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Genetic testing for predicting resistance of Serratia species

against antimicrobial agents

The present invention relates to a method of determining an
infection of a patient with Serratia sgpecies potentially re-
gigstant to antimicrobial drug treatment, a method of select-
ing a treatment of a patient suffering from an infection with
a potentially resistant Serratia strain, and a method of de-
termining an antimicrobial drug, e.g. antibiotic, resistance
profile for bacterial microorganismg of Serratia species, as

well as computer program products used in these methods.

Antibiotic registance is a form of drug registance whereby a
gub-population of a microorganism, e.g. a strain of a bacte-
rial specieg, can survive and multiply despite exposure to an
antibiotic drug. It is a serious and health concern for the
individual patient ags well as a major public health issue.
Timely treatment of a bacterial infection requires the analy-
gig of clinical igolates obtained from patients with regard
to antibiotic resistance, in order to select an efficacious
therapy. Generally, for this purpose an association of the
identified resistance with a certain microorganism (i.e. ID)

ig necessary.

Antibacterial drug resistance (ADR) represents a major health
burden. According to the World Health Organization’s antimi-
crobial registance global report on surveillance, ADR leads
to 25,000 deathsg per year in Europe and 23,000 deaths per
year in the US. In Europe, 2.5 million extra hospital days
lead to societal cost of 1.5 billion euro. In the US, the di-
rect cost of 2 million illnesses leads to 20 billion dollar
direct cost. The overall cost is estimated to be substantial-
ly higher, reducing the gross domestic product (GDP) by up to
1.6%.
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Serratia ig a genus of Gram-negative, facultative anaerobic,
rod-shaped bacteria of the Enterobacteriaceae family. Cur-
rently 14 species of Serratia are recognized within the ge-
nus, eight of which are associated with human infection. Of
all Serratia gpecies, Serratia marcescens is the most common

clinical igsolate and the most important human pathogen.

Serratia marcescens is an opportunistic pathogen whose clini-
cal significance has been appreciated only in the last four
decades. While S. marcescens is a rare cause of community-
acquired infections, it has emerged as an important nosocomi-
al healthcare-associated pathogen and a frequent source of
outbreaks of hospital infection, in both adult and pediatric
patients. Results from a recent surveillance program in the
US and Europe, indicate that Serratia gpp. accounts for an
average of 6.5% of all Gram negative infection in Intensive
Care Units (ranked 5th amongst Gram negative organisms in
ICU) and an average of 3.5% in non-ICU patients. Currently
Serratia is the seventh most common cause of pneumonia with
an incidence of 4.1% in the US, 3.2% in Europe and 2.4% in
Latin America, and the tenth most common cause of bloodstream
infection with an incidence of 2.0% amongst hospitalized pa-
tients.

Serratia marcescens is rarely associated with primary inva-
give infection, it operates as a true opportunist producing
infection whenever it gains access to a suitably compromised
host. Patients most at risk include those with debilitating
or immunocompromising disorders, those treated with broad-
gpectrum antibioticg and patients in ICU who are subjected to
invagive instrumentation. The indwelling urinary catheter is
a major risk factor for infection. The risk of a catheterized
patient becoming infected with S. marcescens has been direct-
ly related to the proximity of other catheterized patients
colonized or infected with the organism. The respiratory
tract is also recognized as a major portal of entry with S.

marcescens being igolated from the regpiratory tract of up to
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80% of post-operative patients developing S. marcesgcensg bac-
teremia. Not gurprisingly, common infections include urinary
tract infection in patients with indwelling catheters, res-
piratory tract infection in intubated patients and blood-
stream infection in post-surgical patients, especially in

those with intravenous catheters.

In the last two decades Enterobacteriaceae have demonstrated
an exceptional ability to acquire, transfer, and modify the
expression of multiple antimicrobial regigtance genes. AS a
typical member of the Enterobacteriaceae family Serratia ssp.
demongtrates a propensgity to express antimicrobial resigtance
and the emergence and spread of multiresistant strains is be-

coming a very serious problem over the last decades.

In general the mechanisms for resistance of bacteria against
antimicrobial treatments rely to a very substantial part on
the organism’s genetics. The regpective genes or molecular
mechanisms are either encoded in the genome of the bacteria
or on plasmids that can be interchanged between different
bacteria. The most common resistance mechanisms include:

1) Efflux pumps are high-affinity reverse transport systems
located in the membrane that transports the antibiotic
out of the cell, e.g. resistance to tetracycline.

2) Specific enzymes modify the antibiotic in a way that it
loses its activity. In the case of streptomycin, the an-
tibiotic is chemically modified so that it will no long-
er bind to the ribosome to block protein gynthesis.

3) An enzyme is produced that degrades the antibiotic,
thereby inactivating it. For example, the penicillinases
are a group of beta-lactamase enzymes that cleave the

beta lactam ring of the penicillin molecule.

In addition, some pathogens show natural resistance against
drugs. For example, an organism can lack a transport system
for an antibiotic or the target of the antibiotic molecule is

not present in the organism.
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Pathogens that are in principle susceptible to drugs can be-
come resistant by modification of existing genetic material
(e.g. spontaneous mutations for antibiotic resistance, hap-
pening in a frequency of one in about 100 mio bacteria in an
infection) or the acquisition of new genetic material from
another source. One example is horizontal gene transfer, a
process where genetic material contained in small packets of
DNA can be transferred between individual bacteria of the
same species or even between different species. Horizontal
gene transfer may happen by transduction, transformation or

conjugation.

Generally, testing for susceptibility/resistance to antimi-
crobial agentg is performed by culturing organigsmg in differ-

ent concentration of these agents.

In brief, agar plates are inoculated with patient sample
(e.g. urine, sputum, blood, stool) overnight. On the next day
individual colonieg are used for identification of organisms,
either by culturing or using mass spectroscopy. Based on the
identity of organigmg new plates containing increasing con-
centration of drugs used for the treatment of these organisms
are inoculated and grown for additional 12 - 24 hours. The
lowest drug concentration which inhibits growth (minimal in-
hibitory concentration - MIC) is used to determine suscepti-
bility/resistance for tested drugs. The process takes at
least 2 to 3 working days during which the patient is treated
empirically. A significant reduction of time-to-result is
needed especially in patients with life-threatening disease

and to overcome the widespread misuse of antibiotics.

Recent developments include PCR based test kits for fast bac-
terial identification (e.g. Biomerieux Biofire Tesgts, Curetis
Unyvero Tests). With these test the detection of selected re-
gigtance loci isg possible for a very limited number of drugs,
but no correlation to culture based AST is given. Masgs spec-

troscopy is increasingly used for identification of pathogens



10

15

20

25

30

35

WO 2017/013220 PCT/EP2016/067442

in clinical samples (e.g. Bruker Biotyper), and research is
ongoing to establish methods for the detection of suscepti-
bility/resistance against antibiotics.

For some drugs such it is known that at least two targets are
addressed, e.g. in case of Ciprofloxacin (drug bank ID 00537;
http://www.drugbank.ca/drugs/DB00537) targets include DNA
Topoisomerase IV, DNA Topoisomerase II and DNA Gyrase. It can
be expected that this is also the case for other drugs alt-
hough the respective gecondary targets have not been identi-
fied yet. In case of a common regulation, both relevant ge-
netic gites would naturally show a co-correlation or redun-

dancy.

It is known that drug resistance can be associated with ge-
netic polymorphisms. This holds for viruses, where resistance
testing is established clinical practice (e.g. HIV genotyp-
ing) . More recently, it has been shown that resistance has
also genetic causes in bacteria and even higher organisms,
guch as humans where tumors resistance against certain cyto-

static agents can be linked to genomic mutations.

Wozniak et al. (BMC Genomics 2012, 13(Suppl 7):823) disgclose
genetic determinants of drug resistance in Staphylococcus
aureus based on genotype and phenotype data. Stoesger et al.
disclose prediction of antimicrobial susceptibilities for
Escherichia coli and Klebsiella pneumoniae igolates using
whole genomic sequence data (J Antimicrob Chemother 2013; 68:
2234-2244) .

Chewapreecha et al (Chewapreecha et al (2014) Comprehensive
Identification of gingle nucleotid polymorphisms asgsgociated
with beta-lactam registance within pneumococcal mosaic genes.
PLoS Genet 10(8): e€1004547) used a comparable approach to

identify mutations in gram-positive Streptococcus Pneumonia.
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The fasgst and accurate detection of infectiong with Serratia
gspecies and the prediction of responsge to anti-microbial

therapy represent a high unmet clinical need.

This need is addressed by the present invention.

Summary of the Invention

The pregent inventors addressed this need by carrying out
whole genome sequencing of a large cohort of Serratia clini-
cal isolateg and comparing the genetic mutation profile to
classical culture based antimicrobial susceptibility testing
with the goal to develop a test which can be used to detect
bacterial susceptibility/resistance against antimicrobial

drugs using molecular testing.

The inventors performed extensive studies on the genome of
bacteria of Serratia gpecies either gusceptible or registant
to antimicrobial, e.g. antibiotic, drugs. Based on this in-
formation, it is now possible to provide a detailed analysis
on the resistance pattern of Serratia strains based on indi-
vidual genes or mutations on a nucleotide level. This analy-
sis involves the identification of a resistance against indi-
vidual antimicrobial, e.g. antibiotic, drugs as well asgs clus-
ters of them. This allows not only for the determination of a
resistance to a single antimicrobial, e.g. antibiotic, drug,
but also to groups of antimicrobial drugs, e.g. antibiotics
guch as lactam or guinolone antibioticsg, or even to all rele-

vant antibiotic drugs.

Therefore, the present invention will considerably facilitate
the selection of an appropriate antimicrobial, e.g. antibi-
otic, drug for the treatment of a Serratia infection in a pa-
tient and thus will largely improve the quality of diagnosis
and treatment.
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According to a first aspect, the present invention discloses
a diagnostic method of determining an infection of a patient
with Serratia specieg potentially registant to antimicrobial
drug treatment, which can be also described as a method of

determining an antimicrobial drug, e.g. antibiotic, resistant

Serratia infection of a patient, comprising the steps of:

a) obtaining or providing a sample containing or suspected
of containing at least one Serratia speciesg from the patient;
b) determining the presence of at least one mutation in at
least two genes from the group of genesgs listed in Table 1 or
Table 2 below, wherein the presence of gaid at least two mu-
tations is indicative of an infection with an antimicrobial
Serratia gtrain in

drug resistant, antibiotic resistant,

e.g.

gsaid patient.

An infection of a patient with Serratia specieg potentially
resistant to antimicrobial drug treatment herein means an in-
fection of a patient with Serratia species wherein it is un-
clear if the Serratia speciesg is susceptible to treatment
with a specific antimicrobial drug or if it is resistant to

the antimicrobial drug.

Table 1: List of genes
actPh SMWW4 v1c03050 |amiD SMWW4 v1c38520
selB SMWW4 v1c13480 | bglX SMWW4 v1c14040

SMWW4_v1c13470

SMWW4_v1c38510

SMWW4_v1c07960

SMWW4_v1c19810

folX SMWW4 v1c00800 | SMWW4 v1cl3910 | SMWW4 v1c09360
ybiO SMWW4_v1¢25040 | znuB nrdH
lysR SMWW4 v1c24620 | SMWW4 v1c24800 | SMWW4 v1c20760
rfacC SMWW4 v1c21930 | SMWW4_v1cl12350 | galT
alsk SMWW4 v1c24810 | glrK rihB
yhiN alx SMWW4 v1c44490 | cnu
SMWW4_v1c30050 | vasD impL SMWW4_v1cle540
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SMWW4 v1cl3350 | yeaN SMWW4 v1c40850 | kdpA

dppB ydaN cysk yceA

yhik SMWW4 v1c25770

In step b) above, as well as corregponding steps, at least
one mutation in at least two genes is determined, so that in
total at least two mutations are determined, wherein the two

mutations are in different genes.

Table 2: List of genes

actp SMWW4 v1c03050 |amiD SMWW4 v1c38520
selB SMWW4 v1c13480 | bglX SMWW4 v1c1l4040
SMWW4 v1cl3470 | SMWW4 v1c38510 | SMWW4 v1c07960 | SMWW4 v1clS810
folX SMWW4 v1c00800 | SMWW4 v1cl3910 | SMWW4 v1c09360
ybiO SMWW4_v1¢25040 | znuB nrdH

lysR SMWW4 v1c24620 | SMWW4 v1c24800 | SMWW4 v1c20760
rfacC SMWW4 v1c21930 | SMWW4_v1cl12350 | galT

alsk SMWW4 v1c24810 | glrK rihB

yhiN alx SMWW4 v1c44490 | cnu
SMWW4_v1c30050 | vasD impL SMWW4_v1cle540
SMWW4 v1cl3350 | yeaN SMWW4 v1c40850 | kdpA

dppB ydaN cysk yceA

yhjK SMWW4_v1c25770

According to a second aspect, the present invention relates
to a method of selecting a treatment of a patient suffering
from an infection with a potentially resistant Serratia
stain, e.g. from an antimicrobial drug, e.g. antibiotic, re-
gigstant Serratia infection, compriging the steps of:

a) obtaining or providing a sample containing or suspected
of containing at least one Serratia speciesg from the patient;
b) determining the presence of at least one mutation in at
least two genes from the group of genesgs listed in Table 1 or

Table 2 above, wherein the presence of gaid at least two mu-



10

15

20

25

30

WO 2017/013220 PCT/EP2016/067442

tations is indicative of a resistance to one or more antimi-
crobial, e.g. antibiotic, drugs;

c) identifying said at least one or more antimicrobial,
e.g. antibiotic, drugs; and

d) gselecting one or more antimicrobial, e.g. antibiotic,
drugs different from the ones identified in step ¢) and being

suitable for the treatment of a Serratia infection.

A third aspect of the present invention relates to a method
of determining an antimicrobial drug, e.g. antibiotic, re-
sistance profile for bacterial microorganisms of Serratia
species, comprising:

obtaining or providing a first data set of gene sequenceg of
a plurality of clinical isolates of Serratia species;
providing a second data set of antimicrobial drug, e.g. anti-
biotic, resistance of the plurality of clinical isolates of
Serratia gpecies;

aligning the gene sequences of the first data set to at least
one, preferably one, reference genome of Serratia, and/or as-
gembling the gene sgequence of the first data set, at least in
part;

analyzing the gene sequences of the first data set for genet-
ic variants to obtain a third data set of genetic wvariants;
correlating the third data set with the second data set and
statistically analyzing the correlation; and

determining the genetic gites in the genome of Serratia asso-

ciated with antimicrobial drug, e.g. antibiotic, resistance.

In addition, the present invention relates in a fourth aspect
to a method of determining an antimicrobial drug, e.g. anti-
biotic, resistance profile for a bacterial microorganism be-

longing to the species Serratia comprising the steps of
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a) obtaining or providing a sample containing or suspected
of containing the bacterial microorganism;

b) determining the presgence of a mutation in at least one
gene of the bacterial microorganism ag determined by the
method according to the third aspect of the present inven-
tion;

wherein the presence of a mutation is indicative of a re-

gigtance to an antimicrobial, e.g. antibiotic, drug.

Furthermore, the present invention discloses in a fifth as-
pect a diagnostic method of determining an infection of a pa-
tient with Serratia species potentially resistant to antimi-
crobial drug treatment, which can, like in the first aspect,
also be described as method of determining an antimicrobial
drug, e.g. antibiotic, resistant Serratia infection of a pa-
tient, compriging the steps of:

a) obtaining or providing a sample containing or suspected
of containing a bacterial microorganism belonging to the gpe-
cies Serratia from the patient;

b) determining the presence of at least one mutation in at
least one gene of the bacterial microorganism belonging to
the species Serratia as determined by the method according to
the third aspect of the present invention, wherein the pres-
ence of said at least one mutation is indicative of an anti-
microbial drug, e.g. antibiotic, resistant Serratia infection

in said patient.

Also discloged is in a sixth asgpect a method of selecting a
treatment of a patient suffering from an infection with a po-
tentially resistant Serratia strain, e.g. from an antimicro-
bial drug, e.g. antibiotic, resistant Serratia infection,

comprising the steps of:
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a) obtaining or providing a sample containing or suspected
of containing a bacterial microorganism belonging to the gpe-
cies Serratia from the patient;

b) determining the presence of at least one mutation in at
least one gene of the bacterial microorganism belonging to
the species Serratia as determined by the method according to
the third aspect of the present invention, wherein the pres-
ence of said at least one mutation is indicative of a re-
gigtance to one or more antimicrobial, e.g. antibiotic,
drugs;

c) identifying said at least one or more antimicrobial,
e.g. antibiotic, drugs; and

d) gselecting one or more antimicrobial, e.g. antibiotic,
drugs different from the ones identified in step ¢) and being

suitable for the treatment of a Serratia infection.

A seventh aspect of the present invention relates to a method
of acquiring, respectively determining, an antimicrobial
drug, e.g. antibiotic, resistance profile for a bacterial mi-
croorganigsm of Serratia gpecies, comprising:

obtaining or providing a first data set of gene sequences of
a clinical isolate of Serratia species;

providing a second data set of antimicrobial drug, e.g. anti-
biotic, resistance of a plurality of clinical isolateg of
Serratia gpecies;

aligning the gene sequences of the first data set to at least
one, preferably one, reference genome of Serratia, and/or as-
sembling the gene sequence of the first data set, at least in
part;

analyzing the gene sequences of the first data set for genet-
ic variants to obtain a third data set of genetic variants of

the first data set;
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correlating the third data set with the second data set and
statistically analyzing the correlation; and

determining the genetic gites in the genome of Serratia of

the first data set associated with antimicrobial drug, e.g.

antibiotic, resistance.

According to an eighth aspect, the present invention disclos-
es a computer program product comprising executable instruc-
tions which, when executed, perform a method according to the
third, fourth, fifth, sixth or seventh aspect of the present

invention.

Further aspectg and embodimentgs of the invention are dis-
closed in the dependent claimg and can be taken from the fol-
lowing description, figures and examples, without being lim-

ited thereto.

Figures

The enclosgsed drawings should illustrate embodiments of the
present invention and convey a further understanding thereof.
In connection with the description they serve as explanation
of concepts and principles of the invention. Other embodi-
ments and many of the stated advantages can be derived in re-
lation to the drawings. The elements of the drawings are not
necesggarily to scale towards each other. Identical, function-
ally equivalent and acting equal features and components are
denoted in the figures of the drawings with the same refer-

ence numbers, unless noted otherwise.

Fig. 1 shows gchematically a read-out concept for a diagnos-

tic test according to a method of the present invention.
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Detailed description of the present invention

Definitions

Unless defined otherwise, technical and scientific terms used
herein have the same meaning as commonly understood by one of

ordinary skill in the art to which this invention belongs.

An “antimicrobial drug” in the present invention refers to a
group of drugs that includes antibioticg, antifungals,
antiprotozoalg, and antivirals. According to certain embodi-

ments, the antimicrobial drug is an antibiotic.

The term "nucleic acid molecule" referg to a polynucleotide
molecule having a defined sequence. It comprises DNA mole-
cules, RNA molecules, nucleotide analog moleculeg and combi-
nations and derivatives therecof, such as DNA molecules or RNA

molecules with incorporated nucleotide analogs or cDNA.

The term “nucleic acid sequence information” relates to in-
formation which can be derived from the sequence of a nucleic
acid molecule, such as the sequence itself or a variation in

the sequence as compared to a reference sequence.

The term “mutation” relategs to a variation in the sequence as
compared to a reference sequence. Such a reference sequence
can be a sequence determined in a predominant wild type or-
ganism or a reference organism, e.g. a defined and known bac-
terial strain or substrain. A mutation is for example a dele-
tion of one or multiple nucleotides, an insertion of one or
multiple nucleotideg, or substitution of one or multiple nu-
cleotideg, duplication of one or a sequence of multiple nu-

cleotides, translocation of one or a sequence of multiple nu-
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cleotideg, and, in particular, a single nucleotide polymor-

phism (SNP) .

In the context of the present invention a “sample” is a sam-
ple which comprises at least one nucleic acid molecule from a
bacterial microorganism. Examples for samples are: cellg,
tissue, body fluids, biopsy specimens, blood, urine, saliva,
sputum, plasma, serum, cell culture supernatant, swab sample
and otherg. According to certain embodimentg, the sample ig a

patient sample (clinical isolate).

New and highly efficient methods of sequencing nucleic acids
referred to ag next generation sgsequencing have opened the
possibility of large scale genomic analysis. The term “next
generation sequencing” or “high throughput sequencing” refers
to high-throughput sequencing technologies that parallelize
the sequencing process, producing thousands or millions of
sequences at once. Examples include Massively Parallel Signa-
ture Sequencing (MPSS), Polony sequencing, 454
pyrosequencing, Illumina (Solexa) sequencing, SOLiD sequenc-
ing, Ion semiconductor sequencing, DNA nanoball sequencing,
Helioscope (TM) single molecule sequencing, Single Molecule
SMRT (TM) sequencing, Single Molecule real time (RNAP) se-
quencing, Nanopore DNA sequencing, Sequencing By Hybridiza-

tion, Amplicon Sequencing, GnuBio.

Within the present description the term “microorganism” com-
prises the term microbe. The type of microorganism ig not
particularly restricted, unless noted otherwise or obvious,
and, for example, comprisesg bacteria, viruseg, fungi, micro-
gcopic algae und protozoa, as well ag combinationg thereof.
According to certain aspectsg, it refers to one or more

Serratia species, particularly Serratia marcescens.
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A reference to a microorganism or microorganisms in the pre-
gent description comprises a reference to one microorganism
as well a plurality of microorganisms, e.g. two, three, four,

five, six or more microorganisms.

A vertebrate within the present invention refers to animals
having a vertebrae, which includes mammals - including hu-
mang, birds, reptileg, amphibians and fishes. The present in-
vention thus is not only suitable for human medicine, but al-

so for veterinary medicine.

According to certain embodimentsg, the patient in the present
methods is a vertebrate, more preferably a mammal and most

preferred a human patient.

Before the invention ig described in exemplary detail, it is
to be understood that this invention is not limited to the
particular component parts of the process steps of the meth-
ods described herein as such methods may vary. It is also to
be understood that the terminology used herein is for purpos-
es of describing particular embodiments only, and is not in-
tended to be limiting. It must be noted that, as used in the
gpecification and the appended claimg, the singular forms
"a," "an" and "the" include singular and/or plural referents
unless the context clearly dictates otherwise. For example,
the term "a" as used herein can be understood as one single
entity or in the meaning of "one or more" entities. It is al-
so to be understood that plural forms include singular and/or
plural referents unless the context clearly dictates other-
wige. It is moreover to be understood that, in case parameter
ranges are given which are delimited by numeric values, the

ranges are deemed to include these limitation values.
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Regarding the dosage of the antimicrobial, e.g. antibiotic,
drugs, it is referred to the established principles of phar-
macology in human and veterinary medicine. For example,
Forth, Henschler, Rummel "Allgemeine und spezielle
Pharmakologie und Toxikologie", 9th edition, 2005, pp. 781 -
919, might be used as a guideline. Regarding the formulation
of a ready-to-use medicament, reference ig made to "Reming-
ton, The Science and Practice of Pharmacy", 22™ edition,

2013, pp. 777 - 1070.

Assembling of a gene sequence can be carried out by any known

method and is not particularly limited.

According to certain embodimentsg, mutations that were found
uging alignments can also be compared or matched with align-
ment-free methods, e.g. for detecting gingle base exchanges,
for example based on contigs that were found by assemblies.
For example, reads obtained from sequencing can be assembled

to contigs and the contigs can be compared to each other.

According to a first aspect, the present invention relates to
a diagnostic method of determining an infection of a patient
with Serratia specieg potentially registant to antimicrobial
drug treatment, which can also be described as method of de-
termining an antimicrobial drug, e.g. antibiotic, resistant
Serratia infection of a patient, comprising the steps of:

a) obtaining or providing a sample containing or suspected
of containing at least one Serratia speciesg from the patient;
b) determining the presence of at least one mutation in at
least two genes from the group of genes consisting of actPp,
SMWW4 v1c03050, amiD, SMWW4 v1c38520, selB, SMWW4 v1cl3480,
bglX, SMWW4 v1cl4040, SMWW4 v1cl3470, SMWW4 v1c38510,
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SMWW4 v1c07960, SMWW4 v1cl19810, folX, SMWW4 v1c00800,

SMWW4 v1cl13910, SMWW4 v1c09360, ybiO, SMWW4 v1c25040, =znuB,
nrdH, lysR, SMWW4 v1c24620, SMWW4 v1c24800, SMWW4 v1c20760,
rfaC, SMWW4 v1c21930, SMWW4 v1cl2350, galT, alsk,

SMWW4 v1c24810, glrK, rihB, yhiN, alx, SMWW4 v1c44490, cnu,
SMWW4 v1c30050, wvasD, impL, SMWW4 v1cl6540, SMWW4 v1cl3350,
yeaN, SMWW4 v1c40850, kdpA, dppB, ydaN, cysK, yceA, yhjK, and
SMWW4 v1c25770, wherein the presence of said at least two mu-
tations is indicative of an infection with an antimicrobial,

e.g. antibiotic, resistant Serratia strain in said patient.

In this method, as well as the other methods of the inven-
tion, the sample can be provided or obtained in any way,
preferably non-invasive, and can be e.g. provided as an in

vitro sample or prepared as in vitro sample.

According to certain aspectg, mutations in at least two,
three, four, five, six, seven, eight, nine or ten genes are
determined in any of the methods of the present invention,
e.g. in at least two geneg or in at least three genes. In-
stead of testing only single geneg or mutants, a combination
of several variant pogitions can improve the prediction accu-
racy and further reduce false pogitive findings that are in-
fluenced by other factors. Therefore, it is in particular
preferred to determine the presence of a mutation in 2, 3, 4,

5, 6, 7, 8 or 9 (or more) genes selected from Table 1 or 2.

For the above genes, i.e. the genes also denoted in Tables 1
and 2, the highest probability of a resistance to at least
one antimicrobial drug, e.g. antibiotic, could be observed,
with p-values smaller than 10°°, particularly smaller than
107*°, indicating the high significance of the values (n= 438;

o = 0.05). Details regarding Tables 1 and 2 can be taken from
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Tableg 3 and 4 (4a, 4b, 4c) disclosed in the Examples. Having
at least two genes with mutations determined, a high proba-
bility of an antimicrobial drug, e.g. antibiotic, resigtance
could be determined. The genes in Table 1 thereby represent
the 50 best geneg for which a mutation was observed in the
genomeg of Serratia specieg, whereas the genes in Table 2
represent the 50 best genes for which a cross-correlation
could be observed for the antimicrobial drug, e.g. antibi-
otic, susceptibility testing for Serratia gpecies as de-

scribed below.

According to certain embodiments, the obtaining or providing
a sample containing or suspected of containing at least one
Serratia gpecies from the patient in this method - as well as
the other methods of the invention - can comprise the follow-
ing:

LA sample of a vertebrate, e.g. a human, e.g. ig provided or
obtained and nucleic acid sequences, e.g. DNA or RNA sequenc-
es, are recorded by a known method for recording nucleic ac-
id, which is not particularly limited. For example, nucleic
acid can be recorded by a sequencing method, wherein any se-
quencing method is appropriate, particularly sequencing meth-
ods wherein a multitude of sample componentg, as e.g. in a
blood sample, can be analyzed for nucleic acids and/or nucle-
ic acid fragments and/or parts thereof contained therein in a
short period of time, including the nucleic acids and/or nu-
cleic acid fragments and/or parts thereof of at least one mi-
croorganism of interest, particularly of at least one
Serratia gpecies. For example, sequencing can be carried out
using polymerase chain reaction (PCR), particularly multiplex
PCR, or high throughput sequencing or next generation se-
quencing, preferably usging high-throughput sequencing. For

sequencing, preferably an in vitro sample is used.
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The data obtained by the sequencing can be in any format, and
can then be used to identify the nucleic acidg, and thus
geneg, of the microorganism, e.g. of Serratia species, to be
identified, by known methods, e.g. fingerprinting methods,
comparing genomes and/or aligning to at least one, or more,
genomeg of one or more gpecies of the microorganism of inter-
est, i.e. a reference genome, etc., forming a third data set
of aligned genes for a Serratia specieg - discarding addi-
tional data from other sources, e.g. the vertebrate. Refer-
ence genomeg are not particularly limited and can be taken
from several databases. Depending on the microorganigm, dif-
ferent reference genomes or more than one reference genomes
can be usged for aligning. Uging the reference genome - as
well as also the data from the genomeg of the other gpecies,
e.g. Serratia species - mutations in the geneg for each spe-
cies and for the whole multitude of samples of different spe-

cies, e.g. Serratia specieg, can be obtained.

For example, it is useful in genome-wide association studies
to reference the points of interest, e.g. mutations, to one
constant reference for enhanced standardization. In case of
the human with a high consistency of the genome and 99% iden-
tical sequences among individuals this is easy and represents
the standard, as corresponding reference genomes are availa-
ble in databases. In case of organisms that trigger infec-
tious diseases (e.g. bacteria and viruses) this ig much more
difficult, though. One possibility is to fall back on a vir-
tual pan genome which containg all sequences of a certain ge-
nus. A further possibility is the analysis of all available
references, which is much more complex. Therein all n refer-
ences from a database (e.g. RefSeq) are extracted and com-

pared with the newly sequenced bacterial genomes k. After
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Q Q

this, matrices (% of mapped readsg, % of covered genome) are

applied to estimate which reference is begt suited to all new
bacteria. However, n x k complete alignments are carried out.
Having a big number of references, though, stable regults can

be obtained, as is the case for Serratia.

According to certain embodimentsg, the genomeg of Serratia
species are referenced to one reference genome. However, it
ig not excluded that for other microorganisms more than one
reference genome ig used. In the present methods, the refer-
ence genome of Serratia i1s NC 020211 as annotated at the NCBI
according to certain embodiments. The reference genome is at-
tached to thig application as sequence listing with SEQ ID NO
1.

The reference sequence wag obtained from Serratia strain
NC 020211 (http://www.genome.jp/dbget-
bin/www_bget?refseqg+NC _020211)
LOCUS NC 020211 5241455 bp DNA circular CON 07-FEB-2015
DEFINITION Serratia marcescens WW4, complete genome.
ACCESSION NC 020211
VERSION NC 020211.1 GI:448239774
DBLINK BioProject: PRJNA224116
BioSample: SAMN02602965
Assembly: GCF_000336425.1
KEYWORDS RefSeq.
SOURCE Serratia marcescens WW4
ORGANISM Serratia marcegcens WW4
Bacteria; Proteocbacteria; Gammaprotecbacteria;
Enterobacteriales; Enterobacteriaceae; Serratia.
REFERENCE 1 (bages 1 to 5241455)
AUTHORS Kuo,P.A., Kuo,C.H., Lai,Y.K., Graumann,P.L. and
Tu, J.
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Phosphate limitation induces the intergeneric in-

hibition of Pseudomonas aeruginosa by Serratia marcescens

igolated from paper machines

JOURNAL
PUBMED
REFERENCE
AUTHORS

and Kuo, C.

TITLE
WW4
JOURNAL
PUBMED
REMARK
REFERENCE
AUTHORS
Tu, J.
TITLE
JOURNAL

Microbial Biology, Academia Sinica,

Taipei 115,

Alternatively or in addition,

data set can be asgsembled,

ods,

quence agsembly is not particularly limited,

genome assembler can be used,

Solexa,

Illumina,

FEMS Microbiol. Ecol. 84 (3), 577-587 (2013)
23398522

2 (bases 1 to 5241455)

Chung,W.C., Chen,L.L., Lo,W.S., Kuo,P.A., Tu,dJd.

Complete Genome Sequence of Serratia marcescens

Genome Announc 1 (2), E0012613 (2013)
23558532

Publication Status: Online-Only

3 (bases 1 to 5241455)

Chung,W.-C., Chen,L.-L., Lo,W.-S., Kuo,P.-A.,

and Kuo,C.-H.

Direct Submission

Submitted (26-NOV-2012) Institute of Plant and
128 Sec. 2, Academia Rd.,

Taiwan

the gene sequence of the first

at least in part, with known meth-

e.g. by de-novo assembly or mapping assembly. The se-

and any known
e.g. based on Sanger, 454,

S0Lid technologies, etc., as well as hy-

brids/mixtures thereof.

According to certain embodiments,
of different origin than the microorganigm of interest,
Serratia gpecies,

interest are identified,

the data of nucleic acids
e.g.
can be removed after the nucleic acids of

e.g. by filtering the data out. Such
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data can e.g. include nucleic acids of the patient, e.g. the
vertebrate, e.g. human, and/or other microorganisms, etc.
This can be done by e.g. computational gubtraction, as devel-
oped by Meyerson et al. 2002. For thig, also aligning to the
genome of the vertebrate, etc., is possible. For aligning,
several alignment-tools are available. This way the original

data amount from the gample can be drastically reduced.

Also after such removal of “excess” data, fingerprinting
and/or aligning, and/or assembly, etc. can be carried out, as
described above, forming a third data set of aligned and/or

assembled genes for a Serratia species.

Uging these techniquesg, genes with mutations of the microor-
ganism of interest, e.g. Serratia specieg, can be obtained

for various species.

When testing these same species for antimicrobial drug, e.g.
antibiotic, susceptibility of a number of antimicrobial
drugs, e.g. antibioticg, e.g. using standard culturing meth-
ods on dishes with antimicrobial drug, e.g. antibiotic, in-
take, as e.g. described below, the results of thege antimi-
crobial drug, e.g. antibiotic, susceptibility tests can then
be cross-referenced/correlated with the mutations in the ge-
nome of the respective microorganism, e.g. Serratia. Using
several, e.g. 50 or more than 50, 100 or more than 100, 200
or more than 200, 300 or more than 300, or 400 or more than
400 different species of a microorganism, e.g. different
Serratia gpecies, statistical analysis can be carried out on
the obtained cross-referenced data between mutations and an-
timicrobial drug, e.g. antibiotic, susceptibility for these

number of species, using known methods.

Regarding culturing methods, samples can be e.g. cultured

overnight. On the next day individual colonies can be used
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for identification of organisms, either by culturing or using
mass spectroscopy. Based on the identity of organisms new
plates containing increasing concentration of antibiotics
uged for the treatment of these organisms are inoculated and
grown for additional 12 - 24 hours. The lowest drug concen-
tration which inhibits growth (minimal inhibitory concentra-
tion - MIC) can be used to determine susceptibil-

ity/resistance for tested antibiotics.

Correlation of the nucleic acid / gene mutations with antimi-
crobial drug, e.g. antibiotic, resistance can be carried out
in a usual way and is not particularly limited. For example,
resistances can be correlated to certain genes or certain mu-
tations, e.g. SNPg, in genes. After correlation, statistical

analysis can be carried out.

In addition, statigtical analysis of the correlation of the
gene mutations with antimicrobial drug, e.g. antibiotic, re-
sistance is not particularly limited and can be carried out,
depending on e.g. the amount of data, in different ways, for
example using analysis of variance (ANOVA) or Student’s t-
test, for example with a sample gize n of 50 or more, 100 or
more, 200 or more, 300 or more or 400 or more, and a level of
gignificance (o-error-level) of e.g. 0.05 or smaller, e.g.
0.05, preferably 0.01 or smaller. A statistical value can be
obtained for each gene and/or each position in the genome as
well as for all antibiotics tested, a group of antibiotics or
a single antibiotic. The obtained p-values can also be

adapted for statistical errors, if needed.

For statistically sound results a multitude of individuals
should be sampled, with n = 50, 100, 200, 300 or 400, and a
level of significance (o-error-level) of e.g. 0.05 or small-

er, e.g. 0.05, preferably 0.01 or smaller. According to cer-
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tain embodiments, particularly significant results can be ob-

tained for n = 200, 300 or 400.

For statistically sound results a multitude of individuals
should be sampled, with n = 50 or more, 100 or more, 200 or
more, 300 or more or 400 or more, and a level of gignificance
(x-error-level) of e.g. 0.05 or smaller, e.g. 0.05, prefera-
bly 0.01 or smaller. According to certain embodiments, par-
ticularly significant results can be obtained for n = 200 or

more, 300 or more or 400 or more.

After the above procedure hag been carried out for more than
400, e.g. 438, individual gpecies of Serratia, the data dis-
closed in Tables 1 and 2 were obtained for the statistically
begt correlations between gene mutations and antimicrobial
drug, e.g. antibiotic, resistances. Thug, mutations in these
geneg were proven as valid markers for antimicrobial drug,

e.g. antibiotic, resistance.

According to a further aspect, the present invention relates
in a second aspect to a method of gelecting a treatment of a
patient suffering from an infection with a potentially re-
gigtant Serratia gtain, e.g. from an antimicrobial drug, e.g.
antibiotic, resistant Serratia infection, comprising the
steps of:

a) obtaining or providing a sample containing or suspected
of containing at least one Serratia speciesg from the patient;
b) determining the presence of at least one mutation in at
least two genes from the group of genes consisting of actPp,
SMWW4 v1c03050, amiD, SMWW4 v1c38520, selB, SMWW4 v1cl3480,
bglX, SMWW4 v1cl4040, SMWW4 v1cl3470, SMWW4 v1c38510,

SMWW4 v1c07960, SMWW4 v1cl19810, folX, SMWW4 v1c00800,

SMWW4 v1cl13910, SMWW4 v1c09360, ybiO, SMWW4 v1c25040, =znuB,
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nrdH, lysR, SMWW4 v1c24620, SMWW4 v1c24800, SMWW4 v1c20760,
rfaC, SMWW4 v1c21930, SMWW4 v1cl2350, galT, alsk,

SMWW4 v1c24810, glrK, rihB, yhiN, alx, SMWW4 v1c44490, cnu,
SMWW4 v1c30050, wvasD, impL, SMWW4 v1cl6540, SMWW4 v1cl3350,
yeaN, SMWW4 v1c40850, kdpA, dppB, ydaN, cysK, yceA, yhjK, and
SMWW4 v1c25770, wherein the presence of said at least two mu-
tations is indicative of a resistance to one or more antimi-
crobial, e.g. antibiotic, drugs;

c) identifying said at least one or more antimicrobial,
e.g. antibiotic, drugs; and

d) gselecting one or more antimicrobial, e.g. antibiotic,
drugs different from the ones identified in step ¢) and being

suitable for the treatment of a Serratia infection.

In this method, the steps a) of obtaining or providing a sam-
ple and b) of determining the presence of at least one muta-

tion are as in the method of the first aspect.

The identification of the at least one or more antimicrobial,
e.g. antibiotic, drug in step c¢) is then based on the results
obtained in step b) and corresponds to the antimicrobial,

e.g. antibiotic, drug(s) that correlate(g) with the muta-

tions. Once thege antimicrobial drugs, e.g. antibiotics, are
ruled out, the remaining antimicrobial drugs, e.g. antibiotic
drugs/antibioticsg, can be sgelected in step d) as being suita-

ble for treatment.

In the description, references to the first and second aspect
also apply to the 14™, 15™, 16™ and 17™ embodiment, refer-
ring to the same genes, unless clear from the context that

they don’t apply.
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According to certain embodiments, the antimicrobial drug,
e.g. antibiotic, in the method of the first or second as-
pect, as well as in the other methods of the invention, is at
least one selected from the group of (-lactams, R-lactam in-
hibitorg, quinolines and derivatives thereof, aminoglyco-
gsideg, polyketidesg, respectively tetracyclines, and folate

synthesis inhibitors.

In the methods of the invention the resistance of Serratia to
one or more antimicrobial, e.g. antibiotic, drugs can be de-

termined according to certain embodiments.

According to certain embodiments of the first and/or second

aspect of the invention the antimicrobial, e.g. antibiotic,

drug is selected from lactam antibiotics and the presence of
a mutation in the following genes is determined:

SMWW4_v1c13480.

According to certain embodiments of the first and/or second
aspect of the invention the antimicrobial, e.g. antibiotic,
drug ig selected from polyketide antibioticg, preferably tet-
racycline antibiotics, and the presence of a mutation in the
following genes is determined: actP, SMWW4 v1c03050, amiD,
SMWW4 v1c38520, selB, SMWW4 v1cl1l3480, bglX, SMWW4 v1cl14040,
SMWW4 v1c13470, SMWW4 v1c38510, SMWW4 v1c07960,

SMWW4 v1c19810, folX, SMWW4 v1c00800, SMWW4 v1cl3910,

SMWW4 v1c09360, ybiO, SMWW4 v1c25040, znuB, nrdH, lysR,
SMWW4 v1c24620, SMWW4 v1c24800, SMWW4 v1c20760, rfacC,

SMWW4 v1c21930, SMWW4 v1cl12350, galT, alsK, SMWW4 v1c24810,
glrK, rihB, yhiN, alx, SMWW4 v1c44490, cnu, SMWW4 v1c30050,
vasD, impL, SMWW4 v1cl6540, SMWW4 v1cl3350, yeaN,

SMWW4 v1c40850, kdpa, dppB, ydaN, cysK, yceA, yhjK, and/or
SMWW4_v1c25770.
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According to certain embodiments, the antimicrobial drug is

an antibiotic/antibiotic drug.

According to certain embodiments of the first and/or second
aspect of the invention, determining the nucleic acid se-
quence information or the presence of a mutation compriges
determining the presence of a single nucleotide at a single
position in a gene. Thus the invention comprises methods
wherein the presence of a single nucleotide polymorphism or

mutation at a single nucleotide position is detected.

According to certain embodiments, the antibiotic drug in the
methods of the pregent invention ig gelected from the group
consisting of Amoxicillin/K Clavulanate (AUG), Ampicillin
(AM) , Aztreonam (AZT), Cefazolin (CFZ), Cefepime (CPE),
Cefotaxime (CFT), Ceftazidime (CAZ), Ceftriaxone (CAX), Ce-
furoxime (CRM), Cephalotin (CF), Ciprofloxacin (CP),
Ertapenem (ETP), Gentamicin (GM), Imipenem (IMP), Levofloxa-
cin (LVX), Meropenem (MER), Piperacillin/Tazobactam (P/T),
Ampicillin/Sulbactam (A/S), Tetracycline (TE), Tobramycin
(TO), and Trimethoprim/Sulfamethoxazole (T/S).

The inventors have surprisingly found that mutations in cer-
tain genes are indicative not only for a resistance to one
gingle antimicrobial, e.g. antibiotic, drug, but to groups

containing several drugs.

According to certain embodiments of the first and/or second
aspect of the invention, the gene is from Table 1 or Table 2,
the antibiotic drug is selected from lactam antibiotics and a
mutation in at least one of the following genes is detected

with regard to reference genome NC 020211: SMWW4 v1c13480.
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According to certain embodiments of the first and/or second
aspect of the invention, the gene is from Table 1 or Table 2,
the antibiotic drug is selected from polyketide, preferably
tetracycline antibioticg and a mutation in at least one of
the following genes is detected with regard to reference ge-
nome NC 020211: actP, SMWW4 v1c03050, amiD, SMWW4 v1c38520,
selB, SMWW4 v1cl13480, bglX, SMWW4 v1cl4040, SMWW4 v1cl3470,

SMWW4 v1c38510, SMWW4 v1c07960, SMWW4 v1c19810, folXx,
SMWW4 v1c00800, SMWW4 v1cl13910, SMWW4 v1c09360, ybioO,
SMWW4 v1c25040, znuB, nrdH, lysR, SMWW4 v1c24620,
SMWW4 v1c24800, SMWW4 v1c20760, rfacC, SMWW4 v1c21930,

SMWW4 v1cl12350, galT, alsK, SMWW4 v1c24810, glrK, rihB, yhiN,
alx, SMWW4 v1c44490, cnu, SMWW4 v1c30050, vasD, impL,
SMWW4 v1cl6540, SMWW4 v1cl3350, vyeaN, SMWW4 v1c40850, kdpA,
dppB, ydaN, cysK, yceA, yhjK, SMWW4 v1c25770.

For specific antimicrobial drugs, e.g. antibiotics, specific
positions in the above genes can be determined where a high
statistical significance is observed. The inventors found
that, apart from the above genes indicative of a resistance
against antibiotics, also gingle nucleotide polymorphisms (=
SNP's) may have a high significance for the presence of a re-
sistance against defined antibiotic drugs. The analysis of
these polymorphisms on a nucleotide level may further improve
and accelerate the determination of a drug registance to an-

timicrobial drugs, e.g. antibiotics, in Serratia.

According to certain embodiments of the first and/or second
aspect of the invention, the gene is from Table 1 or Table 2,
the antibiotic drug is selected from lactam antibiotics and a

mutation in at least one of the following nucleotide posi-
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tions is detected with regard to reference genome NC 020211:

1489693.

According to certain embodiments of the first and/or second
aspect of the invention, the gene is from Table 1 or Table 2,
the antibiotic drug is selected from polyketide, preferably
tetracycline antibioticg and a mutation in at least one of
the following nucleotide positions is detected with regard to
reference genome NC 020211: 342947, 352212, 1816830, 352221,
1817267, 4149382, 86770, 86742, 86744, 1489672, 1489673,
1489681, 1490996, 1545409, 1487651, 1489693, 4148368, 897774,
2154027, 2154042, 2154044, 3716584, 87742, 1532249, 4148381,
1049796, 1601495, 4148825, 2715811, 3025014, 4143093,
4284592, 2154037, 1489972, 2662382, 2687128, 2250726,
4148361, 5161374, 5161396, 2371667, 1371641, 1398352,
4339539, 2687789, 4057459, 2716368, 4712441, 5025276,
4636300, 4812879, 3231402, 3243004, 3244657, 3249370,
3249507, 2716411, 1814748, 1476885, 1049699, 4296135,
4419488, 1347521, 1347533, 156541, 2816076, 3844397, 2018803,
176654, 176722, 176784, 2796043, 2796045.

According to certain embodiments of the first and/or second
aspect of the invention, the antibiotic drug is AM and a mu-
tation in at least one of the following nucleotide positions
is detected with regard to reference genome NC 020211:

1489693.

According to certain embodiments of the first and/or second
aspect of the invention, the antibiotic drug is TE and a mu-
tation in at least one of the following nucleotide positions
is detected with regard to reference genome NC 020211:
342947, 352212, 1816830, 352221, 1817267, 4149382, 86770,
86742, 86744, 1489672, 1489673, 1489681, 1490996, 1545409,
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1487651, 1489693, 4148368, 897774, 2154027, 2154042, 2154044,
3716584, 87742, 1532249, 4148381, 1049796, 1601495, 4148825,
2715811, 3025014, 4143093, 4284592, 2154037, 1489972,
2662382, 2687128, 2250726, 4148361, 5161374, 5161396,
2371667, 1371641, 1398352, 4339539, 2687789, 4057459,
2716368, 4712441, 5025276, 4636300, 4812879, 3231402,
3243004, 3244657, 3249370, 3249507, 2716411, 1814748,
1476885, 1049699, 4296135, 4419488, 1347521, 1347533, 156541,
2816076, 3844397, 2018803, 176654, 176722, 176784, 2796043,
2796045.

According to certain embodiments of the first and/or second
aspect of the invention, the resistance of a bacterial micro-
organigm belonging to the gspecies Serratia against 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or 16, 17, 18, 19,

20 or 21 antibiotic drugs is determined.

According to certain embodiments of the first and/or second
aspect of the invention, a detected mutation is a mutation
leading to an altered amino acid sequence in a polypeptide
derived from a respective gene in which the detected mutation
ig located. According to this aspect, the detected mutation
thus leads to a truncated version of the polypeptide (wherein
a new stop codon is created by the mutation) or a mutated
version of the polypeptide having an amino acid exchange at

the respective position.

According to certain embodiments of the first and/or second
aspect of the invention, determining the nucleic acid se-
quence information or the presence of a mutation compriges
determining a partial sequence or an entire sequence of the

at least two genes.
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According to certain embodiments of the first and/or second
aspect of the invention, determining the nucleic acid se-
quence information or the presence of a mutation compriges
determining a partial or entire sequence of the genome of the
Serratia gpecies, wherein gaid partial or entire sequence of
the genome comprises at least a partial sequence of said at

least two genes.

According to certain embodiments of the first and/or second
aspect of the invention, determining the nucleic acid se-
quence information or the presence of a mutation compriges
using a next generation sequencing or high throughput se-
quencing method. According to preferred embodiments of the
first and/or second aspect of the invention, a partial or en-
tire genome sequence of the bacterial organism of Serratia
species is determined by using a next generation sequencing

or high throughput sequencing method.

In a further, third aspect, the pregent invention relateg to
a method of determining an antimicrobial drug, e.g. antibi-
otic, resistance profile for bacterial microorganisms of
Serratia gpecies, comprising:

obtaining or providing a first data set of gene sequences of
a plurality of clinical isolates of Serratia species;
providing a second data set of antimicrobial drug, e.g. anti-
biotic, resistance of the plurality of clinical isolates of
Serratia gpecies;

aligning the gene sequences of the first data set to at least
one, preferably one, reference genome of Serratia, and/or as-
sembling the gene sequence of the first data set, at least in
part;

analyzing the gene sequences of the first data set for genet-

ic variants to obtain a third data set of genetic wvariants;
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correlating the third data set with the second data set and
statistically analyzing the correlation; and
determining the genetic gites in the genome of Serratia asso-

ciated with antimicrobial drug, e.g. antibiotic, resistance.

The different steps can be carried out ag described with re-
gard to the method of the first aspect of the present inven-

tion.

When referring to the second data set, wherein the gecond da-
ta set e.g. comprises, respectively is, a set of antimicrobi-
al drug, e.g. antibiotic, resistances of a plurality of clin-
ical isolates, thig can, within the gcope of the invention,
also refer to a self-learning data base that, whenever a new
sample is analyzed, can take this sample into the second data
get and thus expand its data base. The second data set thus
does not have to be static and can be expanded, either by ex-
ternal input or by incorporating new data due to self-
learning. This ig, however, not resgtricted to the third as-
pect of the invention, but applies to other aspects of the
invention that refer to a second data set, which does not
necessarily have to refer to antimicrobial drug resistance.
The same applies, where applicable, to the first data set,

e.g. in the third aspect.

According to certain embodimentsg, statistical analysis in the
present methods ig carried out using Fisher’s test with p <

10°%, preferably p < 107°, particularly p < 107'°.

The method of the third aspect of the present invention, as
well as related methods, e.g. according to the 7" and 10"
aspect, can, according to certain embodimentg, comprise cor-

relating different genetic siteg to each other, e.g. in at
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least two, three, four, five, six, geven, eight, nine or ten
genes. This way even higher statistical significance can be

achieved.

According to certain embodiments of the method of the third
aspect and related methods - as above, the second data set is
provided by culturing the clinical isolates of Serratia spe-
cies on agar plates provided with antimicrobial drugs, e.g.
antibioticg, at different concentrations and the second data
is obtained by taking the minimal concentration of the plates

that inhibits growth of the regpective Serratia gpecies.

According to certain embodiments of the method of the third
aspect and related methodg, the antibiotic is at least one
gelected from the group of B-lactamg, B-lactam inhibitors,
quinolineg and derivativesg thereof, aminoglycosides,
tetracyclines, and folate synthesis inhibitors, preferably
Amoxicillin/K Clavulanate, 2Ampicillin, Aztreonam, Cefazolin,
Cefepime, Cefotaxime, Ceftazidime, Ceftriaxone, Cefuroxime,
Cephalothin, Ciprofloxacin, Ertapenem, Gentamicin, Imipenem,
Levofloxacin, Meropenem, Piperacillin/Tazobactam, Ampicil-
lin/Sulbactam, Tetracycline, Tobramycin, and Trime-

thoprim/Sulfamethoxazole.

According to certain embodiments of the method of the third
aspect and related methods, the gene sequenceg in the third
data set are comprised in at least one gene from the group of
genes consisting of actP, SMWW4 v1c03050, amiD,

SMWW4 v1c38520, selB, SMWW4 v1cl1l3480, bglX, SMWW4 v1cl14040,
SMWW4 v1c13470, SMWW4 v1c38510, SMWW4 v1c07960,

SMWW4 v1c19810, folX, SMWW4 v1c00800, SMWW4 v1cl3910,

SMWW4 v1c09360, ybiO, SMWW4 v1c25040, znuB, nrdH, lysR,

SMWW4 v1c24620, SMWW4 v1c24800, SMWW4 v1c20760, rfacC,
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SMWW4 v1c21930, SMWW4 v1cl12350, galT, alsK, SMWW4 v1c24810,
glrK, rihB, yhiN, alx, SMWW4 v1c44490, cnu, SMWW4 v1c30050,
SMWW4 v1c40850, kdpA, dppB, ydaN, cysK, yceA, yhjK, and
SMWW4 v1c25770, or from the genes listed in Table 5.

According to certain embodiments of the method of the third
aspect and related methods, the genetic variant has a point
mutation, an insertion and or deletion of up to four bases,

and/or a frameshift mutation.

A fourth aspect of the present invention relates to a method
of determining an antimicrobial drug, e.g. antibiotic, re-
sistance profile for a bacterial microorganism belonging to
the species Serratia comprising the steps of

a) obtaining or providing a sample containing or suspected
of containing the bacterial microorganism;

b) determining the presence of a mutation in at least one
gene of the bacterial microorganism as determined by the
method of the third aspect of the invention;

wherein the presence of a mutation is indicative of a re-

gigtance to an antimicrobial drug, e.g. antibiotic, drug.

Steps a) and b) can herein be carried out asg described with
regard to the first aspect, as well as for the following as-

pects of the invention.

With this method, any mutations in the genome of Serratia
gspecies correlated with antimicrobial drug, e.g. antibiotic,
resistance can be determined and a thorough antimicrobial

drug, e.g. antibiotic, resistance profile can be established.

LA simple read out concept for a diagnostic test as described

in this aspect ig shown schematically in Fig. 1.
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According to Fig. 1, a sample 1, e.g. blood from a patient,
is used for molecular testing 2, e.g. using next generation
sequencing (NGS), and then a molecular fingerprint 3 is tak-
en, e.g. in case of NGS a sequence of selected ge-
nomic/plasmid regions or the whole genome isg assembled. This
ig then compared to a reference library 4, i.e. selected se-
quences or the whole sequence are/is compared to one or more
reference sequenceg, and mutationg (SNPs, sequence- gene ad-
ditions/deletions, etc.) are correlated with susceptibility/
reference profile of reference strains in the reference 1li-
brary. The reference library 4 herein contains many genomes
and is different from a reference genome. Then the result 5
is reported comprising ID (pathogen identification), i.e. a
list of all (pathogenic) species identified in the sample,
and AST (antimicrobial susceptibility testing), i.e. a list
including a susceptibility /resistance profile for all spe-

cies listed

A fifth aspect of the present invention relates to a diagnos-
tic method of determining an infection of a patient with
Serratia gpecies potentially resistant to antimicrobial drug
treatment, which also can be described as method of determin-
ing an antimicrobial drug, e.g. antibiotic, resistant
Serratia infection in a patient, comprising the steps of:

a) obtaining or providing a sample containing or suspected
of containing a bacterial microorganism belonging to the gpe-
cies Serratia from the patient;

b) determining the presence of at least one mutation in at
least one gene of the bacterial microorganism belonging to
the species Serratia as determined by the method of the third
aspect of the present invention, wherein the presence of gaid

at least one mutation is indicative of an antimicrobial drug,
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e.g. antibiotic, resistant Serratia infection in said pa-

tient.

Again, steps a) and b) can herein be carried out as described

with regard to the first aspect of the present invention.

According to this aspect, a Serratia infection in a patient
can be determined using sequencing methods asgs well as a re-
gigtance to antimicrobial drugs, e.g. antibiotics, of the
Serratia gpecies be determined in a short amount of time com-

pared to the conventional methods.

In a sixth aspect the present invention relates to a method
of selecting a treatment of a patient guffering from an in-
fection with a potentially resistant Serratia strain, e.g. an
antimicrobial drug, e.g. antibiotic, resistant Serratia in-
fection, comprising the steps of:

a) obtaining or providing a sample containing or suspected
of containing a bacterial microorganism belonging to the gpe-
cies Serratia from the patient;

b) determining the presence of at least one mutation in at
least one gene of the bacterial microorganism belonging to
the species Serratia as determined by the method of the third
aspect of the invention, wherein the presence of said at
least one mutation is indicative of a resistance to one or
more antimicrobial, e.g. antibiotic, drugs;

c) identifying said at least one or more antimicrobial,
e.g. antibiotic, drugs; and

d) gselecting one or more antimicrobial, e.g. antibiotic,
drugs different from the ones identified in step ¢) and being

suitable for the treatment of a Serratia infection.
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This method can be carried out similarly to the second aspect
of the invention and enables a fast wag to select a suitable
treatment with antibiotics for any infection with an unknown

Serratia gpecies.

A seventh aspect of the present invention relates to a method
of acquiring, respectively determining, an antimicrobial
drug, e.g. antibiotic, resistance profile for a bacterial mi-
croorganigmg of Serratia gpecies, comprising:

obtaining or providing a first data set of gene sequenceg of
a clinical isolate of Serratia species;

providing a second data set of antimicrobial drug, e.g. anti-
biotic, resistance of a plurality of clinical isolateg of
Serratia gpecies;

aligning the gene sequences of the first data set to at least
one, preferably one, reference genome of Serratia, and/or as-
sembling the gene sequence of the first data set, at least in
part;

analyzing the gene sequences of the first data set for genet-
ic variants to obtain a third data set of genetic variants of
the first data set;

correlating the third data set with the second data set and
statistically analyzing the correlation; and

determining the genetic sites in the genome of Serratia of
the first data set associated with antimicrobial drug, e.g.

antibiotic, resistance.

With this method, antimicrobial drug, e.g. antibiotic, re-
gsistances in an unknown isolate of Serratia can be deter-

mined.

According to certain embodiments, the reference genome of

Serratia is NC_020211 as annotated at the NCBI. According to
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certain embodiments, statisgtical analysis in the present
methods is carried out using Fisher’s test with p < 10°°,
preferably p < 107°, particularly p < 10 *°. Also, according
to certain embodiments, the method further compriges corre-
lating different genetic sites to each other, e.g. in at
least two, three, four, five, six, geven, eight, nine or ten

genes.

An eighth aspect of the present invention relates to a com-
puter program product comprising computer executable instruc-
tions which, when executed, perform a method according to the
third, fourth, fifth, sixth or seventh aspect of the present

invention.

In certain embodiments the computer program product ig one on
which program commands or program codegs of a computer program
for executing said method are stored. According to certain
embodiments the computer program product ig a storage medium.
The game applies to the computer program products of the as-
pects mentioned afterwards, i.e. the eleventh aspect of the
present invention. Ag noted above, the computer program prod-
ucts of the present invention can be self-learning, e.g. with

respect to the first and second data sets.

In order to obtain the best possible information from the
highly complex genetic data and develop an optimum model for
diagnosgtic and therapeutical uses as well as the methods of
the present invention - which can be applied stably in clini-
cal routine - a thorough in gilico analysis can be necessary.
The proposed principle ig based on a combination of different
approacheg, e.g. alignment with at least one, preferably more
reference genomes and/or assembly of the genome and correla-

tion of mutations found in every sample, e.g. from each pa-
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tient, with all references and drugs, e.g. antibiotics, and
search for mutations which occur in several drug and several

strains.

Uging the above steps a list of mutations as well of genes is
generated. These can be gtored in databases and statistical
models can be derived from the databases. The statistical
models can be based on at least one or more mutations at
least one or more genes. Statistical models that can be
trained can be combined from mutations and genes. Examples of
algorithms that can produce such models are association
Ruleg, Support Vector Machines, Decision Trees, Decision For-

ests, Digcriminant-Analysig, Cluster-Methods, and many more.

The goal of the training is to allow a reproducible, stand-

ardized application during routine procedures.

For this, for example, a genome or parts of the genome of a
microorganism can be sequenced from a patient to be diag-
nosed. Afterwards, core characteristics can be derived from
the sequence data which can be used to predict resistance.
These are the points in the database used for the final mod-
el, i.e. at least one mutation or at least one gene, but also

combinations of mutations, etc.

The corresponding characteristics can be used as input for
the statistical model and thus enable a prognogis for new pa-
tients. Not only the information regarding all resistances of
all microorganisms, e.g. of Serratia gpecies, against all
drugs, e.g. antibiotics, can be integrated in a computer de-
cision support tool, but also corresponding directives (e.g.
EUCAST) go that only treatment proposals are made that are in

line with the directives.
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A ninth aspect of the present invention relates to the use of
the computer program product according to the eighth aspect
for acquiring an antimicrobial drug, e.g. antibiotic, re-
sistance profile for bacterial microorganisms of Serratia

species or in a method of the third aspect of the invention.

In a tenth aspect a method of selecting a treatment of a pa-
tient having an infection with a bacterial microorganism of
Serratia gpecies, comprising:

obtaining or providing a first data set comprising a gene ge-
quence of at least one clinical isolate of the microorganism
from the patient;

providing a second data set of antimicrobial drug, e.g. anti-
biotic, resistance of a plurality of clinical isoclates of the
microorganism;

aligning the gene sequences of the first data set to at least
one, preferably one, reference genome of the microorganism,
and/or assembling the gene sequence of the first data set, at
least in part;

analyzing the gene sequences of the first data set for genet-
ic variants to obtain a third data set of genetic variants of
the first data set;

correlating the third data set with the second data set of
antimicrobial drug, e.g. antibiotic, resistance of a plurali-
ty of clinical isolates of the microorganism and statistical-
ly analyzing the correlation;

determining the genetic gites in the genome of the clinical
isolate of the microorganism of the first data set associated
with antimicrobial drug, e.g. antibiotic, resistance; and
gselecting a treatment of the patient with one or more antimi-
crobial, e.g. antibiotic, drugs different from the ones iden-

tified in the determination of the genetic sites associated
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with antimicrobial drug, e.g. antibiotic, resistance ig dis-

closed.

Again, the gteps can be carried out as similar steps before.
In this method, asg well as similar ones, no aligning is nec-
essary, asg the unknown sample can be directly correlated, af-
ter the genome or genome sequenceg are produced, with the se-
cond data set and thus mutations and antimicrobial drug, e.g.
antibiotic, resigtances can be determined. The first data set

can be agsembled, for example, using known techniques.

According to certain embodimentsg, statistical analysis in the
present method is carried out using Fisher’s test with p <
10°°, preferably p < 107°, particularly p < 107'°. Also, ac-
cording to certain embodimentsg, the method further comprises

correlating different genetic sites to each other.

An eleventh aspect of the present invention is directed to a
computer program product comprising computer executable in-
gstructions which, when executed, perform a method according

to the tenth aspect.

According to a twelfth aspect of the present invention, a di-
agnostic method of determining an infection of a patient with
Serratia gpecies potentially resistant to antimicrobial drug
treatment, which can also be described as a method of deter-
mining an antimicrobial drug, e.g. antibiotic, resistant
Serratia infection of a patient is disclosed, comprising the
steps of:

a) obtaining or providing a sample containing or suspected
of containing at least one Serratia speciesg from the patient;
b) determining the presence of at least one mutation in at

least 