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METHODS OF DETECTING MULTI-DRUG RESISTANT ORGANISMS

RELATED APPLICATIONS
{6601} This application claims priority to and benefit of U.S. Provisional Patent
Application No. 61/952,795, filed March 13, 2014 and U .S, Provisional Patent Application No.
62/116,860, filed February 16, 2015, the countents of which are cach incorporated herein by

reference in its entirety.

FIELD OF THE INVENTION

18062} The present invention, relates generally to the identification and characterization of genes and
gene families associated with multi-gene resistance in biological samples in the screening, diagnosis,

therapy, epidemiclogical surveillance, and monitoring of multi-gene resistant colonization and mfection.

BACKGROUND OF THE INVENTION

{6803} Antibiotic-resistant bacterial infections are associated with poor climcal outcomes
including increased morbidity, mortality, and healthcare costs among infected patients.
Colonized patients are an mportant reservoir of beta-lactarases [eading to the transmission and
spread of these organisms within hospitals and long term care facilities. The prevalence of these
organisms in such factlitics in the United States has steadily mereased over the last 30 years.
Treatment options for patients with multi-drog resistant organisms ( MDROs) are extremely
irnited; therefore prevention of transmission within these facilitics 18 paramount. Classical
culture methods for detection of MDROs are time consuming (48-72 hours), leading to delays,
inappropriate treatient and patient isolation. Highly sensitive, rapid molecular methods for
detection of MBROs provide a tool for surveillance and screening of high risk patients and better
patient management. The present invention addresses this market need.

13004) Accordingly, a need exists for a rapid racthod that accurately differentiates between

bacterial, viral, mixed and non-infectious disease patients that addresses these challenges.



SUMMARY

[0005] The disclosure is based upon an ultra-sensitive method for detecting multi-drug
resistant bacterial colonization or infection in a subject. In addition, the disclosure relates to
methods for the rapid detection and characterization of MDROs, bacteria, viruses, fungi, yeasts,
and molecular, phenotypic, and host biomarkers associated with infectious diseases, through high
density matrix gene testing in order to provide the most comprehensive, high resolution profile
of colonization, infection, and resistance pattern in a test sample. In various examples the
method includes isolating a nucleic acid sample from a biological sample obtained from the
patient by amplifying the antibiotic resistant genes KPC, NDM, OXA, VIM, IMP, CTX-M and
VanA by contacting the nucleic acid sample with one or more amplification primers that
specifically hybridize with the each of the antibiotic resistant genes to provide an enriched
nucleic acid sample; detecting the presence of the antibiotic gene by contacting the nucleic acid
sample with one or more detection primers that specifically hybridize with the each of the
antibiotic resistant genes to in the enriched nucleic acid sample; classifying the patient as having
a multi-drug resistant bacterial colonization or infection when one or more of the antibiotic
resistant genes are identified in the enriched nucleic acid sample; and providing a contact
precautions recommendation for the patient having a multi-drug resistant bacterial colonization
or infection. Optionally, the antibiotic resistant genes further include one or more of IMI, SME,
GIM, SPM, NMC, SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY,
MIR, ACT, DHA, MOX, FOX, or CFE.

[0005a] Disclosed is a method of screening a patient for multi-drug resistant bacterial
colonization or infection comprising: isolating a nucleic acid sample from a biological sample
obtained from the patient; amplifying at least one antibiotic gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by contacting the
nucleic acid sample with one or more amplification primers that specifically hybridizes to a
substantially homologous region common to at least two antibiotic gene subtypes in each
antibiotic resistant gene family to provide an enriched nucleic acid sample; detecting the
presence of the at least one antibiotic gene subtype by contacting the enriched nucleic acid
sample with one or more detection primer that specifically hybridizes to the substantially

homologous region or to another substantially homologous region common to at



least two antibiotic gene subtypes in each antibiotic resistant gene family; classifying the patient
as having a multi-drug resistant bacterial colonization or infection when at least one antibiotic
gene subtype from each of the antibiotic resistant gene families is identified in the enriched
nucleic acid sample; and providing a contact precautions recommendation for the patient having
a multi-drug resistant bacterial colonization or infection.

[0605Db] In one aspect, the present invention provides a method of screening a patient for
multi-drug resistant bacterial colonization or infection, the method comprising: isolating a
nucleic acid sample from a biological sample obtained from the patient; amplifying at least one
antibiotic resistant gene subtype from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and
VanA antibiotic resistant gene families by contacting the nucleic acid sample with a plurality of
sets of amplification primers, wherein each set of amplification primers specifically hybridizes to
a substantially identical region common to at least two antibiotic resistant gene subtypes within
one of the antibiotic resistant gene families to provide an enriched nucleic acid sample, wherein
the nucleic acid sample is contacted by an internal amplification control nucleic acid prior to
amplification; detecting the presence of the at least one antibiotic resistant gene subtype by
-contacting the enriched nucleic acid sample with a plurality of sets of detection primers, wherein
each set of detection primers specifically hybridizes to the substantially identical region or to
another substantially identical region common to at least two antibiotic resistant gene subtypes
within one of the antibiotic resistant gene families, wherein said contacting results in
amplification of the substantially identical region or amplification of another substantially
identical region common to at least two antibiotic resistant gene subtypes within each antibiotic
resistant gene family; classifying the patient as having a multi-drug resistant bacterial
colonization or infection when at least one antibiotic resistant gene subtype from each of the
antibiotic resistant gene families is identified in the enriched nucleic acid sample; and

providing a contact precautions recommendation for the patient having a multi-drug resistant
bacterial colonization ot infection.

[0006] Optionally, the method further includes making a treatment recommendation for the
patient. Treatment recommendation include recommending that the patient does not receive a
carbapenem antibiotic when KPC, NDM, OXA, VIM, IMP, SME, SPC, IMI, NMC, or CcrA is
detected; recommending that the patient does not receive a cephalosporin antibiotic when CTM-
X, PER, VEB, GES, BES, SFO, TLA, TEM with amino acid substitutions E104K, R164H,
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R1648S, R164C, G238S or E240K, or SHV with amino acid substitutions G156D, G238S or
E240K, is detected recommending that the patient does not receive a beta-lactamase inhibitor-
beta-lactam combination when ACC, MOX, CMY, CFE, ACT, DHA or FOX is detected; or

recommending that the patient does not receive vancomycin when VanA is detected.
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[0007] In some examples the method further includes testing the biological sample to
identify the phenotype of the multi-drug resistant organism and/or culturing the biological
sample and confirming drug resistance.

[0008] In other examples the disclosure includes methods of making a treatment
recommendation for a subject known to or suspected of being colonized with or having a
bacterial infection isolating a nucleic acid sample from a biological sample obtained from the
patient by amplifying the antibiotic resistant genes KPC, NDM, OXA, VIM, IMP, CTX-M and
VanA and optionally one or more of IMI, SME, GIM, SPM, NMC, SFC, SHV, TEM, BEL,
VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX, or CFE by
contacting the nucleic acid sample with one or more amplification primers that specifically
hybridize with the each of the antibiotic resistant genes to provide an enriched nucleic acid
sample; detecting the presence of the antibiotic gene by contacting the nucleic acid sample with
one or more detection primers that specifically hybridize with the each of the antibiotic resistant
genes to in the enriched nucleic acid sample recommending that the patient does not receive a
carbapenem antibiotic when KPC, NDM, OXA, VIM, SFC, IMP, SME, IMI, NMC, or CerA is
detected; recommending that the patient does not receive a cephalosporin antibiotic when CTM-
X, PER, VEB, GES, BES, SFO, TLA, TEM with amino acid substitutions. E104K, R164H,
R164S, R164C, G238S or E240K, or SHV with amino acid substitutions G156D, G238S or
E240K, is detected recommending that the patient does not receive a beta-lactamase inhibitor-
beta-lactam combination when ACC, MOX, CMY, CFE, ACT, DHA or FOX is detected; or
recommending that the patient does not receive vancomycin when VanA is detected.

[0008a] Also disclosed is a method of making a treatment recommendation for a subject
known to or suspected of being colonized with or having a bacterial infection comprising: isolating a
nucleic acid sample from a biological sample obtained from the patient; amplifying at least one
antibiotic gene subtype from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and VanA
antibiotic resistant gene families by contacting the nucleic acid sample with one or more
amplification primers that specifically hybridizes to a substantially homelogous region common to at
least two antibiotic gene subtypes in each antibiotic resistant gene family to provide an enriched
nucleic acid sample; detecting the presence of the at least one antibiotic gene subtype by contacting
the enriched nucleic acid sample with one or more detection primer that specifically hybridizes to

the substantially homologous region or to another



substantially homologous region common to at least two antibiotic resistant gene subtypes in
each antibiotic resistant gene family; recommending that the patient does not receive a
carbapenem antibiotic when at least one antibjotic gene subtype from each of the KPC, NDM,
OXA, VIM, and IMP antibiotic resistant gene families is detected; recommending that the
patient does not receive a cephalosporin antibiotic when at least one antibiotic gene subtype from
the CTM-X antibiotic resistant gene family is detected; or recommending that the patient does
not receive vancomycin ‘when at least one antibiotic gene subtype from the VanA antibiotic
resistant gene family is detected.

[0008b] In another aspect, the present invention provides a method of making a treatment
recommendation for a subject known to be or suspected of being colonized with or having a
bacterial infection comprising: isolating a nucleic acid sample from a biological sample obtained
from the patient; amplifying at least one antibiotic resistant gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by contacting the
nucleic acid sample with a plurality of sets of amplification primers, wherein each set of
amplification primers specifically hybridizes to a substantially identical region common to at
least two antibiotic resistant gene subtypes within one of the antibiotic resistant gene families to
provide an enriched nucleic acid sample, wherein the nucleic acid sample is contacted by an
internal amplification contro! nucleic acid prior to amplification; detecting the presence of the at
least one antibiotic resistant gene subtype by contacting the enriched nucleic acid sample with a
plurality of sets of detection primers, wherein each set of detection primers specifically
hybridizes to the substantially identical region or to another substantially identical region
common to at least two antibiotic resistant gene subtypes within one of the antibiotic resistant
gene families, wherein said contacting results in amplification of the substantially identical
region or amplification of another substantially identical region common to at least two antibiotic
resistant gene subtypes within each antibiotic resistant gene family; and (i) recommending that
the patient does not receive a carbapenem antibiotic when at least one antibiotic resistant gene
subtype from each of the KPC, NDM, OXA, VIM, and IMP antibiotic resistant gene families is
detected; (ii) recommending that the patient does not receive a cephalosporin antibiotic when at
least one antibiotic resistant gene subtype from the CTX-M antibiotic resistant gene family is
detected; or (iii) recommending that the patient does not receive vancomycin when at least one

antibiotic resistant gene subtype from the VanA antibiotic resistant gene family is detected.
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0609} Also disclosed are methods of making a treatment recommendation for a heathy
subject by isolating a nucleic acid sample from a biological sample obtained from the patient;
amplifying the antibiotic resistant genes KPC, NDM, OXA, VIM, IMP, CTX-M and VanA and
optionally one or more of IMI, SME, GIM, SPM, NMC, SEC, SHV, TEM, BEL, VEB, GES,
PER, SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX, or CFE by contacting the
nucleic acid sample with one or more amplification primers that specifically hybridize with the
each of the antibiotic resistant genes to provide an enriched nucleic acid sample; detecting the
presence of the antibiotic gene by contacting the nucleic acid sample with one or more
detection primers that specifically hybridize with the each of the antibiotic resistant genes to in

the enriched nucieic acid sample and recommending that the
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patient does not receive a carbapenem antibiotic when KPC, NDM, OXA, VIM, SFC, IMP,
SME, IMI, NMC, or CcrA is detécted; recommending that the patient does not receive a
cephalosporin antibiotic when CTM-X, PER, VEB, GES, BES, SFO, TLA, TEM with amino
acid substitutions E104K, R164H, R164S, R164C, G238S or E240K, or SHV with amino acid
substitutions G156D, G238S or E240K, is detected recommending that the patient does not
receive a beta-lactamase inhibitor-beta-lactam combination when ACC, MOX, CMY, CFE,
ACT, DHA or FOX is detected; or recommending that the patient does not receive vancomycin
when VanA is detected.

[00010]  The disclosure further includes methods of identifying the emergence of a multi-drug
resistant organism in a population of subjects identifying one or more antibiotic resistant genes
selected from KPC, NDM, OXA, VIM, IMP, CTX-M and VanA and optionally one or more of
IMI, SME, GIM, SPM, NMC, SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC,
CMY, MIR, ACT, DHA, MOX, FOX, or CFE in a plurality of subject samples wherein
identification of an antibiotic resistant genes in the plurality of subject samples indicates the
emergence of a multi-drug resistant organism in a population.

[00010a] Also disclosed is a method of making a treatment recommendation for a heathy
subject comprising: isolating a nucleic acid sample from a biological sample obtained from the
subject; amplifying at least one antibiotic gene subtype from each of the KPC, NDM, OXA,
VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by contacting the nucleic acid
sample with one or more amplification primers that specifically hybridizes to a substantially
homologous region common to at least two antibiotic gene subtypes in each antibiotic resistant
gene family to provide an enriched nucleic acid sample; detecting the presence of the at least
one antibiotic gene subtype by contacting the enriched nucleic acid sample with one or more
detection primer that specifically hybridizes to the substantially homologous region or to another
substantially homologous region common to at least two antibiotic gene subtypes in each
antibiotic resistant gene family; recommending that the subject does not receive a carbapenem
antibiotic when at least one antibiotic gene subtype from each of the KPC, NDM, OXA, VIM,
and IMP antibiotic resistant gene families is detected; recommending that the subject does not
receive a beta-lactam antibiotic when at least one antibiotic gene subtype from the CTM-X

antibiotic resistant gene family is detected; or



recommending that the subject does not receive vancomycin when at least one antibiotic gene
subtype from the VanA antibiotic resistant gene family is detected.

[00010Db) Also disclosed is a method of identifying the emergence of a multi-drug resistant
organism in a population of subjects comprising identifying one or more antibiotic gene subtype
from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene
families in a plurality of subject samples wherein identification of the one or more an antibiotic
gene subtype in the plurality of subject samples indicates the emergence of a multi-drug resistant
organism in the population of subjects.

[00010c¢] In yet another aspect, the present invention provides a method of making a
treaiment recommendation for an asymptomatic subject comprising: isolating a nucleic acid
sample from a biological sample obtained. from the subject; amplifying at least one antibiotic
resistant gene subtype from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and VanA
antibiotic resistant gene families by contacting the nucleic acid sample with a plurality of sets of
amplification primers, wherein each set of amplification primers specifically hybridizes to a
substantially identical region common to at least two antibiotic resistant gene subtypes within
one of the antibiofic resistant gene families to provide an enriched nucleic acid sample, wherein
the nucleic acid sample is contacted by an internal amplification control nucleic acid prior to
amplification; detecting the presence of the at least one antibiotic resistant gene subtype by
contacting the enriched nucleic acid sample with a plurality of sets of detection primers, wherein
each set of detection primers specifically hybridizes to the substantially identical region or to
another substantially identical region common to at least two antibiotic resistant gene subtypes
within one of the antibiotic resistant gene families, wherein said contacting results in
amplification of the substantially identical region or amplification of another substantially
identical region common to at least two antibiotic resistant gene subtypes within each antibiotic
resistant gene family; and (i) recommending that the subject does not receive a carbapenem
antibiotic when at least one antibiotic resistant gene subtype from each of the KPC, NDM, OXA,
VIM, and IMP antibiotic resistant gene families is detected; (ii) recommending that the subject
does not receive a beta-lactam antibiotic when at least one antibiotic resistant gene subtype from
the CTX-M antibiotic resistant gene family is detected; or (iii) recommending that the subject
does not receive vancomycin when at least one antibiotic resistant gene subtype from the VanA

antibiotic resistant gene family is detected.

da



[00010d] In yet another aspect, the present invention provides a method of identifying the
emergence of a multi-drug resistant organism in a population of subjects, the method comprising:
isolating a plurality of nucleic acid samples from a plurality of biological samples obtained from
a plurality of subjects in the population of subjects; amplifying at least one antibiotic resistant
gene subtype from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic
resistant gene families by contacting each nucleic acid sample with a plurality of sets of
amplification primers, wherein each set of amplification primers specifically hybridizes to a
substantially identical region common to at least two antibiotic resistant gene subtypes within
one of the antibiotic resistant gene families to provide a plurality of enriched nucleic acid
samples, wherein each nucleic acid sample is contacted by an internal amplification control
nucleic acid prior to amplification; and identifying one or more antibiotic resistant gene subtypes
from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene
families in the plurality of the enriched nucleic acid samples, wherein identification of the one or
more antibiotic resistant gene subtypes in the plurality of the enriched nucleic acid samples
indicates the emergence of a multi-drug resistant organism in the population of subjects.

[00011]  Also provided are methods of screening a patient for multi-drug resistant bacterial
colonization or infection by isolating a nucleic acid sample from a biological sample obtained
from the patient such that the sample is substantially free of protein, cellular debris and or PCR
inhibitors and identifying one or more antibiotic resistant genes selected from KPC, NDM, OXA,
VIM, IMP, CTX-M and VanA and optionally-one or more of IMI, SME, GIM, SPM, NMC,
SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA,
MOX, FOX, or CFE in the sample wherein identification of an antibiotic resistant genes
indicates the subject is colonized or infected with a multi-drug resistant bacterial organism.
[00011a] Also disclosed is a method of screening a patient for a multi-drug resistant bacterial
colonization or infection comprising: isolating a nucleic acid sample from a biological sample
obtained from the patient such that the sample is substantially free of protein, cellular debris, and /or
PCR inhibitors; and identifying one or more antibiotic gene subtype selected from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistance gene families in said sample,
wherein identification of the one or more antibiotic gene subtype indicates that the patient has been

colonized or infected with a multi-drug resistant bacterial organism.
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[00011b] In yet another aspect, the present invention provides a method of screening a
patient for a multi-drﬁg resistant bacterial colonization or infection, the method comprising:
isolating a nucleic acid sample from a biological sample obtained from the patient such that the
nucleic acid sample is substantially free of protein, cellular debris, and /or PCR inhibitors;
amplifying at least one antibiotic resistant gene subtype from each of the KPC, NDM, OXA,
VIM, IMP, CTX-M, and VanA ‘antibiotic resistant gene families by contacting the nucleic acid
sample with a plurality of sets of amplification primers, wherein each set of amplification
primers specifically hybridizes to a substantially identical region common to at least two
antibiotic gene subtypes within one of the antibiotic resistant gene families to provide an
enriched nucleic acid sample, wherein the nucleic acid sample is contacted by an internal
amplification control nucleic acid prior to-amplification; and identifying one or more antibiotic.
resistant gene subtypes from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and VanA
antibiotic resistance gene families in said enriched nucleic acid sample, wherein identification of
the one or more antibiotic resistant gene subtypes indicates that the patient has been colonized or
infected with a multi-drug resistant bacterial organism

[00812]  Also disclosed are surveillance methods to establish source of the infection or
colonization, comprising by extracting a nucleic acid sample from a sample collected from the
environment; amplifying the antibiotic resistant genes KPC, NDM, OXA, VIM, IMP, CTX-M
and VanA and optionally one or more of IMI, SME, GIM, SPM, NMC, SFC, SHV, TEM, BEL,
VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX, or CFE by
contacting the nucleic acid sample with one or more amplification primers that specifically

hybridize with the each of the antibiotic resistant genes to provide an
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enriched nucleic acid sample; detecting the presence of the antibiotic gene by contacting the
nucleic acid sample with one or more detection primers that specifically hybridize with the each
of the antibiotic resistant genes to in the enriched nucleic acid sample; wherein the presence of
the antibiotic gene in the sample indicates the source of the infection or colonization.

[00013]  The patient is at high risk for having a multi-drug resistant bacteria colonization or
infection.

[00014]  Contact precautions includes for example, isolating the patient to a quarantine area or
ward, providing a private room for said patient, donning personal protective apparel upon
entering the patient’s room, limiting patient mobility, limiting or restricting access of non-
colonized or non-infected patients or medical personnel to the patient, or providing dedicated
patient care equipment.

[00015]  Biological samples, include but are not limited to an anal swab, a rectal swab, a skin
swab, nasal swab, wound swab, stool, blood, plasma, serum, urine, sputum, respiratory lavage,
cerebrospinal fluid, bacteria culture or bacteria isolate, fungal culture or fungal isolate, virus
culture or virus isolate.

[00016]  The disclosure also provides kits for determining whether a patient is colonized or
infected with a multi-drug resistant bacteria including a biological sample collection means; one
or more primers that specifically hybridize with one or more antibiotic resistant genes selected
from KPC, NDM, OXA, VIM, IMP, CTX-M and VanA and optionally one or more of IMI,
SME, GIM, SPM, NMC, SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC,
CMY, MIR, ACT, DHA, MOX, FOX, or CFE; a control sample; and an instruction, wherein the
instruction classifies the patient as being colonized or infected with a multi-drug resistant
bacteria when one or more of the antibiotic resistant genes are identified in the sample.

[00016a] Also disclosed is a kit for determining whether a patient is colonized or infected
with a multi-drug resistant bacteria comprising: a biological sample collection means; one or
more primers that specifically hybridizes to a substantially homologous region common to at
least two antibiotic gene subtypes from each of the KPC, NDM, OXA, VIM, IMP, CTX-M, and
VanA antibiotic resistant gene families; a control sample; and an instruction, wherein said
instruction classifies said patient as being colonized or infected with a multi-drug resistant
bacteria when at least one antibiotic gene subtype from each of the antibiotic resistant gene

families are identified in the sample



[00016Db] Disclosed is a kit for determining whether a patient is colonized or infected with a
multi-drug resistant bacterium comprising: a biological sample collection means; a plurality of
sets of primers, wherein each set of primers specifically hybridizes to a substantially identical
region common to at least two antibiotic resistant gene subtypes within one of each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families; a control nucleic
acid sample; and an instruction, wherein said instruction classifies said patient as being colonized
or infected with a multi-drug resistant bacterium when at least one antibiotic resistant gene
subtype from each of the antibiotic resistant gene families is identified in the biological sample.
[00017]  Also disclosed is method for implementation by one or more data processors forming
part of at least one computing system by receiving, by at least one data processor, data
characterizing test results of biological specimens for a patient or group of patients, wherein the
test results characterize an outcome of a nucleic acid sample contacted with one or more primers
that specifically hybridize with one or more antibiotic resistant genes selected from KPC, NDM,
OXA, VIM, IMP, CTX-M and VanA and optionally one or more of IMI, SME, GIM, SPM,
NMC, SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC,
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CMY, MIR, ACT, DHA, MOX, FOX, or CFE; and generating, using at least one data processor
and the received data, a database of test results for the patient or group of patients.

[00017a] Also disclosed is a method for implementation by one or more data processors
forming part of at least one computing system comprising: receiving, by at least one data
processor, data characterizing test results of biological specimens for a patient or group of
patients, wherein the test results characterize an outcome of a nucleic acid sample contacted with
one or more primer that specifically hybridizes to a substantially homologous region common to
at least two antibiotic gene subtypes from each of the KPC, NDM, OXA, VIM, IMP, CTX-M
and VanA; antibiotic resistant gene families; and generating, using at least one data processor
and the received data, a database of test results for the patient or the group of patients.

[00018]  In furiher examples the method further includes aggregating the database of test
results with additional individual patient health data, patient group demographic data, healthcare
institution demographic data, regional, national, or global geographic healthcare data.

[00019]  The method further includes establishing, using the database of test results,
colonization or infection rates and trends.

[00020]  Optionally, the method further includes monitoring, using the database of test results,
Hospital Acquired Infection (HAI) and death rates, CRE infection or death rates, ESBL infection
or death rates.

[00021]  Optionally, the method further includes establishing or augmenting, using the
database of test results, treatment guidelines and policies, infection control procedures, or
healthcare economic and risk management policies.

[00022] TIn yet a further example the method further includes computing, using the database of
test results, baseline MDRO infection rates for a hospital and measuring the rate against a
regional or national rate.

[00023]  In other example the method further includes comprising augmenting treatment
procedures, using the database of test results, to lower patient Length of Stay (LOS) ina
healthcare institution, to lower overall costs, to lower patient death rates due to MDRO, to lower

CMS penalties for HAls, and to lower risk of legal settlements due to wrongful death claims.



[00024]  The database of test results further includes an Electronic Health Record (EHR) or
Laboratory Information Management System (LIMS).

[00025] Computer program products are also described that comprise non-transitory computer
readable media storing instructions, which when executed by at least one data processors of one
or more computing systems, causes at least one data processor to perform operations herein.
Similarly, computer systems are also described that may include one or more data processors and
a memory coupled to the one or more data processors. The memory may temporarily or
permanently store instructions that cause at least one processor to perform one or more of the
operations described herein. In addition, methods can be implemented by one or more data
processors either within a single computing system or distributed among two or more computing
system.

[00025a] Also disclosed is a surveillance method to identify a source of an infection or
colonization, comprising: obtaining a nucleic acid sample from a sample collected from the
environment; amplifying at least one antibiotic gene subtype from each of the KPC, NDM,

OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by contacting the nucleic
acid sample with one or more amplification primers that specifically hybridizes to a substantially
homologous region common to at least two antibiotic gene subtypes in each antibiotic resistant
gene family to provide an enriched nucleic acid sample; and detecting the presence of the at least
one antibiotic gene subtype from each antibiotic resistant gene family by contacting the. enriched
nucleic acid sample with one or more detection primer that specifically hybridizes to the
substantially homologous region or to another substantially homologous region common to at
least two antibiotic gene subtypes in each antibiotic resistant gene family; wherein the presence
of the at least one antibiotic gene subtype from each antibiotic resistant gene family in the
enriched nucleic acid sample identifies the source of the infection or colonization.

[00025b] In yet another aspect, the present invention provides a surveillance method to
identify a source of a multi-drug resistant bacterial infection or colonization, comprising:
obtaining a nucleic acid sample from a sample collected from the environment; amplifying at
least one antibiotic resistant gene subtype from each of the KPC, NDM, OXA, VIM, IMP, CTX-
M, and VanA antibiotic resistant gene families by contacting the nucleic acid sample with a

plurality of sets of amplification primers, wherein each set of amplification primers specifically
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hybridizes to a substantially identical region commeon to at least two antibiotic gene subtypes
within one of the antibiotic resistant gene families to provide an enriched nucleic acid sample,
wherein the nucleic acid sample is contacted by an internal amplification control nucleic acid
prior to amplification; and detecting the presence of the at least one antibiotic resistant gene
subtype from each antibiotic resistant gene family by contacting the enriched nucleic acid
sample with a plurality of sets of detection primers, wherein each set of detection primers
specifically hybridizes to the substantially identical region or to another substantially identical
region common to at least two aatibiotic resistant gene subtypes within one of the antibiotic
resistant gene families; wherein the presence of the at least one antibiotic resistant gene subtype
from each antibiotic resistant gene family in the enriched nucleic acid sample identifies the

source of the infection or colonization.
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[00026]  Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
pertains. Although methods and materials similar or equivalent to those described herein can be
used in the practice of the present disclosure, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned herein are
expressly incorporated by reference in their entirety. In cases of conflict, the present
specification, including definitions, will control. In addition, the materials, methods, and
examples described herein are illustrative only and are not intended to be limiting.

[00027]  Other features and advantages of the disclosure will be apparent from and

encompassed by the following detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[00028]  Figure 1 is an illustration showing that the assay of the invention is capable of
presumptively stratifying bacterial species based upon test results.
[00029]  Figure 2 is an chart showing the limits of detection (CFU/swab) of the methods of the
invention
[00030]  Figure 3 is a chart showing the specificity of the methods of the invention.
[00031]  Figure 4 is a chart showing the reproducibility of the methods of the invention.
[00032]  Figure 5 is a summary of genes and gene families used in the Resistome Test.
[00033]  Figure 6 illustrates the Resistome Test used as a first-line screen for establishing
resistance profiles in combination with DNA sequencing for high resolution strain typing.
[00034]  Figure 7 illustrates the utility of the Resistome Test used in combination with DNA
sequencing data to establish gene transmission profiles and events.
[00035]  Figure 8 illustrates an example of using the Resistome Test for reporting and mapping
individual patient anatomical and point-source environmental data.
[00036] Figure 9 illustrates an example of using the Resistome Test for reporting and mapping

multiple patient data across a hospital setting.

DETAILED DESCRIPTION OF THE INVENTION
[00037]  The present invention relates to methods for the rapid detection of multi-drug

resistant organisms (MDROs). The methods are useful in the detection of subjects that are
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colonized or infected with MDRQOs. Detection of MDRO colonized or infected subjects aid in
infection control and the selection of appropriate antibiotic therapy.

{80038}  The methods of the invention detects a broad number of genes that make up the
“resistome” of organisms or the collection of antibiotic resistance in pathogeneic and non-
pathogenic bacteria (Figure 53, The methods of the invention detect beta-lactamase genes found
in beta-lactam antibiotic resistant gram negative bacteria and vanornycin resistant genes found in
vancoryocin resistant gram positive bacteria. More specifically the methods detect Klebsiella
preumoniae carbapencrmase (KPC), New Delhi Metallo-beta-lactamase (NDM) Verona integron-
encoded metallo-P-lactamase (VIM), IMP-type carbapenemase (IMP), OXA beta-lactamase
{{3X A} genes found in carbapenem resistant gram negative bacteria, CTX-M beta-
lactarnase{CTX-M) gene found in extended spectrum resistant gram-negative bacteria, VanA
found in vancomycin resistant Enterococcus, IMi-type carbapenemase (1M1}, SME-type
carbapencmase (SME), GIM-type carbapenemase (GIM), SPM-type carbapenemase (SPM},
NMUC-type carbapenemase (NMC), SFC-type carbapenemase (SFC) genes found in carbapenem
resistant gram negative bacteria, SHY beta-lactamase (SHY), TEM beta-lactamase (TEM), BEL
beta-lactamase (BEL), VEB beta-lactamase (VEB), GES beta-lactarvase {(GES), PER beta-
lactamase (PER), SFO beta-lactamase (SF(Q), BES beta-lactamase (BES), TLA beta-lactamase
{TLA) genes found in extended spectruro resistant gram-negative bacteria, ACC beta-lactamase
{ACC), CMY beta-lactamase (CMY), MIR beta-lactamase (MR}, ACT beta-lactamase (ACT},
DHA beta-lactamase (DHA), MOX beta-lactarsase (MOX), FOX beta-lactamase (FOX), or CFE
beta-lactamase (CFE} genes found in AmpC-type extended spectrum resistant gram-negative
bacteria. The genes detected that confer multi-gene resistance are referred to herein as “MDRO-
associated genes” or “resistome genes”. Inaddition the resistome genes can also include genes
encoding efflux pumps and porins.

188039)  In addition the methods of the tnvention can further include the detection of
numerous infectious disease organisms of biomarkers in combination with the MDRO-associated
genes, For example, in sore aspects Clostridium difficile, norovirus or Methicillin-resistant
Staphylococcus aurcus (MRSA} are detected.

[80848] The methods of the invention can include the detection and characterization of
resistome genes and resistome gene patterns in biological samples as a first-line typing screen for

subsequent higher discrimination molecular typing methods downstream for example DNA
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whole Genome Sequencing as part of a comprehensive solution for high resolution strain typing
and mapping gene transmission events. {(Figures 6 and 7)

1800413 KPC (K preumoniae carbapensmase} (Class Ad

[0042] A fow class A enzymes, most noted the plasmid-mediated KPC enzymes, are
effective carbapenemases as well, Ten variants, KPC-2 through KPC-11 are known, and they
are distinguished by one or two araine acid substitutions (KPC-1 was re-sequenced in 2008 and
found to be 100% homelogous to published sequences of KPC-2). KPC-1 was found in North
Carolina, KPC-2 in Baltimore and KPC-3 in New York. They have only 45% homology with
SME and NMO/IMI enzymes and, unlike them, can be encoded by self-transmissible plasmids.
[00043]  The class A Klebsiella pneumoniae carbapenemase (KPC) is currently the most
common carbapenemase, which was first detected in North Carolina, US, in 1996 and has since
spread worldwide. A later publication indicated that Enterobacteriaceae that produce KPC were
becoming common in the United States.

{#0044] KPC-2

{80045]  Chromosomal and plasmid-mediated extended-spectrum B-lactamases
{carbapanemases), wdentificd in Kiebsiella preumonia, Escherichia coli and Enterobacter spp,
Serratia marcescens, Pseudomonas putida and Citrobacter freundii worldwide. Divided into 16
subtypes 1.e. KPC-1 to KPC-16. Hydrolyzes B-lactaras from the peoicillin (1.e. arapicihin,
piperacillin, benzylpenicillin, and cloxacilling, cephalosporin {(1.¢. cefotaxime and ceftazidime |
cephalonidine), carbapenem (Lc. iminipencn, meropencm, Sirapencra, doripencmy}, and
monobactam {i.c. aztreonam} groups at different rates. Hydrolyze oxyminio-cephalosporing
more ctticiently than other carbapenemases. Weakly Inhibited by clavuanic acid and
tazgbactam.

180846} NDM (New Delhi metallo-8-lactamase} {Class B}

{80047  Oniginally described from New Delhi in 2009, this gene is now widespread in
Escherichia coli and Klebsiella pneumoniae from India and Pakistan. As of mid-2010, NDM
carrying bacteria have been introduced to other countries (including the United States and UK),
most probably due to the large number of tourists travelling the globe, who may have picked up
the strain from the environment, as strains containing the NDM gene have been found in
environmental samples in India Ten subtypes have been reported for NDM; NDM-1 to NDM-

10.
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060487 NDM-/

800491 Highly mobile plasmid-eocoded Metallo- f3-lactamases (carbapanemases), carried in
Klisbsiella pneumonia, Escherichia coli, Enterobacter cloacae, Acitenobacter baumanii, Pseudomonas
acruginosa among other Enterobacteracea species worldwide. Produces up to 9 different types of -
lactamases. Shares little identity with other MBEs (1.e. VIM1/-2). Difficelt to eliminate in clinical
situations because hydrolyzes almost all B-lactams except for aztreonam, with no efficient inhibitor.

(806583 YIM (Verona integron-encoded metallo-B-lactamase) (Class B)

[600651] A sccond growing family of carbapenemases, the VIM family, was reported from
ftaly 1n 1999 and now includes 40 members, which have a wide geographic distribution in
Burope, South America, and the Far East and have been found in the United States. VIM-1 was
discovered in P. geruginosa in Haly i 1996; since then, VIM-2 - now the predominant variant -
was found repeatedly in Europe and the Far East; VIM-3 and -4 are minor variants of VIM-2 and
-1, respectively. VIM enzymes occour mostly in P, aeruginosa, also P, putida and, very rarely,
Enterobacteriaceae. Forty gene subtypes have been reported for

[#0052]  Amino acid sequence diversity is up to 10% in the VIM family, 15% in the IMP
family, and 70% between VIM and IMP. Euzywes of both the farnilies, nevertheless, are
stimilar. Both are integron-associated, sometimes within plasmids. Both hydrolyse all B-lactams
except monobactams, and evade all B-lactam inhibitors.

[B0053]  ViM-{

{86054  Highly mobile plasmid —borne integron/ transposon metalio-f-lactamases, carried in
Pscudomonas aeruginosa. P. putida, Escherichia coli, Klebsiella pnewumonia, Acinetobacter
baumannii, Enterobacter cloacae, Serratia marcescens, Citrobacter freundii clinical strains in
North and South America, Europe and Asia. Multiple variants are found in the VIM-1, VIM-2
types. VIM-1, VIM-2 and VIM-13 share high homology. VIM-7 is distantly related to the other
ViM-like metallo-B-lactamases, except for VIM-1 and VIM-2. Hydrolyzes a series of B-lactams
i.¢ piperacillin, ceftazidime, imipenem, and aztreonam (except for VIM-2 and VIM-7 and VIM-
13} at different rates. No efficient inhibitor 1s available.

[00055]  VIM-5

[#0056]  Highly mobile plasnid —borne integron metallo-B-lactarnases, carried in Kiebsiella
preumonia and Pseudomonas aeruginosa clinical strains in Evrope. The highest identitv is

shared with VIM-1 and VIM-2. Hydrolyzes tmipenem, meropener, aztreonam, ceftazidire,

10
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piperacillin, piperacillin—tazobactam, cefepime, ciprofloxacin, tobramycin, amikacin and
gentamicin. No efficient inhibitor is available.

[B0857]

[#0058]  Forty gene subtypes have been reported for VIM, these include VIMIT —VIM40
1880591  IMP-tvpe carbapenemases {metalio-B-lactamases) (Class B}

[00068]  Plasmid-mediated IMP-type carbapenemascs, 48 varietics (IMP 1- IMP48) of which

are currently known, became established in Japan in the 1990s both in eoteric Gram-onegative
organisms and in Pseudomonas and Acinetobacter species. IMP enzymes spread slowly to other
countries 1o the Far East, were reported from Europe i 1997, and have been found m Capada
and Brazil.

80061}  IMP-I/IMP-2

180862} Chromosomal and plasmid-borne integron Metallo-B-lactamases (carbapanemase), identified
in Kiebsicla pneamoniae, Pseudomonas acruginesa, Popuotida , Serratia marcescens, Acitenobacter
baumannii, Citrobacter froundii, Enterobacter cloacag, E. acrogenes, Protous vulgaris, Providencia retigeri
and Shigelia flexneri in Asia, North and South America, and Europe. Multiple variants are found 1o the
IMP-1- and IMP-2-types. Hydrolyzes carbapencms (inchuding imipenen and meropenem), penicillims,
monobactams, thiroguinones (i.e. ciprofloxacin), cephalosporins (1.e. cephalorodin, cefoxiting, cefepime)
and aminoglycosides (i.c amikacin) at different rates. No efficient inhibitor is available.

{80063} IMP-5

[#0064]  Highly mobile plasmid-encoded metallo-B-lactamases carried in Acinctobacater
baumanni clinical strains in Europe. Shows greater homology with IMP-1, IMP-3 and IMP-4
than with IMP-2. Hydrolyzes penicillins, broad-spectrum cephalosporins, including ceftazidime,
cefiriaxone, cefepime, cetpirome, and to azirconam, but not ampicillin/sulbactam,
aminoglycosides and quinolone.

[B0065] OXA beta-lactamases {class )

[B8066]  OXA beta-lactaroases were long recognized as a less corarnon but also plasmid-
mediated beta-iactamase variety that could hydrolyze oxacillin and related anti-staphylococcal
peniciliins. These beta-lactamases differ from the TEM and SHV enzymes 1o that they belong to
molecular class D and functional group 2d . The OXA-type beta-lactamases confer resistance to
ampicillin and cephalothin and are characterized by their high hydrolytic activity against
oxacillin and cloxacillin and the fact that they are poorly inhibited by clavulanic acid. Amino

acid substitutions in OXA enzymes can also give the ESBL phenotype. While most ESBLs have

It
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been found in . cofi, K. pneumoniae, and other Enterobacteriaceae, the OXA-type ESBLS have
been found in P. aeruginosa and dcinetobacter buamannii. . OXA-~type ESBLs have been found
mainly in Psewdomonas aeruginosa isolates from Turkey and France. The OXA beta-lactamase
family was originally created as a phenotypic rather than a genotypic group for a fow beta-
lactamases that had a specific hydrolysis profile. Therefore, there is as little as 20% sequence
homology among sorme of the members of this family. However, recent additions to this family
show some degree of homology to one or more of the existing woembers of the OXA beta-
lactamase family. Some confer resistance predominantly to ceftazidime, but OXA-17 confers
greater resistance to cefotaxime and cefepime than it does resistance to ceftazidivoe,

180067) OXA-2

[00068]  Plasmid encoded oxacillinase family (i.c. OXA-2, OXA-15 and OXA-32), wdentified
in Salmonella typhimurium and Pseudomonas aeruginosa clinical isolates in Europe.
Hydrolyzes benzylpeniciliin, penicillim, ampicillim, oxacillim, cephaloridine, cephalothin, and
ceftazidime (hydrolysis rates varies within the family members). Well-inhibited by azobactam,
but weakly inhibited by clavulanic acid.

00069]  OXA-10

[#0078]  Plasmid -encoded oxacillinase family (.o, OXA- 14, OXA-16, and OXA-17),
identified in Pseudomonas aeruginosa chinical isolates in Europe. Hydrolyzes pemciilim,
ampicillim, cabenicillim, cloaxicillim, oxacillim, and cephaloridine, cefotaxime, cefiriaxone
among others (hydrolysis rates varies within the family members).

{80871 OXA-18

8060723 Chromosomal- encoded oxacillinase, identified in Pscudornonas acruginosa chinical
isolates in Europe. Shares weak identity with all class I3 J-lactamase except OXA-9 and OXA-
12. Hydrolyzes amoxicitlin, ticarcillin, cephalothin, ceftazidime, cefotaxime, and aztreonam, but
not imipesem or cephamycins.

{80873} OXA-23

(86074} {Chromosomal and Plasmid- encoded oxacillinase, identified in Acinobacter bumannii,
Acinetobacter junii , A, radioresistens, Protous mirabilis clinical isolates in Europe, Australia, Asia, North
and South America. Closely related to OXA-27. Hydrolyzes ampicillin, cefotaxime, ceftazidime,
gentamicin, piperacilhin, piperacillin-tazobactam, and to a lesser extend amikacin, ciprofloxacin,
imipenem and meropenem.

00075]  OX4-24
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{88076} Chromosomal- encoded oxaciliinase, identified in doinobacter bumannii in chimical isolates in
Europe. Shows distant homology with OXA-10, OXA-7, and OXA-11. Hydrolyzes benzylpenicillin,
ampiciilin, cephaloridine, tivcarcilin, imipencm and meropenem, but lack activity against oxacillin,
cloxacillin and methicillim. Inhibitied by NaCl, tazobactam, sulbactam and clavulanic acid.

{00777 OXA4-45

800781 Plasraid-encoded oxacillinase, carried in Pscudomonas acruginosa chinical strains in
North America. Shares some enzyme homology with OXA-18, OXA-9, OXA-22, OXA-12 and
OXA-29. Hydrolyzes ceftaziditue, aztreonarn (high levels), and cefotaxime (low level).
Inhibited by Na(l, imipenem, and clavulanic acid.

{00791 OX4-48

180088 Plasmid-encoded oxacillinase, carried 1n Kichsiella pneumoniae clinical strains in
Turkey. Remotely related to other oxacillinases. Hydrolyzes carbapenems at a level much
higher than other oxacillinases as well as penicillims and imipenes, but not expanded-spectrum
cephalosporins. Well-inhibited by NaClL and weakly inhibited by clavulanic acid | tazobactam,
and sulbactam.

{80081y  CX4-50

[B6082] Chromgosomal- encoded oxaciliinase, identified in Pseudomonas aeruginesa clinical strains
i Burope. Hydrolyzes ampiciflim, benzylpenicillin, cephaloridine, cephalothin, nitrocefin, piperacitlin,
and fodnipen to low levels, but not oxackillin or cloxacillin, Hydrolyzes ampicillin, benzylpenicillin,
cephaloridine, cephalothin, mitrocefin, piperacillin and imipenem (low level).

{60831 OX4-5/

188084} Chromosomal-encoded oxacillinase |, identified in Klebsiella preumoniae,
Acinobacter bumannii isolates in North and South America, Europe, and Asia. Hydrolyzes
imipener, cefepime, ceftazidime, piperacillin, piperacillin/tazobactam, azireonaru, ciprofloxacin
and amikacin.

{80085 OX4-54

[B8086] Chromosomal- encoded oxacillinase, identificd in Pseudomonas acrugingsa Shewanella
oneidensis strains in Europe. Shares high homology with OXA-48. Hydrolyzes imipenen (significantly
high), peniciilins, cephalothin, cefpirome, and to a lesser extend cefiwoxime, cefotaxime, meropenen and
cefepime. Do not hydrolyze ceftazidime and aztreonam. Well-inhibited by NaCl, but weakly inhibited by
clavulanic acid, tazobactam, and sulbactam,

{68087} OXA-55
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[80088] Chromosome-encoded oxacillinase, identified in Shewanelia algae clinical isplates in
Europe. No significant identity exists between OXA-55 and other oxacillinases. Hydrolyzes
benzylpenicillim, amplicillin amoxicillin, ticarcillin, peperacillin, oxacillin , cloxacillin,
cephalothin, cephaloridine, copirone, and iminipen and meropen (low levels). Inhibited by
clavuianic acid, tazobactam, and sulbactam.

{80685} OXA-58

(80098} Plasmid-encoded oxacillinase, carried in Acinobacter baumannii, Acinobacter junii
and Acinobacter spp. clinical isolates in North South America, Hurope, Asia, and Oceania.
Weakly related to other oxacillinase genes. Hydrolyzes penicilhing, oxacitlin, and imipenew (low
icvels), but not ceftazidime, cefotaxime, and cefepime. Weakly inhibited by clavulanic acid,
tazobactam, and sulbactam.

[B0881]  OXA-60

{00921 Chromosome-encoded oxacillinase, wdentified in Ralstonia pickettit strains in Europe.
Shows a greater homology with X A-50 than other oxacillinases. Hydrolyzes benzyipenicitlin,
amoxicillin, piperaciliin, ticarcillin, nitrocefin, oxacillin, cloxacillin, Wel-inhibited by Na(l,
but weakly inhibited by clavulanic acid, and tazobactam.

{80093} OXA-62

{80094}  Chromosome-encoded oxacillinase, identified in Pandoraca pnomenusa climceal
strains. Shows a greater homology with OXA-50 than other oxacillinases. Hydrolyzes
penicitiing, oxaciliin, froipenem, and meropenem, but not expanded-spectrum cephalosporins.
Well-inhibited by Na(l, but weakly inhibited by clavulanic acid, and tazobactam.

[80095]

{80696} CTX-M beta-lactamases {class A)

800971 CTX-M

{80088]  Chromosorsal and plasmid-encoded extended-spectrum P-lactamases, identified
mostly in Escherichia coli clinical strains worldwide. Divided into 5 phylogenetic groups based
on amnnoacid wdentity i.e. CTX-M-1 group (including 41 members), the CTX-M-2 group
{inchuding 15 members), the CTX-M-8 group (including more than 3 members), the CTX-M-8
group {including 43 merabers), and the CTX-M-25 group (with more than 4 members). Closer
related to the f-lactamases of Kluyvera spp. Hydrolyzes cefotaxime and ceftazidime at high

rates, but several enzyres, such as CTX-M-15 and CTX-M-19, also hydrolyze ceftazidime
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cfficiently which may complicate the phenotypic identification of CTX-Ms. More than 80 CTX-
M enzymes are currently known,

(80099} Yan-A

[#00186]  Six different types of vancomycin resistance are shown by enterococcus: Van-A,
Van-B, Van-C, Van-I, Van-E and Van-F. Of these, only Van-A, Van-B and Van-C have been
seen in general clinical practice, so far. The significance is that Van-AVRE is resistant to both
vancormycin and teicoplanin. The mechanisro of resistance to vancomycin found in enterococcus
involves the alteration to the terminal amino acid residues of the NAM/NAG-peptide subunits,
under normal conditions, D-alanyl-D-alanine, to which vancomycin binds. The D-alanyl-D-
iactate variation results in the loss of one hydrogen-bonding interaction (four, as opposed to five
for D-alanyl-D-alanine} being possible between vancornycin and the peptide. This loss of just
one point of interaction results tn a 1000-fold decrease in affinity. The D-alanyl-D-serine
variation causes a six-fold loss of affinity between vancomycein and the peptide, hikely due to
steric hindrance.

[880181} ACLC-1

[800162] Plasmid~-mediated AmpC type B-lactamase (cephalosporinases ), carried 1o Kicbsiella
pacumonia, Escherichia coli, Proteus mirabilis, and Salmonelia spp. in Europe and Africa.
Shows distant amino acid sequence homology with known AmpC P-lactarnases. Closely related
to the chromosomally encoded AmpC-type B-lactamase of Hafnia alvet. Hydrolyzes anmpicillin,
cefazohin, ceturoxime, cefotaxime, ceftazidime, amoxicillin-clavulanate, kanamycin, tobramycin,
tetracycline, and trimethoprim-sulfamethoxazole. Poorly inhibited by tazobactam.

{00183 ACT-I/MIR-1

866106417  ACT-1 and MIR-1 are both plasmid-mediated AmpC type B-lactamases
{Cephamycinases), carried in Escherichia coli and Kiebsiella pneumonia n the US. ACT-1 is
highly homologous with MIR-1 and both ACT-1 and MIR-1 share high homology with the
chromosomal ampC genes of Enterobacter cloacae. ACT-1 hydrolyzes cefepime and cefoxitin,
MIR-1 hydrolyzes cephalothin, ceftazidime, cefoxitin, cefotetan, cefinetazole, moxalactar,
aztreonam, ampicillin and carbenieillin

[800165] BEL-1

{300186] Rare chromosome-encoded [-lactamase, identified in Pseudomonas acruginosa

clinical strains in Belgium. Weakly related to GES-1 and BES-1. Hydrolyzes most expanded-
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spectrum cephalosporins at high levels (excluding cephamycins and carbapenems) and
azireonam. Well-inhibited by clavunate, cefoxitin, mooxalactam and imipeneu, but poorly
inhibited by tazobactam.

[000167] BES-1

[006188] Rare plasmid-encoded P-lactamase, carried in a single Serratia marcescens clinical
strain in Brazil. Shares some wdentity with the CTX-M group 1 B-lactamase. Hydrolyzes
azireonam, cefotaxime and ceftazidime (high levels). Well-inhibited by clavulanic acid, but
poorly inhibited by tazobactam.

[#00109] CMY-2/CFE-1

[000118] CMY-2 and CFE-1 arc both plasmid-mediated AmpC type B-lactamascs

{Cephamycinases), carried in Escherichia coli and Klebsiella pneumonia in Asia and Europe.
CMY-2 is highly homelogous with CFE-1 and BIL-1, and both CMY-2 and CFE-1 share high
homology with CMY-3/-4, LAT-1/-3 and the chromosomal ampC genes of Citrobacter freundii.
CMY-2 hydrolyzes cefoxitin, cefotetan, ceftibuten, aztreonam, and flomoxef. CFE-1 hydrolyzes
cephalothin and cefpodoxime. Both CMY-2 and CFE-1 hydrolyze ceftazidime, cefotaxime,
piperacillin, and cefametazole.

{sa0111} DHA-I

[860112]  Plastmid-mediated AwapC type B-lactaroase (Cephalosporinase), carried in Salmounclla
enteritidis clinical isolates in Saudi Arabia. Highly homologous with the chromosome-mediated
cephalosporinase of M. morganit. Hydrolyzes amoxicitlitn, amoxicillin plus clavalanic acid,
ticarcillin, cephalothin, cefoxitin, cefoxatime, ceftazidime, and moxalactam, but not iminipen.
Inhibited by low concentrations of artreonam, cefoxitin, or cloxacillin and only by high
concentrations of clavulanic acid.

1606113] FOX-1

[800114] Plasmid~mediated AmpC type B-lactamase (cephalosporinases), carvied 1o Klebsielia
preumonia in Argentina. Highly homologous with FOX-2/-3. Hydrolyzes ampicillin,
carbenicilhin, cephalothin, cephalondine, ceftazidime, cefotaxime, cefoxitin, cefotetan, and
cefmetazole. Well-inhibited by cloxaciliin and aztreonam, but poorly inhibited by clavulanic
acid, tazobactam, and sulbactam.

[g00115)  GIM-1
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880116 Mobile plasmid ~borne integron Metallo-P-lactamase | carried in Pseudomonas aeruginosa
clinical isolates in Germany. Shares distant homology with IMP, VIM and SPM-{ enzymes. Hydrolyzes
imipenem, meropenem, ceftazidime, cefepime, and piperacillin-tazobactam. Does not hydrolyze
azlocillin, aztreonam, and the serine lactamase inhibitors.

o017 GES-1

{#00118] Plasmid- and integron- encoded B-lactarnase, carried in Klebsiella pneumoniac
clinical isolates in France. Hydrolyzes penicillins and expanded —spectrum cephalosporins, but
not cephamycins, carbapenems, and aztreonam. Inhibited by clavulanate, tazobactarn and
imipenem.

{00119 IMI-U/NMCA-1

{8001281  IMI-1 and NMCA-1 are both chromosomal-encoded -B-lactamases, identified in

Enterobacter cloacae clinical isolates in North America and Europe. [MI-1 shares high
homology with the NMC-A and NMOC-R geves, and may be considered NMC-type B-lactamase.
IMI-1 hydrolyses cefotaxime and ceftazidime less fast than NMC-A, imipenem (high levels) and
benzylpenicithin (modest rates), but more slowly than cephaloridine. NMCA-1 also hydrolyzes
ampicillin, amoxicillin-clavulanic acid, cefazolin, and cefoxitin, In contrast to NMCA-T, IMI-1
is inhibited more cffectively by tazobactam than by clavulanic acid.

{800121] MOX-/CMY-1

[#00122] CMY-1 (Cephamycinase), and MOX-1/MOX-5 {moxalactamasces) are all plasmid-

mediated AmpC type B-lactamases, carried in Escherichia coli and Klebsiclla pneumonia in Asia
and Africa. CMY-1 shares high homology with MOX-1/ MOX-5, and all of them are highly
homologous with both FOX-1 and the chromosomal AwpC P-lactamase of Pscudoronas
aeruginosa. CMY -1 hydrolyzes cefoxitin, cefiriaxone, cefotaxime, Cefametazole, cefotetan,
flomoxef, gentarmicin, amikacin, nahidixic acid, ciprofloxacin, norfloxacin, piperacillin, and co-
trimoxazole to a lesser extent. MOX-1/MOX-5 hydrolyzes ampicillim, cefotaxine, azireonam,
and cefotetan. CMY-1 and MOX-1/ MOX-3 are inhibited by clavalanic acid, sulbactam and
tazobactam,

4001231 PER-1

[800124] Plasraid-encoded B-lactamase, carried 1n Pseudomonas acruginosa, Acinetobacter
spp.. A. baumannii, Salmonclla enterica serovar Typhimurium and Providencia rettgeri, P.

stuartii and Proteus mirabilis in Europe and Asia. Shares significant homology with VEB-1 and

[u—y
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TLA-1 enzymes, which belong to the "Per-like famuly’. Hydrolyzes penicilling, cefotaxime,
ceftazidime, and azireonarn, but spares carbapeneros and cepharoycins. Well-inhibited by
clavulanic acid, sulbactam and tazobactam.

[606125] SFC-1

[806126] Chromosomal-encoded -B-lactamase, identified in Serratia founticola strains from
hospitals in Europe. Hydrolyzes penicilling, cephalosporins, aztrconam, and carbapenems and 18
inhibited by clavulanmic acid, sulbactam, and tazobactar. Less inhibited by class A P-lactarase
inhibttors than other group of carbapenemases.

[#00127]  SIM-1

{000128] Mobile plasmid-encoded Metallo-B-lactamase, carried in Acinetobacter baumannii
clinical isolates from Korca. More closely related to IMP-type cnzymes than to other MBLs.
Hydrolyzes a broad array of B-lactams {(i.e. penicillims, cephalosporins, and carbapenems).
Exhibits relatively low imipenen and meropenera MICs. Not active against taztrenoman and
piperaciilin.

{0661297 SME-1

{800138] Chromosomal-encoded -B-lactamase, identified in Serratia marcescens and E. coli
clinical strains from England and US. Hydrolyses a variety of lactams from the penicillin,
cephalosporin, monobactam, and carbapenem groups.

1600131]  SHY-G238/F240

[000132] Chromosoral and plasmid-encoded, narrow spectrum B-lactamase SHVY-1 parental
type. Possesses glycine at position 23R8 and glutamic acid at 240 position. Carried mainly in
multiple straing of Kiebsiella preumoniae in Europe. Hydrolyzes a narrow-spectrum of
cephalosporing, penicillims and aztreonam. Inhibited by clavulanic acid.

0001331 SHVY-G2385/E240

[860134] Plastmd-encoded SHV-type extended spectrum B-lactamase harboring mutation
(3388 {glycine at position 238 in SHV-1 is replaced by serine 1n SHV-2, -3, -20,-21,-30, -34,-39,
-106, -141, -152, 153, -162, and -163). Carried mainly in Klebsiella pneumonia, Escherichia
coli, Serratia marcescens and Salmonella tvphimurium in Europe, Asia and South-Africa.
SHV-2 hydrolyzes cefoxitin, cefotaxime, ceftazidime, ceftazidime-clavulanate, piperacillin-
tazobactam, meropenem (high levels) and imipenem (intermediate level).

[600135] SHVY-GI38/EILK
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[000136] Plasmid-encoded SHV-type extended spectrum $-lactamase harboring mutation
E240K (ghataroic acid at position 240 in SHV-1 replaced by lysine 1n SHV- 31, 91, -97, -115,
and ~120}. Carried mainly in Klehsiella preumonia chinical straius in Harope. SHV-31
hydrolyzes ceftazidirne, cefotaxime, and aztreonam, gentamicin, ciprofloxacin | and
levofloxacin, but not cefepime and amikacin. Inhibited by clavulanic acid.

8001377 SHVY-G238S/E240K

[800138] Plasmid-encoded SHV-type extended spectrunn B-lactamase harboring double
mutation G2385 and E240K {glycine at position 238 and ghutamic acid at position 240 in SHV-1
is replaced by serine and lysine, respectively in SHV-4, -5,-6,-7,-8,-9,-10,-12,-15,-22,-23, -45,-
46,-55,-64,-66,-90,-105,-123,-124,-128,-129,134, -154,-160,-165 and -1€3). Carried mainly in
Klebsiella pneumonia, Enterobacter spp. and Escherichia cofli chinical strains i US, Africa and
Europe. SHV-3 hydrolyzes amoxicillin, ticarcillin, piperpacillin, cephalexin, cephalothin,
cefamandole, cefatzidimue, ceftazidime, aztreonam, tigernoraan (high levels) phus caruomonan
and cefoxitin (intermediate levels). Inhibited by clavulanic acid, sulbactam and tazobactam.
0661397 SHV-G156

{800148] Chromosomal and plasmid-encoded, narrow spectrum B-lactamase SHV-1 parental
type. Possesses ghycine at position 156 position. Identified in multiple clinical strains of
Kicbhsiclla pneumonia n Europe. Carried maimly in roultiple strains of Klebsiella pneumoniac in
Europe. Hydrolyzes a narrow-spectrum of cephalosporins, penicillims and aztreonam. Inhibited
by clavaanic acid.

600141 SHY-GIS6D

{#00142] Plasmid-cncoded SHV-type extended spectrum beta-lactamase harboring mutation
G1IseD. Glycine at amino acid posttion 156 in SHV-1 replaced by aspartic acid in SHV-27, -32,
-45, .93, -105, -110 and -177. Hydrolyzes amoxicillin, gentamicin, cofotaxime, coftazidime,
azitreonars and trimethoporim. Inhibited by clavaanic acid (Codall et al, 2001). Carnied by
Kiebsiella pneumonia in South America and Europe.

[600143] SFO-1

[806144] Rare self-transferable plasmid encoded P-lactamase, carried in a single clinical
cephamycins and carbapenems, but not cephamycins. Inhibited by clavulanic acid and imipenen.

[(00145] SPM-1
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[B08146f Plasmid-encoded metallo-B-lactamases, carried in Pseudomonas aeruginosa clinical strains
from Brazil. Represents a subfamily of mobile metallo-B-lactamase different from VIM and IMP.
Hydrolyzes cloxaciliin, oxaciliin, penicillin, ampicillin, imipenem, meropenem, cefaloridine, ceftazidime
and nitrocefin, and no inhibttor is clinical available.

{B00147) TEM-Ei84

{600148] Plasmid-encoded transposable element B-lactamase TEM-1 parental type. Possesses
glutamic acid at position 104. Commonly found in gram vegative bacteria, maily in
Escherichia coli and Kiehsiella preumoniae. Hydrolyzes 90% of the penicillima-type antibiotics.
Inhibited by clavuanic acid.

6601497 TEM-EI04K

{#00150] Plasmid-cncoded TEM-tvpe extended spectrum PB-lactamase harboring routation
E104K (glutamic acid at position 104 1n TEM-1 replaced by lysine in TEM-3, ~4,-6,-8,-9,-15.-
16,~17,-1%,-21,-22,-24,-26, aroong other 39 more TEM- type variants). Carried mainly in
Klebsiella preumoniae, Escherichia coli, Salmonella typhimurium, Salmonelia spp. in North
America, Hurope and Africa. TEM-3 hydrolyzes amikacin, netilmiciv, tobramycin, tetracychine,
sulphonamides ampicillim and gentamycin (high levels) plus trimethoprim—sulfamethoxazole
(low level).

[866151] TEM-Ried

[880152] Plasmid-encoded transposable element B-lactamase TEM-1 parental type. Possesses arginine
acid at position 164, Commonly found in gram pegative bacteria, mainly in Escherichia coli and
Klicbsicila pneumoniae. Hydrolyzes 90% of the penicillim-type antibiotics. Inhibited by clavuanic acid .
Carried mainly in Klebsiclia pneumoniae and Escherichia coli in North America and Europe.

[#00153] TEM-HI64H

[866154] Plasmid-encoded TEM-type extended spectrum B-lactamase harboring mutation
R164H (arginine acid at position 104 in TEM-1 replaced by histidine in TEM-6, -11, -16,-27,-
28,-28,-43, -61,-75, -107,-109,-115,-118,-132, -134, -147.-151,~-152,-161, and -187}. Carried
mainly in Klebsiclla pncumoniae and Kicbsiclla oxytoca in North America. TEM-113
hydrolyses ceftazidime, gentarnicin and tobrarmycin (moderate levels). Inhibited by clavuanic
acid {low level).

0001557 TEM-RI164C

{B00156] Plasmid-encoded TEM-type extended spectrum B-lactamase harboring mutation

R164C (arginine acid at position 104 in TEM-1 replaced by asparatic scid in TEM-87, -91,-143,-
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144,193, and-193). Carried mainly in Klebsicila pneumoniac, Escherichia coli, and Profeus
mirabilis in Europe. TEM-87 hvdrolvzes ampicillin, amoxicillin-clavulanate, piperaciiiin,
cefazolin, cefiazidime, cefepime and aztreonam. Inhibited by clavuanic acid.

060157 TEM-R164S

[866158] Plasmid-encoded TEM-type extended spectrum B-lactamase harboring mutation
R164S (arginine acid at position 104 in TEM-1 replaced by serine in 1.e. TEM-5, -7,-8,-6,-10,-
12,-24,-26,-46,-533,-60,-85,-86,-102,-114,-121,-125,-129,-130,-131,-133,-136,-137 - 149.-154.-
155,-158,-165,-177,-184, and-205}. Carried mainly in Klebsiella pneumoniae and Citrobacter
freundii clinical 1solates 1u Europe. TEM-7 hydrolyzes aropicilim, piperacitlin, ceftazidioe and
aztreonam but not other third-generation cephalosporins. Inhibited by clavuanic acid.

0001597 TEM-GIIR/E248

{B00160] Plasmid-encoded transposable element B-lactamase TEM-1 parental type. Possesses
glycine at position 238 and glutamic acid at 240 position. Commonly found 1 gram negative
bacterta, mainly in Escherichia coli and Klebsielia pneumoniae. Hydrolyzes 90% of the
peniciliim-type antibiotics. Inhibited by clavuanic acid.

[000161] TEM-G2IST240K

[#00162] Plasmid-encoded TEM-type extended spectrum B-lactamase harboring mutation
E240K (glutamic acid at position 240 10 TEM-1 replaced by lysine in TEM-S, -10,-24, -27,-28,-
46,-61,-85,-86,-91,-114,-121, -136,-144, -152,-155, 177, and -191). Carried mainly in Klebsiella
preumoniae in the US, TEM-10 hydrolyzes cephaloridine, benzylpenicilim, aripicithim,
piperacillin, ceftazidime, and aztreonam. Inhibited by p-chloromercuribenzoate.

6001637 TEM-G2385/K248

[866164] Plasmid-encoded TEM-type extended spectrum B-lactamase harboring mutation
(G388 gplycine at position 238 in TEM-1 is replaced by serine in TEM-3,-4, -8, <15, -19,-20.-
21,-22,-25,-50,-52,-66,-88,-89,-92 -84 107 -112,-113,-120,-123,-134,-138,-139, -167,-197,-199,
and -211}. Carried mainly in Klebsiclla pneumoniac and Escherichia coli in Asia. TEM-19 -20,
and -52 hydrolyzes ampicillio, cephalothin, ceftazidime, and aztreonam, and cefotaxime.

[800165] TEM-G2I85/1248K

[000166] Plasmid-encoded TEM-type extended spectrum PB-lactarnase harboring double
mutation G238S and E240K {glycine at position 238 and glutamic acid at position 240 in TEM-1

is replaced by serine and lysine, respectively in TEM- 42, -47.-48,-49, -68,-71.-72,-93,-101,and -
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188}, Carried mainly in Klebsicla pneumontac and Pseudomonas acruginosa in Europe. TEM-
42 hydrolyzes penicillim, cephaloridine, and cefotaxime. Inhibited by clavuanic acid.
[o88ie7i  TLA-]

[#00168] Rare self-transferable plasmid encoded P-lactarnase, carried in Escherichia coli and
Kiebsiclla pneumoniae clinical isolates in a single Indian tribe in Mexico. Shares significant
homology with VEB-1 and PER-1 cnzymes. Hydrolyzes expanded-spectrum cephalosporins,
including cefotaxime, ceftazidime, aztreonam and cefepiroe, but not imipenem and cefoxitin.
Strongly inhibited by tazobactam, and to a lesser extent, by clavulanic acid and sulbactam.
680169 VEB-1

{600178] Plasmid- and integron-encoded P-lactamase, carried in clinical straing in
Preudomonas aeruginosa , P. stuartii Escherichia coli, Acinetobacter baumannii isolates,
Providencia stuartii, Enterobacter cloacae and A. xylosoxidans isolates in South America |
Africa, Asia, and Europe. Shares some enzyme hornology with PER-1 and -2, Hydrolyzes
ceftazidime, cefotaxime, aztreonam and quinolones (high levels) plus pentcillim (low levels).
Inhibited by clavulanate, sulbactam and tazobactam, moxalactam, imipenem and cefoxitin,

MDRO-Associated Genes

[#00171] The genes detected that confer multi-gene resistance are referred to hercin as MDRO-
associated genes or resistome genes and encorupass one or more genes or gene famihes of KPC,
NDM, VIM, IMP, OXA, CTX-M, Van-A, IMI, SME, GIM, SPM, NMC, SFC, SHY, TEM,
BEL, VEB, GES, PER, SFC, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX, or CFE.
In preferred methods one or more gene or gene families of KPC, NDM, VIM, IMP, OXA, CTX-
M, or Van-A are detected. In various aspects, the genes includes all family mermbers. For
example, by KPC it is meant to include KPC 2- KPC-16. By OXA it is meant to include OXA-
48,23, 51,2, 10, 18, 24, 43, 50, 54, 53, 38, 60, and 62. Excrnplary MDRO-associated genes
useful in the practice of the methods of invention include but are not liruited to the genes histed
on Table 1.

[8001721  As exeroplified in detail in Table 1, as used herein, when reference is made to a gene
abbreviation {e.g. KPC, OXA, VIM, ete) it is meant to include at least one and up to all subtypes.
For exaraple when reference 1s made to KPC it 18 meant to include at least one and up to all

subtypes {e.g. KPC-2 through KPC-16) of KPC. As used herein, when reference is to be made to
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a subset of subtypes the gene abbreviation is followed by a number {e.g., VIM-1, VIM-

2}, For example when reference 1s made to OXA-2 it is macant to include OXA-2Z,

PCT/US2015/020590

5, OXA-
15,32)
TABLE 1 -

Gene Family

Gene Subftypes

KPC

KPC-2 through KPC-16

NDM NDM-1 through NDM- 9

VIM-1 VIM-1,2,3,4,6,8 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,23, 24, 26, 27, 28,
29,31, 32, 33, 34, 35, 36, 37, 39

VIM-5 ViM-5, 25, 38

OXA-Z OXA-2, 15,32

OXA-10 OXA-10, 14, 16, 17

OXA-18 OXA-I8

OXA-23 OXA-23,49, 73, 146, 165, 167, 168, 169, 176, 171, 225, 239

OXA-24 (OXA-24,25,26,40,72, 139, 160, 207

(XA-45 OXA-45

OXA-48 OXA-4R, 162, 163, 181, 199, 204, 232, 244, 245, 247

OXA-50 OXA-50
OXA-S1, 64, 65, 66, 67,68, 69,70, 76, 77, 78, R0, 82, 83, 84, 86, 87, 8§, 89,

(XA 90, 91, 92, 93, 94, 95, 98, 99, 100, 106, 107, 1()8 109, 110, IU, 113, 115, 120,
128, 130, 132, 138, 144, 148, 149, 150, 174, 175, 176, 177, 178, 179, 180, 194,
195, 196, 197, 201, 202, 206, 208, 216, 217, 2EL), 223,242, 248, 249, 254

(JXA-54 OXA-54

OXA-55 OXA-S5

(XA-5K OXA-38,97

OXA-60 OXA-60

(OXA-62 OXA-02
CTX-M-1,3, 11,12, 185,22, 23, 28, 32, 33, 36, 42, 52, 54, 35, §7, 58, 60, 61,

CTX-M-1 64, 09, 71, 72, 79, 82, 8§, 96, 101, 103, 167, 108, 109, 114, 117, 123, 132, 133,
136

CTX-M-2 CTX-M-Z, 5,20, 31,43, 44, 56, 59,76, 77, 92, 95,97, 131

CTX-M-8/25

CTX-§, 25,26,39,40, 41, 63, 78, 89, 91, 94, 100

CTX-9, 13, 14, 16, 17, 18, 19,21, 24, 27, 38, 46, 47, 48, 49, 530, 51, 65, 67, 81,

CTX-M-9 82, 83, 84, 85, 86, 90, 93, 98, 99, 104, 106, 110, 111, 112, 113, 121, 122, 123,
125, 126, 129, 130, 134, 147

iMP-1 IMP-1,3, 4,6, 10,25, 26, 30, 34, 38, 40, 42

IMP-2 IMP-2, 8, 14, 16, 18, 1920, 24, 32, 33

IMP-5 IMP-3

BEL BEL-1,2,3

CMY-2/CFE-

CMY-2,4,5,6,7, 12-18, 20-40, 42-406, 49, 53-64, 69, 71, 73, 77, 80, 94, 93, 99,
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1 102, 108, 111 and CFE-1

CMY-41 CMY-41, 47,48, 50, 51, 65-68, 72, 75, 76,78, 79, 81, 84, 87, 90, 103, 110

CMY-70 CMY-70, 74, 83, 93, 100, 101

GES GES-1 through GES-17

GIM GIM-1

?ﬁ”l’/}"’}"'ic' IME1,2, 3, 4,7 and NMC-A

PER PER-1,3,4,5,7,8

SME SME-1 through SME-3

SPM SPM-1

VEB VEB-1 through VEB-9

ACC-1 ACC-1,2. 4

ACC-3 ACC-3

ACT-IMIR-1 | ACT-1,2,3,4,5,6,7, 10, 13, 14-21, 23,35 and MIR-1,2,3,4. 5,6

DHA DHA-1,2,3,5,6,7

FOX FOX-1 through FOX-10

?if\é;ﬁ{ MOX-1,2,3,4,5,6,7. 8and CMY-1, 8,9, 10, 11, 19

TLA TLA-

BES BES-1

SFC SFC-1

SIM SiM-1

SHV-GI56 SHV-1-26, 28-31, 33-44, 46-92, 94-104, 106, 109, 111-176, 178-190

SHV-G156D | SHV-27, 32, 45, 93, 105, 110, 177

SHV. SHV-1, 6,8, 11, 14, 16, 17, 19, 24-28, 32, 33, 35-39, 40-44, 47-54, 56-63, 65,

CoA8/ER4D 67-85, 87-89, 92-96, 98-101, 103-104, 107-114, 116-119, 121, 122, 125, 127,
130-133, 135-140, 142-151, 155-159, 161, 164, 166-182, 184-188, 190

ii;;é/E240 SHV-2,2A, 3,20, 21, 30, 34, 39, 106, 141, 152, 153, 162, 163,

SHV- . , , e

CIAREIOK SHV-31, 91,97, 115, 120, 126,

SHYV- SHV-4,5,7,9, 10,12, 15, 22, 23, 445, 46, 55, 64, 66, 90, 105, 123, 124, 128,

G23RS/E240K | 129, 134, 154, 160, 165, 183
TEM-1,2,5,7, 10, 11, 12, 19, 20, 25, 27-42, 44, 45, 47-49, 51, 53-35, 57-59,

TEM-E104 61,62, 65, 67, 68-86, 90, 91, 93, 95-105, 10§, 110, 112, 114-120, 122, 125-128,
132, 135-137, 140, 141, 143-148, 150-152, 154-160, 162-166, 168-176, 178-
183, I85-195, 198, 200-204, 206-210, 212-222

TEM-E104K TEM-3,4, 6, 8,9, 15-18, 21,22, 24, 26, 43, 46, 50, 52, 56, 60, 63, 66, §7-89,

92,94, 106, 107, 109, 111, 113, 121, 123, 124, 129-131, 133, 134, 138, 139,
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142, 149, 153, 161, 167, 177, 184, 197, 199, 205, 211,

TEM-1-4, 13, 15, 18-22, 25, 30-42, 44, 45, 47-52, 54-539, 62, 65-74, 76-84, 88-
90, 92-101, 103-106, 108, 110-113, 116, 117, 119, 120, 122-124,126-128, 135,
138-140, 145, 146, 148, 150, 153, 136, 157, 159, 160, 162-164, 166-176, 178-
183, 185, 186, 188-192, 194, 196-204, 206-222

TEM-R 164

TEM-6, 11, 16, 27-29, 43, 61, 75, 107, 109, 115, 11§, 132, 134, 147, 151, 152,

TEM-R164H 161, 187

TEM-R164C | TEM-K7, 92, 143, 144, 193, 195

TEM-5, 7-10, 12, 24, 26, 46, 53, 60, 63, 85, 86, 102, 114, 121, 125, 129-131,

PEM-R1045 133, 136, 137, 149, 154, 1585, 138, 165, 177, 184, 205

TEM-1,2,6,7,9, 11-13, 16-18, 26, 29-41, 43-453, 51, 53-60, 62-65, 67, 69, 70,
TEM- 73-84, 87, 80, 95-100, 102-106, 108-110, 115-119, 122, 124-131, 133, 140,
(G238/E240 141, 143, 145-148, 130, 151, 1533, 154, 156-166, 168-176, 179-187, 190, 192-
196, 198, 200-206, 208-210, 212-222

TEM- TEM-3, 4,8, 15, 189-22, 25, 50, 52, 66, 88, 89,92, 94, 147, 112, 113, 120, 123,
G2385/E240 | 134, 138, 139, 167, 197, 199, 211

TEM- TEM-5, 10, 24, 27, 28, 46, 61, 85, 86, 91, 114, 121, 132, 136, 144, 152, 155,
G238/E240K | 177, IRS, 191

TEM-

TEM-42, 47-49, 68, 71,72, 93, 101, 188
G238S/E240K , 47-49, 68, 71, 01, 188

{800173] The method involves extraction of bacterial DNA from a biological sample from a
patient or directly from a biological sample culture or culture isolate. Extraction can be
accoruplished by any known method n the art. Preferably, the extraction method both isolates
and purifics the DNA. By “purifies” it is meant that DNA sample is substantially free of protein,
cellular debris and PCR inhubitors. Methods of extraction suitable for use in the present
invention include, for example but not hmited to Roche MagNAPure.

[#80174] Unlike previous methods, the methods of the invention provide ultra-high scusitivity
and resolution of MDRO-associated genes, with format flexibility to diseriminate individual
gene subtypes, or to screen for all MDRO gene families and subtypes in a combined probe
“cocktail” assay format. The method provides for an optivoal assay system whereby new MDRO
genes or subtypes or infectious discase organism molecular biomarkers or identification genes
can be incorporated into the assay format, to expand the scope of MDRO screentng and
identification potential based on the emergence of new MDBROs over time. This ultra-high
sensitivity and resolution roay be accomplished with or without combining a pre-amplification
step followed by a detection step utilizing primaers and probes based upon sequence homology of
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the MRDO-associated gene families. These primers and probes include degenerate primers
sequence capabie of amplifying and detecting MDRO associated gene sub-famihies and subtypes,
and based on the level of detection, can provide a semi-quantitative assessment on the level of
MDRO genes in the sample. Thus, the methods of the invention are not only capable of
detecting the presence of a MRIO-associated gene in a sample, the method also provides for the
identification and semi-guantitative level of the subtype of the MDRO-associated gene. This
ability to provide a genotype allows for the presumptive identification of bactenial or other
infectious discase species. Thus, an unexpected advantage of the methods of the mvention is that
it provides the clinician with some guidance as to which bacteria species the subject 1s infected/
or colonized with, and provides guidance on the risk profile of the subject for potential
conversion from colonization to infection, or potential risk of transritting a MDRO to another
individual. (See, Figure 1}. It is also possible to include probes in the test format for organism
identification (1D} and virases along with Resistorne Test probes to provide additional
information about the patient microbiome. It is also possible to perform sequence-based
microbiome analysis along with the Resistome Test.

{800175] The Resistome Test can be used by a clinician to help determine which antibiotics
should be used based on a Resistome test result of the patient samiple, cither because of an
individoal resistance gene or combination of genes. Overall, the ability to stratify genotype 18
also very specific and reproducible {See, Figures 3 and 4). Organism Resistome profiles can be
rnatched with actual Antibiotic Susceptibility Test {AST) data. When patients with matching
Resistome patterns are found, their antibiotic resistance can potentially be inferred from this
information.

[806176] Another unexpected advantage of the methods of the invention is the extreme
sensitivity that can be ascertained from different sample types, including using a single swab
sample, mixed cultare sample, or bacterial isolate. Unlike other methods known in the art, the
methods of the invention are capable of detecting less than 210 CFU/sample {and in some
instance less than 15 CFU/sample} without the need to culture the sample. (See, Figure 2).
{8661777 The paticnt is suspected of or at high risk for having a multi~-drug resistant bacteria
colonization or infection. High risk patients include but are not Hited to, patients residing inor
being admitted from a long-term care facility, patients admitted to Intensive Care Units (ICUs},

imrmuno-compromised patients, paticuts being treated for cancer or undergoing chernotherapy,
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organ and bone marrow transplant paticnts, paticnts with ventilators or catheters, patients in
preparation for surgical procedures, postsurgical patients, patients previously diagoosed or
treated for a Healthcare-Associated Infection (HAIL), and others. For example, a high risk patient
is neutropenic, has cancer or has received a transplant. In some aspects the patient is
“asymptomatic” means not exhibiting the traditional signs and symptoms.

[000178] The sample 1s any biological sample that contains grarm-negative or gram-positive
bacteria. For example, the biological saraple is an anal swab, a rectal swab, a skin swab, nasal
swab, wound swab, stool, blood, plasma, serum, urine, sputum, respiratory lavage, cerebrospinal
fluid, or culture isolate.

{8006179] Once the bacterial DNA is extracted from the biclogical sample, an enrichment step is
performed prior to the detection of the MDRO associated genes. Enrichment 1s accomplished for
example by performing multiplex PCR. After enrichment, detection is performed for example
by using real tine PCR using primers that are specific to the MDRO associated gene being
detected. Optionally, an internal amplification control is included to guard against false
negatives associated with PCR inhibition. Additionally, appropriate positive, negative and no-
template control (NTC) samples are included during cach performance run of the assay.

80018617 Definitions

[860181]  lv accordance with long standing patent law convention, the words "a" and "an” when
used in this application, inchuding the claims, denotes "one or more.”

[000182] 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 nurnbers 1o a recited range of numbers {e.g., "about 5 to 15" means "about 5 to about 157
unless otherwise stated}. Moreover, all numerical ranges herein should be understood to include
cach whole mteger within the range.

[000183] The terros "e.g.,” and "i.¢." as used herein, is used merely by way of example, without
limitation intended, and should not be construed as referring only those items explicitly
enamerated in the specification.

[606184] Asused herein, infection is meant to inchude any infectious agent of bacterial origin.
The bacterial infection may be the result of gram-positive, gram-negative bacteria or atypical

bacteria.

[
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[000185] The term "Gram-positive bacteria” are bacteria that are stained dark blue by Gram
statning. Gram-postiive organisros are able to retain the crystal violet stain because of the high
amount of peptidoglycan in the cell wall.

{#00186] The term "Grarg-unegative bacteria” are bacteria that do not retain the cerystal violet
dye in the Gram staining protocol.

[000187] The torm “Multi-drug Resistant Organism” is a microrganisms {bacteria, viruses, fungi or
parasites) that is resistant to distivet antimicrobial agents, fitst and foremost antibiotics, but also
antifungal drugs, antiviral medications, and antiparasitic drugs.

{800188] The term “CRE” refers to carbapencm-resistant enterobacteriaceae,

{000189] The term “ESBL” refers to extended spectrum befa lactamase.

[000190] The term “AmpC” refers to cephalosporinases encoded on the chrormosomes of many
of the Enterobacteriaceae and a few other organisms, where they mediate resistance to
cephalothin, cefazolin, cefoxitin, most penicilling, and beta-lactarnase inhibitor-beta-lactam
combinations. A multi-drug resistant organism includes, but are not limited to, organisms
belonging to the genus Acinetobacter, Citrobacter, Enterobacter, Enteroccus, Escherichia,
Kiehsiella, Serratia or Staphvioccus. Exeroplary multi-drug resistant organisms include
Acinetobacter Baumannii such as ATCC isolate #2894233-696-101-1, ATCC isolate #2894257-
696-101-1 ATCC isolate #2894255-696-101-1, ATCC isolate #2894253-696-101-1, or ATCC
#2894254-696-101-1; Citrobacter freundii such as ATCC isolate # 33128, ATCC isolate #
2894218-696-101-1, ATCC 1solate # 2894219-696-101-1, ATCC isolate # 2894224-696-101-1,
ATCC isolate # 2894218-632-101-1, or ATCC isolate # 28942 18-659-101-1; fnrerobacter
cloacae such as ATCC isolate # 22894251-650-101-1, ATCC isolate # 22894264-659-101-1,
ATCC isolate # 22894246-659-101-1, ATCC isolate # 22894243-639-101-1, or ATCC isolate #
22894245-659-101-1; Enteroccus facalis such as ATCC isolate # 22894228-659-101-1 ATCC
isolate # 22894222-659-101-1, ATCC isolate # 22894221-659-101-1, ATCC isolate # 228942235-
659-101-1, or ATCC isolate # 22894245-659-101-1, Enteroccus faecium such as ATCC isolate #
51858, ATCC isolate # 35667, ATCC isolate # 2954833 2694008 ATCC isolate #

2954833 26927635, or ATCC isolate # 2954836 2694361, Escherichia coli such as ATCC
isolate CGUC 11332, CGUC 11350, CGUC 11371, CGUC 11378, or CGUC 11393; Kiebsiella
preumonia such as ATTC isolate # 27736, ATTC isolate # 29011, ATTC isolate # 20013, ATTC

isolate # 33495, or ATTC isolate # 35657, Serratia marcescens such as ATCC isolate # 43862,

)
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ATCC isolate # 2338870, ATCC isolate # 2426026, ATCC isolate # SUHD 2895511, or ATCC
isolate # SHD 2895538; or Staphyloccus aureus such as ATCC isolate # JHH 02, ATCC isolate

isolate # JHH 06.

{806191] . The term "methods of treating” includes methods of managing, and when used in
connection with the biological organism or infection, includes the amclioration, clirnination,
reduction, prevention, or other relief or management from the detrimental effects of a biological
organism. In a preferred embodiment, these detrimental effects include a mycobacterial
infection, symptoms characterizing and/or effects associated with tuberculosis in the subject, or a
combination thereof.

[000192] As used herein, the torm "nucleic acid” includes one or more types of:
polydeoxyribonucleotides {containing 2~-deoxy-D-ribose}, polyribonucleotides {(containing D-
ribosc), and any other type of polynucleotide that is an N-glycoside of a purine or pyrimmdine
base, or medified 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, methyiphosphonates, and the like. "Nucleic acids” include single- and
double-stranded DNA, as well as single- and double-stranded RNA. Exeroplary nucleic acids
include, without limitation, gDNA; hnRNA; mRNA; rfRNA, (RNA, micro RNA (miRNA), small
mterfering RNA (siRNA), small nucleolar RNA (snORNAJ, sraall nuclear RNA (snRNA), and
small temporal RNA (stRNA), and the like, and any combination thereof.

[#00193]  As uscd heretn, the torm "DNA segment” refers to a DNA meolecule that has been
isolated free of total genomic DNA of a particular species. Therefore, a DNA segment obtained
from a biological sample using one of the compositions disclosed herein refers to one or more
DNA segments that have been isolated away from, or purified free from, total genomic DNA of
the particular species from which they are obtained, and also in the case of pathogens, optionally
isolated away from, or purified free from total marmmalian {preferably human) genomic DNA of
the infected individual. Included within the term "DNA segment,” are DNA segments and
smaller fragrments of such segments, as well as recombinant vectors, mcluding, for example,

plasmids, cosmids, phage, viruses, and the like.
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[000194] Similarly, the term "RNA segment” refers to an RNA molecule that has been isolated
free of total cellular RNA of a particular species. Therefore, RNA segments obtained from a
biological sample using one of the compositions disclosed herein, refers to one or more RNA
scgraents (either of native or synthetic origin} that have been isolated away fror, or purified free
from, other RNAs. Included within the term "RNA segment,” are RNA segments and smaller
fragments of such scgments.

[800195] The terros "identical” or percent "identity,” 10 the context of two or more nucleie acid
or polypeptide sequences, refer to two or more sequences or subsequences that are the same or
have a specified percentage of amineo acid residues or nucleotides that are the same, when
compared and aligned for maximuim correspondence, as measured using one of the sequence
comparison algorithins described below {or other algorithrns available to persons of ordinary
skill} or by visual inspection.

[#00196] The phrase "substantially identical,” in the context of two nucleic acids refers to two
or more sequences or subsequences that have at Jeast 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

v

algorithro or by visual inspection. Such "substantially ideutical” sequences are typically
considered "homelogous,” without reference to actual ancestry.

[000197] As used herein, "sample” includes anything containing or presumed to contain a
substance of interest. It thus may be a composition of matter containing nucleie acid, protein, or
another biomolecule of interest. The term "sample” can thus encompass a sohution, cell, tissue, or
popuiation of one of more of the same that includes a population of nucleic acids (genomic
DNA, cDNA, RNA, protein, other cellular molecules, etc.). The terms "nucleic acid source,”
“sample,” and "specimen” are used iuterchangeably heretn in a broad sense, and are intended to
encompass a variety of biglogical sources that contain nucleic acids, protein, one or more other
biomelecules of futerest, ot any combination thereof, Exemplary biological samples include, but
are not limited to, whole blood, plasma, serum, sputum, urine, stool, white blood cells, red blood
cells, bufty coat, swabs (including, without lirnttation, buccal swabs, throat swabs, vaginal
swabs, urethral swabs, cervical swabs, rectal swabs, lesion swabs, abscess swabs,

nasopharyngeal swabs, and the like), urine, stool, sputurm, tears, mucus, saliva, semen, vaginal
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fluids, bymphatic fluid, ammiotic fluid, spinal or cercbrospinal flnid, peritoneal effusions, pleural
cttusions, exudates, punctates, eptthelial smears, biopsies, bone marrow samples, fluids from
cysts or abscesses, synovial fluid, vitreous or aquecus humor, eye washes or aspirates, bronchial
or pulmonary lavage, lung aspirates, and organs and tissucs, including but not hmited to, liver,
spleen, kidney, lung, intestine, brain, heart, muscle, pancreas, and the like, and any combination
thereof. Tissue culture cells, including explanted material, primary cells, secondary cell lines,
and the like, as well as lysates, homogenates, extracts, or materials obtained from any cells, are
also within the meaning of the term "bislogical sample,” as used herein. The ordinary-skilled
artisan will also appreciate that lysates, extracts, or materials obtained from any of the above
exemplary biological samples are also within the scope of the invention.

[000198] As used herein, the torm "buffer” inchudes one or more compositions, or aqucous
solutions thereof, that resist fluctuation in the pH when an acid or an alkali is added to the
solution or composttion that includes the buffer. This resistance to pH change is due to the
buffering properties of such solutions, and may be a function of one or more specific compounds
included in the composition. Thus, solutions or other compositions exhibiting buffering activity
are referred to as buffers or buffer solutions. Buffers generally do not bave an volimited ability o
maintain the pH of a solution or composition; rather, they are typically able to maintain the pH
within certain ranges, for example from a pH of about S to 7.

[000199] As used herein, the term "patient” {also interchangeably referred to as "host" or
"subject”) refers to any host that can serve as a source of one or more of the biological samples
or specimens as discussed herein. In certain aspects, the donor will be a vertebrate animal, which
is intended to denote any animal species (and preferably, a mammalian species such as a human
being). In certain embodiments, a "patient” refers to any animal host, inchuding but not limited
to, human and non-human primates, avians, reptiles, amphibians, bovines, canines, caprines,
cavities, corvines, epines, equines, felines, hircines, lapines, leporines, lupines, ovines, porcines,
racines, vulpines, and the ke, including, without limitation, domesticated livestock, herding or
migratory animals ot birds, exotics or zoological specimens, as well as companion animals, pets,
and any animal under the care of a veterinary practitioner.

[000280] The term "substantially free” or "esseuntially free,” as used herein, typically means that
a composition contains less than about 10 weight percent, preferably less than about 5 weight

pereent, and more preferably less than about 1 weight percent of a compound. In a preferred
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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 .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 pereent, less than about 10 weight percent, preferably less than about 5 weight pereent,
ete., being lost to degradation. In other embodivaents, these terms vefer 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.

[000281]  As used herein, the torm "heterologous” 1s defined in relation to a predetermined
referenced nucieic acid sequence. For example, with respect to a structural gene sequence, a
heterologous promoter 18 defined as a promoter that does not natarally occur adjacent to the
referenced structural gene, but which is positioned by the hand of man in one or more laboratory
ranipulations that are routinely employed by those of ordinary skill in the molecular biclogical
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}, ete.

[000282] As used herein, the term “healthy” refers to an individual whom 18 not at high risk of
being infected with a multi-drug resistant organism.

[300283] As used herein, the term "homology"” refers to a degree of complementarity between
two or more polynucleotide or polypeptide sequences. The word "identity” may substitute for the
word "homology™ when a first nucleic acid or amino acid sequence has the exact same primary
sequence as a sccond nucleic acid or aming acid sequence. Sequence homology and sequence
identity can be determined by analyzing two or more sequences using algorithms and computer
programs known in the art. Such methods may be used to assess whether a given sequence is
identical or homologous to another selected sequence.

[006284]  As used herein, "homologous” means, when referring to polynucleotides, sequences
that have the same cssential nucicotide sequence, despite arising from differcut origins,
Typically, homologous nucleic acid sequences are derived from closely related genes or

Organisms posscssing one or more substantially sirilar gevornic sequences. By contrast, an

372
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"analogous” polynucleotide is one that shares the same function with a polynucleotide from a
different species or orgamsm, but may bave a sigoificantly 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).

[000285] The terms "identical” or percent "identity”, in the context of two or more nucleic acid
or polynucleotide sequences, refer {0 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
maximurn correspondence over a comparison window, as rocasured using a sequence
comparison algorithm or by manual alignment and visual inspection.

[800286] A "primer” or "primer sequence” may include any nucleic acid sequence or segment
that selectively hybridizes to a complementary template nucleic acid strand (Marget sequence™)
and functions as an initistion point for the addition of nucleotides to replicate the teraplate strand.
Primer sequences of the present invention may be labeled or contain other modifications which
allow the detection and/or analysis of amplification products. In addition to serving as initiators
for polyroerase-mediated duplication of target DNA sequences, privoer sequences maay also be
used for the reverse transcription of template RNAs inte corresponding DNAs.

[B66267] A "target sequence” or "target nucleotide sequence” as used herein includes any
nucleotide sequence to which one of the disclosed primer sequences hybridizes under conditions
that allow an cnzyme having polymerase activity to elongate the primer sequence, and thereby
replicate the complementary strand.

{#00208]  As uscd heretn, the term "polypeptide” 1s intended to encompass a singular
"polypeptide” as well as plural "polypeptides,” and inchudes any chain or chains of two or more
amino acids. Thus, as used herein, terms inchuding, but not Hmited to "peptide,” "dipeptide,”
“ripeptide,” "protein,” "enzyme,” "amnno acid chain,” and "contigoous amine acid sequence” are
all encompassed within the definition of a "polypeptide,” and the term "polypeptide” can be used
instead of, or interchangeably with, any of these terms, The term further mncludes polypeptides
that have undergone one or more post-trapslational modification{s}, including for example, but
not lirotted to, glycosylation, acetylation, phosphorylation, amidation, derivatization, proteolytic
cleavage, post-translation processing, or modification by inclusion of one or more non-naturally

occurring amino acids. Conventional nomenclature exists in the art for polynucleotide and
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polypeptide structures. For example, one-letter and three-letter abbreviations are widely
employed to describe amino acids: Alanine (A; Ala), Arginine (R; Arg), Asparagine (N; Asn},
Aspartic Acid {I¥; Asp), Cystetne (C; Cys), Glutamine {{J; Gin), Glutamic Acid {(E; Ghuy,
Giyeine {(G; Gly), Histidine (H; His), Isoleucine (I; He), Leucine (L; Leu), Methionine (M; Met),
Phenylalanine {F; Phe), Proline (P; Pro}, Serine (§; Ser}, Threonine (T, Thr), Tryptophan (W,
Trp), Tyrosine (Y; Tyr), Valine (V; Val}, and Lysine (K Lys). Amino acid residues described
herewn are preferred to be in the "L 1sorneric form. However, residaes m the "D isomeric form
may be substituted for any L-amino acid residue provided the desired properties of the
polypeptide are retained.

[0006289] "Protein” 18 used herein interchangeably with "peptide” and "polypeptide,” and
mcludes both peptides and polypeptides produced synthetically, recombinantly, or in vitro and
peptides and polypeptides expressed in vivo after nucleic acid sequences are administered into a
host anirmal or hurnan subject. The term "polypeptide” 15 preferably intended to refer to all amine
acid chain lengths, including those of short peptides of about 2 to about 20 amino acid residues
in length, oligopeptides of about 10 to about 100 amino acid residues in length, and polypeptides
of about 1060 to about 5,000 or more amino acid residues 1o length. The terro "sequence,” when
referring to amine acids, relates to all or a portion of the hinear N-terminal to C-terminal order of
amino acids within a giveo amino acid chain, ¢.g., polypeptide or protein; "subsequence” means
any consccutive streteh of amino acids within a sequence, ¢.g., at least 3 consecutive aming acids
within a given protein or polypeptide sequence. With reference to nucleotide and polymucleotide
chains, "sequence” and "subsequence” have simtlar meanings relating to the 5 to 3' order of
nucleotides.

[006218] As used herein, the term "substantially homologous” encompasses two or more
biomolecular sequences that are significantly similar to cach 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 icast about 80%, and more preferably
at least about 85%, or at least about 90% identity, and even more preferably at least about 93%,
more preferably at least about 97% identical, more preferably at least about 98% identical, more
preferably at least about 99% 1dentical, and cven more preferably still, entircly identical {ie.,

180% or "invariant™).
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[000211] Likewise, as used herein, the torm "substantially identical” encompasses two or more
biorolecular sequences {and 1u particular polynucleotide sequences) that exhibit a high degree
of identity to cach other at the nucleotide level. For example, in the context of two or more
nucleic acid sequences, "substantially 1dentical” 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
rore preferably at least about 95%, more preferably at least about 97% 1dentical, more
preferably at least about 98% wdentical, more preferably at least about 99% identical, and even
more preferably still, entirely identical (ie., 100% identical or "non-degenerate™).

[866212] The term "recombivant” indicates that the matenial (e.g., a polynucleotide or a
polypeptide} has been artificially or synthetically (non-naturally) altered by human intervention.
The alteration can be performed on the material within or removed from, iis natural environment
or state, Specifically, ¢.g., a promoter sequence is "recombinant” when it is produced by the
expression of a nucleie acid scgment engincered by the hand of man. For example, a
"recombinant pucleic acid” is one that is made by recombining nucleic acids, e.g., during
cloning, DNA shuffling or other procedures, or by chemical or other mutagenesis; a
“recombinant polypeptide” or "recorobivant protein” 1s a polypeptide or protein which is
produced by expression of a recombinant nucleic acid; and a "recombinant virus," ¢.g., a
recombinant influenza virus, is produced by the expression of a recombinant nucleic acid.
{0006213] Asused herein, the term "operably linked” refers to a linkage of two or more
polymucleotides or two or more nucleie 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 cuhancer 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, countiguous and in reading frame. Since enhancers
generally function when separated from the promoter by several kilobases and intronic sequences
may be of variable lengths; however, some polynucleotide elements may be operably hoked but
not contiguous.

The phrases "isolated” or "biologically pure” refer to material that is substantially, or essentially,

free from components that normally accompany the material as it is found n its native state.
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Thus, isolated polynucleotides in accordance with the invention preferably do not contain
roaterials normally associated with those polynucleotides in their natural, or 1 situ, environment.
{B00214]  "Link" or "join" refers to any method known in the art for functionally connecting
onc or more proteins, peptides, nucleic acids, or polynucleotides, including, without limitation,
recombinant fusion, covalent bonding, disulfide bonding, ionic bonding, hydrogen bonding,
clectrostatic bonding, and the like.

[800215]  As used herein, the term "plasmid” refers to a genetic construct that is composed of
genetic material (i.e., nucleic acids). Typically, a plasmid contains an origin of replication that is
functional in bacterial host cells, ¢.g., Escherichia coli, and selectable markers for detecting
bacterial host cells including the plasmid. Plasmids of the present invention may include one or
more genetic clements as described herein arranged such that an inserted coding sequence can be
transcribed and translated in a suitable expression cells. In addition, the plasmid may include one
or more nucleic acid segments, genes, promoters, enhancers, activators, multiple cloning regions,
or any combination thereof, inchuding segments that are obtained from or derived from one or
more natural and/or artificial sources.

[800216] Suutable standard hybridization conditions for the present invention nclude, for
example, hybridization in 50% formamide, 5.times.Denhardts’ solution, 5.times.88C, 25 mM
sodiure phosphate, 8.1% SDS and 100 mu.g/ml of denatured salmon sperm DNA at 42 degrees
C for 16 h followed by | hr sequential washes with 0.1 .times.S8C, 0.1% SDS seolution at

660 .degree. C. to remove the desired amount of background signal. Lower stringency
hybridization conditions for the present invention include, for example, hybridization in 35%
formamide, S.times. Denhardts’ solution, 5. times SSC, 25 mM sodium phosphate, 0.1% SDS and
100.mu.g/mk. denatured salmon sperm DBNA or E. coli DNA at 42 degrees C for 16 b followed
by sequential washes with 0.8.1imes. SSC, 0.1% SDS at 535.degree. €. Those of skill in the art will
recognize that couditions can be readily adjusted to obtain the desired level of stringency.
[#00217] Naturally, the present invention alse encompasses nucleic acid segments that are
complementary, essentially complementary, and/or sabstantially coraplementary to at feast one
or more of the specific nucleotide sequences specifically set forth herein. Nucleic acid sequences
that arc "complernentary” are those that are capable of base-pairing according to the standard
Watson-Crick complementarity rules. As used herein, the term "complementary sequences”

means nucleic acid sequences that are substantially complementary, as may be assessed by the
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same nucleotide comparison set forth above, or as defined as being capable of hybridizing to one
or more of the specific nucleic acid segments disclosed herein under relatively stringent
conditions such as those described immediately above.

[#00218]  As described above, the probes and primers of the present invention ruay be of any
length. By assigning numeric values to a sequence, for example, the first restdue is 1, the second
residue 18 2, ete., an algorithm defining all probes or privacrs contained within a given sequence
can be proposed: nto oty where nis an integer from 1 {o the last number of the sequence and y
is the length of the probe or primer minus one, where nt+y does not exceed the last number of the
sequence. Thus, for a 25-basepawr probe or primer {(i.e., a "25-wmer™), the collection of probes or
primers correspond to bases 1 to 25, bases 2 to 26, bases 3 to 27, bases 4 to 28, and so on over
the entire length of the sequence. Similarly, for a 35-basepair probe or primer (i.e, a "35-mer),
exemplary primer or probe sequence include, without limitation, sequences corresponding to
bases | to 35, bases 2 to 36, bases 3 10 37, bases 4 to 38, and so on over the entire length of the
sequence. Likewise, for 40-mers, such probes or primers may correspond to the macleotides from
the first basepair to by 40, from the second by of the sequence to by 41, from the third by to by
42, and so forth, while for S0-mers, such probes or primers may correspond to a nucleotide
sequence extending from bp 1 to bp 50, from bp 2 to bp 51, from bp 3 to bp 52, frombp 4 to bp
53, and so forth,

[606219] In certain embodiments, it will be advantageous to employ one or more mucleic acid
segments of the present invention in corabination with an appropriate detectable marker (1.e, a
"label"), such as in the case of employing labeled polynucleotide probes in determining the
presence of a given target sequence in a hybridization assay. A wide variety of appropriate
indicator compounds and compositions are known in the art for labeling oligonucicotide probes,
including, without Hmitation, fluorescent, radioactive, enzymatic or other ligands, such as
avidin/biotin, etc., which are capable of being detected in a suitable assay. In particular
embodiments, one may alsc employ one or more fluorescent labels or an enzyme tag such as
urcase, alkaline phosphatase or peroxidase, 1ostead of radioactive or other environmentally less-
desirable reagents. In the case of enzyme tags, colorimetric, chromogenic, or fhuorigenic
indicator substrates are known that can be employed to provide a method for detecting the
sample that is visible to the human eye, or by analytical methods such as scintigraphy,

fluorimetry, spectrophotometry, and the like, to wdentify specific hybridization with samples
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containing one or more complementary or substantially complementary nucleic acid sequences.
In the case of so~called "multiplexing” assays, where two or more labeled probes are detected
cither simultancously or sequentially, it may be desirable to label a first oligonucleotide probe
with a first label having a first detection property or paramcter (for cxample, an emission and/or
excitation spectral maximum}, which also labeled a second oligonuelieotide probe with a second
iabel having & sccond detection property or parameter that is different (1.¢., discreet or
discernable from the first label. The use of multiplexing assays, particularly n the context of
genetic amplification/detection protocols are well-known to those of ordinary skill in the
molecular genetic arts,

[600228] In gencral, it is envisioned that one or more of the amplification primers and/or
hybridization probes described herein will be usetul both as reagents in solution hybridization
{e.g., PCR methodologies and the like}, and in embodiments employing "solid-phase” analytical
protocols and such like.

Methoeds and Uses of the Invention

[600221] The methods disclosed herein are used to identify subjects that are colonized or
infected with a multi-drog resistant organisto. Move specifically, soroe ruecthods of the invention
are used to distinguish patients having a multi-drug resistant organism from patients with a non-
infectious discase and/or healthy individuals. For example, the mocthods of the wmvention can be
used to make a contact precaution recomimendation for the patient having a multi-drug resistant
bacterial colonization or infection, Contact precaution recommendations includes one or more of
the following: isolating the patient to a quarantine arca or ward, providing a private room for said
paticnt, donming personal protective apparcel upon entering the patient's room, limiting patient
mobility, limiting or restricting access of non-colonized or non~-infected patients or medical
personnel to the patient, or providing dedicated patient care equipment.

[800222]  Some methods of the present mvention can also be used to monitor or select a
treatment regimen for a patient who has an MDRO colonization or infection, and to screen
subjects who have not been previously diagnosed as having an MDRO colonization or 1nfection,
such as subjects who exhibit risk factors for developing an infection. Some methods of the
present invention are used to identity and/or diagnose subjects who are asymptomatic for a

MIDRO infection. “Asymptomatic” means not exhibiting the traditional signs and symptoms.
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[800223] A reference value can be relative to a number or value derived from population
studies, including without hwttation, such subjects having the same infection, subject having the
same or similar age range, subjects in the same or simatlar ethnic group, or relative to the starting
sample of a subject undergoing treatment for an infection.  Such reference values can be derived
from statistical analyses and/or risk prediction data of populations obtained from mathematical
algorithms and computed indices of infection. Reference mndices can also be constructed and
used using algorithms and other methods of statistical and structural classification.

[#00224] The cffectiveness of a treatment regimen can be monitored by detecting a one or more
MDRO-associated genes in a sample obtaimed from a subject over tivoe and comparing the
amount of MDRO- associated genes detected. For example, a first sample can be obtained prior
to the subject receiving treatraent and one or more subsequent samples are taken after or during
treatment of the subject.

[#00225] For example, the methods of the invention can be used to discriminate between
patients that are colonized or infected with an MIDRO and these that are not. This will allow
patients to be stratified and treated accordingly.

[800226] In a specific embodirent of the 1ovention a treatment recommendation (i.e., selecting
a treatment regimen for a subject is provided by identifying a MDRO colonization or infection
in the subject according to the method of any of the disclosed methods and recommending that
the subject receive an antibiotic treatment. For example, when KPC, NDM, OXA, VIM, SFC,

IMP, SME, IMI, NMC, or CerA 1s detected recommending that the patient does not receive a

ES, BES, SFO, TLA, TEM with amino acid

carbapenem antibiotic; when CTM-X, PER, VEE,

substitutions E104K, R164H, R1645, R164C, GZ38S or E240K, or SHY with amino acid

7,
i}
7

2

o,
2

substitutions (31561, G238S or E240K is detected recommending that the patient does not
receive a cephalosporin antibiotic, when ACC, MOX, CMY, CFE, ACT, DHA or FOX is
detected recommending that the patient does not receive a beta-lactamase inhibitor-beta-lactam
combination; or when VanA is detected recommending that the patient does not receive
vancomycin.

8062271 In other embodiments, the presence or absence of the MDRO- associated genes and
arc used in conjunction with other clinical factors that to make an antibiotic recommendation for
a patient. For example KPC, NBM, OXA, VIM, IMP, SME, SFC, IMI, NMC, or CerA is

detected consider that the patient may be resistant to carbapenem antibiotics; when CTM-X,

(2
N



WO 2015/138991 PCT/US2015/020590

R, VER, GES, BES, SFG, TLA, TEM with amino acid substitutions E104K, R164H, R1648,
R164C, (G2388 or HE240K, or SHY with amine acid substitutions G15613, G238S or E240K s

detected consider that the patient may be resistant to cephalosporin antibiotics, when ACC,
MOX, CMY, CFE, ACT, DHA or FOX 1s detected consider that the patient may be resistant to
a beta-lactamase inhibitor-beta-lactam combination; or when VanA is consider that the patient
rnay be resistant to vancomycin.

[600228] In another embodirent, the methods of the invention can be used to prompt
additional targeted diagnosis such as pathogen specific PCRs, chest-X-ray, cultures ete. For
exariple, the rocthods of the invention can be used to recommend a test to determine the geous
and or species of the multi-dmg resistant organism to determine the source of the bacterial
mfection. In another embodiment, the methods of the invention can be used as a screening and
surveillance method to establish the source and type of infection or colonization in a patient or
person athlete {anatomical site) and/or from the environment such as hospital room location or
fixture, or sports facility locker room location, in order to characterize infection transmission
cvents and to generate geophysical maps of infection outbreaks in healtheare settings, sports
complexes, and other physical settings where MDROs may colonize or spread {see figures 7, 8,
8, and 10).

[866229]  Some aspects of the present invention can also be used to screen patient or subject
populations in any number of settings. For example, a health maintenance organization, public
health entity or school health program can screen a group of subjects to identify those requiring
interventions, as described above, or for the collection of epidemislogical data. Insurance
companics {(¢.g., health, lifc or disability} may screen apphicants in the process of determining
coverage or pricing, or existing clients for possible intervention. Data coliected in such
population screens, particularly when tied to any clinical progression to conditions like infection,
will be of value in the operations of, for example, health maintenance organizations, public
health programs and insurance companies. Such data arrays or collections can be stored in
machive~-readable media and used 1n any number of health-related data management systems to
provide improved healthcare services, cost effective healthcare, improved insurance operation,
cte. See, for example, U.S, Patent Application No. 2002/0038227; U.S. Pateut Application No.
US 2004/0122296; UK. Patent Application No. US 2004/ 0122297, and 1.5, Patent No.
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5,018,067, Such systems can access the data directly from internal data storage or remotely from
one or more data storage sttes as further detatled herein.

{B80238] A machine-readable storage medium can comprise a data storage material encoded
with machine readable data or data arrays which, when using a machine programumed with
instructions for using said data, is capable of use for a variety of purposes. Measurements of
ctfcctive amounts of the biomarkers of the invention and/or the resulting evaluation of risk from
those biomarkers can be iaplemented in computer programs executing on programmable
computers, comprising, infer alia, a processor, a data storage system {including volatile and non-
volatile memory and/or storage elements), at least one input device, and at least one output
device. Program code can be applied to input data to perform the functions described above and
generate output information. The output information can be applicd to one or more output
devices, according to methods known in the art. The computer may be, for example, a personal
compuicr, microcomputer, or workstation of conventional design.

[866231] Each program can be implemented in a high level procedural or object oriented
progranuning language to communicate with a computer systern. However, the programs can be
implemented 1n asserably or raachine language, f desired. The language can be a corapiled or
interpreted language. Each such computer program can be stored on a storage media or device
{e.g., ROM or magnetic disketie or others as defined elsewhere 1o this disclosure) readable by a
general or special purpose programmable computer, for configuring and operating the computer
when the storage media or device s read by the computer to perform the procedures deseribed
herein. The health-related data management system used in some aspects of the invention may
also be considered to be implemented as a computer-readable storage medium, configured with a
computer program, where the storage medium so configured causes a computer to operate in a
specific and predefined manner to perform various functions described herein.

Methods of Detecting MDRO-Associated Genes

[#00232] Foliowing collection of the population of polynucleotides from a biclogical 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 particle.
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60062331 Compositions and methods used in the present invention are compatible with most, if
not all, coromercially available nucleic acid exiraction corapositions and methods, such as, but
not limited to QlaAmp RTM. DNA Mini kit (Qiagen RTM., Hilden, Germany), MagNA Pure 96
Systern (Roche Diagnostics, USA}, and the NuchSENS.RTM. casyMAG RTM. cxtraction
systers {bioMerieux, France).

[000234]  After sample extraction, a samaple enrichment step {pre-amplification) 18 performed.
The pre-arplification step can be accoraplished by any methods know 1o the art, for exaraple by
PCR. Preferable the sample enrichment step is performed using nested PCR which allows for
stmultancous amplification of several target geoes using multiplex PCR.

{0006235] After amplification, MDRO-associated gene are detected by any method known in the
art, and preferably by multiplex real time PCR formats such as nanofluidic, mucrofluidic chip
detection real time PCR instrumentation such as Fluidigm Biomark; bead based multiplex
detection systems such as Luminex; single target or low multiplex PCR format instrumentation
such as Roche Light Cycler; droplet PCR/digital PCR detection system such as Raindances’s

RainDrop System; or next generation sequencing technology such as IHumina MiSeq, or

semiconductor sequencing such as lon Torrent’s, fon PG

[#00236] The present invention also provides for compositions and methods of detecting
MDRO associated gene-specific nucleic acid sequences present 1o a population of
polynuclootides that has been isolated or extracted from a biological sample. The polynucieotide
compositions of the present invention, and particularly those useful in the detection of MDRO
associated gene -specific nucleic acid sequences (inchuding, for example, any one of ora
combination of KPC, NDM, VIM, IMP, OXA, CTX-M or Van-A specific nucleic acids),
preferably contain at least a single primer, or alternatively, two or more primers (e.g., "forward”
and "reverse” primers) that may be used to factlitate amplification of the particular target nucleic
acid sequence to be amplified. Exeraplary primers useful in the practice of the nvention include,
but are in no way limited to, those primer sequences that specifically bind to the target nucleic
acid sequence itself or to one or more regious immediately upstream (57 and or downstream (37}
of the actual target nucleic sequence.

[000237] Primers usetul in amphification of a particular sequence of interest may be designed
using, for example, a computer program such as OLIGO.RTM. (Molecular Biology Insights Inc,,

Cascade, Colo., USA). Typically, oligonucleotide primers arc from about 10 to about 60 or so
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rucleotides in fength (inchuding, without limitation, all intermediate integers, e.g., 10, 11, 12,
ete., or even 60 or more nucleotides 1u lengthy, although primers of any practical length may be
useful in the practice of certain embodiments of the invention.

[#060238] In onc cmbodiment, the present invention provides oligonucleotide probes and primer
sequences specific MDRO-associated genes. In dlustrative embodiments, exemplary
oligonucleotide primer sequences are disclosed that are useful in the detection and/or
amplification of nucleic acid segments that are universal across to particular types, subtypes of
MGRG-associated genes.

[86623%9]  For example, in preferred embodiments the amplification and detection primers are
chosen such that the primers are capable of specifically binding to most, if not, all subtypes of a
particular MDRO-associated gene. For exaraple, the primer is chosen by identitying regions of
homology across the subtypes and degenerate nucleotides are utilized to accommodate for the
iack of 100 % homology.

[8662408] Preferably, the amplification primers and detection primers and probe bind in the
same region of homology, i.e. the amplification primers and detection primers and probe are
nested. o soroe aspects the primers used in the arophification step are different than the primers
used in the detection step.

[866241] The primers and probes are designed such that a single set of forward and reverse
amplification primers can be used for sanmple enrichment and a single set of forward and reverse
detection primers and probe are capable of amaplifying and detecting all 15 KPC subtypes or all
nine NDBM subtypes. For VIM, primers and probes are designed such that three sets of forward
and reverse amplification primers can be used for saraple enrichment and three sets of forward
and reverse primers and probes are capable of amplifying and detecting all 40 VIM subtypes.
For OXA, primers and probes are designed such that five sets of forward and reverse
amplification privoers can be used for sample enrichroent and five sets of forward and reverse
primers and probes arce capable of amplifying and detecting all the OXA subtypes in the OXA-
31, OXA-23, OXA-48, OXA-24/40 and OXA-38 subfamilies. For CTX-M, primers and probes
are designed such that a five sets of forward and reverse amplification primers can be used for
sample enrichment and five sets of forward and reverse privacrs are capable of amaplifying and

detecting all the CTX-M subtypes in the CTX-M-1, CTX-M-2, CTX-M-&, CTX-M-9 and CTX-

ol
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[000242] Alternatively the primers and probes are designed such that a single set of forward
and reverse aroplification priroers can be used for sample enrichment and a single set of forward
and reverse detection primers and probe are capable of amplifving and detecting a specific group
of subtypes of an MDRO-associated gene., For cxample, OXA primers and probes are designed
such that sets of forward and reverse amplification primers can be used for sample enrichment
and sets of forward and reverse primers are capable of araplifying and detecting only OXA
subtypes OXA-23, 49, 73, 146, 165, 167, 168, 169, 170, 171, 225, 239

[#00243] In additional embodiments, cxemiplary oligonucleotide detection probe sequences are
disclosed that are particularly useful in the detection and quantitation of amplification products
arising from such polynucicotides. Detection of these products when indicative of the presence
of these MDRO-specific polynucicotides 1n a clinical saruple can provide clinical diagonosticians
and other medical professionals with a means for predicting and/or confirming the likelihood of a
MDRO mfection in patients from whom such sarnples are collected. Such information may also
be useful in the management of care for such individuals, and may also serve as molecular
rnarkers for determining the extent, significance, and/or rate of discase progression.

[800244] The oligonucleotide privaers and probes of the present invention are designed for the
sclective amplification and detection of MDRU-associated gene encoding nucleic acid segments.
disclosed primer sequences are suitable for use in hybridization methods, and in DNA
amplification methods such as PCR-based amplification methods (including, for example, real-
time PCR analyses). Likewise, the disclosed sligonucicotide detection probes are suitable for
labeling with an appropriate label means for detection and quantitation of the products resuiting
from the araplification of mucleic acids using one or more pairs of the amplification primers
disclosed herein.

{0006245] In general, the oligonucicotide probes and primers finding particular utility in the
practice of the disclosed methods should be of sufficient length to selectively hybndize to a
complementary nucicic acid sequence, obtained from a clinical isolate of a mammalian patient
that is suspected of having, or at risk for developing a MDRO mfection.

[866246] In particular, oligonucleotide primers and probes are selected such that they
selectively hybridize to specitic complementary nucleic acid sequences upstream and

downstream of a region of DNA that encompasses a nucleic acid sequence from an MBRO-
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associated gene. The selection of oligonucicotide probe and primer lengths is a process well-
knowu in the molecular biological arts, and depends upon a nurober of parameters.

{#880247] For most embodiments, the inventors contemplate that the length of the selected
probe and primer compositions of the mvention will preferably be less than about 30 to 60 or so
nucleotides in length, and more preferably, will be less than about 48 to 45 or so nucleotides in
iength, while other probes and primers of the fnvention may be on the order of about 30 to 35 or
so nucleotides 1n length. In some emabodiments, the length of the selected oligonucleotide primer
sequences {e.g., "forward"” and "reverse” primers} and/or the length of the selected detection
probe sequences {e.g., "anchor” and "sensor” probes), will likely be on the order of about 20 to
44 or so nucleotides in length, in some cases about 23 to about 40 nucleotides in length, or about
20 to about 30 nucleotides in length, although in some cases, the sizes of particular probes and
primer sequences may be larger than that, and on the order of about 60 to 70 nucleotides in
iength. Alternatively, in some embodiments, it may be desirable to craploy shorter probe and/or
primer sequences, and as such, the oligonucleotides selected for practice of the invention may be
on the order of about 15 to 28 or so nucleotides in length or even slightly shorter, such as about
15 to about 25 nucleotides, in some erabodiments.

[#00248] In the context of the present application, it is understood that all intermediate
oligonucleotide lengths within the various ranges stated herein are conternplated to expressiy fall
within the scope of the present invention. To that end, oligonucleotides that arc less than about
60, less than about 59, less than about 58, less than about 57, less than about 56, less than about
55, less than about 54, less than about 53, less than about 52, less than about 51, ete. are
expressly within the scope of the present disclosure, as arc oligonucleotides that arc less than
about 56, lcss than about 49, less than about 4¥%, less than about 47, less than about 46, less than
about 45, less than about 44, less than about 43, less than about 42, less than about 41, as well as
oligonucleotides that are less than about less than about 40, less than about 39, less than about
38, less than about 37, less than about 36, less than about 35, less than about 34, less than about
33, less than about 32, less than about 31, as well as ohgonucleotides that are less than about less
than about 30, less than about 29, less than about 28, fess than about 27, less than about 26, less
than about 25, lcss than about 24, less than about 23, less than about 22, less than about 21, less
than about 20, lgss than about 19, less than about 18, less than about 17, less than about 16, less

than about 15, less than about 14, and so forth.
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{600249] As used herein, "nucleic acid” or "polynucleotide” compositions include, but are not
limited to, those that contain either single-stranded or double-stranded polynucleotides, such as
for example, deoxyribonucleic acids {DNA}, ribonueleic acids {RNA), peptide nucleic acids
(PNA}, or any combinations or derivatives thereof (including, ¢.g., genomic, extragenomice,
plasmid, cosmid, recombinant, artificial, and/or synthetic). Such sequences may be coding or
non-coding sequences, seuse, non-sense, or anti-seuse sequences, and may, but need not, be
present within one or more populations or pluralities of polynucleotides (either of the present
invention, and a polynucleotide may, but need not, be linked to other molecules and/or support
materials.

[800250] Likewise, polynucleotides of the present invention, and particularly those functioning
as probes and/or primers specific for one or more particular types, subtypes, ot strains of
MIDRG-associated genes, need not be identical, or even substantially homologous to the
particular sequences cmployed in the various embodiments of the mvention illustrated herein.
While the inventors have iHlustrated the use of particular probe and primer sequences as tools for
identifying, amplifying, and quantitating a particular MDRO-associated gene subtype or strain,
sach primers and/or probe sequences need not contain the particular nucleotide sequences
employed in the tllustrative examples provided herein.

[866251)  lo fact, i certain circumstances, polynucleotides useful as probe and/or primer
sequences may include any suitable sequences that may be obtained, prepared, modified, or
synthesized for such purpose. Morcover, in sommge instances, it is preferable that the probe and
primer sequences utilized specifically hybridize to their particular target sequences, and do not
share significant homelogy or substantially bind to other viral, bacterial, or fungal species, or to
the genome of the host organism from which the biological sample was originally obtained.
Likewise, it is desirable that the various probes and primer compositions used for the detection of
particalar subtypes and/or strains of a given MDRO-associated gene also not cross-react, or
hybridize to other or non-related nucleic acids that may also be present in the sample under
assay.

[806252] Asnoted herein, the invention provides detection probes that contain at least a first
sequence domain that specifically hybridizes (i.c., binds) to a suitably-detectable probe,
including, without Hmitation, molecularly-labeled probes and derivatives thereof. Exemplary

labeled probes are those that include radicactive, luminescent, chemiluminescent, fluorescent,
2 5
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enrymatic, magnetic, or spin-resonance labels known to those of ordinary skill in the molecular
arts. In llustrative erobodivaents, the labeled probe contaius at least a first minor groove binder.
In certain embodiments, the detection probe may include a fluorescent label such as fhuorescein,
6-carboxyfluorescein {(6-FAM), or 6-carboxyfluoroscein-N-succinimidyl cster (6-FAMSE),
VICTM. dye and the like, or a combination thereof.

[000253] In certain embodiments, to facilitate the binding of conventional detectable-label
probes, the detection probes of the invention will contain at least a first sequence dowain of fror
about 10 to about 60 nucleotides, in some instances about 10 to about 50 nucleotides, or about 10
o about 40 nucleotides, or about 10 to about 30 nucleotides, or about 10 to about 20 nucleotides
in fength that specifically binds to at least a first detectable probe. While the first sequence
domain may be of any practical length within the entirety of the carrier sequence, preferably, the
first sequence domain will be from about 12 to about 50 nucleotides in length; more preferably,
from about 14 to about 45 nucleotides in length; still more preferably, from sbout 16 to about 40
or s¢ nucleotides in length, and more preferably still, from about 18 to about 30 or so nucleotides
in fength.

[800234]  As such, all intermediate lengths of probe-hybridizing sequence domains are
contermnplated to fall within the scope of the present disclosure, including, without limitation,
probe-binding domains that are about 13 nucleotides in length, about 14 nucleotides 1o length,
about 15 nucleotides in length, about 16 nucleotides in length, about 17 nucleotides in length,
about 18 nucleotides in length, about 19 nucleotides in length, about 20 nucleotides 1 length,
about 21 nucleotides in length, about 22 nucleotides tn length, about 23 nucleotides in length,
about 24 nucleotides in length, about 25 nucleotides 1 length, about 26 nucleotides in length,
about 27 nucleotides in length, about 28 nucleotides in length, about 29 nucleotides tn length,
about 30 nucleotides in length, about 31 nucleotides in length, about 32 nucleotides in length,
about 33 nucleotides in length, about 34 nucleotides n length, about 35 nucleotides in length, or
even about 36, 37, 38, 39 or 40 or so nucleotides in length.

[866255] 1o exeroplary erabodimeunts, the araphification privaces and detection probes maay be
prepared by one or more suitable molecular biology techniques, inchuding, ¢.g., by the in vitro
transcription of a polynucleotide that includes the sequence, or alternatively, inchudes a nucleic

acid sequence that is complementary to the sequence.
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{000236] Preferably, to this formmlation a sufficient amount of primers and probe are added so
as to aroplify and detect the desired target.

{800257]  In some embodiments, it may be desirable to provide reagent mixtures that inchade
more than a single pair of araplification privocrs and a detection probe that 1s specific for a given
target nucletc acid sequence. For example, when it is desirable to determine the presence of two
or more MDRO-associated gene, the composition of the mvention roay be formulated to contain
a first pair of amplification primers that specifically bind to at feast a first target region of an
KPC-specific polynucleotide, and a second pair of amplification primers that specifically bind to
at least a first target region of an NMM, VIM, IMPB, OXA, CTX-M, Van-A, Mi, SME, GIM,
SPM, NMC, SFC, SHY, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR,
ACT, DHA, MOX, FOX, or CFE-specific polynucleotide.

{600258] In addition, when an internal positive control (IPC} s added to an initial collection
solution or the extracted nucleic acid samiple, the composition may be further or additionally
formulated to include a first pair of amplification primers that specifically bind to at least a first
target region of a particular IPC polymucleotide.

[800239]  For detection of the particular amaphification produci(s) produced from such
compositions, the compositions will alse further include a first detection probe that specifically
binds to the araphification product produced frow the first pair of avophification privacrs, and a
second distinct detection probe that specifically binds to the amplification product produced from
the second pair of araplification privacrs. In such compositions, it s 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 cxample, detection probes that include detection moieties that
fluoresce at two, three or four distinctly-differcnt wavelengths.

[#00260] In some aspects of the invention, the amplification and/or detection of target nucleic
acids may be done sequentially, while in other aspects, 1t may be desirable to amplify and/or
detection muitiple target nucleic acids stimultaneously. For example, a given biclogical sample
could first be screened for the presence of KPC, and if none are found, the sample then

secondarily screened for the presence of NDM, VIM, IMP, OXA, CTX-M, VAN-A M1, SME,
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GIM, SPM, NMC, SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY,
MIR, ACT, DHA, MOX, FOX, or CFE-specific target sequence(s).

{#80261] The methods for nucleic acid hybridization are considered routine to those of ordinary
skill 1n the molecular biological arts, and as such, a detailed discussion of analytical methods
employing them need not be provided herein. However, as a guidance, "moderately stringent”
hybridization conditions popularized by Southern et al. are generally considered in the art to
include, e.g., pre-washing in a solution containing about 5x standard sodiur citrate buffer {(SSC),
0.5% sodium dodecyl sulfate (SDS), 1.0 mM cthylenediaminetetraacetic acid (EDTA) (e.g., pH
8.0); hybridizing at a teraperature of frora about 56° C to about 60° C in 5x S8C overnight;
followed by washing twice at about 60 to 65° C for 20 min. with cach of 2x 0.5x and 0.2x 8SC
containing 0.1% SDS). Likewise, "stringent” hybridization conditions typically include, ¢.g., pre-
washing in a solution containing about 5x S8C, 0.5% SDS, 1.0 mM EDTA (pH &.0); hybridizing
at a temperature of from about 60° € to about 70° C in 5x S8C overnight; followed by washing
twice at about 65 to 70° € for 20 min with each of 2x, 0.5x and 0.2x $SSC containing 0.1% SDS),
Similarly, representative examples of "highly-stringent” hybridization conditions inclade, but are
not livotted to, pre-washing in a solution containing about Sk 8SC, .5% SDS, 1.0 mM EDTA
{pH 8.0); hybridizing at a temperature of from about 70° C to about 75 C in 5x S8C overnight;
followed by washing twice at about 70° € to about 75° C for 20 mM with each of 2x, 0.5x and
0.2x S5C containing 0.1% SDS).

[000262] It will also be appreciated by those of ordinary skill in the art that, as a result of the
degeneracy of the genetic code, there are many nuclestide sequences that encede a given primary
amino acid sequence. Some of these polynucleotides bear minimal homology to the nucleotide
sequence of any native gene. Nonetheless, polynucleotides that vary due to differences in codon
usage are specifically conternplated by the present invention.

[800263] Detection probes and amplification primers may be prepared by conventional
molecular biology recombination methodologies, or alternatively synthesized in whole or in part
by conventional racthods knowu in the art, including chemical synthesis {e.g., solid phase
phosphoramidite chemical synthesis} and the like. Modifications in a polynucleotide sequence
rnay alse be ntroduced using standard mutagencsis technigues, such as oligonucleotide-directed

site~-spectfic mutagenesis. RNA molecules for use as detection probes or primers may also be
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directly synthesized, or alternatively, be prepared by in vitro or in vivo transcription of DNA
sequences using suttable systems (such as T3, T7, and SP6 polymerases and the like).

{800264] Polynucleotides of the present invention may be modified to increase stability either
in vitro and/or in vivoe. Such modifications include, without limitation, the addition of flanking
sequences at the S-end, 3'-end, or both; the use of phosphorothioate or 2-g-methyl rather than
phosphodicsterase hnkages in the backbone; and/or the mclusion of nontraditional bases such as
inosine, queosine and wybutosine, as well as acetyl-, methyl-, thio-, or otherwise-moditfied forms
of adenine, cytidine, guanine, thymine and uridine, or any combination thereof.

[886265]  Nucleotide sequences as described herein may be joined or linked to a variety of other
nucleotide sequences using established recombinant techniques. For example, a polynucleotide
uschirl as an araplification probe or detection privacr may be produced by cloning into any of a
variety of cloning vectors, inchuding one or more of plasmids, phagemids, lambda phage
derivatives and cosmids. Vectors of particular interest include expression vectors, replication
vectors, probe generation vectors, and sequencing vectors. In general, a vector will contain an
origin of replication functional in at icast one organism, convenient restriction endonucicase sifes
and oue or roore selectable markers. Other elements will depend upon the desired use, and will
be apparent to those of ordinary skill in the art. Alternatively, probe and primer-specific
oligonucleotide sequences mway be prepared through one or more template~-dependent or
amplicon-directed recombinant production methodologies that are known to those of ordinary
skill in the arts.

{B80266]  In particular embodiments, the present invention provides polynuclestide
composttions that may be added to the disclosed colloction/storage/transport media to provide
one or more amplification primer{s) and or detection probe(s) to analyze and/or characterize a
population of target pelynucieotides isolated, for example, from a biological sample or specimen.
Such polynucleotide compositions may countain one or more sequence domains to which specific
polymerases may bind, and may serve as suitable amplification primers, and/or detection probes.
Performance and Accuracy Measures of the Invention

{800267] The performance and thus absolute and relative chinical usetulness of the invention
may be assessed in nultiple ways as noted above. Amongst the varions assessments of
performance, some aspects of the invention are intended to provide accuracy in chinical diagnosis

and prognosis.
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[000268] In the categorical diagnosis of a discase state, changing the cut point or threshold
vaiue of a test (or assay) usually changes the sensttivity and specificity, but in a qualitatively
inverse relationship. Therefore, in assessing the accuracy and usefulness of a proposed medical
test, assay, or method for assessing a subject’s condition, one should always take both sensitivity
and specificity into account and be mindfud of what the cut point is at which the sensitivity and
specificity are being reported because sensitivity and specificity may vary significantly over the
range of cut points. Use of statistics such as AUC, encompassiong all potential cut point values, is
preferred for most categorical risk measures when using some aspects of the mvention, while for
contirons risk measures, statistics of goodness-of-fit and calibration to observed results or other
gold standards, are preferred.

[000269] The methods of the invention are capabic of detecting less than 250, 240, 230, 220,
215,210, 200, 175, 165, 150, 100, 90, 88, 70, 60, 58,48, 30, 20,05 15 colony forming units per
sample.

[866278] By predetermined level of predictability it is meant that the method provides an
acceptable level of clinical or diagnostic accuracy. Using such statistics, an “acceptable degree
of diagnostic accuracy”, is herein defined as a test or assay (such as the test used in some aspects
of the invention for determining the clinically significant presence of DETERMINANTS, which
thereby indicates the presence an infection type) in which the AUC (arca under the ROC curve
for the test or assay} is at least 0.60, desirably at least 0.65, more desirably at least .70,
preferably at least 0.75, more preferably at least .80, and most preferably at least .85,

{B00271] By a “very high degree of diagnostic accuracy”, it is meant a test or assay in which
the AUC (area under the ROC curve for the test or assay) is at least §.75, 0.80, desirably at least
(8.85, more desirably at least §.873, preferably at least 8.90, more preferably at least $.925, and
rost preferably at least 0.95.

[800272]  Alternatively, the methods predict the presence or absence of an MDRO with at least
75% total accuracy, more preferably 80%, 85%, 930%, 93%, 97%, 98%, 99% or greater total
accuracy.

8062731  Alternatively, the methods predict the presence or absence of an MBRO with an
MCC larger than 0.2, 0.3, 0.4, 0.5,0.6,0.7, 08,09 0or 1.0.

{800274] The predictive value of any test depends oun the seusitivity and specificity of the test,

and on the prevalence of the condition in the population being tested. This notion, based on
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Bayes’ theorem, provides that the greater the likelihood that the condition being screened for is
present in an individual or in the population {pre-test probability), the greater the validity of a
positive test and the greater the likelihood that the result is a true positive. Thus, the problem
with using a test in any population where there 18 2 low hikelihood of the condition being present
is that a positive result has limited value {i.¢., more likely to be a false positive). Similarly, in
populations at very high risk, a negative test result 1s more likely to be a false negative.

[800275]  As aresult, ROC and AUC can be nusleading as to the clinical utility of a test in low
discase prevalence tested populations (defined as those with less than 1% rate of occurrences
{incidence) per anpurn, or less than 10% cumulative prevalence over a specified time horizon),
{8006276] A health economic utility function 18 an yet another means of measuring the
performance and clinical value of a given test, consisting of weighting the potential categorical
test outcomes based on actual measures of clinical and economic value for each. Health
economic performance is closely related to accuracy, as a health cconomie utility function
specifically assigns an economic value for the benefits of correct classification and the costs of
mnisclassification of tested subjects. As a performance measure, it is not unusual to require a test
to achieve a level of performance which results in an increase in health econornic value per test
{prior to testing costs) in excess of the target price of the test.

[8662777 o general, aliemative wethods of determaining diagnostic accuracy are compnonly
used for continuous measures, when a disease category has not yet been clearly defined by the
relevant medical socicties and practice of medicine, where thresholds for therapeutic use are not
yet established, or where there s no existing gold standard for diagnosis of the pre-disease. For
continuous measures of risk, measures of diagnostic accuracy for a caleulated index are typically
based on curve fit and calibration between the predicted continuous value and the actual
observed values (or a historical index calculated value} and utilize measures such as R squared,
Hosmer- Lerneshow P-value statistics and confidence intervals, It is not unusual for predicted
values using such aigorithms to be reported inchuding a confidence interval (usnally 90% or 95%
CI) based on a historical observed cohort’s predictions, as 1o the test for risk of futare breast
cancer recurrence commercialized by Genomic Health, Inc. (Redwood City, California).
[000278] Various implementations of the subject roatter described herein may be realized in
digital electronic circuitry, integrated circuitry, specially designed ASICs {application specific

integrated circuits), computer hardware, firmware, software, and/or combinations thereof. These
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various implementations may include implementation in one or more computer programs that are
executable and/or interpretable on a programmable system including at least one programroable
processor, which may be special or general purpose, coupled to receive data and instructions
from, and to transmit data and mstractions to, a storage system, at least one input device, and at
ieast one output device.

[000279] These computer programs {also known as programs, software, software applications
or code) mclude machine nstructions for a prograrmroable processor, and may be iraplemented in
a high-level procedural and/or object-oriented programming language, and/or in
asserbly/machine language. As used herein, the terro “machine-readable medium” refers to any
computer program product, apparatus and/or device {e.g., magnetic discs, optical disks, memory,
Programmable Logic Devices (PLDs)) used to provide machine instructions and/or data to a
programmable processor, including a machine-readable medium that receives machine
instructions as a machine-readable signal. The torm “machine-readable signal” refers to any
signal used to provide machine instructions and/or data to a programmable processor.

[0002808] To provide for interaction with a user, the subject matter described herein may be
implemented on a computer having a display device (e.g., a CRT (cathode ray tube) or LCD
(liquid crystal display) monitor) for displaying information to the user and a keyboard and a
potnting device {¢.g., a mouse or a trackball) by which the user may provide input to the
computer. Other kinds of devices may be used to provide for interaction with a user as well; for
example, feedback provided to the user may be any form of sensory feedback (e.g., visual
feedback, auditory feedback, or tactile feedback); and input from the user may be received in any
form, mcluding acoustic, speech, or tactile input.

{866281] The subject matter described herein may be implemented in a computing system that
includes a back-end component {e.g., as a data server), or that includes a middleware component
{c.g., an application server), or that includes a frout-end component {¢.g., a clhient computer
having a graphical user interface or a Web browser through which a user may interact with an
implementation of the subject matter described herein), or any combination of such back-end,
middleware, or front-end components. The components of the system may be interconnected by
any form or medium of digital data comrnunication (¢.g., a conununication network ). Examples
of communication networks include a local area network ("LAN), a wide area network

{(“WAN?}, and the Internet.
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{000282] The computing system may include clients and servers. A client and server are
generally remote from each other and typically interact through a communication network, The
relationship of client and server arises by virtue of computer programs running on the respective

computers and having a client-server relationship to cach other.

OTHER EMBODIMENTS

[#00283] While the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to tlhustrate and not limit the scope of the mvention,
which 1s defined by the scope of the appended claims. Other aspects, advantages, and

rnodifications are within the scope of the following claims.
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EXAMPLES
[8806354] Exawmril 1: SPECIMEN HANDLING
[800355] The MDRO test uses anal swabs collected using ESwabs ' from Copan or Becton Dickinson
(BD). Collected ESwabs ™ should be properly labeled, stored and transported to OpGen at room
temperature (20 — 25 C) or 4 to 8 C. ESwabs™ should be tested within 48 hours of collection,
[#80356] EXAMPLE 2: PCR PRIMER AND PROBE SEQUENCES.
8663577  Exemplary primer and probe sequences useful in the methods of the mvention include
those listed below in Tables 2, 8 and 9. It is readily apparent to those skilled in the art that other
primoer and probe sequence raay be utilized 1u practicing the claimed methods.

TABLEZ
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Internal Amplification

Control GATTGCCACGCATT
GAGCTAgegagicag
cgataagoatgacgegetiican
gegicgogagtatgtg
aagcaaggetecggacaggac
tatatactigzgtTTG
ATCTCGCCCCGACA
AGAACGGGATTG
ACTGTTTGAC Actage
tggigticggttcrgtaacg
gagaatetgtgpgrctatgteac
taatactitcgaaacgc
cecgtaccgatgc TGAAC
AAGTCGATGCAG
GCTGGATGAGTGTG
ACGGAGTGT Aacte
galgagitaccegetagtcgaac
tgggegagagaioce
agegcelgatgeaciogatceeg
aggectgacecgaca
TATCAGCTCAGACT
AGAGCGGGUTGC
GCATAAGCAAATG
ACzattaaccactgtgiact
cgltataacatciggcagtiaaa
glogggagaatagga
gecgcaatacacagittacege
atctagacclaacTG

AGATACTGCCATAGA

CGACT
Kpe-FO GGAACCATTCGCTAA
Kpe- ACTCGAAC
kpe-RG AATGAGCTGCACAGT
GGGAA
N CGGCCACACCAGTG
pdm-FO ACAATA
. ) TGCTCAGTGTCGGCA
ndm-RO TCAC
o CCACGCATTCTCTAG
vir-FO AAGGAC
Am-RO GCTGACGGGACGTA
VAR TACAAC
vim-FOb CCACGCACTCTICTAG
AAGGAC
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vinr-ROb

GCAGACGGGACGTA
CACAAC

IAC-FO GAACGGGATTGACT
GTTTGACA
TAC-RO AGCCTGCATCGACTT

GTTCA

oxa{A}FO

TGOGTTGGGGATGGG
ATGTA

oxa{A)-RO

TTTCGAACAGAGCT
AGGTATTCC

oxa{B)-FO

GUCOGCGLCAAATACA
GAATAT

oxa{B)-RO

ACCTTITCTCGOCCT
TCCAT

oxa{C)-FO

AGCAAAGGAATGGC
AAGAAAACA

oxa{C}-RO

GCTTGGTTCGCOCGT
TTAA

inp-FQOe

CCPUGGRPUCACAC
TOC/AAGATAAC

inip-ROd

GCCAATIGCTTCTA(
ATATTTGCGTCA
(Py)

vanA-FG

AAATACGAGCCOTT
ATACATTIGG

vanA-RO

TTTATCOCGGCGAGA
GTACAG

CIx{(A)FO

GCTGTGTTAATCAAT
GOCACAC

ctx{A)-RO

COTCACGCTGTTGTT
AGGAA

C(B)-FO

GCGACCTGGTTAACT
/\CA/’\TCC

ctx(B)}-RO

GCAATCAGCTTATTC
ATGGCAGTA

kpo-Fl AGGACTTTGGLGGO
TCCAT
kpe-R1 CTCAGCGCGGTAACT
TACAGTTG
ndm-F1 GATCGACGGCACCGA
CAT
ndm-R1 CGAGATTGCOGAGL
GACTT
vim- GTGCGCTTOGGTCCA
FI G
vitn- CAGATIGTOGOTICG
3 AATGC

vimn-Rib

TAAGTTGTCGGTCG
AATGC

oxa{A)-FI

ACCCACAAGTAGGC
TGGTTA

oxa{A)-RI

TTTCTAAGTTAAGGS
AGAACGCTAC

oxa{B)-FI

GTGCCAGCCTCTACA

TTT
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oxa{B)}-RI TCATTAATATCCGTT
TTCTGGTITC

oxa{C)-Fi AGTTGGAATGCTCA
CTTTACTGA

oxa{C)-RI GGTAAATCCTTGCTG
CTTATICIC

mmp-Fl GTAGTGGTTTGGPY)
TPWCCTGAA

mp-R1 CCGTACGGTTTAA(PY
JAAAPUCAACCA

vanA-Fi AATTACGAAATCTIG
GTGTATGGAAAAT
GTG

vanh-RI CTGAATAGCAATIGT
CGTTTTCCCATT

cix{AyFl AGTCT{E/TYCCTCCC
GACTG

ctx{A}-RI GUAAACGGCGGACG
TA

cix{(B)-Fl TTGCGGAGAAACAC
GTTA

cix{B)-RI GCTATACTGCAGCG
o

[AC-FI GCTGGTOTTCGOTIC
GGTAA

TAC-RI CATCGGTACGGGGECG

TTT

kpe-P TATCCATCGCGTACA
C

ndm-P TCAAGGACAGCAAG

vim-Pd CAGCACCAGGATAG

vim-Pe CAGCACCGGGATAG

[AC-P CCACAGATTCTCCG

oxa{A})-P TTGAGGCTGAACAA

oxa{B)-P CCCTGATCGGATTG

oxa{C)-F CTACGCCCTGTGATT
CCGAATAATATTTTIC

mp-P 1T

mnp-PL CCGAATAAAATITYIC
T

vanh-Pc CCGCGCAAGGTTTTT
C

cix{A)-P CGGCAAGTTTTIGC

ctx{(B)-P

CCAAGCTCAGCCA
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[86063388] Examrilk 3: QuaLiry CONTROL

[80035¢]  Conirols for MDRO Assay are used at 3 different levels. First one represents a set of
controls (NEC, PEC, NTC and the Internal Amplification Control (JAC) reaction) that are
reguired to guality a given assay run and are defined as “Assay Run countrols”, These controls are
evaluated first for any given assay run and once accepted, the second level of controls (NEC,
PEC, and NTC for cach target) arc asscssed for cach of the MDRO targets in the Assay run. This
second level of controls qualifies a given target and is defined as “Target Controls”. Ounce a
given target 18 accepted, results for each sample are evaluated against a third level that represents
an Internal Amplification Control (IAC) for each and every sample to evaluate inhibition of
amplification and/or detection.

[000360] The positive extraction contrel (PEC) monttors for any reagent fatlure during RT-
PCR. The negative extraction control (NEC) detects reagent or environment contamination by
any target DNA through the sample acquisition, sample DNA, extraction, and through RT-PCR.
The NTC detect reagents or envirenment contamination by any target DNA. The IAC controls
for specimen inhibition.

[880361] ExaMprLE 4: SAMPLE ENRICHMENT

[080362]  Sample Envichment Master Mix Preparation

[866363]  Prepare three plate roaps and calculate the working assay reagents for the nomber of
specimens and controls being tested for cach of the sample enrichment plates. Each plate must
contain a minimum of one specimen, one positive extraction control {(PEC), one negative
extraction control (NEC), and one negative temaplate control (NTC).

0803641  Sample Envichment Plate Preparation

[866365] For sample enrichment plate containing assay reagent mix A: Load 9ul of DNA
template to cach well according to plate map. Load 9ul of PEC to the PEC weli(s) and load 9ul
of NEC to the NEC well(s). Load 10ul of molecular grade water to the no template control (NTC
wells(s}). For sample enrichment plates containing master mix B and C: Load 10ul of sample
DINA teroplate to cach sample well according to plate roap. Load 10ul of wolecular grade water
to the no template control NTC wells(s).

[860366] EXAMPLE 5: AMPLIFICATION

0003671  Internal Amplification Control
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{000368] Prepare an internal amplification control solution that contains 100 copies/ul of the
internal amphification control sequence plus carrier calf thyrous DNA 10 water.

{B80369]  To the sample enrichment plate containing assay reagent mix A, add [ul of internal
amplification conirel (100 copies/pl) to all wells containing specimens, PEC, and NEC. The
NTC does not receive FAC.

[000376] Verify and run cycling conditions according to Table 3 below.

TABLE 3
UBEG 50 I 2.00
Pre-Incubation 95 I 16.60
Amplification - 25 -
~- 95 = (3:15
e 61 - 01:00
Cooling 4 - w0

003711 Exonuclease § preparation

{600372] Calculate the working exonucieasce I solution for the number of specimens and
controls being pooled from the sample ennichment plates.

[#00373] Prepare working exonuclease { solution according to the calculations.

[000374]  Pooling sample envichment plates

8663751 Remove the three sample enrichment plates from the thermocylcers.

[000376] Transfer Sul from cach well of the three plates to the 96-well plate containing
exonucicase I working solution. Be sure to maintain well location during transfer. A1 from each
of the sample enrichment plates gets pooled to Al of the pooling/exonuciease I plate.
1860377 Exonuclease I digestion

{000378] Load plate onto the thermocycler.

{800379]  Verify and run cycling conditions according to Table 4 below.,

TABLE 4
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Digestion 37 1 30:00
Inactivation 80 I 15.00
Cooling 4 1 w

[080388] BioMark Sample Master Mix preparation
{8003817 Prepare plate map and calculate the working master mix for the number of
specirens and controls being tested.

[800382] Prepare working BioMark Sample Master Mix for 210 samples according to Table 5

below.
TABLE §
PCR Master Mix 2x 630 ix
GE Sample 20x% a3 ix
Loading Reagent
Magnesiam 8.33x 151.2 ix
Chioride

8003837  Aliquot 105ul of BioMark sample master mix into cach well of a single strip tube.
[#060384] Using a nultichannel pipetic load 4.02u] into the appropriate wells of two clean 96-
well plates.

[800385] EXAMPLE 6: DETECTION

{888386] Propare plate map and caleulate working assay solutions (Table 6).

TABLE 6

KPC Assay

kpe-Fi
kpe-Ri
kpe-P
2x Assay Loading
Reagent
Water
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NDM Assay

ndro-Fl
ndm-R1
ndm-P

2% Assay Loading
Reagent
Water

VIM{A) Assay

vim-Fl

vim-Ri

vin-Pd
2x Assay Loading
Reagent
Water

VIM{B) Assay

vim-FI

vim-Rib
vimn-Pd

2% Assay Loading
Reagent
Water

VIM{C) Assay

vim-Fl
vim-RI
vim-Pe
2x Assay Loading
Reagent
Water
IC Assay

PCT/US2015/020590
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{AC-F1
FAC-RI
IAC-P
Zx Assay Loading
Reagent
Waler

OXA A Assay

oxa{AF1
oxa{ A}-Ri
oxa{d)-P
2% Assay Loading
Reapent
Water

(XA B Assay

oxa{B)-F1
oxa{B-RI
oxa{B)-P
2x Assay Loading
Reagent

Water

OXA C Assay

oxa{C)-Ri
oxa(C)-P
2x Assay Loading

Reagent
Water

IMP{A) Assay
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np-F1

wp~R1
1np-P
2% Assay Loading
Reagent
Water

IMP(B) Assay

mp-Fi

imp-R1
imp-P{

2% Assay Loading
Reagent
Water

Van A Assay

vanA-Fi
vanA-R]
vanA-P

2% Assay Loading
Reagent
Water

CTX-M{A} Assay

ctx{A)-FI1
cix{ Ay-R1
chi{A)-P

2x Assay Loading
Reagent

Water

CTX-M(B) Assay

69
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cix{B)-Fi

cx{B)-R1
Cix(B)-P
2x Assay Loading
Reagent
Water

2x Assay Loading
Reagent

Water

[0803871  Sample dilution

{0600388] Post exonuclease { digestion remove plate from thermocycler.

086389} Add 34plof Ix Tris EDTA to cach well of the exdonuclease plate and mx,
0803881  BioMark Sample Plate Preparation

[#00391)  Retrieve the 96-well plate contaiming the previcusly made saroplc master mix and
the 96-well plate containing the diluted sample.

[660392] Transfer using a multichannel pipette 1.98ul of diluted sample to the corresponding
well in the sample master max plate (i.c. well Al frow the diluted sample plate is transferred to
Al in the sample master mix plate.

{6663931  Mix cach sample.

{8003941 Loading the BioMark Chip

[086395] Prepare plate map for the BioMark Chip.

{#003%6] Remove BioMark chip from package

[#003977  Inject control line fluid into the accumulator 2 on the chip. Be sure to use syringes
labeled 192.24 with 150u] of control line fhad.

{600398] Transfer 3ul from cach well of the sample master mix plate to the appropriate
sample inlet on the 192.24 BioMark Chip.

8003997 Transfer 3ul of the working assay solution for cach assay to the appropriate assay

inlet on the 192.24 BioMark Chip.

~4
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[0004008] Pipette 150u! of actuation fluid into the P1 well on the chip.

088481 Pipette 150l of pressure fluid wnto the P2 and P3 wells on the chip.

{800402]  Pipette 20ul of pressure fluid into the P4 and P5 wells on the chip.

[480483] It necessary, blot the carrier surface with a dry, hint-free cloth,

[800404] Remove and discard the blue protective film from the bottom of the chip.

0004085} Open the tray on the IFC controller RX by selecting ¢ject on the touchscreen.
{800406]  Place the chip 1 the coutroller tray with the barcode facing out. Select close tray ou
the touch screen.

8004077 Using the IFC coutroller RX software, run the Load Mix (169 script to load the
samples and assays into the chip.

000408} The IFC controller will display a run screen giving an estimated timae of coraplction.
[00048%] BioMark HD Loading and Uperation

[4404168] Remove loaded Biomark Chip from the IFC controller Rx.

Analyze the BioMark Chip using the following program with other appropriate instrument

settings and methods of data analysis.

TABLE7
Pre-Incubation 83 1 18.00
Amplification - 30 -
~- 95 - 8015
e 60 - 01:00

~4
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EXAMPLE 6: TESTING ADDITIONAL GENES ~ THE “RESISTOME” TeSY
[800411] The methods of the present nvention way include detecting MDRO-associated genes
in combination with detecting a broad number of other genes that together make up the
“resistome” of organisms, or the collection of antibiotic resistance in pathogenic and non-
pathogenic bacteria, also referred to as The Resistome Test. Sce Figure 5 and Table 1.
[880412] The Resistome Test can be used by a clinician to help determine which antibiotics should be
used based on Resistome tost result of the patient sample, either because of the presence of an individual
resistance gene or a combination of resistance genes. This ability to stratify genotype is also very specific
and reproducible. Organism Resistome profiles can also be matched with actual Antibiotic Susceptibility
Test {AST) data. When patients with matehing Resistome patterns are found their similarity or lack of
stmilarity and antibiotic resistance can potentially be inferred from this nformation.
300413} Exeraplary primer and probe sequences useful in the methods of the 1oveation for
performing The Resistome Test include those listed below in Table 10, It is readily apparent to
those skilled 1o the art that other privoer and probe sequence may be utilized in practicing the

claimed methods.
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Claims

We claim;

I

2.

A method of screening a patient for multi-drug resistant bacterial colonization or
infection, the method comprising:

isolating a nucleic acid sample from a bioclogical sample obtained from the
patient; _

amplifying at least one antibiotic resistant gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by
contacting the nucleic acid sample with a plurality of sets of amplification primers,
wherein each set of amplification primers specifically hybridizes to a substantially
identical region common to at least two antibiotic resistant gene subtypes within one of
the antibiotic resistant gene families to provide an enriched nucleic acid sample, wherein
the nucleic acid sample is contacted by an internal amplification control nucleic acid
prior to amplification;

detecting the presence of the at least one antibiotic resistant gene subtype by
contacting the enriched nucleic acid sample with a plurality of sets of detection primers,
wherein each set of detection primers specifically hybridizes to the substantially identical
region or to another substantially identical region common to at least two antibiotic
resistant gene subtypes within one of the antibiotic resistant gene families, wherein said
contacting results in amplification of the substantially identical region or amplification of
another substantially identical region common to at least two antibiotic resistant gene
subtypes within each antibiotic resistant gene family;

classifying the patient as having a multi-drug resistant bacterial colonization or
infection when at least one antibiotic resistant gene subtype from each of the antibiotic.
resistant gene families is identified in the enriched nucleic acid sample; and

providing a contact precautions recommendation for the patient having a multi-

drug resistant bacterial colonization or infection.
The method of claim 1, further comprising:
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amplifying at least one antibiotic resistant gene subtype from one or more.of the
IMIL, SME, GIM, SPM, NMC, SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES,
TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX, SIM, or CFE antibiotic resistant gene
family by contacting the nucleic acid sample with a plurality of sets of amplification
primers, wherein each set of amplification primers specifically hybridizes to a
substantially identical region common to at least two antibiotic resistant gene subtypes
within one of the antibiotic resistant gene families to provide a further enriched nucleic
acid sample; and

detecting the presence of the at least one antibiotic resistant gene subtype by
contacting the further enriched nucleic acid sample with a plurality of sets of detection
primers, wherein each set of detection primers specifically hybridizes to the substantially
identical region or to another substantially identical region common to at least two

antibiotic resistant gene subtypes within one of the antibiotic resistant gene families,

The method of claim 1, wherein the contact precaution recommendation includes one or
more of the following: isolating the patient to a quarantine area or ward, providing a
private room for said patient, donning personal protective apparel upon entering the
patient’s room, limiting patient mobility, limiting or restricting access of non-colonized
or non-infected patients or medical personnel to the patient, or providing dedicated

patient care equipment.

The method of claim 1, wherein the biological sample is an anal swab, a rectal swab, a
skin swab, a nasal swab, a wound swab, stool, blood, plasma, serum, urine, sputum,
respiratory lavage, cerebrospinal fluid, a bacterial culture, a bacterial isolate, a fungal

culture, a fungal isolate, a virus culture, or a virus isolate.

The method of claim 1, wherein said patient is at high risk for having a multi-drug

resistant bacteria colonization or infection.

The method of claim 1, further comprising providing a treatment recommendation for

said patient wherein
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when at least one antibiotic resistant gene subtype from each of the KPC, NDM,
OXA, VIM, and IMP antibiotic resistant gene families is detected, recommending that
the patient does not receive a carbapenem antibiotic;

when at least one anfibiotic resistant gene subtype from the CTX-M antibiotic
resistant gene family is detected, recommending that the patient does not receive a
cephalosporin antibiotic; or

when at least one antibiotic resistant gene subtype from the VanA antibiotic
resistant gene family is detected, recommending that the patient does not receive

vancomycin.

The method of claim 2, further comprising providing a treatment recommendation for
said patient wherein

when at least one antibiotic resistant gene subtype from one or more of the KPC,
NDM, OXA, VIM, IMP, SME,SFC, IMI, NMC, or CcrA antibiotic resistant gene family
is detected, recommending that the patient does not receive a carbapenem antibiotic;

when at least one antibiotic resistant gene subtype from one or more of the CTX-
M, PER, VEB, GES, BES, SFO, or TLA antibiotic resistant gene family is detected, a
TEM antibiotic gene subtype with amino acid substitution E104K, R164H, R164S,
R164C, G238S, or E240K is detected, or an SHV antibiotic gene subtype with amino
acid substitution G156D, G238S, or E240K, is detected, recommending that the patient
does not receive a cephalosporin antibiotic;

when at least one antibiotic resistant gene subtype from one or more of the ACC,
MOX, CMY, CFE, ACT, DHA, or FOX antibiotic resistant gene family is detected,
recommending that the patient does not receive a beta-lactamase inhibitor-beta-lactam
combination; or

when at least one antibiotic resistant gene subtype from the VanA antibiotic
resistant gene family is detected, recommending that the patient does not receive

vancomycin,

The method of claim 1, further comprising testing the biological sample to identify the

phenotype of the multi-drug resistant organism.
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9.

10.

The method of claim 1, further comprising culturing the biological sample and

confirming drug resistance.

A method of making a treatment recommendation for a subject known to be or suspected
of being colonized with or having a bacterial infection comprising:

isolating a nucleic acid sample from a biological sample obtained from the
patient;

amplifying at least one antibiotic resistant gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by
contacting the nucleic acid sample with a plurality of sets of amplification primers,
wherein each set of amplification primers specifically hybridizes to a substantially
identical region common to at least two antibiotic resistant gene subtypes within one of
the antibiotic resistant gene families to provide an enriched nucleic acid sample, wherein
the nucleic acid sample is contacted by an internal amplification control nucleic acid
prior to amplification;

detecting the presence of the at least one antibiotic resistant gene subtype by
contacting the enriched nucleic acid sample with a plurality of sets of detection primers,
wherein each set of detection primers specifically hybridizes to the substantially identical
region or to another substantially identical region common to at least two antibiotic
resistant gene subtypes within one of the antibiotic resistant gene families, wherein said
contacting results in amplification of the substantially identical region or amplification of
another substantially identical region common to at least two antibiotic resistant gene
subtypes within each antibiotic resistant gene family; and

(i) recommending that the patient does not receive a carbapenem antibiotic when
at least one antibiotic resistant gene subtype from each of the KPC, NDM, OXA, VIM,
and IMP antibiotic resistant gene families is detected;

(ii) recommending that the patient does not receive a cephalosporin antibiotic
when at least one antibiotic resistant gene subtype from the CTX-M antibiotic resistant

gene family is detected; or
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12.

(iii) recommending that the patient does not receive vancomycin when at least one
antibiotic resistant gene subtype from the VanA antibiotic resistant gene family is

detected.

The method of claim 10, further comprising amplifying and detecting at least one
antibiotic resistant gene subtype from one or more of the IMI, SME, GIM, SPM, NMC,
SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT,
DHA, MOX, FOX, SIM, or CFE antibiotic resistant gene family, wherein

recommending that the patient does not receive a carbapenem antibiotic when at
least one antibiotic resistant gene subtype from one or more of the SME, SFC, 1M1,
NMC, or CcrA antibiotic resistant gene family is detected;

recommending that the patient does not receive a cephalosporin antibiotic when
at least one antibiotic resistant gene subtype from one or more of the PER, VEB, GES,
BES, SFO, or TLA antibiotic resistant gene family is detected, a TEM antibiotic gene
subtype with amino acid substitution E104K, R164H, R1648S, R164C, G2388S, or E240K
is detected, or an SHV antibiotic gene subtype with amino acid substitution G156D,
(G238S or E240K is detected; or

recommending that the patient does not receive a beta-lactamase inhibitor-beta-
lactam combination when at least one antibiotic resistant gene subtype from one or more
of the ACC, MOX, CMY, CFE, ACT, DHA, or FOX antibiotic resistant gene family is
detected.

A method of making a treatment recommendation for an asymptomatic subject
comprising:

isolating a nucleic acid sample from a biological sample obtained from the
subject;

amplifying at least one antibiotic resistant gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by
contacting the nucleic acid sample with a plurality of sets of amplification primers,
wherein each set of amplification primers specifically hybridizes to a substantially

identical region common to at least two antibiotic resistant gene subtypes within one of
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13.

the antibiotic resistant gene families to provide an enriched nucleic acid sample, wherein
the nucleic acid sample is contacted by an internal amplification control nucleic acid
prior to amplification;

detecting the presence of the at least one antibiotic resistant gene subtype by
contacting the enriched nucleic acid sample with a plurality of sets of detection primers,
wherein each set of detection primers specifically hybridizes to the substantially identical
region or to another substantially identical region common to at least two antibiotic |
resistant gene subtypes within one of the antibiotic resistant gene families, wherein said
contacting results in amplification of the substantially identical region or anipliﬁcation of
another substantially identical region common to at least two antibiotic resistant gene
subtypes within-each antibiotic resistant gene family; and

(i) recommending that the subject does not receive a carbapenem antibiotic when
at least one antibiotic resistant gene subtype from each of the KPC, NDM, OXA, VIM,
and IMP antibiotic resistant gene families is detected,;

(ii) recommending that the subject does not receive a beta-lactam antibiotic when
at least one antibiotic resistant gene subtype from the CTX-M antibiotic resistant gene
family is detected; or

(iii) recommending that the subject does not receive vancomycin when at least
one antibiotic resistant gene subtype from the VanA antibiotic resistant gene family is

detected.

The method of claim 12, further comprising amplifying and detecting at least one
antibiotic resistant gene subtype from one or more of the IMI, SME, GIM, SPM, NMC,
SFC, SHV, TEM, BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT,
DHA, MOX, FOX, SIM, or CFE antibiotic resistant gene family wherein

recommending that the subject does not receive a carbapenem antibiotic when at
least one antibiotic resistant gene subtype from one or more of the SME, SFC, IMI,
NMC, or CerA antibiotic resistant gene family is detected;

recommending that the subject does not receive a cephalosporin antibiotic when
at least one antibiotic resistant gene subtype from one or more of the PER, VEB, GES,

BES, SFO, or TLA antibiotic resistant gene family is detected, a TEM antibiotic gene

94



14.

15.

subtype with amino acid substitution E104K, R164H, R164S, R164C, G238S, or E240K
is detected, or an SHV antibiotic gene subtype with amino acid substitution G156D,
(G2388, or E240K is detected; or

recommending that the subject does not receive a beta-lactamase inhibitor-beta-
lactam combination when at least one antibiotic resistant gene subtype from one or more
of the ACC, MOX, CMY, CFE, ACT, DHA, or FOX antibiotic resistant gene family is
detected.

The method of claim 12, wherein the biological sample is an anal swab, a rectal swab, a
skin swab, a nasal swab, a wound swab, stool, blood, plasma, serum, urine, sputum,
respiratory lavage, cerebrospinal fluid, a bacterial culture, a bacterial isolate, a fungal

culture, a fungal isolate, a virus culture, or a virus isolate.

A method of identifying the emergence of a multi-drug resistant organism in a population
of subjects, the method comprising:

isolating a plurality of nucleic acid samples from a plurality of biological samples
obtained from a plurality of subjects in the population of subjects;

amplifying at least one antibiotic resistant gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by
contacting each nucleic acid sample with a plurality of sets of amplification primers,
wherein each set of amplification primers specifically hybridizes to-a substantially
identical region common to at least two antibiotic resistant gene subtypes within one of
the antibiotic resistant gene families to provide a plurality of enriched nucleic acid
samples, wherein each nucleic acid sample is contacted by an internal amplification
control nucleic acid prior to amplification; and

identifying one or more antibiotic resistant gene subtypes from each of the KPC,
NDM, OXA, VIM, TMP, CTX-M, and VanA antibiotic resistant gene families in the
plurality of the enriched nucleic acid samples,

wherein identification of the one or more antibiotic resistant gene subtypes in the
plurality of the enriched nucleic acid samples indicates the emergence of a multi-drug

resistant organism in the population of subjects.
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16.

17.

18.

The method of claim 15, further comprising identifying one or more antibiotic gene
subtypes from at least one of the IMI, SME, GIM, SPM, NMC, SFC, SHV, TEM, BEL,
VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX, SIM, or

CFE antibiotic resistant gene family.

A method of screening a patient for a multi-drug resistant bacterial colonization or
infection, the method comprising:

isolating a nucleic acid sample from a biological sample obtained from the patient
such that the nucleic acid sample is substantially free of protein, cellular debris, and /or
PCR inhibitors;

amplifying at least one antibiotic resistant gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by
contacting the nucleic acid sample with a plurality of sets of amplification primers,
wherein each set of amplification primers specifically hybridizes to a substantially
identical region common to at least two antibiotic gene subtypes within one of the
antibiotic resistant gene families to provide an enriched nucleic acid sample, wherein the
nucleic acid sample is contacted by an internal amplification control nucleic acid prior to
amplification; and

identifying one or more antibiotic resistant gene subtypes from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistance gene families in said
enriched nucleic acid sample,

wherein identification of the one or more antibiotic resistant gene subtypes
indicates that the patient has been colonized or infected with a multi-drug resistant

bacterial organism.

The method of claim 17, further comprising identifying one or more antibiotic resistant
gene subtypes from at least one of the IMI, SME, GIM, SPM, NMC, SFC, SHV, TEM,
BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX,
SIM, or CFE antibiotic resistant gene family.
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19. The method of claim 17, further comprising

recommending that the patient does not receive a carbapenem antibiotic when at least
one antibiotic resistant gene subtype from the KPC, NDM, OXA, VIM, or IMP
antibiotic resistant gene family is detected;

recommending that the patient does not receive a beta-lactam antibiotic when at least
one antibiotic resistant gene subtype from the CTX-M antibiotic resistant gene family
is detected; or

recommending that the patient does not receive vancomycin when at least one
antibiotic resistant gene subtype from the VanA antibiotic resistant gene family is

detected.

20. The method of claim 17, further comprising identifying one or more antibiotic resistant

21.

gene subtypes from at least one of the IMI, SME, GIM, SPM, NMC, SFC, SHV, TEM,
BEL, VEB, GES, PER, SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX,
SIM, or CFE antibiotic resistant gene family, wherein

recommending that the patient does not receive a carbapenem antibiotic when at
least one antibiotic resistant gene subtype from the SME, SFC, IMI, NMC, or CcrA
antibiotic resistant gene family is detected;

recommending that the patient does not receive a cephalosporin antibiotic when
at least one antibiotic resistant gene subtype from the PER, VEB, GES, BES, SFO, or
TLA antibiotic resistant gene family is detected, a TEM antibiotic resistant gene subtype
with amino acid substitution E104K, R164H, R164S, R164C, G238S, or E240K is
detected, or an SHV antibiotic resistant gene subtype with amino acid substitution
G156D, G238S, or E240K is detected; or

recommending that the patient does not receive a beta-lactamase inhibitor-beta-
lactam combination when at least one antibiotic gene resistant subtype from the ACC,

MOX, CMY, CFE, ACT, DHA, or FOX antibiotic resistant gene family is detected.

A surveillance method to identify a source of a multi-drug resistant bacterial infection or
colonization, comprising:

obtaining a nucleic acid sample from a sample collected from the environment;

97



22.

amplifying at least one antibiotic resistant gene subtype from each of the KPC,
NDM, OXA, VIM, IMP, CTX-M, and VanA antibiotic resistant gene families by
contacting the nucleic acid sample with a plurality of sets of amplification primers,
wherein each set of amplification primers specifically hybridizes to a substantially
identical region common to at least two antibiotic gene subtypes within one of the
antibiotic resistant gene families to provide an enriched nucleic acid sample, wherein the
nucleic acid sample is contacted by an internal amplification control nucleic acid prior to
amplification; and

detecting the presence of the at least one antibiotic resistant gene subtype from
each antibiotic resistant gene family by contacting the enriched nucleic acid sample with
a plurality of sets of detection primers, wherein each set of detection primers specifically
hybridizes to the substantially identical region or to another substantially identical region
common to at least two antibiotic resistant gene subtypes within one of the antibiotic
resistant gene families;

wherein the presence of the at least one antibiotic resistant gene subtype from
each antibiotic resistant gene family in the enriched nucleic acid sample identiﬁes the

source of the infection or colonization.

The method of claim 21, wherein at least one antibiotic resistant gene subtype from one
or more of the IMI, SME, GIM, SPM, NMC, SFC, SHV, TEM, BEL, VEB, GES, PER,
SFO, BES, TLA, ACC, CMY, MIR, ACT, DHA, MOX, FOX, SIM, or CFE antibiotic

resistant gene family is amplified and detected.
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