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ABSTRACT

Cantas, L. Global antimicrobial resistance: éTime to get smarter in Cyprusa
Near East University, Health Institute, PhD thesis, Nicosia, 2015.

This thesis aimed to reveal the global picture of antimicrobial resistance and
particularly focused on spread of tHextendedspectrumb-lactamases (ESBL)
producingescherichiacoli in northern CyprusFor many bacterial infections, drug
resistant bacterial pathogens are increasingly more often found to be resistant, by
subsequent testing, already by the temémicrobialtreatment starts. As is shown

in this thesis,increased utilization of antimicradls has contritied to greater
resistance among pathogenic arvironmental bacteria. THegh prevalence of
such organisms has created challenges for practitioners treating badiectadns

and antimicrobial resistan¢kathas today become a majdolgal health concern.
Urinary tract infections (UTIs) caused I&y coli are one of the most frequently
encounterednfectionsin both inpatient and oudpatient settingsWe aimedto
detect the antibiotic resistance rates of E§BaducingE. coliandgaininsight into
thegenetichasis- clonal evolution underlying thenulti-drug resistace iglinical
strainsisolated from UTIs in Near East University Hospital, North Cyprus. A total
of 389 E. coli strainswere isolated between 2010 and 201d4nd 50 of hem
molecularly analyseddentification of bacteria and antibiotic susceptibility tests
were performed by Phoenix (Becton Dickinson, USA) automated systéite

gene specific Polymerase Chain Reactions (PCR), sequencing and
molecularphylogeneticanalysiswvere appliedor genetic investigatiamhe ESBL-
producingE. coliamong hospitalized patients increased from 36% in 2010/2011 to
53% in 2014 with a significant increase up to 71% in 2@&30(001)in northern
Cyprus. The CTX-M was the mostpredominantgene responsible for ESBL
productionand found in genetically diver&e coliisolateg42 of 50)in this study
Predominantly 3 main clones have been foumdereas 3 of CTX-M positive
isolates mostly isolated from-patients(n: 21) gave hgh similaritywith isolates

from outpatiens (n: 1pwhich could result from the higéntimicrobialexposure of

this cloneboth in hospital and communityhe CTXM-15 subtype was the most
frequent (88%), in isolates followed by CIM-1 (4,8%), CTX-M-80 (4,8%) and
CXT-M-36 (2,4%).To our knowledge, there are no knopwreviousstudies on
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these issuas Cyprus This thesisinderline the importance of propeseof certain

antimicrobias globally andparticularlyin Cyprus The strongg c r os sweera | kK6 b e
the drug, the bacteria aride environments consideredvith multi-disciplinary

perspective for controlling of antimicrobial resistance developrméetimmediate

need for establishment of optimal therapy guidelines based on the country specific
surveillance programsre emphasized The need for urgent prescription habit

changes and ban of ovidrecounter sale of antimicrobials at each segment of

healthcare services $siggested.
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INTRODUCTION

Arguably one of the greatest examples of serendipity in science was between
Alexander Fleming and Ernest Duchesne (Figure 1). Although Fleming generally

holds the reputation of the discovery of penicillin since 1928 with his well know

6mol d conttarmi ndt etdo pstory, a French me ¢

discovered thantimicrobialproperties oPenicilliumearlier, in 1896.

He observed that Arab stable boys close to an army hospital kept their saddles in a
dark and damp room to encourage mold to grow on them. When asked why, they
told him the mold helped heal saddle sores on the horses. The curious Duchesne
prepared a solutiofrom the mold and injected it into diseased guinea pigs. All
recovered. He immediately submitted his work as a dissertation to the Pasteur
Institute, but it was ignored because of his young age and because he was unknown
(Pouillard 2002 One way or another, the modemtimicrobialrevolution began

and antimicrobiat have been very important corner stones of modern medicine

during the ast half of the previous centufyigure ).

Figure 1. Ernest Duchesne (left) who noted that certain molds kill bacteria in 1896.
Alexander Fleming (right) who discovered penicillin after noticing some mold
accidentally contaminated a petri destd prevented the growth of bacteria around
in 1928 (Figure by Leon Cantas, 2014).
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Figure 2. Historical milestones and discoveries that shaped the use of antibacterial

agents. (Figure by Leon Cantas, 2014).

Antimicrobials have saved millions of livesnad

eased

pat.i

ent so

today, the treatment of bacterial infections is once again becoming increasingly

complicated because microorganisms are developing resistance to antimicrobial

agentsvorldwide (Aminov 2010.
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1.1 ANTIMICROBIAL RESISTANCE: THE BACTERIA'S STRUGGLE
FOR SURVIVAL

Antimicrobial resistance is as old as the clinical usentimicrobias in medicine
Generally, resistant pathogens were observed soon after the introduction of new
drugs in hospitals whemntimicrobias were intensively usgdlevy 1983.

In history, sulfonamideresistantStreptoccoccus pyogenesnerged in military
hospitals,in the 1930gLevy 1982) Likewise,in the bllowing decade, penicillin
resistantStaphylococcus aurewsppeared in British civilian hospitals very soon
after the introduction of penicilliiBarberand Rozwadowsk#®owzenko1948. It

is important to note that a significant fraction of all human infections are caused by
these two bacteria (i.e., stréfroat, pneumonia, scarlet fever, septicemia, skin

infections, wound infections, etc.).

Similarly, streptomycinresistantMycobacterium tuberculosiemerged in the
community soon after the clinical usage of thngimicrobialstarted(Croftonand
Mitchison 1948) Thereafter, resistance to multiple drugs started to be common.
Especially, it isdetected very frequent in enteric bacteria sudeszherichia coli
Shigellaspp.andSalmonella enterican the late 1950s to early 196Qsevy 2001;
Olarte1983; Watanab&963)

Over the years, and continuing into the present almost every known bacterial
pathogen has developed resistance to one or aminmicrobias in clinical use.

The antimicrobialresistance(/AMR) problem remains a growing public health
concern because infections caused by resistant bacteria are increasingly difficult

and expensive to treat.

The consequences of this problem are: longer hospital stay, longer time off work,

reduced quality ofife, greater likelihood of death due to inadequate or delayed

12



treatment, increases in private insurance coverage and an additional costs for
hospitals when hospitalcquired infections occur in addition to the increased
overall health care expenditu(gorczak and Schéffmann 2010; Roberts 1996;
Wilke 2010). Thus, in order to calculate the full economic burden of AMR we
have to consider the burden of not having antimicrobial treatment options at all,
which at the extreme would probably lead to collapgé@entire modern medical
system(Falagas and Bliziotis 2007; Pratt 201(therwiseeveryone is at risk
when antimicrobials become ineffective but the threat is greatest for young
children, the elderly, and immuwumempromised ingiduals {ncluding cancer
patients undergoing chemotherapy, organ transplant patieatser patients)
(CDC 2004:Kingston2008.

It is estimatedhat each year 25.000 people die in Europe directly due to-dmugi
resistant{MDR) infection European Centre for Disease Prevention and Cigntro
Stockholm, 201p In the same report the economic impact was estimated.&t
billion per year(Figure3).

25,000 deaths directly attributable to multidrug-resistant infections

Extra Productivity | Productivity

in-hospital losses due to | losses due to

costs patients who
died from
their
infection

€927.8 milion €10 milion € 150.4 million € 445.9 million

Figure 3. Human and economic impact of antimicrobial resistance in Europe.
(Source: The bacterial challenge: time to react, Joint Technical Report from ECDC
and EMA, Stockholm, September 2009).
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1.2 DEVELOPMENT AND REGULATION OF ANTIMICROBIAL
RESISTANCE

Antimicrobial resistance usually refers to the acquired ability of a microbe to resist

the action of an antimicrobial agent to which it is normally susceptible.

Natural selection is the driving force for the appearance of resistant bacterial strains.
Bacteria may manifest resistance to antibacterial drugs through a variety of
adoptiongdDwyer et al 2009Hegrenesset al 2008Livmore 2003 McKenzie and
Sosenberg 200lipcluding horizontal transfer of resistance ge(i@avies 1994
drug-specific selection of naturally occurring resistant variants within a population,
and increased chromosomal mutagenesis in hypermutator ¢&antersson 2003

and Chopra et al 2003)

Antimicrobial resistance may develop as follows:

I) Intrinsic: Intrinsic antimicrobialresistance occurs naturally in a verity of strains
of that species and is normally a result of the normal composition of the bacterial
cell. An example of intrinsic resistance is naturally vancomycin resistant Gram

negatives.

II') Acquired: Acquired antimicrobial resistance results from a mutation in the
existing DNA of an organism or acquisition of new DNA. An example of
mutational acquired resistance is the development of quinolone resistance seen in a
large amount of genera including. coli strains where a mutation in the
chromosomapyrA gene results in an amino acid alteration in the target enzyme
DNA gyrase, which generate high levels of resistance tathisicrobial(Lingren

et al 2003.

Antimicrobial treatment can also result in multidrug resistai@ehen et al 1999
which has been associated with mutations in multidrug efflux pyMpset al
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1993. These drug efflux pumps can be regulated by a numbgamscription
factors, including the superoxidesponsive SoxRS siem(Greenlerg et al 199D

In addition, there is evidence that low lewitimicrobialtreatment can lead to
mutations that cause resistanE&irgis et al 2008 however, the mechanisms
underlying this effect are not well understood. Mutations will naturally occur at any
time in a cell, and the mutational frequency is not influenced by the presence of the
antimicrobial Hence, a mutation leading &mtimicrobialresistance can develop
without a selective pressufEohanski ¢ al 2010) But it will be registered in a

bacterial populatioonly after selection witlantimicrobias.

Bacteria also develop resistance through the acquisition of new genetic material
from other resistant organisms, where functional DNA from diheteria is taken

up by transformation, transduction or conjugation (Fighr¢Furuya and Lowy
2006; McManus MC 1997 Such processes can be controlled by constitutively
expressed regulatory ges. On the other hand it can be regulated by regulatory
systems linked to the concentration of drugs in the environment of the bacterial cells
(Baharoglu et al 20)0The central elements involved in such processes are genetic

elements as plasmids, transposons and integrons.

Figure 4. Horizontal gene transfer between bacteria (Modified gfaruya and
Lowy 20086.

Release
of
DNA

R

N

Donor cell Antibiotic-resistance Recipient cell

gene
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Figure 4.a. Bacterial transformation: Transformation is the process whereby
bacteria acquire and incorporate DNA segments from other bacteria that have
released their DNA complement into the environment after cell lysis.

Transformation can move resistance genes into previously susceptbis.str

" o

Release
Phage-infected donor cell of phage Recipient cell

Figure 4.b. Bacterial transduction: During transduction, resistance genes are
transferred from one bacterium to another via a bacteriophage (bacterial viruses)
and, can be integrated into the chromosome of the recipient cell (lysogeny). This is

now thought to be a relatively rare event (Fexb).

%
Transposon Donor cell Recipient cell

Figure 4.c. Bacterial conjugation: The Gramnegative bacteria transfer a plasmid
harboring resistance gene to an adjacent bacterium, often through an elongated
proteinaceous structure termed g®kis, which joins the organiss with direct
contact (Figure ). Conjugation among Grapositive bacteria is usually initiated

by production of sex pheromones by the mating pair, which facilitate the clumping

of donor and recipient organisms, allowing the exchange of DNA.
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Several mechanisms haveoéxed in clinically importantoacteria which confer
them withantimicrobialresistance (Figure)5These mechanisms can be rendering
inactivation of the antimicrobial (the most common mode), chemically
modification, physical removal from the cell or modification of the target site so

that it is not recognized by tlaatimicrobial

- o

Antibiotic-resistance Antibiotic-
genes efflux pump

a /
N/

,//
Antibiotic- Plasmid
degrading
enzyme

J/ <> \

Antibiotic

/ Antibiotic-q/ Antit?otic(
altering
enzyme P> (4]

Antibiotic

vy
Bacterial cell

Figure 5. Various antimicrobial resistance mechanisaag') Some are directed at

the antimicrobial tlactan@ades destreynpenycilis sand s u ¢ h
cephalosporins, and modifying enzymes inactivate chloramphenicol and
aminoglycosides such as streptomycin and gentamigjrOthers target how the

drug is transported; for example, an active efflux of drug mediates resistance to the
tetracyclines, chloramphenicol and the fluoroquinolofiessy 1992, McManus

1997, Nikaido 1996). c) A third type of mechanism (not shown) alters the
intracellular target of the druigpr example, the ribosome, metabolic enzymes or

proteins involved in DNA replication or cell wall synthesis making the drug unable
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to inhibit a vital function in the microhl cell. Modified afte(Levy and Marshal
20049).

There are several aspects to functional regulation that are important when
considering antimicrobial resistance in bacteria and its evolutionary consequences.
First, while many resistance systems act by modifying or eliminating the interaction
between thantimicrobialand target molecule, some act by altering the regulation
of the target molecule to prevent or overcome this interaction. Secondly, it is known
(Shoemaker et al 199hat the transmission of DNA between bacteria is affected
by the presence of aantimicrobial Finally, in systems where a unique gene
product is responsible for allowing resistance, this product might be under some
kind of regulatory control. An evadlwnary prediction is that systems that can
regulate production of a resistance gene product would be selected over systems in
which a gene product would be constitutively made. Similarly, genes that confer
resistance to the bacterium with a survivableetdglous effect would be
evolutionarily favored if the bacterium could regulate when the-tyjpg gene and

when the resistance gene would be transcribed.

The active involvement of the selectied-genes in the DNA conjugation process
is describedKulinska et al 2008 and Schroder et al 20@2gure6). ThetraD/traG
genes(putative conjugative coupling facjoencode an inner membrane protein
with putative ATPase activity for DNA transport during baieiezonjugation. This
protein forms a ringghaped structure in the inner membrane through which DNA
is passed to the transferoso(felinska et al 2008 and Lu er al 2Q08lowever, it

has been shown that therB4 and virD11 genes may, in addition, mediate
conjugative transfer via a-t@rminal ATPase function during pili assembly which

is more efficient on surfaces than in liqu{tieh and Kado 1993; Porter et H987)

18
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Figure 6. lllustration of thetra conjugation machinery as described(Bghorder

et al 2002. ThetraD, traG, virB11 andvirD4 genes play an important role in
encoding the pilin protein from which the mating pilus is constructed. (Figure by
Leon Cantas, 2014).

Recent research has shown that the SOS pathway may be essential in the acquisition of
bacterial mutations which lead to resistance to samtienicrobialdrugs(Cirz et al 2009.
Miroslav Radman discovered and named the SOS response fCI27 al 2005;

David and Lehninger 200®ichel 2005) TheSOS responss a global response

to DNA damage in which the bacterial cell cycle is arrested and DNA repair and
mutagenesis are inducedhe increased rate of mutation during the SOS response

is caused by three lofidelity DNA polymerases: Pol Il, Pol IV and Pol(\Cirz et

al 2005. Researchers are now targeting these proteins with the aim of creating drugs
that prevent SOS repair. By doing so, the time needed for pathogenic bacteria to
evolveantimicrobialresistance could be extended, and thus improve the long term

viability of sone antimicrobialdrugs(Lee et al 200p

It is shown that the conjugative transfer of plasmids triggers a bacterial stress
response, the SOS response, in recipient cells amdémpact the cassette content

of integrons. The SOS response is already known to induce various genome
modifications. Human and animal pathogens cohabit with environmental bacteria,

19



in niches which will favor DNA exchange. SOS induction during conjugasion
thus most probably able to impact a wide range of genomes. The bacterial SOS
response could then be a suitable target fareatment of infections with durmp
inhibiting the SOS response in order to prevent exchangantimicrobial

resistance/adaptation genes.

Quinolones, which are DNAlamagingantimicrobiak, can stimulate the emergence
of drug resistance via S@Bdependent recombinatioLopez et al 200y and
through the induction of Rechediated processesncluding homologous
recombinatior(Drlica and Zhao 1997and SOSegulated erreprone polymerases
(Cirz et al 2005)b-lactams can also induce the SOS response via RéaaAanski

et al 2010 and the DpiAB twecomponent systerfMiller et al 2004, and these
drugs have been shown to induce DinB in an $@8pendent fashion, resulting

in increased frame shift mutatioG®Perez et al 2005

2. AIM & HYPOT HESIS

The purpose of the project was to review the glaral nationwidepicture of
antimicrobial resistancand itsgeneticbasisin northern Cyprusfactors that favor
its spread, strategies, altitations for its controlTo our knowledge, there are no

known studies on these issues.
This have ahieved by:

I) Collection and review of muHilisciplinary data on antimicrobial resistance in

medicine and global environmental microbiota.

II) Investigation of thephenotypial and moleculantimicrobial resistaze profile
in theindicator bacterid&. coli from the urine samples of thespitalized and out

patients imorthernCyprus

20



The hypothesiwere:

I) Minor attention has been paid on the evolutioglobalantimicrobial resistance
in environmen{water and soilyelatedto itsbroad survey in humasndveterinary

medicine.

II) Misuse andveruse of antimicrobialead to highand clonally diverse
antimicrdial resistancemerge among bacteiia hospitalized and otgatientsin
northern Cyprus.

3. MATERIAL AND METHODS

This thesis was based on globavaluation of antimicrobial resistance and
phenotypical and moleculanvestigation ofantimicrobial resistancen clinical
isolates caus®TIs in Cyprus.

Thechange in number @flobalantimicrobial resistance related published research
papers in differentmulti-disciplines and covering different environmentere

searchedby screeninghe ISI web of science

Following keywordssystematicallyvere used that match witluplication titleson
global database (antibiotz OR antimicr@d) AND resistad AND the following
specific terms: Hospital, (hospitaDR patiet OR clinicz); Animal, (anima¥F OR
veterinarg OR livestock OR pig OR cow OR chickea OR poultry);
Wastewater, (wastewat@®OR sewage); Natural watemvdtaz OR lake OR river
OR ocean OR sea); Soil, (S0ilOR sedimert OR rhizospherd. (Source:
http://apps. isiknowledge.cojn/

Retrospectivghenotypicahntimicrobial resistance patterwereconducted athe
Microbiology Laboratory of Near East University Hospital (Nicoblayth Cyprug

between 2012014. Antimicrobial resistancen northern Cyprus was assessed

21



in indicator E. coliisolates cultured fronurine samples ohospitalizedand out

patiens (Figure7).
Year Study population
In-patient Out-patient

2010/2011 29 46
2012 36 55
2013 40 66
2014 45 72
Sum 150 239

Figure 7. The number oE. coliisolateseach yearcultured fromurine samples of

hospitalizedand outpatients

Urine samples collected in universal container, approximately 50 mL in amount
The samples nocul ated using an inocul adni ng
blood agar and EMB maudiins that incubated overnight at 37°@Csolates were

further examined with the BD Phoenix 100 Automated Microbiology System

0O

(Becton Dickson, USA)The i nocul ated Phoeni xE panel.

Phoeni xE instrument for i n dhebf@dlawing n
antimicrobial agents were used in the PhoeEsBL test:Cefpodoximeproxetil,
Ceftazidime Ceftriaxone with clavulanic acid, Cefotaxime/Clavulanateand
Ceftazidime/Clavulanate At the specific concentration ofeftazidime or
Cefpodoximeproxeti, the growth or inhibition of these wells initiated a
growthresponse check for the other test wells. The ESBL result was determined

based on all the responses withirlb hours.

On the basis of colony morphology, gram staining, mgtildand biochemical
reactions, the organisms were identifiedasoli. Following criteria wasccepted

for identification ofE. coli (Pamela, 2007)

22
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U Colony morphology: circular shape,-3 mm diameter, regular margin, flat,
smooth, lactose fermenting and translucent.

0 Gram staining: Gramnegative rods,13x0.30. 5 e€m i n si ze, u i
stainednonparticular arrangement, naaporing, and nowapsulated.

U Motility: motile bacteria in hanging drop preparation.

u Biochemical reactions:Oxidase(-), catalas€+), O/F test showed glucose
fermentation, motility and gas production, reduces nitrates to nitrites, indole
(+), methyl red+) Voges Proskaue(-), citrate(-), lactose fermenter, triple
sugar iron agar showed both butt and slant yellow with gas production,
lysine decarboxylase te@t).

The methods for rapid detection and identification of EpBiducing strains have

been somewhat restricted. The National Cattem for Clinical Laboratory

Standards (NCCLS) has described standard broth microdilution (SBM) and disk
diffusion screening and confirmatory tests for the detection of gsiticullaryin

E. coli. Latest studiefave recently reported that many clinitaboratories have

experienced difficulty in detecting ESBL organisiiisurng et al 2000)In this

study, the recently devel oped Phoeni xE £
Biosciences, Sparks, MD) wased to perfornin vitro antimicrobial usceptibility

testing. The test evolved from published data of known ESBL patterns in the current
l'iterature. The Phoeni xE ESBL test i's b
response between the inhibitory effects of selected second or third generation
cephal osporins i n t hdactgmase snkibitar,eclavalanic ab s enc
acid.The perfor mance ofpreRidslgshowedxafsendtSip of t e st
94% and specificity of 100%y Turng et al 2000These results indicate that the

Phoeni x E stEaf Bravide l@oratorians and clinicians with a reliable and

rapid means for the detection of ESBL production in clinically important gram

negative bacteria.

BD Phoenix 100 Automated Microbiology Systeoonsisted ofNMIC/ID-5
Phoenix panelsvhich werecombinedwith susceptibility and identification casd

Samples were inoculated and incubated according to the manufacturer's

23



recommendations. The Phoenix ESBL test uses growth response to selected
expandeespectrum (cefpodoxime) and brespectrum (ceftadime, ceftriaxone,
cefotaxime) cephalosporins, with or without clavulanic acid, to detect the
production of ESBL. The result of this test is integrated into the antibiogram

through the action of the BDXpert system.

Some of the antibiograms weedso confirmedby Kirby-Bauer disk diffusion

method as described by the Clinical Laboratory Standards Institute (CLSI)
guidelines (Clinical Laboratory Standard Institute; 2012ommercially available
antibiotic disks ©Oxoid, India) were used for antimmbial susceptibility testing.

The following antibiotic disks were useml,mi k a c i jamdxi8iln/clavglanic

aci d ( 2a0mpliOc iclgl)a .t r((ddd®dn &g 8P mgefdxiBn0 € g )
( 30,ceftgzdmg3 0 ),eg@f t r i ax oefusxine BBk Yxigrdfloxacin

( 30,ettapgnem (1@ ygent ami ci mi O & 0 e gmgefofpedemeld )

ey, ni trof urrman foli ovx g cpipetacifadpdobhactgm (100/10

¢ gandof trimethoprim/sulfamethoxazol@.25/23.7%

Diameter of zone of inhibitions were measured and recorded in millimeters with
the help of sliding calipers and organism wWalseledas sensitive, resistant, or
intermediate Isolates previously classified as intermediately susceptible to
ampicillin and céuroxime have been recategorised as susceptible according to 2014
EU/CAST guidelines.

Antimicrobial sensitivity records for each isolate yearly were coded in a Microsoft
Excel 2018 spreadheet and the mean antcrobial resistance displayed as a
histogram.We have calculated an overall pooled mean prevalence for each year.
Changes in resistance prevalence over time withpatrents and otpatients were

assessed by ckguare tests.
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Randomly selected fiftgtrains(nin-patien= 26 and Rutpatients 24) among previously
archivedisolateshavebeen sukculturedon 5% sheep blood aga8ingle colonies
were afterwardselectednBrilliance ESBL agar (OX; Oxoid, Basingstoke, United
Kingdom) for optimal purification prior tofurther molecular baracterization of
ESBL-Producingt. coli.

PurifiedBlue or Pink coloukE. colicolonieson Brilliance ESBL agafOX; Oxoid,
Basingstoke, United Kingdom] ‘} ) have been used fbacterial DNA
extraction QlAamp DNA isolationtechniquehas been usedccording to the
manufacturerdés procedure. The concentrat
spectrophotometeDNA extractsare thenscreened for the presencebtdCTX-

M by PolymeraseChain Reacton (PCR) The PCR reactionsvere performed
within a total volume of 25 pL. The mixture of reaction contained 1x buffer (10
mM TrisHCI, 50 mM KCI), 0.2M of each deoxynucleoside triphosphate, 1 mM
MgCI2, 0.5nmM of forward and reverse primers of CIM genes, and 1 Unit of
Takara Taq (Takara Shuzo Co., Ltd., Shiga, Japgasilowing primer sequences
were used for detection foblaCTX-M genes in this studyCTX-M-F (5™~
ACGCTGTTGTTAGGAAGTG3) and CTXM-R (5-
TTGAGGCTGGGTGAAGT-3") (Mansouri et al 2009)

PCR conditions for amplification of 857 bp fragment of the ENI>Xgenewere
carried out by the thermocycler (AG 22331; Eppendorf, Hamburg, Germany) as
follows: initial denaturation at 94°C for 5 min, denaturatiord4tC for 1 min,
annealing at 58°C for 30 second, and extension at 72°C for werayepeated

for 36 cycles; a final extension at 72°C for 10 min.

Agarosegel electrophoresis have bedoneon a 1.2% agarosgel at 80V for 2
hours. After electrophoredisagmentsverestained by Ethidium Bromide, and then
visualized with ultraviolet light. PCR productgere sequencedinidirectional.
Editing and alignment of DNA sequencesreperformedby using the SeqMan Il
software package (DNAStar, Inc., Madison, WI).
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Nucleotide sequencdsave beercompared with sequences in the GenBank and
EMBL databases the BLASTN
(http://blast.ncbi.nim.nih.gov/Blast.cgibendrogramwere obtained for CTXM

using local alignment search tool
positive sequencdsy ClustalW analysisBranch lengthsveredrawn to scale and

show theproportionalnumberof changes.

Following previously published referanikacrx-v nucleotide sequencesgere sed
for phylogenetic analysis:

CTX-M-1 CTX-M-2 CTX-M-3 CTX-M-4 CTX-M-5 CTX-M-6

X92506 X92507 Y10278 Y14156 U95364 AJ005044
CTX-M-7 CTX-M-8 CTX-M-9 CTX-M-10 CTX-M-11 CTX-M-12

AJO05045 AF189721 AF174129 AF255298 AY005110 AF305837
CTX-M-13 CTX-M-14 CTX-M-15 CTX-M-16 CTX-M-17 CTX-M-18

AF252623 AF252622 AY044436 AY029068 AY033516 AF325133
CTX-M-19 CTX-M-20 CTX-M-21 CTX-M-22 CTX-M-23 CTX-M-24

AF325134 AJ416344 AJ416346 AY080894 AF488377 AY143430
CTX-M-25 CTX-M-26 CTX-M-27 CTX-M-28 CTX-M-29 CTX-M-30

AF518567 AY157676 AY156923 AJ549244 AY267213 AY292654
CTX-M-31 CTX-M-32 CTX-M-33 CTX-M-34 CTX-M-35 CTX-M-36

AJ567481 AJ557142 AY238472 AY515297 AB176534 AB177384
CTX-M-37 CTX-M-38 CTX-M-39 CTX-M-40 CTX-M-41 CTX-M-42

AY649755 AY822595 AY954516 AY750914 DO0Q023162 DQ061159
CTX-M-43 CTX-M-44 CTX-M-45 CTX-M-46 CTX-M-47 CTX-M-48

DQ102702 D37830 D89862 AY847147 AY847143 AY847144
CTX-M-49 CTX-M-50 CTX-M-51 CTX-M-52 CTX-M-53 CTX-M-54

AY847145 AY847146 DQ211987 DQ223685 DQ268764 DQ303459
CTX-M-55 CTX-M-56 CTX-M-57 CTX-M-58 CTX-M-59 CTX-M-60

D0Q343292 EF374097 DQ810789 EF210159 D0Q408762 AMA411407
CTX-M-61 CTX-M-62 CTX-M-63 CTX-M-64 CTX-M-65 CTX-M-66

EF219142 EF219134 AB205197 AB284167 EF418608 EF576988
CTX-M-67 CTX-M-68 CTX-M-69 CTX-M-79 CTX-M-80 CTX-M-81

EF581888 EU177100 EU402393 EF426798 EU202673 EU136031
CTX-M-82 blakiLuc-1 blakiuc-2 blakius-1  blakiua-1 blakLua-2
DO256091 AY026417 EF057432 AF501233 AJ272538 AJ251722
blakiLua-3 blakiua-s  blakiua-10  blakiua-12  blakiuy-1 blakLuy -2
AJ427461 AJ427465 AJ427467 AJ427469 AY623932 AY623935
blakLuy -3
AY824948
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http://www.ncbi.nlm.nih.gov/nuccore/AY044436
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http://www.ncbi.nlm.nih.gov/nuccore/AF325133
http://www.ncbi.nlm.nih.gov/nuccore/AF325134
http://www.ncbi.nlm.nih.gov/nuccore/AJ416344
http://www.ncbi.nlm.nih.gov/nuccore/AJ416346
http://www.ncbi.nlm.nih.gov/nuccore/AY080894
http://www.ncbi.nlm.nih.gov/nuccore/AF488377
http://www.ncbi.nlm.nih.gov/nuccore/AY143430
http://www.ncbi.nlm.nih.gov/nuccore/AF518567
http://www.ncbi.nlm.nih.gov/nuccore/AY157676
http://www.ncbi.nlm.nih.gov/nuccore/AY156923
http://www.ncbi.nlm.nih.gov/nuccore/AJ549244
http://www.ncbi.nlm.nih.gov/nuccore/AY267213
http://www.ncbi.nlm.nih.gov/nuccore/AY292654
http://www.ncbi.nlm.nih.gov/nuccore/AJ567481
http://www.ncbi.nlm.nih.gov/nuccore/AJ557142
http://www.ncbi.nlm.nih.gov/nuccore/AY238472
http://www.ncbi.nlm.nih.gov/nuccore/AY515297
http://www.ncbi.nlm.nih.gov/nuccore/AB176534
http://www.ncbi.nlm.nih.gov/nuccore/AB177384
http://www.ncbi.nlm.nih.gov/nuccore/AY649755
http://www.ncbi.nlm.nih.gov/nuccore/AY822595
http://www.ncbi.nlm.nih.gov/nuccore/AY954516
http://www.ncbi.nlm.nih.gov/nuccore/AY750914
http://www.ncbi.nlm.nih.gov/nuccore/DQ023162
http://www.ncbi.nlm.nih.gov/nuccore/DQ061159
http://www.ncbi.nlm.nih.gov/nuccore/DQ102702
http://www.ncbi.nlm.nih.gov/nuccore/D37830
http://www.ncbi.nlm.nih.gov/nuccore/D89862
http://www.ncbi.nlm.nih.gov/nuccore/AY847147
http://www.ncbi.nlm.nih.gov/nuccore/AY847143
http://www.ncbi.nlm.nih.gov/nuccore/AY847144
http://www.ncbi.nlm.nih.gov/nuccore/AY847145
http://www.ncbi.nlm.nih.gov/nuccore/AY847146
http://www.ncbi.nlm.nih.gov/nuccore/DQ211987
http://www.ncbi.nlm.nih.gov/nuccore/DQ223685
http://www.ncbi.nlm.nih.gov/nuccore/DQ268764
http://www.ncbi.nlm.nih.gov/nuccore/DQ303459
http://www.ncbi.nlm.nih.gov/nuccore/DQ343292
http://www.ncbi.nlm.nih.gov/nuccore/EF374097
http://www.ncbi.nlm.nih.gov/nuccore/DQ810789
http://www.ncbi.nlm.nih.gov/nuccore/EF210159
http://www.ncbi.nlm.nih.gov/nuccore/DQ408762
http://www.ncbi.nlm.nih.gov/nuccore/AM411407
http://www.ncbi.nlm.nih.gov/nuccore/EF219142
http://www.ncbi.nlm.nih.gov/nuccore/EF219134
http://www.ncbi.nlm.nih.gov/nuccore/AB205197
http://www.ncbi.nlm.nih.gov/nuccore/AB284167
http://www.ncbi.nlm.nih.gov/nuccore/EF418608
http://www.ncbi.nlm.nih.gov/nuccore/EF576988
http://www.ncbi.nlm.nih.gov/nuccore/EF581888
http://www.ncbi.nlm.nih.gov/nuccore/EU177100
http://www.ncbi.nlm.nih.gov/nuccore/EU402393
http://www.ncbi.nlm.nih.gov/nuccore/EF426798
http://www.ncbi.nlm.nih.gov/nuccore/EU202673
http://www.ncbi.nlm.nih.gov/nuccore/EU136031
http://www.ncbi.nlm.nih.gov/nuccore/DQ256091
http://www.ncbi.nlm.nih.gov/nuccore/AY026417
http://www.ncbi.nlm.nih.gov/nuccore/EF057432
http://www.ncbi.nlm.nih.gov/nuccore/AF501233
http://www.ncbi.nlm.nih.gov/nuccore/AJ272538
http://www.ncbi.nlm.nih.gov/nuccore/AJ251722
http://www.ncbi.nlm.nih.gov/nuccore/AJ427461
http://www.ncbi.nlm.nih.gov/nuccore/AJ427465
http://www.ncbi.nlm.nih.gov/nuccore/AJ427467
http://www.ncbi.nlm.nih.gov/nuccore/AJ427469
http://www.ncbi.nlm.nih.gov/nuccore/AY623932
http://www.ncbi.nlm.nih.gov/nuccore/AY623935
http://www.ncbi.nlm.nih.gov/nuccore/AY824948

4. RESULTS
4.1. GLOBAL ANTIMICROBIAL RESISTANCE: ONE HEALTH

Today, the most common multiple drug resistant organisrheman medicinare
vancomycinresistantenterococcuspp.(VRE), Enterobacter cloacgelebsiella
pneumoniag methicillin/oxacillin-resistant Staphylococcus aureugfMRSA),
ESBL-producingE. coli, Acinetobacter baumannénd Pseudomonas aeruginosa
(Marshall and Levy 2011 Epidemiologically, MRSA and VRE are the most
commonly encountered multiple drug resistant organisms in patients residing in
nonthospital health care facilities, such as nursing homes and othetelongare
facilities. PenicillinresistanStreptococcupneumonia¢PRSP) are more common

in patients seeking care in outpatient settings such as physicians' offices and clinics,
especially in pediatric settings including kinder gardens. EB®ducing
pathogensre most often encountered in the hospital fisitee care) setting, but

MRSA and VRE also have significant nosocomial ecology.

The increasing crodsorder and crossontinental movements of people plays a
great impact on spread of (resistant) infectious bacteria. The transmission of
resistant bacteria has been reported from person to pérston et al1972.
Among many others, the emergence and global spread of the international clone 1
of penicillin-resistanStreptococcus pneumonié€lugman 2002 and the recently
occurring NDM1 carbapenemag®oducingK. pneumoniagKumarasmy et al

2010 are good examples of how mutésistant bacteria have spread by the
movement of people. NDM i n a c t iactamardimicrabibslandfappears to
have originated on the Indian subcontinent and subsequently could be found in
North America, the UK and Europ€&he global epidemiology and the origin of the
antimicrobiatresistant microorganisms and its genetic elements involves complex
and largely unpredictable systems that include several reservoirs (animals, humans,

and the environment).

The veterinary medicahntimicrobias were introduced soon after they became
available for the treatment of human diseases from thel@d€s and omard
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(Gustafson et al 1997 and Mcewen 2D0Bhe most of the exclusively used
veterinary antimicrobials are structurally identical or very similar to those used in
human medicingHeuer et al 2009 and Swann 19@Bigure §.

Figure 8. Antimicrobials used in veterinary and in human medi¢kigure by
Leon Cantas, 2014).

In Europe, in 2012 the human population of the European Union (EU) was

approximately 500 millior{http://epp.eurostat.ec.europa.@u/The number of pet

owning households were estimated around 70 million in 2010
(http://www.fediaf.org/factdigures), while food producing animals in stock

reached a total of more than 200 million (cattle, pigs, sheep, goats, and chicken)

that lived on farms and were potential consumers of antimicrobials
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(http://epp.eurostat.ec.europa.euAnnually a large amount of drugseabeing

used worldwide to sufficient quantities of food to feed a rapidly growing world
human populatiorfVazquezMoreno et al 1990; Roura et al 1992; Rassovd an
Schaper 1996 Martin et al 1996) The farm animals consume worldwide
approximately 8 million kg o&ntimicrobiat annually (70 % of which is used for
nontherapeutic purposes such as growth promotion; forbidden in EU from January
2006, and disease prevention) compared with only approx. 1 million kg per year

used in human medici®oe and Pillai 2003

In the veterinarymedicine antimicrobials are used differently compared to the
human medicineFor example, growth promotion, prophylaxis and metaphylaxis
(Andersson 2003; Anthony et al 2001; Cabello 2006; Casewell et &.2003

Antimicrobials are routinely fed to livestock as growth promoters to increase profits
and to ward off potential bacterial infections in the stressed and croivdstbtk
factory environmentln the EU the use of avoparcin was banned in 1997 and the
use ofspiramycin, tylosin and virginiamycin for growth promotion were banned in
1998. All other growth promoters in the feed of food producing animals were
banned fromJanuary 1, 2006 after a few national bans the years ahead

(http://europa.ey In theUnited StatesUS) politicians are discussg to introduce

a similar ban (42, 109' U.S. Congress. Preservation Ahtimicrobials for
Medical Treatment Act.Despite the ban on the use ofaitimicrobias as growth
promoters in the EU and a ban on the use of quinolones as growth promtiers in
poutry feed in the USmedical importanantimicrobias are still routinely fed to
livestock prophylactically to increase profits and to waffdpotential bacterial
infections in the stressed and crowded livestock and aquaculture environments in
some parts of the worlfCabello 2006; Ndi and Braton 2012; Smith et al 2009
Because stress lowers the immune system funati@mimals,antimicrobiat are

seen as especially useful in intensive animal confinenfelaiserson 2000 The

nontherapeutic use @ntimicrobiak involves lowlevel exposure in feed over long
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periods- an ideal way to enrich resistant bacterial populafieuliberg et al 2011,
Koharski et al 2010; Sharma et al 2008

The use ofantimicrobia in animal husbandry for many years has exerted an
evolutionary-sefyfedbt sepbPativie pressure)
bacteria which survive in farm animals. For years we have been actively selecting
for bacteria which possess genes capalbleonferringantimicrobial resistance

(Sundin et al 1995; Bastinello et al 1995; Alexander et al 2011

Despite large differences in methodology, most results demonstrate thatioong

after the introduction of amntimicrobial in veterinary practice, resistance in
pathogenic bacteria and/or the fecal flora increases. In particular, thespvishal

use ofantimicrobias in animals has resulted in an increased emergence of dlacteri
resistance toantimicrobiabs, in zoonotic organisms such as bacteria in the
Salmonella Campylobacter, Listeriand Enterococcusgyenera, as well as the

coli speciesSome zoonotic bacterial are propagated primarily among animals and
subsequently infect peop{€orpet 1988; Levy 1984; Marshall et al 1990; Sundin
et al 1995.

Moreover antimicrobial resistance has been detected in different aquatic
environmentgAsh et al 2002. Fish pathogenic bacteria often produce devastating
infections in fish farms where dense populations of fish are intensively reared.
Bacterial infections in fish are regularly treated watfitimicrobiaé in medicated
feed. So far most of the fish pathogebacteria with a history in diseased fish farms
have developed drug resistan¢@grum 2008 Modern fish farming relies
increasingly on vaccination procedures and improved management to avoid
infections(Bowden etal 2003. For example,ite Norwegian aquaculture industry
has produced over one million tonnes farmed fish
(http://www.ssb.no/fiskeoppdrett iy using improved vaccines, management
techniques, andnly 649 kg of antimicrobials in 20{NORM/NORM-VET 2010.
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Companion animals are increasingly treated as family members, also in the context
of ther infectious diseases. For instance, skin infections caused by staphylococci in
dogs with or without underlying allergic reactions result in an increasing use of
semisynthetic penicillinsbecause of the ineffectiveness of penicillin against

penicillinaseproducingS. pseudintermediy¥oon et al 201

Resistant bacteria can be transferred from animals to humans in three ways: i) the
transfer may occur through the food chain. Bacteria originally from food animals
can reach people through improper food handling and inadequate c@®kmgnd

Pilai 2003, ii) livestock animals or animal health workers may also pick up resistant
bacteria and they could also become carriers of the drug resistant bacteria that can
be spread to other humans in the commugiigrvy et al 197§ iii) environment

which is contaminated with manure contains a great variety of bacteria, creating an
immense pool of resistance genes that are available for trandbecteria that
cause human diseag®chauss et al 20D9

On the otherhandt is lately showrthatsoil and wastewatdravea wide dispersion
of AMR genes(Cantas et al 2013). Still, little is known about the diversity,
distribution, and origins of resistance genes, particularly among the as yet

noncultivable environmental bacteria.

Despite the importance of soil and wastewater sytstems as a reservdMRor

genes, and the relevance of wastewater treatment to control resistance spread, to
date the number of studies that have been published remains relatively low (Figure
9) compared to the humamdanimalfocusedsurveys
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Figure 9. The change in number of antimicrobial resistance related published
research papers in different subdisciplines and covering different environments
(modified after Cantas L et al, 2013).

4.2. THE WORRYING RISE OF CYSTITIS SUPERBUGS IN CYPRUS

The major cause of urinary tract infections (UTilshumans i€. coli (Wirth et al

2006) that is most frequently used as an indicator bacterium for addressing
antimicrobial resistance dissemination in different environments and host species.
It is a frequent carrier of different antibiotic resistanceegeand a prominent
constituent of human and animals gut microbittaith et al 2006; Allan et al 2010;
Guenther et al 2031

The prevalence of multidrugesistanE. colistrains is increasing worldwide
principally due to the spread of mobile genetic elements, such as plasmids. Wide
spread of multresistantE. coli, such as ESBiproducingE. coli certainly limits

the infection therapeutic options which is a worldwide gngwhealth problem.
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In E. coli, b-lactamase production is the most important mediator of resistance to
broad spectrum di-lactams including thirdand fourthgeneration cephalosporins

and monobactams.

The Europewide increase of resistancefn colito all antibiotic classes under
surveillance Relatively increasd resistance againts important antimicrobial,
particullarly fluoroquinolonegone of the last resort antimicrobiaiy found to be
alarming.Based on data from hum& coli, gradient incresed resistance levels has
been observed down froGtandinavian tdlediterranean countri€€ars et al 2001

and Eirropean Antibidic Resistance Surveillance 2008).
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A. Proportion of fluoroquinolone-resistant £ coli in B. Proportion of fluoroquinolone- countries in
EU/EEA countries in 2003. EU/EEA countries in 2008.

(Low number™ = less than isolates reported 10 isolates reported)

Data source: EARSS (2008)

Figure 10. Proportion of fluoroquinoloneesistantE. coliin EU/EEA countries in
20032008.

This trend is highlighted by the shift towards red which is evident comparing the
maps of 2003 and 2008 (Figut8-A and10-B). However, percentage frequency

of E. coli resistance profiles for four antimicrobial groughjoroquinolones,
aminoglycosides, thirgeneration cephalosporins and carbapenems, for per
country indicates a multiesistant. coli problem developing during the period of
2003 2005 (Figurel0).
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As indicated on the map (above),-26% of E. coliisolates were reported to be
MDR-resistant in Cyprus 2008

In this study, lhe UTIs rate caused by ESRiroducingE. coliamong hospitalized
patientsfound to beincreased from 36% in 2010/2011 to 53% in 2014 with a
significant increase up to 71% in 29 (p< 0.001) in Cyprus. However, a gradual
increase of ESBIproducing E. coli frequencieswere also observed from
2010/2011 (14%) to 2014 (4499<0.001) in UTIs of oupatients(Figure 11).

B ESBEL positive in-patient B ESEL positive out-patient
100 -

80
60

40 -

%o RESISTANCE

20 ~

2010-2011 2012 2013 2014
YEAR

Figure 11 Percentage distribution of ESBiroducingE. coliin urine samples of
hospitalized patients and epéatients (2010/2012014).

Many of the ESBLEproducingE. coli isolates were resistant to quinolones- (in
patients= 78%, ogpatients= 79%), gentamicin petients= 45%, oupatients=
61%),and trimethoprim/sulfamethoxazole {patients= 60%, oxpatients= 62%),
whereas all ESBIproducing E. coli remained susceptible to amikacin,
carbapenems except ertapenem-p@tents= 6%, odpatients= 11%).Barely

reduction(aprox5%)in Ertapenem rediance from 2010 to 20Masshown among
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in-patients and otpatients.Partial resistance to nitrofurantoin {atients= 14%,
out-patients= 11%) was also observed.

All other non ESBLEproducingE. coli were sensitive to imipenem, meropenem,
amikacin and rostly to nitrofurantoin (inpatient= 91%, oepatient= 93%). The
highest resistance rates were against trimethepuliamethoxazole (inpatient= 69
%, outpatient: 41%) between 2010/2011 and 2(Higure 2 and Figure 13

In-patient E. coli cystitis, R% distribution 20102011 =2012 =2013 m=2014

R%

Antimicrobials

Figure 12 Antimicrobial susceptibility testing for alt. coli strains isolated from
in-patients with cystiti$2010/20112014)
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Out-patient E. coli cystitis, R% distribution 2010-2011 =2012 m=2013 =2014
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Figure 13. Antimicrobial susceptibility testing for alt. coli strains isolated from
out-patients with cystiti$2010/20112014)

There is a lack of knowledge regarding to the origin of antimicrobial reistance in
Cyprus, and the factors associated with the emergence of drug resistance.

The convincing evidence of strong relation between increased antimicrobial
consumption and highelevels of antimicrobial resistance is globally known
(Alanis 2005. According to the lates data that collected by the European
Antimicrobial Resistance Surveillance System (EARSS) which is contracted by the
European Centre for Disease Prevention and r6b(ECDC), and funded by the

EU, the Dutch Ministry of Health, Welfare and Sports and the Dutch National
Institute of Public Health and the Environment; Cyprus has the highepabtent
antimicrobial use rates among the EU/EEA countriesufleid4. These results may

be linked to thehe worrying rise of superbugs the island.
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*Total use, i.e. including inpatients, for Cyprus, Estonia, Greece and Lithuania,
**2006 data for Germany, Greece, Iceland and Lithuania; 2005 data for Poland and United Kingdom.
*#**Reimbursement data, which do not include over-the-counter sales without prescription.

Data source: The European Surviellance of Antimicrobial Consumption (ESAC) 2007,

Figure 14. Total autpatient antimicrobial use in EU/EEA countries.

In another independent cressctional study showed that 97,6% of community

pharmacists were related to inappropriate antimicrobial dispensing without medical

prescriptions i n t he north of

Cyprus

unpublished survey, 2015)urthermore, 60% of physicianse adhered to

internationalantibioticprescribing guidelines (Personal notes, Leon Cantas, 2014)

which may not be relevant to epidemiological essential of the island.

4.3. MOLECULAR CHARACTERIZATION OF ESBL -PRODUCING

ESCHERICHIA COLI IN CYPRUS

In the literature a gregeneticdiversity of ESBLswere showed (Figure 15)and

ESBL encoding genesnainly encoded bymobile genetic elements such as

plasmidstransposons or integro&niadkwoski, 2001)which facilitategransfer

between organismandthe lower digestive tract of colonized patients has been
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recognized as the major source of ESBaducing organism@niadkwoski, 2001;
Lucet and Regnier, 1998

Classification of Beta-Lactamases

|
| ! ' |

Class A Class D Class B Class C
* SHV * OXA * IMP * AmpC
~JEM_ _ «VIM * CMY
L. cTX-M1! « NDM-1 + FOX
« KPC * MOX
‘ mutations

l v

Extended-Spectrum B-Lactamases Metallo-B-Lactamases AmpC B-Lactamases
(ESBLs) (MBLs)

Figure 15. Classification of Betd.actamasesAccording toglobal distribution
point of view, diring the lasR0 yearsmost of the ESBL found i&. colihas been

of TEM or SHV lineage. Recently TEM and SHV types have been replaced by
CTX-M-type ESBL, whose emergence and proliferation are significantly increased
in group of class ABou G et al, 2002

The first CTXM-type ESBL (CTXM-1) was isolated from enterobacterial strains
in 1980s, in Europe (Bonnet R, 2004)ince then, over 50 variants have been

described in 6 sublineages (Rossolini et al 2008).

In this study forty-two strains (84%) were positive folaCTX-M amongfifty
ESBL producing E. coli (Figure 16a). Previously published 85 nucleotide
sequences dilaCTX-M genes were included in recent sequencing data for

phylogenetic analysis (Figure -18.
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Figure 16a. Phylogenetic tree dilaCTX-M sequenceBtis study42.
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Figure 16.b.Phylogenetic tree dilaCTX-M sequenceBtis study=42 andnpreviously

published85.
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