterile 5.0 mL cryovial.

Add 3500 pL of 2 M KCI to the vial.

Add 300 pL of MgSOy4 to the vial.

Add 900 pL of 5M Betaine to the vial.

Add 200 pL of ROX™ to the vial.

Add 50 pL of BSA to the vial.

Add 800 pL of dNTP Mix to the vial.

Add 20 pL of 0.5 M EDTA to the vial.

Add 1600 pL + 130 pL of nuclease-free water to the vial.

Close the vial and pulse vortex to thoroughly mix the contents.

Adjust the pH of the solution to pH 8.1-8.3 using 38% HCI.

Aliquot or transfer solution to a sterile container. Store at about -20°C until ready to use.
When used within PrimeMix®, this 10X buffer solution is diluted to about 0.5X to about 2X, preferably, about 1X.

Table 1 B

FORMULATION RANGES OF EXEMPLARY COMPONENTS FOR THE PREPARATION OF PRIMESTORE™
COMPOSITIONS

Reagent Component Final Concentration ranges

1. A chaotrope, e.g.:
Guanidine thiocyanate about 0.5 M to about 6 M
or Guanidine hydrochloride about 0.5 M to about 6 M
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FORMULATION RANGES OF EXEMPLARY COMPONENTS FOR THE PREPARATION OF PRIMESTORE™
COMPOSITIONS

Reagent

Component Final Concentration ranges

or Guanidine isocyanate

about 0.5 M to about 6 M

2. An anionic detergent, e.g.:

N-lauroyl sarcosine (inter alia Na salt)

about 0.15% to about 1% (wt./vol.)

or Sodium dodecyl sulfate, Same
Lithium dodecyl sulfate, Same
Sodium glycocholate, Same
Sodium deoxycholate, Same
Sodium taurodeoxycholate, or Same

Sodium cholate

about 0.1% to about 1% (wt./vol.)

3. Areducing agent, e.g.:

TCEP

about 0.5 mM to about 30 mM

or B-ME, DTT, formamide, or DMSO

about 0.05 M to about 0.3 M

4. A chelator, e.g.:

Sodium citrate

about 0.5 mM to about 50 mM

or EDTA, EGTA, HEDTA, DTPA, NTA, or APCA

about 0.01 mM to about 1 mM

5. A buffer (e.g., TRIS, HEPES, MOPS, MES, Bis-
Tris,etc.)

about 1 mM to about 1 M

6. An acid (e.g., HCI or citric acid)

g.s. to adjust to a pH of about 6 to 7, preferably 6.4 to
6.8

7. Nuclease-free water

qg.s. to desired final volume

Optionally one or more of:

8. A surfactant/defoaming agent, e.g.:

Antifoam A® or Tween®

about 0.0001% to about 0.3% (wt./vol.)

9. An alkanol (e.g., methanol, ethanol, propanol, etc.)

about 1% to about 25% (vol./vol.)

10. RNA or DNA

Compositions and Methods for Multiplex Analysis of Biological Samples

about 1 pg to about 1 ug/mL

[0101] In some embodiments, it may be desirable to provide reagent mixtures that include more than a single pair of
amplification primers and a detection probe that is specific for a given target nucleic acid sequence. For example, when it is
desirable to determine the presence of two or more different types of pathogens, the composition of the invention may be
formulated to contain a first pair of amplification primers that specifically bind to at least a first target region of one pathogen-
specific polynucleotide, and a second pair of amplification primers that specifically bind to at least a first target region of another
pathogen-specific polynucleotide.

[0102] Alternatively, when it is desirable to determine the presence of two or more different strains, the composition of the
invention may be formulated to contain a first pair of amplification primers that specifically bind to at least a first target region of a
particular pathogen-specific polynucleotide, and a second pair of amplification primers that specifically bind to at least a first
target region of a second, distinct pathogen-specific polynucleotide.

[0103] Additionally, when it is desirable to determine the presence of one or more additional microorganisms, i.e., to identify
whether a patient is co-infected, with other bacterial, or fungal, or viral infections, for example, gram-positive and gram-negative
bacteria, human immunodeficiency virus, pneumoccocus, influenza, Yesinia pestis, Pseudomonas sp., Stenotrophomonas
maltophilia, Burkholderia cepacia, Streptococcus sp., Moraxella catarrhalis, Enterobacteriaceae, Haemophilus sp.,
Staphylococcus sp., Rhinovirus, Respiratory syncytial virus, Coronavirus, Adenovirus, Chlamydophila pneumoniae, Mycoplasma
pneumoniae, Pneumocystis jiroveci, and the like.

[0104] In some instances, it is desirable to test for drug resistance genes or mutations within the M. tuberculosis complex-
specific polynucleotide. Multi-drug resistant (MDR)-TB strains could arise as a consequence of sequential accumulation of
mutations conferring resistance to single agents, or by a single step process such as acquisition of an MDR element. A series of
distinct mutations conferring resistance to Rifampin, INH, Streptomycin, Ethambutol, ETH, PZA, Kanamycin, and quinolones has
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been identified. Some of these MDR isolates arise because random mutations in genes that encode targets for the individual
anti-microbial agents are selected by sub-therapeutic drug levels resulting from treatment errors, poor adherence to treatment
protocols, or other factors.

[0105] In these embodiments, the composition of the invention may be formulated to contain a first pair of amplification primers
that specifically bind to at least a first target region of a particular pathogen-specific polynucleotide, and a second pair of
amplification primers that specifically bind to at least a first target region of a drug resistance-polynucleotide found within, for
example, multi-drug resistant strains or extensively-drug resistance strains. For example, this can include resistance to rifampicin
and/or isoniazid (resistance to these first-line anti-TB drugs classically defines a multi-drug resistant [MDR] tuberculosis), as well
as to one or more members of the quinolone family, or kanamycin, capreomycin or amikacin, or any combination thereof.

[0106] For detection of the particular amplification product(s) produced from such compositions, the compositions will also
further include a first detection probe that specifically binds to the amplification product produced from the first pair of
amplification primers, and a second distinct detection probe that specifically binds to the amplification product produced from the
second pair of amplification primers. In such compositions, it is preferable that the two, three or four detection probes present in
the formulation be distinct, such that each of the probes (if specifically bound to a target in the resulting amplification mixture)
may be individually detectable using conventional methodologies. Such probe distinctiveness is readily achievable in the
conventional arts, using, for example, detection probes that include detection moieties that fluoresce at two, three or four
distinctly-different wavelengths.

[0107] In some aspects of the invention, the amplification and/or detection of target nucleic acids may be done sequentially,
while in other aspects, it may be desirable to amplify and/or detection multiple target nucleic acids simultaneously. For example,
a given biological sample could first be screened for the presence of M. tuberculosis -specific target sequence(s), and if none
are found, the sample then secondarily screened for the presence of M. bovis, M. africanum, M. microti, M. cannetti, M. caprae
and M. pinnipedi-specific target sequence(s).

EXEMPLARY DEFINITIONS

[0108] In accordance with long standing patent law convention, the words "a" and "an" when used in this application, including
the claims, denotes "one or more."

[0109] As used herein, the terms "about" and "approximately" are interchangeable, and should generally be understood to refer
to a range of numbers around a given number, as well as to all numbers in a recited range of numbers (e.g., "about 5 to 15"
means "about 5 to about 15" unless otherwise stated). Moreover, all numerical ranges herein should be understood to include
each whole integer within the range.

[0110] As used herein, the term "nucleic acid" includes one or more types of: polydeoxyribonucleotides (containing 2-deoxy-D-
ribose), polyribonucleotides (containing D-ribose), and any other type of polynucleotide that is an N-glycoside of a purine or
pyrimidine base, or modified purine or pyrimidine bases (including abasic sites). The term “nucleic acid," as used herein, also
includes polymers of ribonucleosides or deoxyribonucleosides that are covalently bonded, typically by phosphodiester linkages
between subunits, but in some cases by phosphorothioates, methylphosphonates, and the like. "Nucleic acids" include single-
and double-stranded DNA, as well as single- and double-stranded RNA. Exemplary nucleic acids include, without limitation,
gDNA; hnRNA; mRNA; rRNA, tRNA, micro RNA (miRNA), small interfering RNA (siRNA), small nucleolar RNA (snORNA), small
nuclear RNA (snRNA), and small temporal RNA (stRNA), and the like, and any combination thereof.

[0111] The phrase "substantially identical," in the context of two nucleic acids refers to two or more sequences or subsequences
that have at least about 90%, preferably 91%, most preferably about 92%, 93%, 94%, 95%, 96%, 97%, 98%, 98.5%, 99%,
99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9% or more nucleotide residue identity, when compared and
aligned for maximum correspondence, as measured using a sequence comparison algorithm or by visual inspection. Such
"substantially identical" sequences are typically considered "homologous," without reference to actual ancestry.

[0112] Microorganisms (including, without limitation, prokaryotes such as the archaebacteria and eubacteria; cyanobacteria;
fungi, yeasts, molds, actinomycetes; spirochetes, and mycoplasmas); viruses (including, without limitation the
Orthohepadnaviruses [including, e.g., hepatitis A, B, and C viruses], human papillomavirus, Flaviviruses [including, e.g., Dengue
virus], Lyssaviruses [including, e.g., rabies virus], Morbilliviruses [including, e.g., measles virus], Simplexviruses [including, e.g.,
herpes simplex virus], Polyomaviruses, Rubulaviruses [including, e.g., mumps virus], Rubiviruses [including, e.g., rubella virus],
Varicellovirus [including, e.g., chickenpox virus], rotavirus, coronavirus, cytomegalovirus, adenovirus, adeno-associated virus,
baculovirus, parvovirus, retrovirus, vaccinia, poxvirus, and the like), algae, protozoans, protists, plants, bryophytes, and the like,
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and any combination of any of the foregoing.

[0113] The invention may also be used to monitor disease outbreak, progression, spread, or one or more other epidemiological
statistics within, among, or between one or more global populations, including, without limitation, the spread of mycobacterial
infections, the development of clinical signs of tubercular disease, and/or comorbidity with one or more additional infections such
as, without limitation, wasting syndrome, Dengue fever, ebola, HIV, SARS, and one or more bacterial or viral infections, including,
without limitation, pneumonias, influenzas, and the like. In certain embodiments, the samples will preferably be of mammalian
origin, and more preferably of human origin.

[0114] The term "substantially free" or "essentially free," as used herein, typically means that a composition contains less than
about 10 weight percent, preferably less than about 5 weight percent, and more preferably less than about 1 weight percent of a
compound. In a preferred embodiment, these terms refer to less than about 0.5 weight percent, more preferably less than about
0.1 weight percent or even less than about 0.01 weight percent. The terms encompass a composition being entirely free of a
compound or other stated property, as well. With respect to degradation or deterioration, the term "substantial" may also refer to
the above-noted weight percentages, such that preventing substantial degradation would refer to less than about 15 weight
percent, less than about 10 weight percent, preferably less than about 5 weight percent, etc., being lost to degradation. In other
embodiments, these terms refer to mere percentages rather than weight percentages, such as with respect to the term
"substantially non-pathogenic" where the term “substantially" refers to leaving less than about 10 percent, less than about 5
percent, etc., of the pathogenic activity.

[0115] As used herein, the term "heterologous" is defined in relation to a predetermined referenced nucleic acid sequence. For
example, with respect to a structural gene sequence, a heterologous promoter is defined as a promoter that does not naturally
occur adjacent to the referenced structural gene, but which is positioned by the hand of man in one or more laboratory
manipulations that are routinely employed by those of ordinary skill in the molecular biological arts. Likewise, a heterologous
gene or nucleic acid segment is defined as a gene or nucleic acid segment that does not naturally occur adjacent to the
referenced sequence, promoter and/or enhancer element(s), etc.

[0116] As used herein, "homologous" means, when referring to polynucleotides, sequences that have the same essential
nucleotide sequence, despite arising from different origins. Typically, homologous nucleic acid sequences are derived from
closely related genes or organisms possessing one or more substantially similar genomic sequences. By contrast, an
"analogous" polynucleotide is one that shares the same function with a polynucleotide from a different species or organism, but
may have a significantly different primary nucleotide sequence that encodes one or more proteins or polypeptides that
accomplish similar functions or possess similar biological activity. Analogous polynucleotides may often be derived from two or
more organisms that are not closely related (e.g., either genetically or phylogenetically).

[0117] The terms “identical" or percent "identity", in the context of two or more nucleic acid or polynucleotide sequences, refer to
two or more sequences or subsequences that are the same or have a specified percentage of nucleotides that are the same,
when compared and aligned for maximum correspondence over a comparison window, as measured using a sequence
comparison algorithm or by manual alignment and visual inspection.

[0118] As used herein, the term "substantially homologous" encompasses two or more biomolecular sequences that are
significantly similar to each other at the primary nucleotide sequence level. For example, in the context of two or more nucleic
acid sequences, "substantially homologous" can refer to at least about 75%, preferably at least about 80%, and more preferably
at least about 85%, or at least about 90% identity, and even more preferably at least about 95%, more preferably at least about
97% identical, more preferably at least about 98% identical, more preferably at least about 99% identical, and even more
preferably still, entirely identical (i.e., 100% or “invariant").

[0119] Likewise, as used herein, the term "substantially identical" encompasses two or more biomolecular sequences (and in
particular polynucleotide sequences) that exhibit a high degree of identity to each other at the nucleotide level. For example, in
the context of two or more nucleic acid sequences, "substantially identical" can refer to sequences that at least about 80%, and
more preferably at least about 85% or at least about 90% identical to each other, and even more preferably at least about 95%,
more preferably at least about 97% identical, more preferably at least about 98% identical, more preferably at least about 99%
identical, and even more preferably still, entirely identical (i.e., 100% identical or "non-degenerate").

[0120] As used herein, the term "operably linked" refers to a linkage of two or more polynucleotides or two or more nucleic acid
sequences in a functional relationship. A nucleic acid is "operably linked" when it is placed into a functional relationship with
another nucleic acid sequence. For instance, a promoter or enhancer is operably linked to a coding sequence if it affects the
transcription of the coding sequence. "Operably linked" means that the nucleic acid sequences being linked are typically
contiguous, or substantially contiguous, and, where necessary to join two protein coding regions, contiguous and in reading
frame. Since enhancers generally function when separated from the promoter by several kilobases and intronic sequences may
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be of variable lengths; however, some polynucleotide elements may be operably linked but not contiguous.

[0121] The following examples illustrate embodiments of the invention, and examples of the description but should not be
viewed as limiting the scope of the invention, which is according to the claims.

Examples

Example 1 - Collection of Biological Samples, Nucleic Acid Extraction and Downstream Molecular Processing

[0122] Oropharyngeal, nasal, tracheal, and/or bronchial, samples of a subject suspected of having a tuberculosis infection are
taken, typically in the form of sputum or lavage samples. This example describes the use of PrimeStore® (Longhorn Vaccines &
Diagnostics, San Antonio, TX, USA) (also described in detail in U.S. Patent Appl. Publ. No: 2009/0312285), a clinical or
environmental sample collection system specifically formulated for downstream molecular diagnostic testing.

[0123] Four smear-positive sputum specimens obtained from a sputum bank (University of Pretoria, South Africa) with qualitative
grading of +, ++ or +++, as observed by light microscopy, and differing viscosities were collected by having patients expectorate
into a specimen cup. Typical expectorate volumes were about 5 mL to about 20 mL of sputum. The sputum samples were
qualitatively observed as to whether they were bloody, purulent, foamy, frothy or salivary. Samples graded "purulent” were those
observed to contain pus, while samples graded "salivary" contained larger amounts of saliva than other components such as
mucous. Flocked swabs (Copan ltalia S.p.A., Brescia, Italy) were then used to collect small quantities of sputum by rotating the
swab five times within each sputum specimen container. Sputum specimens were weighed prior to swabbing and after each
swab to estimate the volume of sputum taken. Each swab contained approximately 25 mL to 500 mL of sputum. The individual
swabs were transferred to collection tubes, each containing 1.5 mL of the collection and preservation formulation described
herein ("PrimeStore®"). The swabbing procedure was carried out in triplicate for each sputum specimen. PrimeStore® was also
added to the remainder of the sputum specimen at a ratio of 1:1 as a control and then placed at -4°C until processed. The
swabs, suspended in PrimeStore® in each collection tube, were kept at room temperature for approximately twelve hours before
a sample was removed for nucleic acid processing by nucleic acid extraction and real-time PCR. DNA was extracted from 100 pL
aliquots of the control remaining sputum specimens and swab-tubes using the AMPLICOR® MTB Respiratory Kit (Roche)
according to the manufacturer's instructions. All specimens were vortexed at maximum speed for 10 seconds to extract nucleic
the acids. DNA concentrations after extraction were measured using a NanoDrop® 1000 spectrophotometer (Thermo Scientific,
DE, USA), according to the manufacturer's instructions, and the calculated results are shown in Table 2. Four microliters of the
extracted DNA were used for real-time PCR using the LightCycler® Mycobacterium Detection Kit (Roche Diagnostics, USA).

PrimeStore® Microbial Inactivation and Preservation of Microbial Nucleic Acid

[0124] PrimeStore® was shown to be effective for use in preparing nucleic acids from biological samples for DNA and/or DNA
extraction techniques, and downstream molecular analysis. As can be seen in Table 2, the volumes collected after each
swabbing ranged from about 0.05 mL to about 0.5 mL. DNA concentration after extraction ranged between about 231 and 281
ng/uL. No significant difference was obtained when comparing the DNA concentration of the control samples with the DNA
concentration of the samples obtained by use of the swabs.

TABLE 2

DNA CONCENTRATION OF SPUTUM SAMPLES AFTER COLLECTION AND PRESERVATION IN
PRIMESTORE®

Specimen Micsrg]:sgpy Swab | Swab | Swab | Control DNA Concentration (ng/ulL)
Status of Quality Vol.1 { Vol.2 { Vol.3 { Vol Controfl SWab | Swab | Swab

Specimen (mL) § (mL) ¢ (mL) § (mL) 1 2 3
A + salivary/bloody { 0.05 §{ 0.05 { 0.15 1.20 {258.05 {243.684238.15§235.15
B +++ purulent 0.05 § 045 { 0.25 1.70 §251.76 §240.344238.43}231.54
Cc +++ purulent 0.15 § 0.10 { 0.05 1.65 {248.60 {261.86}246.75{246.66
D ++ purulent/salivaryj 0.25 § 0.30 { 0.15 { 17.90 {258.32 {281.31§241.89{246.66

Real-time PCR was positive for all specimens, except one in which PCR inhibition occurred. The results are shown in Table 3
and FIG. 1.
TABLE 3
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REAL-TIME PCR RESULTS AFTER IMMERSION IN PRIMESTORE® AND USE OF THE LIGHTCYCLER®
MYCOBACTERIUM DETECTION KIT
Specimen Cr Value

Positve 27.28

Negative -
A* 31.54
A-1 32.14
A-2 32.75
A-3 34.97
B* 31.56
B-1 31.77
B-2 32.03
B-3 32.14
c* 23.8
C-1 26.62
C-2 26.56
C-3 26.5
D* 26.64
D-1 29.63
D-2 inhibition
D-3 28.95

* Remaining specimen (control) -1/-2/-3 indicates the order of swabbing

[0125] The swabbing procedure is a useful method for collection of specimens directly from collected sputum specimen for
downstream molecular processing. In this study, DNA concentrations after extractions showed similar ranges for both the
swabbed and the remaining sputum specimen (control) components. A volume as low as about 50 pL of sputum diluted in 1.5
mL of PrimeStore® was sufficient for PCR analysis. However, in two of the specimens, a delay in Cr value of ~3 logs has been
noted. In case of single inhibition, this might be due to residual PrimeStore® solution being present as a result of carry-over from
the DNA extraction process to the PCR.

[0126] Simple and rapid molecular diagnostic processing directly from PrimeStore® treated swabbed specimens as well as
routine conventional testing was conducted from single sputum collections. Molecular processing results from small quantities of
smear-positive TB specimens, obtained by swab-transfer to PrimeStore®, is feasible and accurate.

Example 2 - Inactivation of Microbes in Tuberculin Samples Using PrimeStore®

[0127] To evaluate the degree of inactivation of tubercle bacteria within sputum samples when exposed to PrimeStore®, three
studies were performed:

In the first study, a known MDR strain of M. tuberculosis was grown in MGIT® liquid based system (Mycobacteria Growth
Indicator Tube, Becton Dickinson, USA). The isolate of the strain was acid-fast (AF) and smear-positive, and multi-drug
resistance (MDR) was confirmed using a Line Probe Assay (Hain Lifescience GmbH, Nehren, Germany). 0.15 mL or 0.5 mL
inoculum of the known MDR tuberculosis strain was placed into 1.5 mL of PrimeStore® for either 2 or 10 minutes' incubation.
Each solution was then vortexed, and further cultured in the MGIT® liquid based system, according to manufacturer's
instructions. A control sample unexposed to PrimeStore® was also placed in the MGIT® liquid culture.

[0128] The second study placed known smear-positive sputum samples (>10 acid fast bacillus [AFB]/high-power fields [hpf]
each) into 1.5 mL of PrimeStore® for either 1 minute or 5 minutes followed by Auramine O, and Ziehl-Neelsen staining to
observe cell wall morphological and integrity.

[0129] The third study used 105 to 108 concentration of a reference mycobacterium strain, namely H37rv (University of Pretoria,
South Africa), to perform a time-kill assay. 0.5 mL inocula of the strain were placed in 1.5 mL of PrimeStore® for either 5
seconds, 10 seconds, 20 seconds, 40 seconds, 80 seconds, or 160 seconds, and then 2 drops of the resulting solutions were
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each then subcultured onto Middlebrook 7H11 agar (Becton Dickinson, Franklin Lakes, NJ, USA). Control samples unexposed to
PrimeStore® were also similarly plated. In one control, 0.5 mL of H37rv strain was placed into 1.5 mL of saline. In another
control, 0.5 mL of H37rv inoculum was placed directly onto the Middlebrook 7H11 agar. The plates were kept under ambient
conditions for 30 minutes, then sealed, and incubated under aerobic conditions at 37°C for six weeks. This study was performed
in duplicate.

[0130] In the first study, no growth was observed in the MGIT® liquid cultures for any of the MDR tubercular samples stored in
PrimeStore®, even after 42 days' incubation. The control sample unexposed to PrimeStore® showed positive growth after 9
days. Further extraction and amplification of the two samples that were stored in PrimeStore® demonstrated good banding, and
confirmed the stability of the nucleic acid in PrimeStore®.

[0131] In the second study, no AFB were observed in any of the PrimeStore®-incubated samples, at either exposure times.

[0132] In the third study, no growth was observed after 42 days of incubation at any of the time points. Colony forming units
were detected on the control plate after 7 days.

[0133] PrimeStore® killed a variety of M. tuberculosis strains within a very short period of exposure, thereby confirming
PrimeStore® allows for safe and rapid point-of-care collection and transport of biological samples suspected of containing M.
tuberculosis.

Example 3 - Storage, Nucleic Acid Extraction, Molecular Processing of Tuberculin Samples and Diagnosis of
Tuberculosis

[0134] Sputum samples were processed using the same swabbing technique as described in Example 1, as well as using 1:1
ratios of PrimeStore® to sputum. The sputum samples used in these experiments were obtained from the sputum bank as
before, and had been previously classified by both smear microscopy and culture results. All samples were initially characterized
for acid fastness (i.e., by either +, ++, or +++ indicators on smear microscopy), and subsequently classified as either positive,
negative or scanty for M. tuberculosis, by culture.

[0135] DNA was extracted from the sputum sample in PrimeStore® at various time points ranging from 6 days to 6 weeks. As
shown in Table 4, the specimens in PrimeStore® were kept at ambient temperature for different periods of time before nucleic
acid extraction was carried out. Extraction via QiaAmp® DNA Mini kit (Qiagen®, Hilden, Germany), and the MagNA Pure 96™
System (Roche Diagnostics, USA), were each performed according to the manufacturers' instructions. All nucleic acid extracts
were kept at -20°C until processed for amplification.

[0136] DNA extracts were amplified by either the LightCycler® Mycobacterium detection kit (Roche), or using the prime mix of
the present invention, hereinafter referred to as "Prime Mix Universal TB kit," "PrimeMix Universal TB kit," or simply "PrimeMix."
Four microliters of extracted nucleic acid solution was used with the Prime Mix Universal TB kit. All of the above systems are
real-time PCR platforms with detection of products onboard. Amplification of the Qiagen® extracts was performed in triplicate to
determine the reproducibility of the LightCyler® Mycobacterium detection kit, and the Prime Mix Universal TB kit.

[0137] As can be seen in Table 4, four samples were smear-positive, seven samples were smear-negative and three samples
were scanty.

TABLE 4
DURATION OF SPECIMEN IN PRIMESTORE® PRIOR TO NUCLEIC ACID EXTRACTION
Extraction procedure Delay before extraction (days)
Smear-Negative / Scanty Smear-Positive
QiaAmp® DNA Mini Kit (Qiagen®) 6 28
MagNA Pure™ 96 (Roche) 20 42

TABLE 5
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SWABBED SPECIMENS

SMEAR AND REAL-TIME PCR RESULTS (C,; VALUES) USING VARIOUS EXTRACTION KITS FOR

QiaAmp® QiaAmp® MagNA Pure™ MagNA Pure™
Extraction/PrimeMix® Extraction Extraction/LightCycler®}Extraction/PrimeMix
/LightCycler®
Specimen{Smear{ 1 2 3 1 2 3
No.
1 + 35.00 X X - X X - 35.00
4 ++ X X X X X X 30.98 28.97
2 +++ 32.18 X X {3419 X X 34.60 35.00
3 +++ X X X X X X 27.94 27.12
5 Neg 35.00 § 35.00 { 35.00 {34.71§ - - - 35.00
6 Neg - 35.00 - - - - - -
10 Neg 35.00 § 35.00 { 35.00 §36.48]y - {36.20 - 35.00
1 Neg 32.96 §{ 32.70 § 32.85 {35.71{35.17§33.83 35.21 35.00
12 Neg 34.54 { 35.00 { 34.56 {34.14134.83{34.18 33.54 35.00
13 Neg - 35.00 - - - - - -
14 Neg 28.15 § 28.07 { 28.60 {29.56{29.61{29.10 30.34 29.34
scanty
8 1 32.36 { 32.28 §{ 32.42 §34.46{34.4735.31 34.62 35.00
scanty
7 7 31.79 { 31.73 { 31.83 {32.10§32.79§32.08 32.70 33.53
scanty
9 9 33.15 §{ 33.51 { 33.43 {36.10{34.53}34.56 34.27 35.00

X indicates that the experiment was not conducted; (-) indicates that the results were negative

Summary of Analyzed Results (Number of C1 Values Obtained/Number of Samples Tested)

QiaAmp® QiaAmp® MagNA Pure™ MagNA Pure™
Extraction/PrimeMix® { Extraction/LightCycler® {Extraction/LightCycler®}{ Extraction/PrimeMix

Smear 1 2 3 1 2 3

Smear-

positive 2/2 X X 1/2 X X 3/4 4/4

Smear-

negative 517 717 5/7 517 317 417 313 517

Scanty 313 3/3 3/3 3/3 3/3 3/3 3/3 313

TABLE 6

SAMPLES IMMERSED IN PRIMESTORE® IN A 1:1 RATIO

SMEAR AND REAL-TIME PCR RESULTS (CT VALUES) USING VARIOUS EXTRACTION KITS FOR SPUTUM

Specimen No. Smear MagNA Pure™ MagNA Pure™
Extraction/PrimeMix Extraction/LightCycler®

1 + 35.00 33.02
2 +++ 28.96 33.62
3 +++ 23.97 25.53
4 ++ 26.30 28.27
5 neg 35.00 34.00
6 neg - -

7 scanty 7 30.20 30.72
8 scanty 1 33.59 32.85
9 scanty 9 31.76 31.81
10 neg 35.00 35.19
11 neg 30.05 30.70
12 neg 32.68 32.90
13 neg - -




DK/EP 2702192 T3

SMEAR AND REAL-TIME PCR RESULTS (CT VALUES) USING VARIOUS EXTRACTION KITS FOR SPUTUM
SAMPLES IMMERSED IN PRIMESTORE® IN A 1:1 RATIO

Specimen No. Smear MagNA Pure™ MagNA Pure™
Extraction/PrimeMix Extraction/LightCycler®
14 neg 26.16 26.74

(-) indicates no result(s) obtained

[0138] As can be seen in Table 5, for swabbed sputum samples, DNA extracted using either the QiaAmp® DNA mini kit or the
MagNA Pure™ 96 System and then processed using the PrimeMix® of the present invention detected the presence of
tuberculosis-causing bacterial DNA when the smear sample indicated a slightly positive result (i.e., "+"), unlike that of the DNA
extracted using the QiaAmp® DNA mini kit or the MagNA Pure™ 96 System and then processed using the LightCycler®
Mycobacterium detection kit, which did not detect any tuberculosis (TB)-causing bacterial-specific nucleic acids. Importantly,
PrimeMix® assays were able to detect tuberculosis-causing bacterial nucleic acids in more smear-negative, culture-positive
specimens, than the LightCycler® Mycobacterium kit was able to detect. Tuberculosis-causing bacterial DNAs were equally
detected using both PrimeMix® and Lightcycler® procedures, when larger amounts of sputum were analyzed.

[0139] Overall the performance of the swabbing technique and use of PrimeStore® have shown consistent results with the use
of PrimeMix® in comparison to the varying results for the LightCycler® kit. PrimeStore® has shown compatibility with the different
extraction systems and in no cases were inhibition of PCR a reason for a negative result.

Example 4 - Compatibility of PrimeStore® with Diagnostic Assays

[0140] Fifteen smear-positive and fifteen smear-negative sputum samples (as determined by Auramine O staining), were
obtained from patients suspected of having pulmonary tuberculosis. The smear-positive samples were tested using the Line
Probe Assay, followed by culture. The smear-negative samples were also cultured. All raw sputum samples were generally then
liquefied, decontaminated and concentrated using the NaLc/NaOH ("DTT/NaOH") procedure, as would be known to one of
ordinary skill in the art and as described in Kubica, G.P,, et al. (1963) Sputum Digesting and Decontamination with N-acetyl-L-
cysteine as a Sputum Digestant for the Isolation of Mycobacteria, Amer. Rev. Resp. Dis.; 89:284-286 and Kubica, G.P,, et al.
(1963) Sputum Digesting and Decontamination with N-acetyl-L-cysteine-sodium hydroxide for Culture of Mycobacteria, Amer.
Rev. Resp. Dis.; 87:775-779. In general the NaLc/NaOH procedure is used prior to culture methods and nucleic acid testing for
M. tuberculosis. Aliquots of 0.5 mL of the NaCl/NaOH treated sputum samples were then added to PrimeStore® and stored
overnight. A control was also used wherein aliquots of 0.5 mL of the NaCI/NaOH treated sputum samples were not added to
PrimeStore®. Extraction was performed via AMPLICOR® Respiratory Specimen Preparation Kit (Roche). Two commercial
assays, the LightCycler® Mycobacterium Detection kit (Roche) and the Genotype MTBDRplus (Hain Lifesciences GmbH) were
used to detect the presence or absence of M. tuberculosis-specific nucleic acids. The Genotype MTBDRplus assay was found
compatible with the use of PrimeStore® contacting raw sputum samples and drug resistant TB strains were detected in these
samples using this assay.

[0141] Table 7 demonstrates the results obtained with the LightCycler® Mycobacterium Detection kit (LC).
TABLE 7

SUITABILITY OF PRIMESTORE® FOR MOLECULAR TESTING AFTER DECONTAMINATION
DTT/NaOH - No PS DTT/NaOH - with PS
sm+ sm- sm+ sm-
LC pos 13 0 LC pos 13 1
LC neg 2 15 LC neg 2 14
15 15 15 15

As can be seen in Table 7, after storage in PrimeStore®, the LightCycler® assay tested positive for M. tuberculosis in a smear
negative sample, which was not obtained when PrimeStore® was not used. Thus, PrimeStore® may have a higher ability to
detect lower quantities of M. tuberculosis. Otherwise, the results obtained were comparable, and thus PrimeStore® is compatible
with commercially-available detection assays.

Example 5 - Sensitivity of Detection of M. tuberculosis After Storage in PrimeStore®

[0142] Seven smear-negative, culture-positive specimens, and three scanty specimens (SC1, SC7 and SC9) from a sputum
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bank (University of Pretoria, South Africa) were included in this evaluation. Flocked swabs (Copan) were used to collect small
quantities of sputum by rotating the swab within each sputum specimen (500 pL in cryovial). The individual swabs were
transferred to PrimeStore® collection tubes, each containing 1.2 mL PrimeStore® solution. Sputum specimens were weighed
prior to swabbing, and after each swab to estimate the volume of sputum removed from the specimen. PrimeStore® solution was
also added to the remainder of the sputum specimen at a ratio of 1:1 as a control. The swabs, suspended in PrimeStore®
solution in each collection tube, were kept at room temperature for approximately twelve hours before processing by real-time
PCR. DNA was extracted from the remaining sputum specimen (control) and swab-tubes using the AMPLICOR® Respiratory
Specimen Preparation Kit. Sputum specimens obtained from the same cultures were also processed according to conventional
NaLc/NaOH procedures, and extracted using the AMPLICOR® protocol. An additional extraction method using the Invitrogen™
iPrep™ Purelink™ Virus Kit (Carlsbad, CA, USA) from raw sputum was also evaluated from these specimens. All specimens
were vortexed at maximum speed for 10 seconds and a 100-pL aliquot used for the extraction procedure. DNA concentrations
after extraction were determined using the NanoDrop® 1000 instrument. Four microliters of the extracted DNA were used for
real-time PCR using the LightCycler® Mycobacterium detection kit.

[0143] As can be seen in Table 8, the volumes collected after each swabbing ranged from about 0.05 mL to about 0.1 mL. DNA
concentration after extraction ranged between about 205 to about 706 ng/pL for the swab, PrimeStore® (1:1) and NaLc/NaOH
specimen. Raw sputum extracted from the Invitrogen™ iPrep™ Purelink™ Virus Kit (Carlsbad, CA, USA) had DNA
concentrations ranging from about 7.0 to about 22.6 ng/pL.

TABLE 8
SPUTUM CHARACTERIZATIONS, ESTIMATED SWAB VOLUMES AND DNA CONCENTRATIONS AFTER
EXTRACTIONS

Smear{Culture}Aliquot;Aliquot { Swab { Remaining DNA concentration after extraction (ng/uL)

(500 Final { vol Aliquot

uL) vol

mg mg ML ML Invitrogen™ | PrimeStore® + { PrimeStore®

Kit for swab; (1:1)%;
Extraction of | Extraction by § Extraction by
Raw Sputum AMPLICOR® } AMPLICOR®

neg pos 300 295 50 450 16.8 222.9 213.8§211.7
neg pos 305 300 50 450 22.6 221.6 284.41223.4
neg pos 305 295§ 100 400 9.9 205.7 706.41412.7
neg pos 305 300 50 450 10.9 206.9 231.7{214.9
neg pos 310 305 50 450 20.4 212.9 277.2{219.3
neg pos 250 2404 100 400 7 255.7 2672394
neg pos 260 250¢{ 100 400 9.3 226.6 276.1{217 1
scanty
1 pos 300 295 50 450 12.7 2249 273.41208.7
scanty
7 pos 260 245 50 450 13.1 216.2 243.3{225.7
scanty
9 pos 295 290 50 450 6.8 222.7 233.41225.6

*1:1 is the ratio of PrimeStore to clinical sputum sample
Real-time PCR results can be seen in Table 9 and FIG. 2.

TABLE 9
REAL-TIME PCR RESULTS FOR SAMPLES USING THE LIGHTCYCLER® MYCOBACTERIUM DETECTION
KIT
Sputum §{ Smear { Culture ID PCR Cr Values
NBar:)k Invitrogen™ PrimeStore® PrimeStore® DDT/NaOH;
umber Extraction of swab; (1:1); Extraction by
Raw Sputum Extraction by | Extraction by | AMPLICOR®
AMPLICOR® | AMPLICOR®
57{neg pos MTB 35.33 - - -
95{neg pos MTB 32.12 39.49 32 34.79
96{neg pos MTB 27.41 29.26 37.75 26.24
198{neg pos MTB - - - -
2243neg pos MTB 30.77 33.28 31.87 -
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REAL-TIME PCR RESULTS FOR SAMPLES USING THE LIGHTCYCLER® MYCOBACTERIUM DETECTION
KIT
Sputum { Smear { Culture ID PCR Cr Values
NBa'Lk Invitrogen™ PrimeStore® PrimeStore® DDT/NaOH;
umber Extraction of swab; (1:1); Extraction by
Raw Sputum Extraction by | Extraction by { AMPLICOR®
AMPLICOR® { AMPLICOR®
347{neg pos MTB - 37.45 33.03 -
402ineg pos MTB - - - -
72§scanty 1 {pos MTB 34.3 - 32.11 34.25
394 {scanty 7 {pos MTB 31.9 34.09 29.51 31.59
88§scanty 9 {pos MTB 31.9 - 31.01 32.51
(-) symbol indicates that no results were obtained.

[0144] No amplification was seen in two of the scanty specimens, i.e., scanty 1 and scanty 9, for the swab specimens. A 100%
increase in sensitivity for smear-negative, culture-positive samples was observed when using PrimeStore® in a 1:1 ratio or by
swabbing in comparison to the conventional NaLc/NaOH methodology. In fact, the use of PrimeStore®, either by swabbing or in
a 1:1 ratio, resulted in the detection of two additional smear-negative, culture-positive samples when compared to that of the
conventional NaLc/NaOH methodology. In general, Invitrogen™'s kit is more effective than that of AMPLICOR®, therefore any
variations between PrimeStore® data and that obtained by using Invitrogen™ could be explained by this discrepancy.

Example 6 - PrimeStore® Formulations Containing IPCs

[0145] This example describes the use of non-specific exogenous internal positive control (IPC) polynucleotides for tracking the
integrity of a specimen from the point of collection to molecular analysis using the PrimeStore® (Longhorn Vaccines &
Diagnostics, San Antonio, TX, USA) collection system.

[0146] The membrane filtration method for bacterial and fungal recovery was used to assess the killing ability of PrimeStore®.
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus [non-methicillin-resistant Staphylococcus aureus (MRSA)],
Candida albicans, Bacillus subtilis, and Aspergillus brasiliensis were used to determine whether PrimeStore® could effectively kill
and inactivate a panel of bacteria and mould (yeast and filamentous fungi). Positive controls incubated in a water matrix were

performed on day 0 only. A population of 1 x 108 c.f.u. for each bacterial strain was inoculated into 0.5 mL PrimeStore® for each
time-point and subsequently incubated at 20-25°C. The containers were enumerated and evaluated at days 0, 1, 7, 14 and 28.
The inoculum was aseptically passed through a sterile filtration device and subsequently rinsed three times with 100 mL sterile
neutralizing fluid D [1 g peptic digest of animal tissue (peptone) and 1 mL polysorbate 80 dissolved in 1.0 1 of sterile water (final
pH 7.1 + 0.2)]. Where necessary, dilutions of the inoculated test article were performed to deliver a target count of 25-250 c.f.u.
per filter. For each time-point, inoculated negative controls were processed in a similar fashion. Filters inoculated with samples
containing bacteria were plated onto tryptic soy agar (TSAP) with lecithin and polysorbate 80 and incubated at 30-35°C for 72 hr.
Filters inoculated with samples containing yeast or mould were plated onto Sabouraud dextrose agar (SAB) and incubated at 20-
25°C for no less than 72 hr but no more than 5 days. Colonies were counted to calculate logg recoveries and percent (%) kill for

each organism used during microbial challenge.

[0147] A stock plate containing about 108 cfu MRSA (ATCC 33592) was transferred to TSB, vortexed briefly and incubated at
ambient temperature for 10 min. A total of 0.1 mL bacterial suspension was transferred to 0.9 mL PrimeStore® and vortexed for
60 sec. A total of 0.1 mL suspension was transferred to 0.3 mL TSB (1:4 dilution) and 100 pL was transferred to blood agar
plates (5% sheep RBCs in TSA) after 0, 5 and 15 min. Positive controls included equivalent volumes of MRSA and TSB. Plates
were allowed to dry, incubated overnight at 37°C and analyzed for cfu/mL.

[0148] PrimeStore® was shown to rapidly inactivate microbes including fungi, Gram-positive and Gram-negative bacteria, and
viruses. Antimicrobial effectiveness testing was performed using the membrane filtration technique for the quantitation of
bacteria and fungi. At the first test period (24 hr), 100% of bacteria and fungi were killed compared to the positive controls. For
these microbes, PrimeStore® met the inactivation criteria as described in USP Category 1 products (injections, emulsions, optic
products, sterile nasal products, and ophthalmic products made with aqueous bases or vehicles). Additionally Bacillus subtilis
spores were challenged using the method described in USP 51 to further evaluate PrimeStore® inactivation of microbial
populations. B. subtilis spores were reduced by 99% within 24 hr of exposure. In a time-kill study of MRSA inoculated into
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PrimeStore®, viable bacteria were not detected (100% killing) at the earliest study time (5 min post-inoculation) or at any of the
later evaluation times. Data also demonstrated that PrimeStore® rapidly kills M. tuberculosis from clinical sputum samples.

[0149] In illustrative examples, a unique IPC ssRNA has been described that can be added in advance (e.g., about 3 x 10°
target copies/0.5 mL) to PrimeStore®, and used as an internal control to verify sample stability from the time of sample collection
through extraction and detection. Additionally, the IPC ssRNA is useful as a carrier species (particularly for samples containing
very low levels of target nucleic acids), and serves as a control for monitoring the integrity, efficiency, and fidelity of the nucleic
acid extraction process from the point of collection to nucleic acid analysis. Exemplary IPCs suitable for formulation in
PrimeStore® include, without limitation, exogenous and/or synthetically-produced (in vitro) ssDNAs or ssRNAs, and preferably
include those polymers that are non-homologous (e.g., as determined by BLAST computer-based analyses) to polynucleotide
sequences founds in the mammalian host or the one or more pathogens or normal bacterial flora contained therein.

[0150] PrimeStore® has been shown to facilitate standard sequencing and meta-genomic analysis of original clinical samples by
improving the quality of target microbial nucleic acids in the originally-collected specimens, even when they arrive at the
analytical laboratory hours, or even days later, including those stored and/or transported under less-than-ideal, or even ambient
environmental conditions. Recovery of RT-PCR amplification fragments over 1400 bases has been observed from viral RNA
preserved and shipped in PrimeStore® at ambient temperature for several weeks. In harsh conditions, i.e., 38°C incubation, RT-
PCR amplification of 574-bp and 825-bp fragments were observed from PrimeStore® preserved virus where no amplification
was observed from stock virus in commercial VTM.

[0151] Importantly, PrimeStore® has been demonstrated to be compatible with many commercial nucleic acid extraction kits.
Nucleic acids are extracted directly from PrimeStore® according to standard manufacturer's protocol with only minor differences
noted in C; values between column- or bead-based kits. Moreover, PrimeStore® received FDA-Emergency Use Authorization as
part of the complete Longhorn Influenza A/H1N1-09 Prime RRT-PCR Assay™. PrimeStore® is the first molecular transport
medium to receive EUA FDA approval, and the first to contain an IPC to control for monitoring specimen degradation from
collection to detection.

Example 7 - PrimeStore® for Extended Preservation of Microbial Samples and RNA Isolates

[0152] This example demonstrates the usefulness in PrimeStore® formulations to inactivate pathogenic organisms, yet retain
long-term storage and retention of RNA isolated from such inactivated organisms. As an exemplary example, PrimeStore® was
used to collect biological samples containing A/Vietnam/1203/2004 (H5N1) influenza virus. Results demonstrated that the
formulation not only inactivated HSN1 and A/Mexico/4108/09 (H1N1, clinical isolate) virus in collected samples, but also
preserved the microbial RNA for subsequent PCR analysis. The study demonstrated the lack of cytopathic effects (CPE) or CPE-
like reactions of PrimeStore® reagent (1:100 dilution) to Madin-Darby canine kidney cell monolayers, the efficacy of PrimeStore®

to inactivate viable HSN1 virus (1.26 x 107 TCIDsp), and the ability of PrimeStore® to preserve viral RNA from H5N1 and H1N1

for up to 62 days in ambient conditions for real-time PCR analysis that resulted in the detection of an abundance of RNA product.

[0153] Part 1 of the study comprised of two sections: (1) /n vitro toxicity assessment of PrimeStore® reagent on Madin-Darby
canine kidney (MDCK) epithelial cells and (2) efficacy of inactivation testing of PrimeStore® reagent against H5SN1. Part 2 of the
study assessed the quality of the HSN1 and H1N1 RNA that had been impacted as a direct result of the influenza virus' long-term
storage in PrimeStore®.

[0154] The in vitro toxicity assessment of Part 1 was performed by loading sample collection swabs in triplicate with 0.1-mL viral
storage buffer (complete cell culture medium or Minimal Essential Media + 10% fetal bovine serum), placed into 5-mL tubes that
contained 1.5 mL PrimeStore® and incubated at room temperature (ambient) for 10, 30, or 60 minutes. Following incubation, the
swabs were processed using two methods: (1) An aliquot from the viral storage buffer + PrimeStore® sample was removed and

serially diluted (10-fold) to 100 in complete cell culture media in a 96-well plate that contained a monolayer of MDCK cells. The
cells were allowed to incubate for up to 96 hours and then visually examined for the presence of cytopathic effects (CPE) and the
dilution that exhibited no observable CPE determined. (2) Each of the viral storage buffer-loaded swabs were removed from
PrimeStore® and placed in a 50-mL conical tube that contained 10 mL complete cell culture medium. The swabs were agitated
at 200 rpm for 15 min, and an aliquot of each extract was removed and serially diluted (10-fold) in complete cell culture media in
a 96-well plate that contained a monolayer of MDCK cells. The cells were allowed to incubate for up to 96 hours and then
visually examined for the presence of CPE and the dilution that exhibited no observable CPE determined.

[0155] Efficacy of inactivation of Part 1 was conducted based on the results from the in vitro toxicity assessment. Sample

collection swabs (n = 6) were loaded with 0.1 mL H5N1 (1-5 x 107 TCIDsg/mL) or viral storage buffer (negative controls, n = 3),
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placed into 5-mL tubes that contained 1.5 mL PrimeStore® and incubated in ambient conditions for 10, 30, or 60 min. Following
incubation, the swabs were processed using the most appropriate approach determined from the in vitro toxicity testing. The
cells were allowed to incubate for up to 96 hours and then visually examined for the presence of cytopathic effects (CPE) and
total TCID5g determined. Inactivation efficacy was calculated in terms of a log reduction compared to the untreated controls.

[0156] The extended ambient storage study for Part 2 involved the preservation of HSN1 and H1N1 RNA in PrimeStore® for up
to 62 days at room temperature. The time-points were at Day 0 (day of HS5N1 inoculation into the PrimeStore®), +1, +2, +5, +7,
+14, +30, and +62 days from the date of inoculation. The HS5N1 and H1N1 viruses were diluted to 1 x 10% TCIDsq prior to
inoculation into PrimeStore®. At each time-point, RNA isolations using the RNAqueous-Micro Kit (Ambion Cat. No. AM1931,
Austin, TX, USA) were performed on both HSN1 and H1N1 samples stored in PrimeStore®. The resulting RNA were stored at <
-80°C until all of the time-points' RNA were isolated. Real-time PCR was performed on an Applied Biosystems (Forster City, CA,
USA) 7900HT (Fast Real-Time PCR System).

[0157] The first method used in the in vitro toxicity assessment of Part 1 (an aliquot from the viral storage buffer + PrimeStore®
sample was removed and serially diluted then added to a 96-well plate) resulted in the observation of CPE or CPE-like reaction
in the IVIDCK cell monolayer at 1:10,000 for all time-points (10, 30, and 60 min). The second method used in the in vitro toxicity
assessment of Part 1 (each of the viral storage buffer-loaded swabs were removed from PrimeStore® and placed in a 50-mL
conical tube that contained 10 mL complete cell culture medium, the swabs were agitated for 15 min, and an aliquot of each
extract was removed and serially diluted) resulted in the observation of CPE or CPE-like reaction in the MDCK cell monolayer at
1:100 for all time-points. Therefore, the in vitro toxicity assessment of Part 1 determined that the second method of sample
extraction resulted in CPE or CPE-like reaction to the MDCK cells by PrimeStore®, and this second method was deemed suitable
for efficacy of inactivation testing of Part 1. The 60-min time point (i.e., the longest time point recorded) was chosen for the
efficacy test since it did not determine whether CPE or CPE-like reactions corresponded with any time-point. The CPE or CPE-
like reactions for the longest time-point were equivalent to the shortest time-point (10 min), this clearly demonstrated that CPE or
CPE-like reactions were dilution (1:100)- and extraction method (second method)-dependent.

[0158] The efficacy of inactivation testing of Part 1 resulted in no detectable, viable H5N1 since the virus recovery was
equivalent to the negative control (i.e., PrimeStore® with no virus added). Whereas, the positive control (i.e., no PrimeStore®
added, cell culture media used in lieu of PrimeStore® reagent, virus added) resulted in excellent recovery (67.59% average
recovery) of HSN1 as expected. The results indicate that PrimeStore® reagent was capable of inactivating a high titer of HSN1

(1.26 x 107 TCIDsg) at 60 min down to the level of the negative control.

[0159] The real-time PCR from the extended ambient storage study for Part 2 showed that target detection to all four assays
(BBRC H1N1, BBRC H5N1, Longhorn H1N1, and Longhorn H5N1) from the RNA extracted from the longest time-point at 62
days proved to be just as sensitive (all average C; <26.00) as the shortest time-point at Day 0 (day of inoculation). The results
indicate that PrimeStore® reagent did not have deleterious effects on the RNA during extended storage durations in ambient
conditions.

Example 8 - Analysis of Specimens Containing Mycobacterial-Specific Nucleic Acids

[0160] Universal species-specific assays target a highly conserved region of the IS6110 gene, an insertion element found almost
exclusively within the members of the Mycobacterium tuberculosis complex. Multiple copies of the IS6110 element can be found
at differing locations in the genomes of the members of the M. tuberculosis complex, so these primers can also aid in genotyping
strains. All primers and probes were procured from Applied Biosystems (Foster City, CA, USA).

[0161] The laboratory-based LightCycler® 2.0 instrument (Roche Molecular Diagnostics, Indianapolis, IN, USA), and its
lightweight portable (50-Ib) version, the Ruggedized Advanced Pathogen Identification Device (R.A.P.I.D., Idaho Technologies,
Salt Lake City, UT, USA), are both 32-well capillary, real-time instruments which employ similar components and operational
software. The R.A.P.I.D. is configured within a hardened case, and can be employed remotely (e.g., in the field, or at the point-
of-care).

[0162] Primer and probe sequences are shown above. Primer pair melting points are within 2°C and anneal/extend at 58-60°C.
The respective probes anneal/extend 8-10°C higher than that of the primers. Thermocycling operates in a rapid, 2-temperature
format with annealing and extension, each at 60°C for at least about 30 seconds total, facilitated by the short nature of the
respective amplicons.

[0163] Real-time amplification was performed in a single-step, single-reaction-vessel format. Using the PrimeMix® Universal
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MTB Assay (Longhorn Vaccines & Diagnostics, USA), either 2 pL, 3 pL, 4 pL or 5 pL of nucleic acids was added to either 18 pL,
17 pL, 16 pL or 15 pL, respectively, of master mix (i.e., PrimeMix®) containing the following components at the indicated final
concentrations: (a) 1X reaction buffer containing 50 mM of Tris, pH8.0, 70 mM of KCI, 3 mM of MgSQg4, 45 mM of Betaine, 0.05
UM of ROX™ 0.025 pg/pL of ultra pure BSA, 0.2 mM of dNTPs, and 0.1 mM of EDTA, (b) 1X enzyme mixture containing 20 uM
of each primer, 1 unit of Tag polymerase, and 20 uM labeled probe. The forward primer for amplifying the M. tuberculosis target
sequence consisted of the following sequence: 5-CTCGTCCAGCGCCGCTTC-3' (SEQ ID NO:2). The reverse primer for
amplifying the M. tuberculosis target sequence consisted of the following sequence: 5-ACAAAGGCCACGTAGGCGA-3' (SEQ ID
NO:3). The labeled probe for detecting the presence of the M. tuberculosis target sequence consisted of the following sequence:
5'-6FAM-ACCAGCACCTAACCGGCTGTGGGTA-MGBNFQ-3' (SEQ ID NO:4). FIG. 5 shows that the addition of more template
M. tuberculosis DNA, i.e., 5 pL rather than 2 pL of extracted patient DNA, results in slightly better RT-PCR amplification and
detection results, i.e., an average Cr value of 25.1 for 2 pL versus an average Cr value of 23.4 for 5 L.

[0164] Thermocycling was performed as follows: an initial hot-start at 95°C for 5 min, followed with 40 cycles of denaturation at
95°C for 10 sec, and a combined annealing and extension at 60°C for 32 sec. Amplification efficiency was determined using the

Cr slope method according to the equation: E = [10('1/3'099) - 1] x 100. All assays described here exhibited greater than 98.5%
amplification efficiency.

[0165] For each analysis, 'no template' and 'positive' controls were included. Baseline fluorescence for each analysis was
manually adjusted to that of the respective 'no template' control reaction. The 'positive’ control gives rise to an increase in
fluorescence intensity relative to the no template baseline. A 'positive’ unknown is defined as amplification exceeding baseline
fluorescence with a corresponding Crt value not exceeding 36 in a 40-cycle run.

[0166] Samples were collected by swirling a Copan swab five times around a sputum specimen and immersed in a PrimeStore®
collection tube containing 1.5 mL of PrimeStore® solution. A 1:1 ratio of sample to PrimeStore® was also used, as described
above. Prior to this evaluation the swabbed material was extracted using the AMPLICOR® Respiratory Specimen Preparation Kit
and amplified using the LightCycler® Mycobacterium Detection Kit. The specimens were kept at ambient temperatures for
approximately 6 - 30 days prior to nucleic acid extraction and amplification using the PrimeMix™ Universal MTB Assay as
described above. The PrimeMix™ Universal MTB Assay was shipped to the lab from the United States at 4°C (4 days) and once
received remained at ambient temperature for 48 hours before being stored at - 20°C.

[0167] Nucleic acid extraction was carried out using the QlAamp® DNA Mini Kit (Qiagen®, Hilden, Germany) according to
manufactures' instructions. 200ul of the swabbed material in PrimeStore® was vortexed briefly (e.g., 5 to 10 sec) and used as
starting material for the extraction procedure.

[0168] Nucleic acid amplification was carried out using the PrimeMix™ Universal MTB Assay. The forward primer for amplifying
the M. tuberculosis target sequence consisted of the following sequence: 5'-CTCGTCCAGCGCCGCTTC-3' (SEQ ID NO:2). The
reverse primer for amplifying the M. tuberculosis target sequence consisted of the following sequence: 5'-
ACAAAGGCCACGTAGGCGA-3' (SEQ ID NO:3). The labeled probe for detecting the presence of the M. tuberculosis target
sequence consisted of the following sequence: 5'-6FAM-ACCAGCACCTAACCGGCTGTGGGTA-MGBNFQ-3' (SEQ ID NO:4).
The PCR reaction contained 18ul of PrimeMix™ Universal MTB and 2 pE of extracted nucleic acids. The amplification profile
consisted of an initial hot-start at 95°C for 5 min, followed with 40 cycles of denaturation at 95°C for 10 sec and a combined
annealing and extension at 60°C for 32 sec, as described above. Amplification was carried out on the LightCycler® 480 platform
(Roche) and the amplicon was detected due to FAM labeling of the probe.

[0169] Similar to the Examples described above, comparative studies were performed using the following protocols: (1)
NaLc/NaOH decontamination procedure followed by extraction by use of the AMPLICOR® Respiratory Specimen Preparation Kit
and amplification using the LightCycler® Mycobacterium Detection (MTB) kit; (2) the swabbing procedure of the culture into
PrimeStore®, followed by extraction by use of the AMPLICOR® Respiratory Specimen Preparation Kit and amplification using the
LightCycler® MTB kit; (3) a 1:1 ratio of specimen to PrimeStore®, followed by extraction by use of the AMPLICOR® Respiratory
Specimen Preparation Kit and amplification using the LightCycler® MTB kit; (4) the swabbing procedure of the culture into
PrimeStore®, followed by extraction by use of the AMPLICOR® Respiratory Specimen Preparation Kit and amplification using the
PrimeMix® Universal MTB Assay; and (5) the swabbing procedure of the culture into PrimeStore®, followed by extraction by use
of the QlAamp® DNA Mini Kit and amplification using the LightCycler® MTB kit.

[0170] Results of the PrimeMix® Universal MTB Assay can be seen in Tables 10 and 11.
TABLE 10
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SPECIMEN INFORMATION
Specimen Volume of specimen on Duration (days) of swab sample in
Smear Culture ID PrimeStore® at ambient temp prior to
No. swab (uL) e
amplification
M.
L * tuberculosis 50 28
M.
2 T tuberculosis 50 28
M.
3 T tuberculosis 150 28
M.
4 i tuberculosis 250 28
5 Negative M. 100 6
tuberculosis
6 Negative M. 100 6
9 tuberculosis
M.
7 Scanty 7 tuberculosis 50 6
M.
8 Scanty 1 tuberculosis 50 6
M.
9 Scanty 9 tuberculosis 50 6
10 Negative M. 50 6
9 tuberculosis
) M.
M Negative tuberculosis 50 6
12 Negative M. 50 6
9 tuberculosis
13 Negative M. 50 6
tuberculosis
14 Negative M. 100 6
9 tuberculosis
TABLE 11
COMPARISON OF PCR RESULTS USING DIFFERENT PROCESSING METHODS
Swab in Specimen to Swab in Swab in
NaLc/NaOH; PrimeStore PrimeStore® PrimeStore ®; PrimeStore ®;
Specimen LightCycler® ®; (1:1); PrimeMix® Qiagen®;
No. Smear MTB Kit LightCycler | LightCycler® | Universal MTB { LightCycler ®
® MTB Kit MTB Kit Assay Mtb Kit
C, Value C, Value C; Value C; Value C; Value
1 + 27.00 31.34 31.54 35.00 31.67
2 +++ 28.82 31.77 31.56 33.43 32.74
3 +++ 29.21 26.62 23.80 26.24 26.56
4 ++ 28.04 29.63 26.64 27.51 28.96
5 neg - 37.45 33.03 35.00 33.11
6 neg - - - - -
7 scanty 7 34.25 34.09 29.51 33.03 31.85
8 scanty 1 31.59 - 32.11 35.00 34.21
9 scanty 9 32.51 - 31.01 35.00 33.75
10 neg - - - 35.00 33.89
M neg - 33.28 31.87 35.00 33.59
12 neg 34.79 39.49 32.00 35.00 32.72
13 neg - - - - 34.47
14 neg 26.24 29.26 37.75 35.00 29.19
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{(-) symbol indicates that no results were obtained. !

[0171] The PrimeMix™ Universal MTB Assay detected 71% of the smear negative cases as well as a 100% of the smear
positive ones. The PrimeMix™ Universal MTB Assay detected a higher number of culture positive samples than use of the
LightCycler® MTB. The PrimeMix™ Universal MTB Assay was compatible with the use of the PrimeStore® solution.

Example 9 - Stability of the PrimeMix® Universal MTB Assay

[0172] PrimeMix® Universal MTB Assay components as described above were removed from storage in -20°C temperature and
placed at room temperature a varying number of times, ie., one, three, five and ten times, to determine the stability of the
combined reagents and whether repeated thawing and freezing would inhibit the performance of the PrimeMix® Universal MTB
Assay in detecting M. tuberculosis complex in nucleic acid samples. All of the assay components in a single tube and were
thawed at room temperature for about three to about five minutes. The tube was then placed in -20°C temperature for about one
hour to start the next freeze-thaw cycle. After the final freeze-thaw cycle, RT-PCR was carried out as described above for the
PrimeMix® Universal MTB Assay using a previously-identified MDR-TB strain (University of Pretoria, South Africa). Experiments
were carried out in triplicate for each number of freeze-thaw cycles and the resulting C, values were averaged.

[0173] Results of the PrimeMix® Universal MTB Assay after being placed in a number of freeze/thaw cycles can be seen in FIG.
3. As can be seen from this graph, the PrimeMix® Universal MTB Assay showed no reduction in PCR amplification, as indicated
by the resulting C; values, which do not vary significantly from one another, even when the PrimeMix® Universal MTB Assay
components are thawed and re-frozen ten times. The average Cr values after one freeze-thaw cycle (C; = 23.6) and after ten
freeze-thaw cycles (C; = 23.7) did not vary significantly. Thus, the PrimeMix® Universal MTB Assay contains stable components
which do not degrade under varying temperature conditions making it particularly suitable for use in the field, away from
traditional laboratory settings.

Example 10 - Detection of IPC(s) to Monitor Sample Integrity/Nucleic Acid Fidelity in PrimeMix Assays

[0174] Design of Internal Positive Control to be Placed into PrimeStore®, Along with Primers and Probes to Detect the Same

[0175] As noted herein, in certain embodiments it is desirable to include a nucleic acid carrier molecule and/or an IPC sequence
to aid in preparation, stabilization, and quantitation of the isolated polynucleotides. The IPCs described herein may be directly
chemically synthesized using conventional methods, or alternatively, prepared using recombinant DNA technology. It is desirable
to formulate an IPC sequence that is both non-genomic, and that does not significantly hybridize to a mammalian genome, or to
the genome of pathogenic species of interest. Particular compositions and methods of use can be found in Applicant's co-
pending U.S. Patent Appl. Publ. No. 2009/0233309 (filed April 20, 2009).

[0176] In one example, the inventors have employed a single-stranded DNA molecule comprising the sequence of SEQ ID NO:8
(5'-GGGATCGTATAATCGTCGTGCAGTCAGTCCCTCGGTTAAAGTCTCGAGTCGCTCTGT
CAAAATATCCGTACCGTAGTCGATGCGAGCGAGTCCGATCAGTCCAGGTTTCAAAGT CAAATGACTA-3') as an internal positive
control to monitor the fidelity and integrity of the nucleic acids being assayed. Typically, about 0.02 pg/mL of single stranded DNA
target was placed into PrimeStore®. In exemplary examples, the selected amplification primers and labeled oligonucleotide
detection probes preferably each bind to at least a first isolated nucleotide sequence of SEQ ID NO:8. Using the following
specific amplification primers, the resulting amplification product is about 100-bp in length:

Forward primer: 5'-GTGCAGTCAGTCCCTCGGTTA-3' (SEQ ID NO:9)

Reverse primer: 5'-TTGACTTTGAAACCTGGACTGATC-3' (SEQ ID NO:10)

[0177] As an illustrative oligonucleotide detection probe specific for this amplification product, the inventors selected the
sequence of SEQ ID NO:11 (5'-[FAM]-AAATATCCGTACCGTAGTCG-[MGB] -3').

[0178] IPCs useful in the practice of the present description need not include one of the illustrative sequences described herein,
nor do the IPCs even need be substantially homologous to any of the IPC sequences enclosed herein. To illustrate this point, the
following sequences represent variants of SEQ ID NO:8 that are also functional as carrier DNA/IPC sequences, despite having
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sequence degeneracy:

The IPCs of the present description need not be prepared from the precise illustrative DNA amplicon disclosed herein as SEQ ID
NO:8. Additional examples of DNA sequences useful in the in vitro preparation of suitable carrier RNA molecules include, without
limitation, one or more of the following sequences. In each instance, the polymerase transcription site is shown in single
underline, while the sequences of exemplary forward and reverse PCR primer binding domains are shown in double underline.
Exemplary sequence domains to which suitable labeled molecular probes are bound are shown in bold.

5"-X,, TATTAATACGACTCACTATAGGGX, GTGCAGTCAGTCCCTCGGTTAAAGTCTCG

AU AAI L AT LA AU ] A

AGGTTTCAAAGTCAAX,-3' (SEQIDNO:12),

wherein X is any nucleotide and n is any integer from 0 to about 500.
§'-ATCGTATTAATACGACTCACTATAGGGAATCGTCGTGCAGTCAGTCCCTCGGTTA
AAGTCTCGAGTCGCTCTGTCAAAATATCCGTACCGTAGTCGATGCGAGCGAGTCCG
ATCAGTCCAGGTTTCAAAGTCAAATGACTA-3' (SEQID NO:13).

5'-ATCGTATTAATACGACTCACTATAGGGAATCGTCGTGCAGTCAGTCCCTCGGTTA
AAGTCTCGAGTCGCTCTGTCAAAATATCCGTACCGTAGTCGATGCGAGCGAGTCC
GATCAGTCCAGGTTTCAAAGTCAAATGACTA-3" (SEQ ID NO;14).

5-ATCGTATTAATACGACTCACTATAGGGAATCGTCGTGCAGTCAGTCCCTCGGTTA
AAGTCTCGAGTCGCTCTGTCAAAATATCCGTACCGTAGTCGATGCGAGCGAGTICC
GATCAGTCCAGGTTTCAAAGTCAAATGACTA-3 (SEQID NO:15).

5'-ATATTAATACGACTCACTATAGGGAGTGCAGTCAGTCCCTCGGTTAAAGTCTCGA

GGTTITCAAAGTCAAAT-3" (SEQ ID NO:16).

5"-ATATTAATACGACTCACTATAGGGAGTGCAGTCAGTCCCTCGGTTAAAGTCTCGA
GTCGCTCTGTCAAAATATCCGTACCGTAGTCGATGCGAGCGAGTCCGATCAGTCC
AGGTTTCAAAGTCAAAT-3" (SEQID NO:17).

5'-ATATTAATACGACTCACTATAGGGAGTGCAGTCAGTCCCTCGGTTAAAGTCTCGA

GGTTTCAAAGTCAAAT-3" (SEQ ID NO:18).

§'-TATTAATACGACTCACTATAGGGGTGCAGTCAGTCCCTCGGTTAAAGTCTCGAGT
CGCTCTGTCAAAATATCCGTACECGTAGTCGATGCGAGCGAGTCCGATCAGTCCAG
GTITTCAAAGTCAA-3" (SEQ ID NO:19).

5"-TATTAATACGACTCACTATAGGGGTGCAGTCAGTCCCTCGGTTAAAGTCTCGAGT
CGCTCTGTCAAAATATCCGTACCGTAGTCGATGCGAGCGAGTCCGATCAGTCCAGG

TTTCAAAGTCAA-3' (SEQ IDNO:21).

Example 11 - IPC DNA Fluorescent Probe Detection

[0179] IPC detection probe(s) may include a radioactive, luminescent, chemiluminescent, fluorescent, enzymatic, magnetic, or
spin-resonance label, or combination thereof. Fluorescent labels can include fluorescein, 6-carboxyfluorescein (6-FAM), or 6-
carboxyfluorescein-N-succinimidyl ester (6-FAMSE), VIC™ dye, or the like, or a combination thereof.

[0180] IPC detection probe (SEQ ID NO:11) was labeled with either 6-FAM (FAM) or VIC™ dye by methods known to one of
ordinary skill in the art, in order to evaluate their effect on detection of the IPC in samples, once RT- PCR was performed.
PrimeMix® containing these probes as well as the IPC primers (SEQ ID NO:9 and SEQ ID NO:10) was used to amplify and then
detect the presence of the IPC. The experiment was performed four times for each type of labeled probe. Detection was
performed using the ABI 7500 Fast Real-Time PCR System (Applied Biosystems™, Life Technologies Corporation, Carlsbad,
CA, USA). As can be seen in FIG. 4, there was no significant difference between the C; values for the IPC detection probe
labeled with VIC™ dye (C; value = 32.5) and that labeled with 6-FAM (C; value = 31.5). Thus, the type of probe label used has

minimal to no effect in performing the analysis and evaluation of the presence and quantity of the IPC.

Example 12 - Multiplex Assay: Internal Positive Control in Combination with the PrimeMix® Universal MTB Assay
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[0181] As noted above, it is desirable to formulate an IPC sequence that is both non-genomic, and that does not significantly
hybridize to a mammalian genome, or to the genome of pathogenic species of interest. This is to avoid the possibility of the IPC
primers and probes detecting other nucleic acid(s) present in an extracted patient sample, such as DNA from the patient
themselves or from other microorganisms that are not of interest that may be present in the sample.

[0182] In order to ensure that the IPC, IPC primers and IPC probes of the present description would not affect or inhibit the
amplification or detection of the M. tuberculosis sequence in samples, the single stranded DNA IPC was placed into PrimeStore®
containing about 33 ng/pL of previously-identified MDR-M. tuberculosis DNA. The nucleic acid was then extracted using the
QlAamp® DNA Mini Kit (Qiagen®) and PrimeMix® containing both primers and probes for M. tuberculosis and the IPC, as
described above, were used in a multiplex PrimeMix® Universal MTB Assay. As a comparison, the same procedure was carried
out on the same M. tuberculosis strain but no IPC, IPC primers or probes were added. This experiment was carried out in
triplicate for both the multiplex and uniplex procedure. As can be seen in FIG. 6, the amplification and detection of M.
tuberculosis nucleic acid was not significantly affected by the multiplex procedure, i.e., the average C; value for the multiplex

procedure ("MTB Multiplex") was 24.6 whereas the C; value for the uniplex procedure ("MTB") was 23.6.

Example 13 - Uniplex and Multiplex Assays: Varying Concentrations of IPC

[0183] The concentration of the IPC placed in PrimeStore® was varied. 10-3, 106, 10”7, and 108 ng/uL of IPC were placed into
the same amount of PrimeStore®. Depending on whether a uniplex or multiplex reaction was performed, an M. tuberculosis
complex-specific set of primers and probe were also placed in the PrimeMix®. No M. tuberculosis complex-specific nucleic acids
were added to the PrimeStore® solution. As can be seen in FIG. 7, varying the concentration of the IPC in PrimeStore® in a
multiplex PrimeMix® Universal MTB Assay (“IPC Vic in Multiplex") showed no significant difference when compared to the same
concentration variations of IPC in the uniplex PrimeMix® assay (for IPC only) ("IPC Fam" and "IPC Vic"). Additionally there were
no significant differences between the IPC probes labeled with 6-FAM and those labeled with VIC™ dye in a uniplex format when
IPC concentration was varied.

Example 14 - Uniplex and Multiplex Assays: Varying Concentrations of M. tuberculosis Sample

[0184] As can be seen in FIG. 8, increasing the initial amount of M. tuberculosis sample from 15 pL to 150 pL (a 10-fold
difference) as initially stored in 1.5 mL of PrimeStore®, slightly improves the results obtained from a uniplex PrimeMix® Universal
MTB Assay (average C; value of 15 pL sample = 26.5, average C; value of 150 pL sample = 24.1) and a multiplex PrimeMix®
Universal MTB Assay (average C; value of 15 uL sample = 26.8, average C; value of 150 uL sample = 24.2). Detection of the
IPC remains unaffected as expected. There was little observable difference in MTB PCR amplification, as measured by C,

scores between the uniplex and multiplex PrimeMix® Universal MTB Assay.

Example 15 - Uniplex and Multiplex Assays: Detection of Mycobacterium Strains

[0185] Various mycobacterial strains (i.e., five different M. tuberculosis strains, two different M. avium strains, one M.
intracellularae strain, one M. gondii strain, and one M. kansasii strain) were tested using both the uniplex ("MTB Uniplex") and
multiplex ("MTB in Multiplex") PrimeMix® by similar procedures to those described above. Nucleic extraction amounts varied,
depending on the contents of the sputum sample from about 80 to about 180 ng/uL. As can be seen in FIG. 9, both the uniplex
and multiplex assays readily detected the five different M. tuberculosis strains but not the other non-MTB strains. This indicates
that the PrimeMix® assay readily detects tuberculosis-causing organisms and not other Mycobacterium species. No significant
difference was detected between the results for the uniplex and multiplex assays for MTB detection indicating little to no loss of
sensitivity between uniplex and multiplex assays. The IPC was readily detected in all multiplex assays, regardless of what
mycobacterial strain was used.

Example 16 - Uniplex and Multiplex Assays: Dilution of M. tuberculosis Target Pathogen

[0186] As can be seen in FIG. 10, varying the amount of M. tuberculosis target sequence concentration from a particular purified
strain, i.e., 104, 1073, 102, 10°1 are representative of ten-fold dilutions wherein 10°" represents a DNA concentration of 330 ng/

uL, 102 represents a DNA concentration of 33 ng/pL, 1073 represents a DNA concentration of 3.3 ng/uL and 104 represents a
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DNA concentration of 0.33 ng/pL, increased the ability of the PrimeMix® assay to detect M. tuberculosis significantly, in both the
uniplex and multiplex assays. The IPC target sequence concentration was 0.02 pg/mL for each assay. IPC detection was
minimally affected by the highest concentration of M. tuberculosis nucleic acid, as typically expected in the performance of
multiplex assays where the concentration of a target sequence is generally much higher than that of the IPC target. This could
be addressed by increasing the concentration of the IPC target sequence in the assay or further molar optimization of the IPC
primers and/or probe in the multiplex reaction.

Example 17 - Multiplex Assays: Dilution of M. tuberculosis Strain

[0187] As can be seen in FIG. 11, varying the amount of M. tuberculosis nucleic acid from a particular purified strain, i.e., 10‘4,
103,102, 10" are representative of ten-fold dilutions wherein 107" represents a DNA concentration of 33 ng/uL, 1072 represents

a DNA concentration of 3.3 ng/uL, 1073 represents a DNA concentration of 0.33 ng/pL and 104 represents a DNA concentration
of 0.033 ng/uL, had no significant effect on the detection of the IPC when using IPC probes labeled with either 6-FAM or VIC™
dye. Probes labeled with 6-FAM did show lower C; values overall, but both methods of detection were equally effective.

Example 18 - Variation in real-time PCR cycle threshold at various BSA concentrations

[0188] PCR DNA and/or RNA enzymes and 10X PCR buffers are typically supplied in separate tubes and maintained at a
constant -20 Celsius. "Master Mix" preparations are typically prepared by thawing and combining the enzyme and 10X PCR
buffer with primers for amplification. The present invention is an all-inclusive blend that includes buffers, salts, enzymes, and
primers and probe for real-time amplification from a 1x single-use tube that is considerably more thermostable than PCR buffers
in the art. For example, in contrast to commercial 10X PCR buffer supplied with Platinum Taq DNA Polymerase (Invitrogen, Cat
#s 10966-018 and 10966-026), the present invention includes the addition of BSA for stabilizing PCR enzymes in the reaction.

[0189] Bovine Serum Albumin (BSA) is used commonly in restriction enzyme reactions to stabilize some enzymes during
digestion of DNA and to prevent adhesion of enzyme to reaction tubes, particularly glass capillary tubes used for PCR. Because
of its stabilizing characteristics in extended, i.e., overnight restriction enzymatic reactions, BSA may likewise enhance the stability
and integrity of DNA and RNA polymerases used in PCR and RT-PCR amplifications, especially when these enzymes are stored
at temperatures less than -20 Celsius. BSA is reported to stabilize reactions by interfering with inhibiting substances and DNA
contaminants. The presence of BSA at concentrations between 0.1-0.5 mg/mL in final reaction concentrations has no deleterious
effect on downstream polymerase chain reactions (PCR) as determined by real-time PCR cycle threshold values.

[0190] Betaine improves co-amplification of two alternatively spliced variants of prostate-specific membrane antigen mRNA and
amplification of cDNA of c-jun. Betaine and cationic functionalized zwitterionic compounds improves gene amplification by
reducing the formation of secondary structure caused by GC-rich regions and, therefore, may be generally applicable to improve
amplification of any GC-rich DNA sequence. Betaine in PrimeMix preserves and stabilizes individual nucleotides (A, T, C, Gs) and
prevents annealing, stability, hydrolysis and oxidative degradation of PCR primers and probes in the PrimeMix solutions. Betaine
present at a final concentration between 10-100 mM had an additive effect on PCR amplification as determined by cycle
threshold during real-time amplification. Betaine is a stabilized molecule and well suited for PCR reaction mixtures held at
temperatures greater than minus 20 Celsius because it does not promote nucleotide mutation rate during amplification and it
does not degrade as readily as DTT and DMSO.

[0191] The final pH of the buffer has a huge impact on the overall stability during PCR amplification. The preferred pH for PCR is
typically reported at 8.4, although buffers as basic as 9.0 have been effective. In the current invention containing an all inclusive
mix of enzymes, buffers and primers we have found the optimal pH to be 8.2 (+/- 0.1). A slightly less basic buffer was shown to
enhance PCR amplification by real-time PCR, specifically when PrimeMix formulations are held over time at temperatures
greater than minus 20 Celsius.

[0192] Influenza A (H3N2) virus (102 TCID50/mL) was amplifed using PrimeMix Universal Influenza A in a 0.1-0.5 mg/mL
gradient of BSA (see Figure 12). As can be seen, there was no variation in real-time PCR cycle threshold noted at these
concentrations indicating no PCR inhibition by BSA.

[0193] Other embodiments and uses of the invention will be apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. The term comprising, where ever used, is intended to include the
terms consisting and consisting essentially of. Furthermore, the terms comprising, including, and containing are not intended to
be limiting. It is intended that the specification and examples be considered exemplary only with the true scope of the invention
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indicated by the claims.

SEQUENCE LISTING

[0194]

<110> Fischer, Gerald W.
Daum, Luke T.

<120> Compositions and Methods for Detecting, Identifying and Quantitating Mycobacterial-Specific Nucleic Acids
<130> 3022.008

<140> 13/094,809
<141>2011-04-26

<150> 60/697,728
<151>2007-10-01

<150> 12/243,949
<151>2008-10-01

<150> 12/426,890
<151> 2009-04-20

<150> 12/510,968
<151>2009-07-28

<150> 12/916,263
<151>2010-10-29

<160> 21
<170> PatentIn version 3.5

<210>1

<211> 180

<212> DNA

<213> Mycobacterium tuberculosis

<400>1
gtcccgecga tctegtecag cygecgettcg gaccaccage acctaaccgg ctgtgggtag 60

cagacctcac ctatgtgtcg acctgggceag ggttegecta cgtggecttt gtcaccgacy 120

cctacgtege aggatcctgg getggcgggt cgettccacy atggecacct ccatggtect 180

<210>2

<211>18

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Forward Primer

<400>2
ctecgtecage geegcette 18

<210>3

<211>19

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Reverse Primer

<400> 3



acaaaggcca cgtaggcga 19

<210>4

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Probe

<400> 4
accaccagca cctaaccggce tgtgggta 28

<210>5

<211> 18

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Forward Primer

<400>5
accagcacct aaccggct 18

<210>6

<211>18

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Reverse Primer

<400> 6
accgacgcct acgtegcea 18

<210>7

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Probe

<400>7
agggttcgec tacgtggcect tigt 24

<210>8

<211>124

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic oligonucleotide

<400>8

gggatcgtat aatcgtcgtg cagtcagtcc ctcggttaaa gtctcgagtc gctctgtcaa
aatatccgta ccgtagtcga tgcgagcgag tccgatcagt ccaggtttca aagtcaaatg

acta

<210>9

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Forward Primer

60
120
124
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<400>9
gtgcagtcag tceeteggtt a 21

<210>10

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Reverse Primer

<400> 10
ttgactttga aacctggact gatc 24

<210> 11

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide Probe

<400> 11
aaatatccgt accgtagtcg 20

<210>12

<211> 126

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide N = any nucleotide

<220>

<221> misc_feature
<222>(1)..(1)
<223>nisa,c,g,ort

<220>

<221> misc_feature
<222> (25)..(25)
<223>nisa,c,g,ort

<220>

<221> misc_feature
<222>(126)..(126)
<223>nisa,c,g,ort

<400> 12
ntattaatac gactcactat agggngtgca gtcagtccct cggttaaagt ctcgagtcge

tctgtcaaaa tatccgtacc gtagtcgatg cgagcgagtc cgatcagtcc aggtttcaaa

gtcaan

<210>13

<211> 141

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 13
atcgtattaa tacgactcac tatagggaat cgtcgtgcag tcagtcecte ggttaaagte

tcgagtcgct ctgtcaaaat atccgtaccg tagtcgatgc gagcgagtcc gatcagtcca

60
120
126

60
120
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ggtttcaaag tcaaatgact a

<210> 14

<211> 141

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 14
atcgtattaa tacgactcac tatagggaat cgtcgtgcag tcagtccctc ggttaaagtc

tcgagtcgct ctgtcaaaat atccgtaccg tagtcgatge .gagcgagtcc gatcagteca

ggtttcaaag tcaaatgact a

<210> 15

<211> 141

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 15
atcgtattaa tacgactcac tatagggaat cgtcgtgcag tcagtccctc ggttaaagtc

tcgagtcgct ctgtcaaaat atccgtaccg tagtcgatgc gagcgagtcc gatcagtcca

ggtttcaaag tcaaatgact a

<210> 16

<211> 127

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 16
atattaatac gactcactat agggagtgca gtcagtccct cggttaaagt ctcgagtcgce

tctgtcaaaa tatecgtacc gtagtcgatg cgagcgagtc cgatcagtcc aggtttcaaa

gtcaaat

<210>17

<211> 127

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 17
atattaatac gactcactat agggagtgca gtcagtcect :cggttaaagt ctcgagtcge

tctgtcaaaa tatccgtacc gtagtcgatg cgagcgagtc cgatcagtcc aggtttcaaa

gtcaaat

<210> 18

<211> 127

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 18
atattdatac gactcactat agggagtgca gtcagtecct cggttaaagt ctcgagtcge

tctgtcaaaa tatccgtacc gtagtcgatg cgagcgagtc cgatcagtcc aggtttcaaa

NntraAaat

141

60
120
141

60
120
141

60
120
127

60
120
127

60
120
177
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g ermm—-

<210>19

<211>123

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 19
tattadtacg actcactata ggggtgcagt cagtccetcg gttaaagtct cgagtcgetc

tgtcaaaata tccgtaccgt agtcgatgeg agcgagtccg atcagtccag gtttcaaagt

Ccaa

<210> 20

<211>123

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic oligonucleotide

<400> 20
tattaatacg actcactata ggggtgcagt cagtccctcg gttaaagtct cgagtegete

tgtcaaaata tccgtaccgt agtcgatgcg agcgagtccg atcagtccag gtttcaaagt

caa

<210> 21

<211>123

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic Oligonucleotide

<400> 21
tattaatacg actcactata ggggtgcagt cagtccctcg gttaaagtct cgagtcgcetc

tgtcaaaata tccgtaccgt agtcgatgeg agcgagtccg atcagtccag gtttcaaagt

Caa
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Patentkrav
l. PCR-klar sammens&tning til detektering af et M. rtuberculosis-komplekset 1 en
biologisk prgve, der som bestanddele omfatter:

en blanding af deoxynukleotid-triphosphater, der 1 alt vasentligt omfatter a&kvivalente
mangder af dATP, dCTP, dGTP og dTTP, der sammen er til stede 1 sammens&tningen ved en
koncentration pa 0,1 mM til 1 mM;

et chelateringsmiddel agent, der er udvalgt fra gruppen bestaende af
ethylenglycoltetraeddikesyre, hydroxyethylethylendiamintrieddikesyre,
diethylentriaminpentaeddikesyre, N,N-bis(carboxymethyl)glycin,
ethylendiamintetraeddikesyre, vandfrit citrat, natriumcitrat, calciumcitrat, ammoniumcitrat,
ammoniumbicitrat, citronsyre, diammoniumcitrat, kaliumcitrat, magnesiumcitrat,
ammoniumjerncitrat, lithiumcitrat, og en hvilken som helst kombination deraf, der er til stede 1
sammens&tningen ved en koncentration pa 0,01 mM til 1 mM;

PCR-osmolaritetsmidlet ~ N,N,N-trimethylglycin  (betain), der er tl stede 1
sammens&tningen ved en koncentration pd 1 mM til 1 M;

et albumin udvalgt fra gruppen bestaende af bovint serumalbumin, humant
serumalbumin, gede-serumalbumin, pattedyrealbumin, og en hvilken som helst kombination
deraf, der er til stede i sammens&tningen ved en koncentration pa 5 ng/ml til 100 ng/ml;

mindst to salte, hvor det fgrste er et kaliumsalt salt udvalgt fra gruppen bestdende af
kaliumchlorid og kaliumglutamat og det andet er et magnesiumsalt udvalgt fra gruppen
bestaende af magnesiumchlorid og magnesiumsulfat, der sammen er til stede i
sammens&tningen ved en koncentration pa 50 mM til 1 M;

og en buffer udvalgt fra gruppen bestdende af tris(hydroxymethyl)aminomethan (Tris),
citrat, 2-(N-morpholino)ethansulfonsyre (MENS), N,N-Bis(2-hydroxycthyl)-2-
aminoethansulfonsyre (BES), 1,3-bis(tris¢thydroxymethyl)methylamino)propan (Bis-Tris), 4-
(2-hydroxyethyl)-1-piperazinethansulfonsyre  (HEPES), 3-(N-morpholino)propansulfonsyre
(MOPS), N,N-bis(2-hydroxycthyl) glycin (bicin), N-[tris(hydroxymethyl)methyl]glycin (tricin),
N-2-acetamido-2-iminodieddikesyre (ADA), N-(2-acetamido)-2-aminoethansulfonsyre
(ACES), piperazin-1,4-bis(2-ethansulfonsyre) (PIPES), bicarbonat, phosphat, og en hvilken
som helst kombination deraf, der er til stede i sammensa&tningen ved en koncentration pa 1
mM til 1 M og med et pH pa 6,5 til 9,0, hvor bufferens pKa er inden for én enhed af
sammensa&tningens pH ved en omgivende temperatur, hvor bestanddelene er kombineret med
nuklease-frit vand; og hvor sammensatningen omfatter én eller flere farvestoffer;

en varmestabil polymerase, der er til stede 1 en mangde fra 0,05 U til 1 U;
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en market detekteringssonde, der binder til en PCR-amplificeret nukleinsyresekvens,
der er specifik for elementer af M. tuberculosis-komplekset, hvor den merkede
detekteringssonde er en Mycobacterium-specifik sekvens af 20 til 35 nukleotider 1 l&ngden og
omfatter sekvensen ifglge SEQ ID NO: 4 eller SEQ ID NO: 7;

og et par af PCR-primere, der er konfigureret til at amplificere ved PCR
nukleinsyresekvensen, der er specifik for elementet af M. tuberculosis-komplekset, der
sammen er til stede i sammense&tningen ved en koncentration pa 0,5n M til 50 uM, hvor hver
PCR-primer er fra 18 til 35 nukleotider lang.
2. Sammens®tning ifplge krav 1, hvor sammensa@tningen bevarer PCR-
amplifikationsaktivitet efter at have varet optget og genfrosset ti gange.
3. Sammens&tning ifglge krav 1 eller krav 2, hvor det ene eller flere farvestoffer er
udvalgt fra gruppen bestdende af fluorescein, ROX™ og 5-carboxy-X-rhodamin.
4. Sammens&tning ifplge et hvilket som helst af krav 1 eller krav 2, hvor pH’et er fra 6,5
til 7,5; og/eller bufferens pKa er inden for 0,5 af bufferens pH ved omgivende temperatur;
fortrinsvis inden for 0,2 af bufferens pH ved omgivende temperatur.
5. Sammensatning ifplge et hvilket som helst foregaende krav, der endvidere omfatter en
kontrolnukleinsyre, der tilvejebringer en kvalitativ eller kvantitativ maling af PCR-
amplifikation, der er til stede i sammensatningen ved en koncentration pa 1 fg til 1 ng.
6. Sammens&tning ifglge krav 5, hvor kontrolnukleinsyresekvensen omfatter sekvensen
ifplge SEQ ID NO: &, sekvensen ifplge SEQ ID NO: 12 eller sekvensen ifglge SEQ ID NO: 21.
7. Sammensatning ifglge et hvilket som helst foregaende krav, hvor én primer af parret af
PCR-primere omfatter nukleinsyresekvensen ifglge SEQ ID NO: 2 eller SEQ ID NO: 5, og den
anden primer af parret af PCR-primere omfatter nukleinsyresekvensen ifglge SEQ ID NO: 3
eller SEQ ID NO: 6.
8. Fremgangsmade til detektering af et element af M. tuberculosis-komplekset 1 en
biologisk prgve, hvilken fremgangsmade omfatter:

etablering af kontakt mellem den biologiske prgve og sammensatningen ifglge et
hvilket som helst af krav 1 til 6 for at danne en blanding;

udfgrelse af talrige termiske cyklingstrin pd blandingen for at danne et
amplifikationsprodukt, der er afledt af nukleinsyren, som er specifik for et element af M.
tuberculosis-komplekset;

detektering af tilstedevarelsen eller fraveret af amplifikationsproduktet for at
bestemme tilstedevarelsen eller fraveret af et element af M. tuberculosis-komplekset 1 den

biologiske prgve.
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9. Fremgangsmade ifglge krav 8, der endvidere omfatter detektering af en amplificeret
sekvens af en kontrolnukleinsyre og bestemmelse af amplifikationskvaliteten eller -kvantiteten,
der er fremkommet fra de talrige termiske cyklingstrin.

10. Kit, der omfatter sammens@tningen ifglge et hvilket som helst af krav 1 til 7, indeholdt
1 en steril beholder udformet til tils@tning af en biologisk prgve og termisk cykling, og
anvisninger til bestemmelse af tilstedevarelsen eller fravaret af et element af M. tuberculosis-

komplekset fra resultaterne af den termiske cykling.
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Evaluation of IPC ONA Target Consentration with
Uniplex and Multiplex Primefix Assays
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T8 and Non-TB Mycobacterium Strains with MTB and
MTB/IPC Multiplex PrimeMix Assays
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