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ABSTRACT

Extended spectrum p-lactamases (ESBLs) are enzymes commonly produced by the
family Enterobacteriaceae. They exhibit wide spectrum activities against penicillins, first-
, second-, and third-generation cephalosporins, and monobactam, aztreonam (but not the
cephamycins or carbapenems), but inhibited by p-lactamase inhibitors. CTX-M f-
lactamases were discovered at the beginning of 1990s. They are now replacing TEM and
SHV mutants in E. coli isolates from both community and hospital sources worldwide.
Genes encoding CTX-M f-lactamases are found on plasmids commonly harboring
multidrug resistant genes. Multidrug resistant organisms cause profound effects on
patients and complicate medical treatment. In Palestine, a paucity of information is
available regarding this significant topic. The aim of this study was to determine
phenotypic and molecular epidemiology of ESBLs among E. coli isolates from various
clinical sources. Preliminary screening of ESBL-producers was achieved by utilizing 1
pg/ml cefotaxime containing MacConkey plates and double disk synergy tests. The
suspected ESBL-producers were confirmed by Combination disk test and molecular PCR
technique. Agar dilution method was used to determine MICs to all ESBL isolates using
different antimicrobial agents. Occasionally, faecal carriage of ESBL-producing E. coli
was evaluated in patients with urinary tract infection caused by the same organisms. A
rate of 18.2% (77/423) of E. coli isolates were designated as ESBL producers. All ESBL
isolates exhibited 100% susceptibility to meropenem, while 30% (23/77) were multidrug

resistant to non-f-lactam agents; gentamicin, levofloxacin and sulfa drugs.

Xvil



CTX-M was detected in all ESBL isolates (100%) while TEM and SHV [-lactamases
were found to be 59.7%, (46/77) and 1.3% (1/77) respectively. Analyses of CTX-M
amplicons revealed that 80.5%, (62/77) and 19.5%, (15/77) were CTX-M group 1 and
group 9 respectively.

ESBL-producing E. coli was detected in faecal samples of eight patients with urinary
tract infection due to the same organism. These ESBL isolates had similar genotype and
susceptibility profile to the third generation cephalosporins except in one case where
CTX-M was not detected. Our findings indicate that CTX-M-15 like allele which belongs
to group 1 is the most common CTX-M type detected which agree with many studies
conducted worldwide. The ESBL detection rate described in this study was comparable
to worldwide studies, tends to be towards the upper end of the spectrum, and is therefore

a major cause for concern.
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INTRODUCTION

Members of the family Enterobacteriaceae are Gragative bacteria that commonly
caused community and hospital-acquired infecti@ssherichia coli (E. coli) is the most
commonly isolated organism within this family, atite major cause of urinary tract
infections (UTIs). Resistance related to productidfi-lactamasess the most common
resistance mechanism utilized the Enterobacteriaceae agaifidactam antibioticsp-
lactamases are bacterial enzymes which protecoboriganismdrom the lethal effects of
B-lactam antibiotics by hydrolyzing ttgelactam ring rendering the drugs inactive [1]. In
addition, B-lactamases are either chromosomally encoded plasmid mediated
Chromosomal types are either constitutively producer inducible Klebsiella
pneumoniae for example, produces class AB-lactamase constitutively, whereas
Enterobacter cloacae, Enterobacter aerogenes, Citrobacter freundii, Serratia spp., and
Pseudomonas aeruginosa produce inducible class lactamases [2]. Plasmid-mediated
B-lactamases have become prevalent among gram-wedscteria during the past 50
year. The first plasmid-mediatgillactamase in Gram-negative bacteria, TEM-1, was
described in the early 1960s carried by transposonglasmids [2]. The TEM-1 genes
have spread to several bacterial species and reivibdited throughout the world. SHV-1
is another frequently encountered plasmid-medifitéatctamase among gram-negative
bacteria[2]. In the early 1980s, third-generation cephalospowese introduced in the
clinical practice ag-lactam antibiotics that are not affected by theaswnp-lactamases.
However, few years later, hospital-acquired infatsi were caused bf-lactamase

resistant mutants. These new mutants were ableutratize the activity of expanded-



spectrum cephalosporins, and monobactams and #signated as extended-spectifiim
lactamases (ESBLS[2]. SHV-2, the first plasmid-mediatefl-lactamase capable of
hydrolyzing extended-spectrum cephalosporins, ve@®erted in Germany in 1983 [3].
SHV-2 plasmid was spread amoRgcoli isolates in ICU units via conjugation. These
strains carrying SHV-2 plasmid had been known Fairt resistance to cefotaxime and
ceftazidime [3].

In France in 1984 [4K. pneumoniae isolates with the ESBL phenotype carrying TEM-2
B-lactamase plasmid were detected in different halspiThis enzyme was first named
CTX-1 and later TEM-3. Both TEM and SHV ESBL enzymare now distributed
worldwide. They have been associated with Entetebiaceae species, particularly
amongK. pneumoniae and Enterobacter spp. isolates recovered from ICU patients and
recently withP. aeruginosa andAcinetobacter baumannii. Several epidemics have been
reported, and new ESBL variants of TEM and SHV hlagen identified in Europe and
other geographical arefs.

In 1989, in Germany [5] and Argentina [5] and therFrance [5] and ltaly [5], a new
ESBL family was first reported ifE. coli isolated from clinical specimen. The first
enzyme of the new CTX-M family was designated aX®/1-1, indicating its hydrolytic
activity against cefotaxime [5]The CTX-M ESBLs have also been detected in many
species of Enterobacteriaceae family. The sprea€TX-M producing isolates was
limited to specific geographic areas during the@O®Recent epidemiological studies on
ESBL-producing bacteria demonstrated a dramatiease in the prevalence of CTX-M

enzymes worldwide [6].



In 1991 in Ankara (Turkey) [4], and later in Franpg, oxacillinases conferring a
phenotype similar to that of ESBLs, but with littiehibition by clavulanate, were
identified. They were recognized as mutants of ére@gended-spectrum OXA-tyde
lactamases (most are OXA-10). These variants haen Bound worldwide and are
commonly associated witR. aeruginosa and, to a lesser extent, wifk baumannii or
Enterobacteriaceae. Less prevalent ESBL groups asacRER enzymes were mainly
found inP. aeruginosa andAcinetobacter spp., and VEB and GES 1 aeruginosa and
Enterobacteriaceae. These groups are often trab$ferand usually inhibited by
clavulanate. Other rare types encountered inclid® &d IBC enzymegl].

Genes encoding ESBLs are frequently found on tmeesplasmid as genes encoding
resistance for other classes of antibiotics suclarasoglycosides, tetracyclines, and
sulfonamides. In addition, many of the Enterobaatexae possess chromosomal changes
that confer resistance to fluoroquinolones [2]. As result, ESBL-producing
Enterobacteriaceae detected in hospitals are frgiguenultidrug resistant, posing

particular difficulties in the treatment of infeatis, especially in critically ill patients.

Features ofEscherichia coli

Theodor Escherich, a German scientist first deedritE. coli in 1885 [7] in stool
specimens of babies with enteritis and called itt&a@um coli communeE. coli are
Gram negative, facultative anaerobic and non- dating cells belonging to the family
Enterobacteriaceae. Theye motile, rod-shaped with about 2 um long and b in

diameter, and a cell volume of 0.6-0.7 1{8j.



E. coli strains arepredominant in the human colonic flora. The organisormally
colonizes the gastrointestinal tract of infantshimthours of life, and botk. coli and the
host derive mutual benefif3].

Colonies ofE. coli appear circular, convex, and smooth on agar meftia distinct
margin. It carbe recovered from clinical specimens on MacConkelzasin Methylene-
Blue selective media at 37° C under aerobic cooati

E. coli are usually identified via biochemical reactionshese tests can be performed
either by conventional or semiautomated methodsiv@ational identification can be
made by examining selective media for typical gigvdecarboxylation of lysine, typical
A/A reaction on Triple sugar iron, production ofdole, and positive Methyl Red test
reaction[10].

E. coli can cause several infections including Hemolytretbic Syndrome (HUS), UTI,
gastroenteritis, neonatal sepsis and meningitig dfopathogeni&. Coli (UPEC) are
the most common cause of community-acquired UTI amedresponsible for 70-90% of
the estimated 150 million cases diagnosed annudM=C are responsible for 40% of all
nosocomial UTIs, emphasizing its significant as onajosocomial pathogens [12]. In
ascending infections, fecal bacteria colonize tlethua and spread up the urinary tract to
the bladder as well as to the kidneys causing pyggbritis. Because women have a
shorter urethra than men, they are 14-times mkedylito suffer from an ascending UTI.
UPEC utilize fimbriae to bind urinary tract enddtakecells and colonize the bladder

[13].



Antimicrobial Agents

Mechanisms of Action

Antimicrobial agents are the main therapeutic nmeamneat bacterial infections. They can
be classified bactericidal or bacteriostatic [1Bjctericidal antibiotics kill bacteria
directly while bacteriostatic ones inhibit theilogith. However, in practice, both classes
are capable of eliminating a bacterial infectiompBnding on their origin, antimicrobial
agents can be classified into three groups; ndyuoaturring such as penicillins, semi-
synthetic such as third generation cephalospoaing artificially synthesized agents such

as quinolones and their derivatives, the fluoroglanes as shown in Figurg15].

Further classification of antimicrobial agents calso be made according to their
mechanism of action [16B-lactams are directed against cell wall synthes&crolides

inhibit protein synthesis, quinolones interferehamucleic acid synthesis, trimethoprim
and sulfamethoxazole inhibit metabolic pathway wipblymyxins disrupt membrane

structure. Mechanisms of action of antibiotics summarized in Table 1.
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Figure 1. Core structure (scaffold) of each class of antibso(black) and their Synthetic
derivatives (red). The quinolone scaffold is sytithevhereas the other scaffolds are
natural products [15].

Table 1.Mechanisms of action of antimicrobial agents.

Mechanism of action Antimicrobial agents

B-lactams: penicillins, cephalosporins,
carbapenems, monobactams.
Glycopeptides: vancomycin, teicoplanin

1. Interfere with cell wall synthesis

2. Inhibit protein synthesis
* Bind to 50S ribosomal subunit
* Bind to 30S ribosomal subunit

Macrolides, chloramphenicol, clindamycin.
Aminoglycosides, tetracyclines.

3. Interfere with nucleic acid
synthesis
* Inhibit DNA synthesis
* Inhibit RNA synthesis

Quinolones.
Rifampin

Inhibit metabolic pathway Sulfonamides, folic acid analogues

S

Disrupt bacterial membrane Polymyxins, daptomycin.

structure




p-Lactam Antibiotics

Penicillin was discovered accidentally in 1928 bigxander Fleming [17]. Since then,
many different classes @flactams were developep:lactams are frequently prescribed
worldwide due to their efficacy and low toxicitg-lactams constitute a large group of
antibiotics containing the characterisfilactam ring (Figure 2) [18]. There are four
major groups ofi-lactams, penicillins, cephalosporins, carbapenants monobactams.
These groups differ in the nature of the extra atigched to thf-lactams one as well as
the side chains attached to the core rings [19].

The effectiveness of-lactam antibiotics attributed to their ability tohibit bacterial
growth by inactivation of the penicillin binding gieins (PBPs). PBPs are enzymes
located on the outer surface of the cytoplasmic brame. They catalyze the final stages

of peptidoglycan (PG) synthesis, the major compboéthe bacterial cell wall [20].



penicillins

e.g. benzylpenicillin,
cloxacillin, flucloxacillin,
ampicillin, amoxicillin,
carbenicillin, ticarcillin,
azlocillin, meziocillin,
piperacillin
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o COOH

cephamycins
e.g. cefoxitin
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R

O

COOH

cephalosporins

e.g. cefalexin, cefaclor
cefadroxil, cefuroxime
cefamandole, cefotaxime
ceftazidime, cefepime,
cefpirome.
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Figure 2. Members of thes-lactam family. TheB-lactam ring is marked in red and the

carbapenems
e.g. imipenem

R

COOH
monobactams
€.g. aztreonam
T,
S~
o 0S0,

ring marked in blue show the different side chaittached to th@-lactam ring [18].



Cephalosporins and Cephamycins

Cephalosporins and cephamycins frlactam antibiotic similar to penicillins. These
classes exhibit a wider antibacterial spectrumjstemany p-Lactamases, and have
improved pharmacokinetic properties. Cephalospomns subdivided into narrow-
spectrum  first generation cephalosporins, broadtsp® second-generation
cephalosporins, and extended-spectrum third andhfageneration cephalosporins as

shown in Table 2 [21].

Table 2.Cephalosporins and cephamycins antibiotics and speictrum of activity.

Antibiotics Spectrum of activity
First generation Activity equivalent to oxacillin against Gram-pagé
Cephalexin, cephalothin, | bacteria; some Gram-negative bactetia ¢oli, Klebsiella
cefazolin, cephapirin, spp, Proteus mirabilis)
cephradine

Second generation Activity equivalent to oxacillin against Gram-paogé
Cefaclor, cefamandole, | bacteria; improved Gram-negative activity against

cefuroxime, cefotetan, Enterobacter, Citobacter and additionaProteus species
cefoxitin

Third generation Activity equivalent to oxacillin against Gram-pogé
Cefixime, cefotaxime, bacteria; improved Gram-negative activity including
Ceftriaxone, ceftazidime | Pseudomonas

Fourth generation Activity equivalent to oxacillin against Gram-paogé

Cefepime, cefpirome bacteria; marginally improved Gram-negative acyivit
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Bacterial Resistance
Mechanisms of Action
Bacterial resistance to antibiotics can occur byess mechanisms as shown in Table 3

[22].

Table 3. Mechanisms of antimicrobial resistance.

Mechanisms of resistance Antimicrobial(s) affected
1- Modification of the antimicrobial Aminoglycosides, chloramphenicol, and
agent B-lactams.
2- Alteration or protection of the target| Aminoglycosidesp-lactams,
site macrolides,  quinolones, rifampicin,

trimethoprim, and tetracycline.

3- Decreased antibiotic accumulation
* Decreased uptake Many antibiotics (quinolones).

e Increased efflux Tetracycline, macrolides, quinolones, and
chloramphenicol.

4- Alteration of the metabolic pathway| Sulfonamides, trimethoprim.

These resistances are either intrinsically mediatad/or acquired process. Intrinsic

resistance is a natural process displayed by athlmees of a species. Acquired resistance

occurs via mutation in the regulatory or structugahes and/or through acquisition of

resistance gene. Evidence suggests that most lahggemomes that have been sequenced

contain foreign DNA segments acquired from exteswlrces. Acquired DNA usually

encodes functions that are of selective advantagthé organism such as antibiotic

resistance [16]. There are three common mechari@n®rizontal gene transfer [16]:

(1) Transformation, grocess by which bacteria takes up free DNA diyetttm their
environment.

(2) Transduction, grocess by which bacterial DNA is moved from onetbaum to

anothery a bacteriophage.
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(3) Conjugation, a process by which living bacteiall transfers genetic material
through cell-to-cell contact.

A number of different DNAelements have played a main role in the developraént
resistance in bacteria. Such genetic elements dachlasmids, transposongenomic

islands, phage, integrons and gene cassettes.

Resistance tg-lactam antibiotics

Resistance t@-lactam antibiotics in Gram-negative bacteria uguatcur by several
mechanisms. Alteration of porin proteins in thel celembrane cause reduced
permeability and block entry of the antibiotic. [E¥ mechanisms to pump out antibiotics
from the bacterial cell. Alteration in the targeBF%s prevent$-lactam binding and
eventually productions di-lactamase enzymes inactivate the antimicrobiah&sg20].
B-lactamases are bacterial enzymes that catalyzéyihelysis of thef-lactam ring to

yield inactive products as shown in figure 3.

Ft?l‘i

;l
o g
Tl Binding

Non-covalent
complex

; - N

(OH O
l' Acervlation

Covalent acyl |

enFymea ks %
o 0"
. E O Hydrolysis
H,O
._ﬁ I = MNH
2 Ol 0

Figure 3. Schematic representation of the activity of anggi-lactamase (blue) (Ambler
classes A, C, and D) [23].
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In Gram-negative bacterig-lactamases remain in the periplasmic space, wtiere
attack thep-lactam ring before it reaches the PBPs. Sincerttreduction ofp-lactam
antibiotics into clinical usep-lactamases have evolved simultaneously. Hundréds o
different B-lactamases have been identified ever since [B4actamases are either
plasmid or chromosomal mediated. The majorityB-dhctamases are plasmid mediated.
The widespread use @flactams is the major factor causifidactamase production by

pathogens.

Classification of g-lactamases

B-lactamases are a large, heterogeneous group abampately 300 enzymes [25]. Many
attempts have been made to categorize and cldbsifiy. Several classification schemes
have been proposed according to their hydrolytecspm, susceptibility to inhibitors,
plasmid or chromosomal origin and amino acid segeeiRichmond and Sykes [26]
proposed the classification ¢#lactamases in 1973. This scheme was base@-on
lactamase function and classifying tfdactamases into five major groups. In 1980,
Ambler [26] presented molecular classification lohea the nucleotide sequence and
protein homology in these enzymes into four clag8eB) as shown in Table 4. Classes
A, D and C act by a serine-based mechanism whalesdB is metall@-lactamases which
requires zinc for their action. A major revisiordaexpansion of the Richmond and Sykes
functional scheme was proposed by Bush [26] in 1888 updated in 1996]. The
revised scheme by Bush is based on four major grdigl) and subgroups (a-f) and
classifies B-lactamases by their substrate preference and by #Husceptibility to

inhibitors such as clavulanic acid as shown in &ab[25]. This functional classification
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scheme provides a useful compilationpefactamase characteristics. The problem with

point mutations that can alter the substrate amnibitor specificity may change the

assigned grouping. The majority of the clinicalipportant -lactamases belong to

Ambler class A and C (Bush group 1 and 2).

Table 4.Classification of}-lactamases [25]

=
T

Functional group| Major subgroup Molecular class| Referred substrate Inhibition by| Representative enzymes
(bush) (Ambler) clavulanic
acid
1 C Cephalosporins - AmpC enzymes from Gran
negative bacteria; MIR-1
2 2a A Penicillins + Penicillinases from Gram-
positive bacteria
2b A Penicillins, + TEM-1,TEM-2, SHV-1
Cephalosporins
2be A Penicillins, narrow- | + TEM-3 to TEM-26,CTX-M
and extended- family, SHV-2 to SHV-6K.
spectrum oxytoca K1
cephalosporins,
monobactams
2br A Penicillins +/- TEM-30 to TEM-36, TRC-1
2C A Penicillins, + PSE-1, PSE-3, PSE-4
carbenicillins
2d D Penicillins, +/- OXA1 to OXA-11, (OXA-
Cloxacillin 10), PSE-2
2e A Cephalosporins + Inducible cephalosporinases
fromP. wulgaris
2f A Penicillins, + NMC-A from E. cloacae,
cephalosporins, Sme-1 fromS. marcescens
carbapenems
3 3a, 3b, 3e B Mog}-lactams - Bacteriodes fragilis
including
carbapenems
4 Not determined penicillins - Penicillinase from

Pseudomonas cepacia
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Extended-Spectrump-Lactamases (ESBLS)

ESBLs are enzymes encoded by genes commonly hdrbarplasmids. These enzymes
have wide spectrum of activity and capable of hiydiag penicillins; first-, second-,
third-, and fourth-generation cephalosporins; adl vae monobactamsp-lactamase
inhibitors such as clavulanic acid, sulbactam, tambbactam inhibit ESBL enzymes.
However, ESBL enzymes are susceptible to carbaperem cephamycins (cefoxitin
and cefotetan) [2]. The ESBL term refer to mutgpes of TEM and SHV enzymes that
can hydrolyze oxyimino-cephalosporins. These ensymere classified as group 2be

with the Bush functional scheme and class A inaiimbler scheme [2].

Structure of p-Lactamases

Beta-lactamases in general are globular proteimsposed of alpha—helices and beta—
pleated sheets. They share a common overall topaegpite their variability in amino
acid sequences. All ESBLs have serine at theivadites except metallgHactamases
which belonging to class B. They share severallfzighnserved amino acid sequences

with PBPs [27].

The Origin and Genetic Determinants of ESBLs

The evolutionary origin and structural diversityayla significant role in the activity of
ESBL enzymes. Substitution mutations of the keynamacid in the parent TEM and
SHV enzymes lead to evolution of the most known E8Res [28]. TEM-1B-lactamase

is commonly produced in Gram-negative bacteria aadsing 90% of ampicillin-

resistance irE. coli. TEM-1 can hydrolyze penicillin and early cephgasns. TEM-2
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evolved as a result of single amino acid substituin the parent TEM-1 [2]. TEM types
producing ESBL phenotypes evolved by substitutiartations in the enzyme active site.
They include glutamate to lysine at position 104jrane to either serine or histidine at
position 164, glycine to serine at position 238 ghdamate to lysine at position 240 [2].
The SHV-1p-lactamase is commonly found kK pneumoniae and responsible for up to
20% of the plasmid-mediated ampicillin resistantehis species. The changes in fewer
positions within the structural gene give rise td\Svariants. It was suggested that the
origin of blagpy was chromosomal mediatedin pneumoniae. Evidence shows that 26
element played a role in the mobilizationbbésyy to plasmid Some reports illustrated
the presence dilasyy-s betweentwo 1S26 elements together with the sequence identical
to part of theK. pneumoniae chromosome [29].

Mutations in the OXA enzymes can give rise to ESBlenotypes. They are commonly
produced byP. aeruginosa and can be detected many other Gram-negative bacteria
[29].

In general, the amino acid substitutions in limipasitions within the active site of TEM,
SHV and OXA enzymes lead to various changes thettatheir structures and activities.
The active site of these enzymes may expand toohymlr the oxyimino-cephalosporins
and monobactams. In addition, they can hydrolyseifip oxyimino-cephalosporins, and
increase their susceptibility falactamase inhibitors [29].

The selection pressure that drives the emergenE&BLs has usually been attributed to
the intense use of oxyimindtactams, mainly the third generation cephalosporSBL

is characterized by highlselective substrate preference [2]. The selectfaa marticular

enzyme variant in a given center has frequentiynlatibuted to the specific profile of
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antibiotic use but such a correlation has not abvbgen observefB0]. The strong
selective pressure for the usefelactam drugs exerted on ESBL producer strains may
lead to the selection of strains that hyperprod&&BL, the emergence of strains
expressing different types of ESBLs, the selectidbrcomplex mutant enzymes with
inhibitor resistant phenotype or porin alteratibattlead to the development of resistance
to cephamycins and other antimicrobi@8].

Among the non-TEM, non-SHV ESBLs, the CTX-flactamases are the most
prevalent. Unlike most (but not all) TEM and SHWiged ESBLSs, CTX-Mp-lactamases
hydrolyze cefotaxime and Ceftriaxone better thagytbo ceftazidime. It also appears
that CTX-M enzymes are more readily inhibited byotaactam than they are by
clavulanic acid. CTX-M3-lactamases are commonly foundEncoli andK. pneumoniae
[31].

The origin of the CTX-M enzymes is different frohretmutated origin of TEM and SHV
ESBLs. CTX-M ESBLs were acquired from other baetdry horizontabene transfer by
conjugative plasmid or transposon. Tgene sequences encoding CTX-M enzymes show
a highsimilarity to those off-lactamases dfluyvera species. Iraddition, sequences of
CTX-M adjacent genes of Enterobacteriaceae are safsdar to those flanking the-
lactamase genes on the chromosoméd wfvera species [6].

The substrate specificity for hydrolysis in the GIWKp-lactamases is determined by
substitution mutations: Asn104, Asnl132, Ser237, Asd240. Analysis of the crystal
structure of CTX-M enzymes hagvealed that the active sites of CTX-M enzymes
resemblethose of narrow-spectrum TEM and SHV enzymes (TENGHIV-1) and are

not large enough to recognize ceftazidiméjch is larger than cefotaxime. However,
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substitution of several amino acids improves theviag of CTX-M enzyme against
ceftazidime as seen in CTX-M-14, CTX-M-15, CTX-M-1&d CTX-M-27 [27].
Substitutions oAsp240 and Prol167 are known to lead to such alerat a hydrolytic
profile. Asp240Gly substitution appears tocrease the flexibility of B3B-strand
allowing an increasm the activity against ceftazidime. Mutation abP87 in the omega-
loop modifies the interaction betwep#actams and the binding sites as well [32].
B-Lactam inhibitors such as sulbactam, clavularate, tazobactam are generally known
as inactivators of class A ESBLs. However, the mmnathat affect CTX-M-14 and
CTX-M-44 makes these enzymes active against sw@bgctwhile clavulanate and

tazobactam retain their ability to inactivate thi&3).

ESBL Types:

SHV

SHV-1 is a B-lactamase capable of hydrolyzing penicillins andrrow-spectrum
cephalosporins. Most isolates d&. pneumoniae harbor chromosomal SHV-B-
lactamase. SHV-1 is also common as a plasmid-nestifatactamase among Gram-
negative bacteria [34]. Plasmid mediated SHV-2 \E8BL phenotype was first reported
in clinical isolates oK. pneumoniae, K. ozaenae, and S. marcescens in Germany, 1983
[34]. SHV-2 was found to be more active againsbtfime than ceftazidime [2]. SHV-2
differs from SHV-1 by one amino-acid substitutioh@ly 238 Ser. Thereafter, several
SHV variants with ESBL activity have been describédost have a Gly238Ser
substitution in common. In addition, a number ofiaats related to SHV-5 also have a

Glu240Lys substitution. Ser- 238 is essential fafotaxime hydrolysis whereas
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additional Glu240Lys substitution increases therblydic activity against ceftazidime

[34].

TEM

In 1965, the first plasmid-mediated TEMpilactamase was reported i coli isolate
recovered fronTemoniera, a female patient in Athens, Greece [2]. TEMas substrate
and inhibition profiles similar to those of SHV-3oonafter, TEM-2 was discovered and
has hydrolytic activity as TEM-1 but differ frombi single amino acid substitution.

In France 1984 [2], TEM-3 with ESBL phenotype wastedted inK. pneumoniae
isolates harbored a novel plasmid-medigiddctamases with enhanced activity against
cefotaxime. TEM-3 differs from TEM-2 by two amino acid substitin: Lys for Glu at
position 102 and Ser for Gly at position 236 [IMpre than 150 TEM-typg-lactamases
have been described eversince. The majority ofettezymes are ESBL types. The
amino acid changes in comparison with TEM-1 and TEMre documented at
http://www.lahey.org/studies/ temtable.htm [35].n&0 of the TEM variants reveal the
characteristics of inhibitor-resistafitlactamases with low activity against oxyimino-
cephalosporins [2]. Other TEM variants combined tiarolytic activity against
oxyimino-cephalosporins together with inhibitor istance [2]. These enzymes are
referred to as complex mutants of TEM (CMT). A CMiizyme possesses both of the
amino acid substitutions observed in TEM ESBLs dnose observed in inhibitor-
resistant TEMs. CMPB-lactamases poses a challenge in detection of E8BEBnical
practices. Inhibition of ESBLs bf-lactamase inhibitors as a phenotypic methods used

detection of ESBLs is not applicable to CjdTactamases.
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CTX-M

The CTX-M B-lactamases was first reported in 1989 [34]. It wexovered from clinical
E. coli isolate. The hydrolytic activity of CTX-Ms-lactamases is more potent against
cefotaxime than ceftazidime and so called CTX-M#1.1992 [34], a new plasmid-
mediated cefotaximase, designated CTX-M-2, withisoelectricpoint different from
that of CTX-M-1, was describedrom multidrug-resistantS. enterica serovar
Typhimurium. CTX-M-44 (Toho-1) was reported in 1995 [36] witigh homology in
amino acid sequence to CTX-M-1. Currently, morent@@ CTX-M enzymes have been
described [35]. According to homologyf their amino acid sequences, CTX-M
lactamases are divideato five subgroups named CTX-M-1, CTX-M-2, CTXM-8TX-
M-9, and CTX-M-25 [34].

On agar media, CTX-M producers are often cefotaximesistant while ceftazidime
susceptible. However, some CTX-M types like CTX-Bl-4nd CTX-M-16 have potent
activity against both cefotaxime and ceftazidimeld#ionally, most CTX-M enzymes
hydrolyze cefepime effectively and MIC values ofeggme for bacteria producing CTX-
M enzymes tend to be higher than those producingrdiypes of ESBLs [2]0rganisms
producing TEM and SHV-typESBLSs are identified mainly from hospitalized patge A
growing number of infections caused by CTX-M prodgcorganisms have recently
beenreportedin the community [2]. In community acquired UTI<. coli was the main

causative organisms.
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GES

GES-1 was first reported in a strainkafpneumoniae isolated from a neonatal patient in
France [37]. GES-1 has hydrolytic profile like atHeSBL types. However, a Gly170
substitution inside the omega-loop appears to #tersubstrate profile of the enzyme.
GES-2, which has Gly170Asn substitution comparethvGES-1, has an increased
activity against imipenem and decreased activilgiresgj oxyimino-cephalosporins [38].
In addition, B-lactamase inhibitors only weakly inhibit GES-2. &&, which has a
Glyl70Ser substitution compared with GES-3, is alsapable of hydrolyzing
carbapenems and weakly inhibited IBylactamase inhibitors. Furthermore, GES-4

extends its hydrolytic activity towards cephamydi3g).

OXA

The OXA type ESBLs was first reported fh aeruginosa isolates from a single hospital
in Ankara, Turkey [2]. They are classified in dd3 according to the Ambler scheme
and in group 2d according to the Bush functionhkste (table 4) [2]. OXA enzymes are
commonly produced irP. aeruginosa and to a lesser extent in other Gram-negative
bacteria. Up to 10% of th&. coli isolates, produce OXA-1 typg-lactamase. OXA
enzymes have variable inhibition profile pyjactamase inhibitors [40]. In addition, Most
OXA B-lactamases have only minor activity against oxgioacephalosporins. However,
OXA-10 and its derivatives (OXA-11, OXA-14, OXA-1and OXA-17), OXA-13 and

its derivatives (OXA-19 and OXA-32), and some otB4A enzymes (e.g., OXA-18 and

OXA-45) have varying degrees of activity againstioxno-cephalosporins [2, 41].
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These enzymes are regarded as OXA-type ESBLs areddeen discovered mainly ih

aeruginosa isolates.

Other ESBL Types

A number of other groups df-lactamases capable of hydrolyzing extended-sp&ctru
cephalosporins have been reported. VEB-1, PER-1 BiE8-1 are less commonly

encountered genes encodelactamases capable of hydrolyzing third generation
cephalosporins. Most of these enzymes are plasnadiated and have remarkable

geographic diversity [2].

Risk Factors for Colonization and Infection

Several risk factors associated with the acquisitd ESBL infections are suggested.
Serious illness, chronic infection and prolongedpitalization predispose infections with
ESBL producers. Patients with Medical devices sashendotracheal tubes or urinary
catheters and extensive use of antibiotic areatlsisk [42]. There is a direct relationship
between antibiotic use and emerging resistancdtdras been suggested that restriction
of some antibiotics, particularly third generatioephalosporins, may reduce resistance
and improve patient’s response [43]. Patients épémhwith ESBL organisms are usually
elderly, neonates, patients admitted to ICUs dreoaisidered at risk for ESBL infection.
Antibiotic treatment as well as colonized and itdelcpatients could be risk factors for
transmission of resistant strains to other patieMany investigators observed an
association between ESBL production and mortalities in patients with prolonged

hospital stays [1].
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Epidemiology of ESBL-Producing Organisms

The ESBL-producing organisms were primarily in Epgd2], Germany [2] and England
[2] at first then in France [2]. Currently, ESBL+ogucing organisms are spread
throughout the world and were reported in all cogrtits.

The majority of ESBL producers are members of tha&efbacteriaceae family,
predominantly irk. coli andKlebsiella spp. However, ESBB-lactamases in other gram
negative bacteria are not as common and mostlyrtespoin P. aeruginosa and
Acinetobacter isolates [2]. The information provided in the Meropenem Yegar
Susceptibility Test Information Collection (MYSTIGYudy [44] reflects recent global

trends in Enterobacteriaceae expressing the ESBhgiipe (Table 5).

Table 5 Percentage of organisms expressing ESBL pheaatyMYSTIC study, 1997—
2003 [44].

Isolates with ESBL phenotype
E. cali K. pneumoniae P. mirabilis
(%) (%) (%)
North America 7.5 12.3 3.9
South America 18.1 51.9 6.2
Northern Europe 16.2 16.7 5.9
Southern Europe 16 24.4 20.5
Eastern Europe 28.9 58.7 21.3
Asia-Pacific 14.2 28.2 23.7

In southeastern Mediterranean region, the registaate to third generation
cephalosporins in Enterobacteriaceae isolates wasdfto be 70% in Egypt, 26% in
Morocco and 31% in Turkey [45].

The PanEuropean Antimicrobial Resistance using IL8caveillance (PEARLS) study

(2001-2002) [46] conducted to evaluate ESBL ratenmdical centers in Northern and
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Southern European countries, Egypt, Lebanon, SAtahia and South Africa. ESBL
production rates amorig coli, K. pneumoniae and Enterobacter spp. was 5.4%, 18.2%,
and 8.8% respectively. ESBL production rate for Emeerobacteriaceagas 10.5%. The
highest rates were 38.5% in Egypt and 27.4% in €&ree¢hile the lowest rates were 2%
in the Netherlands and 2.6% in Germany.

In Asia, ESBL producers remained low in Japan g varied from 4.8% in Korea [48]
to 12% in Hong Kong [49]. In the Kingdom of Saudiahia (KSA) [46], the PEARLS
study (2001-2002) showed that the overall ESBL potion rate from
Enterobacteriaceagas (18.6%)In Riyadh [50],a tertiary care hospital collected blood
culture isolates from January 2003 through Decerib@4d. The rates of ESBL producers
were 48.4% inK. pneumoniae and 15.8% inE. coli. Another study was conducted in
KSA [51] describing ESBL organisms producing baeteia. A total of 27%E. coli and
17.1%K. pneumoniae were found to be ESBL producers.

In Lebanon [52], the prevalence of ESBL-producisglates was 8% amork coli and
20% amongKlebsiella spp. In Turkey [53] at Istanbul University Cerrasp hospital,
ESBL organisms causing bacteremia were 4%oli and 49%K. pneumoniae. In Iran
[54], the prevalence of ESBL among 66 Gram negdbaeteria isolates from ICUs at
Sanandaj's Hospitals was 34.85Wh.Gaza strip, Palestine [55], the percentage &LESS
producer amond=. coli from community patients was 3.3%»n 2008 [56], a cross-
sectional study conducted in Nasser Hospital intl®a Palestine reported a prevalence
of ESBLs of 35% and 9% amoig pneumoniae andE. coli respectively. In the United
Arab Emirates [57], a study conducted on hospedlipatients (130 Enterobacteriaceae

ESBL isolates) had rates of 32ocoli, 36% K. pneumoniae and 4%K. oxytoca.
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In Israel [58], the rate of ESBLs ranges from 1@&0% amondlebsiella spp. ancE.
coli isolates causing hospital-acquired infectioimsa study conducted in Israel, 2003,
[59] the rate of ESBLs amorig. coli and K. pneumoniae combined was 25.6% with a
rate of 22% (77/250) fdE. coli and 40.5% (34/84pr K. pneumoniae.

The significance ESBL-producing Enterobacteriacapathogens is recognized in both
community and hospital acquired infections. In tase of nosocomial infections, it is
mostly predominate in intensive care units, generadlicine wards, as well as in long-
term care facilities [44]. Other hospital unitsttla@e at increased risk include surgical
wards, pediatrics and neonatology, rehabilitatioitsuand oncology wards. Community
clinics and nursing homes have also been ident#gedootential reservoif28].

The transition of ESBL-producing Enterobacteriacdéaen the community into the
hospital has been attributed to ‘home care prosidard other factors that pose a public
health threat such as food production and distiobutnimal farms and sewage [44].

The ESBL variant may appear in a Center dueemovo selection. Selection process
occurs usually in ICUs which may lead to patienttsonization or infection. Once
selected, the ESBL variant may spread in the cdijtelonal dissemination of producer
strains or horizontal transfer of the ESBL-generyag plasmid among non-related
strains[28]. Outbreaks usually start in ICUs and then agr® other parts of the hospital.
The cross-transmission of the selected resistaainstwas mostly attributed to hands
contamination of medical and nursing staff. Somgores indicate that contaminated
ultrasound gel, thermometers, blood pressure euffisbronchoscopes may lead to spread

of resistant strainemong hospitalized patients [28].
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Molecular Epidemiology of ESBL Types

The early detection of ESBU$lactamases was TEM and SHV derivatives commonly
isolated fromKlebsiella species. Currently, CTX-M typg-lactamases are largely
increased among Gram-negative bacteria. At the same, E. coli has replaced
Klebsiella as the predominant species of ESBL-producing Ehsareriaceae in most
countries worldwide [60].

More than 300 types of ESBB-lactamases have been described. Some of the ESBL
types are commonly spread among countries whilerstare variable. Comparing the
United States with Europe, TEM-3 ESBL producingaists have only been found in
France but not in the United States while TEM-1@&asnmon in both countries [25].
SHV-5 B-lactamase is very common worldwide and has beandfan France, Greece,
Poland, Hungary, South Africa, the United Kingdondahe United States. SHV-12 is
the most common ESBL found in Korea [61]. CTX-M gps asblacrx-m-14 andblacrx-

M-o are endemic in Spain [62)aCTX-M-2 predominates in South America, Japan, and
Israel [63] whileblaCTX-M-15 is distributed worldwide and commonly faum Europe
(except for Spain), North Africa, the Middle EaatdaCanada [64].

In neighboring countries in Lebanon [65], the ptemae ofblactx-m, blarem andblaspy

in ESBLs producinge. coli was 96%, 57% and 67 while amoKtegbsiella isolates was
40%, 82% and 88% respectively. Sequence analygsled that CTX-M-15 and TEM-1
and six SHV types are the dominant typlesEgypt [66], 66% of the ESBL producing
Gram negative isolates were CTX-M group one, maldlyX-M-15 type.In Israel [67,
68], CTX-M- 2 and CTX-M-25 were found to be the oraESBL groups detected among

CTX-M types produced by Enterobacteriaceae sppAlgeria [69], CTX-M-15 was



26

reported as common CTX-M types followed by CTX-MHK3.Kuwait [70], CTX-M-15

was detected as the common CTX-M types followe€H)-M-9.

Detection Methods for ESBLs

Numerous detection strategies have been develdpedghout the world to identify
ESBLs producing organisms. National breakpoingarging ESBL are quite different.
According to CLSI criteria, resistance to ceftriagp cefotaxime, ceftazidime, cefepime,
and aztreonam is defined by MIGs16 ug/ml [71]. Treatment of infections caused by
ESBL-producing organisms with extended-spectrumhakysporins or aztreonam may
result in treatment failure even when the causainganisms appear to be susceptible to
these antimicrobial agents by routine susceptbtitsting[2, 72]. In addition, several
ESBL producers have MIC values for extended spetttaphalosporins and aztreonam
below the standard breakpoints for resistance, (eejween 2 and gg/ml). Revision of
cephalosporin  breakpoints has been achieved by BEheopean Committee on
Antimicrobial Susceptibility Testing (EUCAST) ansl under way by the CLSI for better
prediction ofclinical outcome by MIC valuds3].

Since the 1980s, several phenotypic tests for tieteof ESBL-producing organisms
were developed. All methods utilize the charactiessof ESBLs: conferring a reduced
susceptibility to extended-spectrum cephalosporam&l inhibition by clavulanate.
Detection of ESBL production by organisms with iodile chromosomal Amp(-
lactamase is difficult using these methods bec#uspC p-lactamase resists inhibition
by clavulanate. In addition, clavulanate may acamsnducer of chromosomal Am=

lactamases of these organisms [74].
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Recommended Methods by CLSI

The CLSI recommends screeniBgcoli, K. pneumoniae, andK. oxytoca (and isolates of
P. mirabilis causing bacteremia) for potential production oBESThe CLSI method for
ESBL detection consists of an initial screening feowed by phenotypic confirmatory
test [75].

Initial screening can be performed by several nadgh®isk diffusion and broth dilution
are common screening methods utilizing third getieara cephalosporins like
cefpodoxime, ceftazidime, ceftriaxone, cefotaxinad aztreonam. A decrease in
susceptibilities to one or more antibiotics testealy indicate production of ESBLs and
warrant performance of the subsequent phenotypniramatory test. Other screening
method can be applied by using 1 or 2 pg/ml thedegation cephalosporins containing
MacConkey plates. After overnight incubation, amgvgth considered as positive screen.
In the phenotypic confirmatory test (Figure 4), caitibilities to cefotaxime and
ceftazidime alone, and those with clavulanate arepared using disk diffusion or broth
dilution method. If the susceptibility of eithertdmotic tested increases significantly (a
>5 mm increase in a zone diameter a13atwo-fold decrease in an MIC) in the presence
of clavulanate, the result indicates confirmatidrE&BL production. It is important to
perform confirmatory tests using both ceftazidinmed acefotaxime to improve the
sensitivity of the test. The use of ceftazidimenalssometime can not detect certain

ESBLs types particularly CTX-M one [76].
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CAZCVA

Figure 4. Positive CLSI recommended method for ESBL prodgcsirains. The
inhibition zone around the CTX/CVA disk is appatemarger than that around the CTX
disk, indicating ESBL production. Comparable ressltobtained with CAZ disk and
CAZ/CVA disk. Note that the inhibition zone diamesgound the CAZ disk is within the
susceptible range>{8 mm). Adherence to the protocol and the use ¢ I@I'X and

CAZ disks are crucial for the highly sensitive aien of ESBL production [34].
CTX, cefotaxime; CAZ, ceftazidime; CVA, clavularacid.

Double Disk Synergy Test

Double disk synergy test (DDST) was the first prsgab testing method for phenotypic
detection of ESBL-producing organisms [77]. DDSTusually performed on an agar
plate with a disk containing cefotaxime (3Qg) and a disk containing
amoxicillin/clavulanate (20ug/10 ng, respectively), placed 30 mm apart (center to
center). Extension of the inhibition zone aroun@ tbefotaxime disk towards the
amoxicillin/clavulanate disk indicates productiohESBL (Figure. 5). Disks containing
other oxyiminop-lactams (ceftriaxone, ceftazidime, or aztreonaam) lse substituted for
cefotaxime disk and performance of this test usmgtiple oxyimino-cephalosporins
improves the sensitivity of DDST in the same wayhbserved in the CLSI method. If the
result of DDST is negative despite the high suspicf ESBL production, adjustment of

disk spacing is recommended [78].
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Figure 5. Positive DDST.K. pneumoniae producing an ESBL: synergy between AMC
(amoxicillin/clavulanate 20ug/10 pg)/ CTX (30 pg cefotaxime) or ATM (30ug
aztreonam).

In addition, the use of cefepime instead of thiesigration cephalosporins improves the
sensitivity of DDST when applied for AmpC producirignterobacteriaceae (e.g.,
Enterobacter spp,K. pneumoniae producing plasmid-mediated Amfzlactamase)79].
This phenomenon is reasonable because cefepinahie sagainst hydrolysis by most
AmpC B-lactamases.

Other tests for ESBL detection are described. Amtrese tests are the Etest and

automated VITEK 2 and Phoenix [34].

Molecular Detection of ESBL

The phenotypic ESBL detection methods describedre@lmovide only presumptive
identification of an ESBL producer. The most commmaolecular method used to detect
the presence of 8-lactamase is polymerase chain reaction (PCR) [R®]previous

studies, oligonucleotide primer sets for TEM-, SHAhd OXA-typep-lactamases were
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used in multiplex PCR to amplify internal regions the targetp-lactamase genes.
Therefore, because the oligonucleotide primer sstsl do not amplify the specific point
mutations in the ESBL gene both classical and E$#les will be amplified and

detected. Nucleotide sequence analysis of thetmeguamplicons is therefore required to
confirm ESBL production. Other PCR-based detectisethods involve the design of
specific primers targeting the specific ESBL muas. However, in this case, for each

new point mutation that occurs in ESBLs new prinmatst be designed.

Control of Infections Due to ESBL-Producing Organisns

Organisms producing ESBLs enzymes have caused fbaalyand national outbreaks,
mostly within specialized hospital units. ResiseamtE. coli is important because the
organism is the most common Gram-negative pathogelespread among populations,
and is important in healthcare settings other thaspitals. Occasionally, control
procedures are unable to eliminate severe infectiand require treatment with
carbapenems. Moreover, recent widespread emergémoaltiresistant strains d&. coli
with CTX-M ESBLs and various pathogenecity factbes further complicated control
measures creating an important international i§30je

Termination of outbreaks due to resistant bactefian involved a previously unused
antibiotic class as at the times of introductioristranethoprim, cephalosporins and
qguinolones. These agents are potent in modifyireg gbt flora, reducing carriage of
epidemic resistance. However, emergence of mukieed strains and the fact that no
new antibiotic classes are available complicatesctintrol of CTX-M-producing strains

[80].
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Multiresistant strains can be controlled by redgcselection pressure by avoiding all
agents to which the strain or plasmid donor orgasigre resistant in the carriage site,
mainly the gut forE. coli. Antibiotics active against ESBL producers ligdactamp-
lactamase inhibitor or aminoglycosides (amikacigymeduce the chance of carriage
[81]. Controls of infections are further enforceg inimizing the frequency of
procedures that carry a risk of promoting infectitmom colonization. Urinary
catheterization, endotracheal or nasogastric ititotis, gut surgery and induction of
achlorhydriaall increase the risk of infection by transferringsistant strains from
colonization to infection sites [82]. Antibiotic gghylaxis in those colonized with ESBL
producer organisms should be modified against ¢henzing strain

Ensuring adequate hand hygiene and staff/ patios minimize the risk of inter patient
spread of resistant strains. Admission from ottwespitals or from residential care should
generate automatic alerts to detect readmittedemati previously found to carry
multiresistant ESBL producers. Staff in the tramghg units should notify the receiving
infection control staff of such transfers. Singb&m accommodation, or cohasblation,
for both current and previous cases, may improv&rob measures and diminish the

chances of spread [80].

Treatment

Antibiotic choices for infections caused by ESBlogmcing organisms are limited.
Treatment of these infections with cephalosporerscépt for cephamycins) has been
associated with poor clinical outcomes, even if ¢thasative organisms appeared to be

susceptible to the antibiotids vitro. Furthermore, ESBL-producing isolatesnd to
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show a high rate of resistance to various othewsselsof antibiotics such as
fluoroquinolones and aminoglycosides [34].

Carbapenems are regarded as the drugs of choitedting of infections caused by
ESBL-producing organisms. Treatment with carbapensinowed a significant improves
in clinical outcome than that with other antibisti84].

Cephamycins (e.g., cefoxitin and cefotetan) arevachgainst ESBLs. However, a
decrease in the expression of outer membrane protay occur during the treatment of
ESBL-producing organisms and results in resistattccecephamycins. Inducible or
constitutive production of Amp@-lactamase also leads to resistance to cephamycins.
Thus, cephamycins are not recommended as firstthesapy for infections caused by
ESBL producing organisms [83].

B-Lactamp-lactamase inhibitor combinations (e.g., amoxigitlavulanate and
piperacillin/tazobactam) often retain activity agdi ESBL-producing organisms, but
coexistence of other resistance mechanism maytdeasistance to these drugs [34].
Fluoroquinolones may be useful to treat mild infecs if the causative organisms are
susceptiblan vitro. Treatment with fluoroquinolones of urinary traetection without
bacteremia is relatively safer than that of bactémebecause of the very high drug
concentrations achieved in the urine [34].

Aminoglycosides are effective therapy against ESBbducing pathogens when the
organism has a MIC significantly lower than susi®iity breakpoints. Susceptibility to
amikacin seems to be preserved, in contrast tageain and tobramycin, thus justifying

its use as empiric therapy [84].
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Tigecycline can be considered an alternative tbag@nems for treatment of infections
due to ESBL-producers. CLSI criteria to interpnesceptibility testing of tigecycline are
not yet established .The Food and Drug Adminisirat(FDA) and EUCAST have

created temporary resistance breakpoints for tigewy (MIC > 4 ug/ml and> 2 pg/ml,

respectively). However, clinical experience witettycline is still evolving [27].

Statement of the Problem

ESBL-producingE. coli strains are implicated in causing hospital-acqliigections
comprising a real threat to seriously ill patientén addition, treatment choices are
becoming limited as consequence of multiresistgfenotypes associated with ESBL
producers. Moreover, there are rare data concemiolgcular epidemiology of ESBL-

producingE. coli in Palestine.

Objectives
The objectives of this study are:

1. To determine genetic characteristics and molecelgidemiology of ESBL-
producingE. coli isolated from Al-Makassed Hospital in Jerusalealggtine.

2. To evaluate resistance status in ESBL-produé&ngoli isolates by determining
MICs to ampicillin, amikacin, ceftazidime, cefotene, ceftriaxone, gentamicin,
augmentin, levofloxacin, meropenem and sulfa drugs.

3. To compare molecular characteristics and suscéptitprofiles of the third
generation cephalosporins in ESBL-producigcoli isolated from urine and

feces in the same patients.
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MATERIALS AND METHODS

Specimens Collection

Consecutive non-duplicate 423 clinical. coli isolates were screened for ESBL
production from patients attended to Al- Makasssthnhic Charitable Hospital at
Jerusalem from February to June 2009. Makasseditdbipa leading medical center in
Palestine with 250 beds capacity and providing iséany and tertiary health services to
patients from all over Palestine. The majority amples recovered from hospitalized
patients in different hospital wards and rarelynfroutpatient clinics and emergency
room. E. coli isolates were recovered from urine, rectal, wowsmytum, nasal, high
vaginal swabs, skin, body fluids, blood and cathdé&vices.

Non-repetitive isolates dE. coli were included in this study whether it has conwanfr
true infection or patient’s colonization. Colonipat of E. coli was detected either at
admission time or during hospital stay by screemagients using swabs. Whenever
possible, stool specimen was simultaneously cateetith the urine sample from the
same patients having clinical signs of UTI. Thiewed the evaluation of phenotypes

and genotypes of ESBL-produci&gcoli in both specimens.

Bacterial Identification
Identification of isolates at species level wagied out using Blood, MacConkey and
chromogenic media followed by hy.enterotest systemlabs, Israel) and conventional

citrate tube methods. All isolates &f coli that grow in the initial ESBL screening
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method were preserved in broth media containing §8erol and stored at -7Q until

further use.

Susceptibility Detection Methods of ESBL-Producers
Antimicrobial susceptibility tests followed in thésudy were determined according to the

recommendations of the CLSI [75].

Screening Method

The ESBL production was initially screened using t&fotaxime (CTX) containing
MacConkey plates. ESBL-positive isolates were iifiedt for any growth after overnight
incubation. The ESBL-positive screens were furtttexcked by double disk synergy test
(DDST) according to guidelines of CLFI5].

Bacterial suspension equal to 0.5 McFarland @BU/ml) was prepared in normal saline
and inoculated on Mueller-Hinton agar plates (MH®)oid, UK). One disk containing
30ug ceftriaxone (Mast group, UK) and the other conteg 2Q.g/10ug
amoxicillin/clavulanate (Oxoid, UK) were placesBO mm apart on Mueller-Hinton
plates. After overnight incubation, an extension tbé inhibition zone around the
ceftriaxone disk towards the amoxicillin/clavulamatisk indicates production of ESBL.
The use of more than one third generation cephatogpdisc as cefpodoxime improved

the sensitivity of the result.
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Confirmation Method

Separated bacterial colonies from overnight groovits% blood agar plates (BAP) were
emulsified in Mueller-Hinton broth (Oxoid, UK). Theoculum turbidity equivalent to
0.5 McFarland standard (1x 2lGFU/mI) was achieved by adjusting the density.@80
0.13 absorbance at625 nm. The prepared suspension was inoculatedtda plates
(Oxoid, UK) following CLSI recommendations. Ceftdime (3Qug) disc, (Oxoid, UK)
and cefotaxime (3@) disc, (Oxoid, UK) alone as well as ceftazidint@valanate (30ug
/10ug) disc (Becton, Dickinson and company Spdd&A) and cefotaxime-clavulanate
(30/10uQ) disc, (Becton, Dickinson and company BpatSA) were placed apart on
inoculated MHA plates. After overnight incubatioh 36° C, an increase in the zone
diameter oB5 mm of either antibiotic tested in the presencelafulanate compared to
each disc alone was interpreted as confirmatoryE®BL production. E. coli ATCC

25922 and. pneumoniae ATCC 700603 strains were used as control bacteria.

Minimum Inhibitory Concentration (MICs)

The MICs obtained on all ESBL-producitg coli for different antimicrobial agents are
shown in Table 6. MICs were determined accordindCtésI guidelines by the Agar
Dilution Method using Steers-Replicator. This altothe testing of 37 microorganisms
simultaneously on a single agar plate as showrigar& 6. The antibiotic concentration
of the first plate showing99% inhibition is taken as the MIC for the organidoth E.

coli ATCC 25922 and. pneumoniae ATCC 700603 were used as control strains for
MIC determinations with each antimicrobial agemeTCLSI breakpoints for the MICs

of all antibiotics used in this study are listedlable 7.
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Table 6: A list of antimicrobial agents, their potenciexldMIC ranges.

Antibiotics Potency Company MICs rang
% (two folds)
Ampicillin (AMP) 99.8 Birzeit pharmaceutical Co., 1-128
Palestin
Amikacin (AK) as Amikacin 99.8 Intramed, South Africa 1-128
sulfate
Ceftazidime (CAZ) as 894 GlaxoSmithKline, Italy 1-128
pentahydrate
Cefotaxime (CTX) 100 Birzeit Pharmaceutical Co., 1-128
Palestine
Ceftriaxone 100 Birzeit Pharmaceutical Co., 1-128
Palestine
Gentamicin 100 Birzeit Pharmaceutical Co., 1-128
Palestine
Augmentin 10C GlaxoSmith Kline, UK 1-12¢
Levofloxacir 10C AVENTIS, Germany 1-12¢
Meropenem 74.1 AztraZeneca UK. 0.06-8
Trimethoprim / sulpham- 100% GlaxoSmithKline, Israel Trimethoprim/

ethoxazole

sulphamethoxazole
1-128

Figure 6: Representative agar dilution method for MICs dateation.
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Table 7. MICs breakpoints of the antimicrobial agents usedhis study according to
CLSI 2005.

Antimicrobial agents MICs breakpoints

< I R>
Ceftriaxone 8 16-32 64
Cefotaxime 8 16-32 64
Ceftazidime 8 16 32
Ampicillin 8 16 32
Gentamicin 4 8 16
Amikacin 16 32 64
Amoxicillin/clavulanic acid 8 16 32
Trimethoprim/sulfamethoxazol 2 4 8
Levofloxacin 2 4 8
Meropenem 4 8 16

S: Susceptible, I: Intermediate, R: Resistant

Molecular Methods

DNA Extraction

One loopful (10ul) of bacterial colonies taken fram overnight BAP was suspended in
0.5 ml sterile distilled water and heated at 95%0o€ 10 min. After centrifugation at
13,000 rpm for 2 min at 4° C, the DNA-containingpstnatant was used as template for

further amplification85].

Control Strains

blasyyv-1s containing K. pneumoniae ATCC 700603 andblacrx.q containing K.
pneumoniae strain (kindly provided by Dr. Mousa Hendya, CasitPed. Hospital Lab.,
Bethlehem, Palestine) were used as positive caentfol blasyy and blacrx-m
amplification. blarem was recognized throughout the isolates after oping the PCR

condition and comparing the amplicon size with bpdadder.
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Single PCR Amplification for blasny, blarem and blacrx-m

A single PCR amplification from genomic DNA was foemed on each isolate for the
presence of genes encoding SHV, TEM, and CTX-Mctamases. The oligonucleotide
PCR primers specific for th@-lactamases genes, annealing temperature, and PCR

amplicon size are listed in Table 8.

Table 8. Target genes, Primers sequence, annealing temapesaand product size of
amplified genes.

Primer target Sequences 5°-3° Annealing Product | Manufacturer | Ref

genes Tem. (°C) | size (bp)
CTX-M UNV-F | ATGTGCAGYACCAGTAARGTKATGGC 58 593 invitrogen [86]
CTX-M UNV-R | TGGGTRAARTARGTSACCAGAAYCAGCGG

KisGorT,RisAorG,SisGorC,andY is €lo

CTX-M-1F AAAAATCACTGCGCCAGTTC 57 415 invitrogen [87]
CTX-M-1R AGCTTATTCATCGCCACGTT
CTX-M-2 F CGACGCTACCCCTGCTATT 57 552 invitrogen [87]
CTX-M-2 R CCAGCGTCAGATTTTTCAGG
CTX-M-9 F CAAAGAGAGTGCAACGGATG 57 205 invitrogen [87]
CTX-M-9R ATTGGAAAGCGTTCATCACC
CTX-M-8/25F | CTTTGCCATGTGCAGCACC 57 305 invitrogen [88]
CTX-M-8/25 R | GCTCAGTACGATCGAGCC
TEM F CGCCGCATACACTATTCTCAGAATGA 52 444 invitrogen [86]
TEM R ACGCTCACCGGCTCCAGATTTAT
SHV F ATGCGTTATATTCGCCTGTG 55 747 invitrogen [86]
SHV R TGCTTTGTTATTCGGGCCAA

F: Forward, R: Reverse

The amplification was performed in a PCR thermoey(C1000, Thermocycler, BioRad)
using Eppendorf tubes. The reaction componentgdch single amplicon were 12.5ul
Go Taq Green Master Mix, 2X (Promega), 0.5ul fodvarimer (0.2uM), 0.5ul of

reverse primer (0.2uM), 5ul DNA template, and 6.5utlease free water in a final

volume of 25pl.
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The PCR conditions were initial denaturizing ste@®%° C for 6 minutes, 30 cycles of:
94° C for 30 seconds, annealing for 30 secondsriatep set specific annealing
temperature (Table 8), and extension at 72° C fbséconds. This was followed by a
final extension step at 72° C for 6 minutes. A riega (distilled water instead of

template) and positive controls were used in edZR Rin.

Amplification of blasny, blarem, and blactx-m by Multiplex PCR

The genes encoding SHV, TEM, and CTX{Mactamases were also simultaneously
detected by multiplex PCR. Optimization the muliippPCR conditions were achieved by
using ark. coli isolate containing TEM, SHV and CTX-M genes.

The reaction mixture was the same as single PCBpextiat the volume of nuclease free
water was adjusted to 4.5ul, and 0.5ul (0.2uM)efach forward and reverse primers of
each gene in a final volume of 25 pl.

The multiplex PCR conditions were initially perfoech using annealing temperature
gradient in 20 range (45-65° C). All subsequent amplificationgavearried out at an
annealing temperature of 54° C. The other multifd&R conditions were the same as

those described for single PCR.

Detection of CTX-M Groups by Multiplex PCR

More than 70 CTX-M typeg$-lactamase were determined. Thgstactamases were
divided into five phylogenetic groups. The primeiir{s sequences for detection of each
group, reference, and its amplicon size are desgrito Table 8. A single primer pair was

used to amplify both CTX-M 8 /25 groups.
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The amplification mixture was composed of the failog: 12.5ul Go Tag Green Master
Mix, 2X (Promega), 0.5ul of each CTX-M group fomgdgorimers (0.2uM), 0.5ul of
each CTX-M group reverse primers (0.2uM), 5u1 DNenplate, and 3.5ul nuclease free
water in a final volume of 25ul.

The PCR conditions were initial denaturizing step% C for 6 minutes, 30 cycles of: 94

° C for 30 seconds, annealing at°%7 for 30 seconds and extension at 72° C for 50
seconds. This was followed by a final extensiop ste72° C for 6 minutes. A negative
control (distilled water instead of template) waed in each PCR run. Determination of
each CTX-M group amplicon was recognized by conmgathe bands obtained with

known 100 bp ladder.

Agarose Gel Electrophoresis

PCR products (5ul) were run in an electrophoreaisk t(HU6, SCIE-PLAS, UK)
containing 1X TAE buffer (Kibbutz Beit Haemek, Isfausing a 1.7% (w/v) agarose gel
(hy.labs, Israel) containing 1pug/10mL ethidiumrrde at 90 V (10 V/cm) for a period
of 30 minutes. A 100-bp DNA ladder (GeneDirex, USRjgure 7) was run in parallel
with PCR products to assess the size of amplicDmsteafter, gels were visualized on a
transilluminator and photographed (White/UV moddMW-20 Transilluminator,

CAMLAB, USA).
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DMNA Mass
(ng/Seel) Base Pairs

725 — 1,500
50 — 1,000
40 — a00
a0 — 800

27.5 — FOOo
=0 — 600
as — 500
40 — a0
35 — 300
a0 —200
a0 — 100

1.7% TAE agarose gal

Figure 7. 100bp ladder ready to use (GeneDirex, USA).
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RESULTS

Sample Identification

A total of 77(18.2%) ESBL-producers were identifibdough screening 423 consecutive
non-duplicateE. coli isolates from patients admitted to Al-Makassednst Charitable
Hospital in Jerusalem from February to June 200% fecovered ESBL-producirtg

coli isolates from various clinical sources and différeospital wards are demonstrated
in Figure 8 and Table 9. The majority of ESBL isefa 51/77 (66.3%) were from
surgical, orthopedic, and pediatric wards. In addjtrectal and urine sources represented

56/77 (72.4%) of the ESBL-producers.

Source of ESBL E.coli Isolates
40
30 27 2_9
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S 3% 4 1 1 1 1
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Figure 8. Clinical sources of ESBL-positive. coli isolates.
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Table 9. Sources of ESBL producirkg coli isolatesand its distribution among hospital
wards.

wards Specimens sourc

Urine | Wounc | Rectal | Sputun | Nasal | HVS | Skin | Fluid | Blood | Cathetel | No. (%)
SW 4 3 6 0 0 1 1 1 0 0 16 (20.8)
ow 6 5 2 0 0 0 0 0 0 1 14 (18.2)
PW 4 1 15 0 1 0 0 0 0 0 21(27.3
OPC 2 0 0 0 0 0 0 0 0 0 2 (2.6
MW 4 0 0 1 0 0 0 0 0 0 5 (6.5)
NICU 1 0 0 0 0 0 0 0 0 0 1(1.3)
CCU 3 0 0 1 0 0 0 0 0 0 4(5.2)
PICU 1 0 2 0 0 0 0 0 0 0 3(4)
POH 1 0 3 1 0 0 0 0 0 0 5 (6.5
AICU 0 1 0 0 1 0 0 0 1 0 3(4)
ER 1 0 1 0 1 0 0 0 0 0 3(4)
No. (%) | 27 10 29 3 3 1 1 1 1 1

(35.1) | (12.4) | (37.7) | (4) (4) (1.3) | (1.3) | (1.3) | (1.3) | (1.3) 77 (100)

SW: Surgical ward, OW: Orthopedic ward, PW: Pediatrard, OPC: Outpatient clinic, MW: Medical
ward, NICU: Neonate intensive care unit, CCU: Cacdiare unit, PICU: Pediatric intensive care unit,
POH: Pediatric open heart, AICU: Adult intensiveecanit, ER: Emergency room, HVS: High vaginal
swab.

Antimicrobial Susceptibility Testing

ESBL Screening.The initial screening of ak. coli isolates was performed using 1pg/ml
cefotaxime containing MacConkey agar plates. Altofa82/423 (19.4%) ofE. coli
isolates were detected as a positive ESBL by tleithod.

Double Disc Synergy TestThe ESBL positive screens were further checkeddubb

disk synergy test (DDST) as shown in Figure 9.

AUG CRO

Figure 9. Double disc synergy test féllebsiella ATCC 700603. Ceftriaxone 80
(right), amoxicillin/clavulanic acid 20/1@ (left).
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A total of 75/82 (91.5%) oE. coli strains were found to be ESBL-producers as shown i

Table 10.

Table 10.Results of DDST for all initial ESBL-positive seres.

No. of all E. coli strains| Initial ESBL positive screenPositive ESBL by DDST
No. (%) No. (%)
423 82 (19.4) 75/82 (91.5)

Combination Disc Assay
The combination disc test (CDT) usingu80discs of the third generation cephalosporins
alone and in combination with 10ug clavulanate athlceftazidime and cefotaxime was

also performed on all positive ESBL screens asveha Figure 10.

Figure 10: lllustration of combination test assay from tHisdy.
CAZ: ceftazidime, CTX: cefotaxime, CLAViamulanic acid.

According to standard criteria of CLSI 2005, anr@ase in the zone diameter=f mm
in the presence of clavulanate compared to eacibiatit alone is interpreted as

confirmation for ESBL production. Of the 82 ESBLstove screens, 77 (93.4%) and 61
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(74.2%) were found to be ESBL-producers using loeflotaxime and ceftazidime alone
and in combination with clavulanate respectivelgifle 11). Five isolates of the positive
ESBL initial screens were found to be non-ESBL-picats from which two were found
to be resistant to both cefotaxime and ceftazidamé resist inhibition by clavulanate.
Accordingly, 77 (18.2%) of the total 42B. coli isolates were found to be ESBL
producers.E. coli ATCC 25922 f-lactamase negative) and. pneumoniae ATCC

700603 (ESBL positive) were used as a referenceaatrains.

Table 11.The combination disc test for the 82 ESBL-posiseesens.

Number of ESBL-positive in| Positive ESBL by combination disc testTotal ESBL producers among
initial screens (CDT) 423 isolates
(1p g/ml CTX) CTX/CLAV CAZ/CLAV No. (%)
No. (%) No. (%)
61 (74.2)
82 77 (93.4) 77 (18.2)

CTX: Cefotaxime, CLAV: Clavulanate, CAZ: CeftazidgnCDT: Combination disc test

Susceptibility Tests by Agar Dilution Method

The MICs were determined for the 77 ESBL-produckhgcoli by the agar dilution
method and interpreted following guidelines of CI2BI05. The results of susceptibility
tests to the antimicrobial agents used in thisysaré shown in Table 12 and Figure 11.
According to CLSI, ESBL-producers are consideresistant to all third generation
cephalosporins regardless iofvitro susceptibility. Among th@-lactam agents tested,

susceptibility to meropenem was 100% (MJ€0.06). Aminoglycosides revealed 92.2%
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Table 12.MIC results for the 77 ESBL-producirtg coli isolates to various
antimicrobial agents.

MICs

Antibiotics MICs S I R Range MIGo | MICgq
Breakpoints| No. (%) | No. (%) | No. (%)
S=<8
AMP =16 0(0) 0(0) 77(100) | >128 >128 | >128
R>32
S=<8
AMC =16 0(0) 0(0) 77(100) | >128 >128 | >128
R>32
S=<8
CTX | =16-32 0(0) 4(5.2) | 73(94.8)| 16 - >128| >128 | >128
R>64
S=<8
CRO | =16-32 0(0) 2(2.6) | 75(97.4)| 32 ->128| >128 | >128
R>64
S=<8
CAZ =16 23(29.9)| 9(10.6) | 45(58.4)| <1->128| 32 | 128
R>32
S=<2
SXT I= 4 7(8.2) | 1(1.2) | 69(89.6)| 0.5-32 | >32 |>32
R>8

S=<16
AK =32 71(92.2)| 4(5.1) | 2(25) | 1-64 8 16
R>64
S=<4
CN =8 40(51.4)| 1(1.3) | 36(46.7)| <1->128| 4 |>128
R>16
S=2

LVO =4 24(31.2)| 3(3.5) | 50(64.9)| <1->128| 8 32
R>8
S=4
MEM =8 77(100) | 0(0) 0(0) | <0.06-1 | <0.06 | <0.06
R>16

AMP: Ampicillin, AMC: Augmentin, CTX: Cefotaxime, RO: Ceftriaxone, CAZ: ceftazidime, SXT:
Sulfamethoxazole/Trimethoprim, AK: Amikacin, CN: @amicin, LVO: Levofloxacin, MEM:
Meropenem, S: sensitive, R: resistant, I: intermegiNo.: number.

& MICs Breakpoints according to CLSI 2005 [75].

susceptibility for amikacin (Mlgs 16), while this rate was low for gentamicin (51.4%)
Only 8.2% of the ESBL-positive strains were sustéptto SXT and 32.2% were
susceptible to fluoroquinolones (levofloxacin). Athe ESBL isolates were 100%

resistant to both ampicillin and augmentin. A totdl 23/77 (30%) of the ESBL-
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producing E. coli were resistant to three different classes of aiids namely,
aminoglycosides (gentamicin), fluoroquinolones d@léwxacin), and sulpha drugs

(trimethoprim/sulphamethoxazole) indicating theserece of multidrug resistance.

Resistance of ESBL Isolates to
Different Classes of Antibiotics
7 77 75
80 ———— "= 69
S e 50
45 —
40 H L 36
20+ 1 1 |
2 0
0 T T \|_|\
-\.

Figure 11 ESBL-positiveE. coli isolates resistant to antimicrobial agents.

AMP: Ampicillin, AMC: Augmentin, CTX: Cefotaxime, RO: Ceftriaxone, CAZ: ceftazidime, SXT:
Sulfamethoxazole/Trimethoprim, AK: Amikacin, CN: @amicin, LVO: Levofloxacin, MEM:
Meropenem.

Molecular Detection of-lactamase Genes

Single PCR

A single PCR amplification from genomic DNA was fosemed on all 77 ESBL-
producingE. coli isolates to determine genes encoding SHV, TEM, @i&-M B-

lactamases (Figure 12).
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Figure 12. Single PCR for control and. coli isolates. Lane 1 is 100 bp ladder. Lanes 2,
3, and 4 are TEM, SHV, and CTX-M controls respegtivLane 5 is a negative control.
Lane 6 and 7 arfdarem. Lane 8 idlagyy. Lane 9 and 10 atdacrx-m.

The blargm was recognized in 46/77 (59.7%) of the isolatedenmnly oneblagyy 1/77

(1.3%)was detected. The predominant ESBL encoding germm@ coli isolates was

primarily due tablactx-m. All 77 (100%) ESBL-producers encodeldcrx-v (Table 13).

Table 13.Number and percentage bfarem, blasyy, andblacrx.m recognized by single
PCR.

blarem blaghy blacTx-m
NO. (%) NO. (%) NO. (%)

46(59.7) 1(1.3) 77(100)
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Multiplex PCR

All 77 ESBL-producing E. coli isolates were subjected to amplification utilizing
multiplex PCR technique to detect the presenceblafey, blasyy, and blactxm
simultaneously. The conditions were optimized ugjredient annealing temperature and

a single isolate containing the former thpekactamase genes (Figure 13).

Figure 13. Optimization of annealing temperature for multpRCR using SHV,
CTX-M and TEM genes. Lane 1 is 100 bp ladder, L2re65 C, Lane 3 = 63.%C,
Lane 4 = 61.6C, Lane 5 = 57%C, Lane 6 = 52°C, Lane 7 = 48.TC, Lane 8 =
46.2C, Lane 9 = 4%C. Lane 5 (57.8C) and lane 6 (52°T) appeared as the
sharpest bands from which®2 annealing temperature are selected for the
subsequent reactions. The size of each ampliconndasted on the figure.
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After optimization, amplification by multiplex PCRvas performed on all ESBL-

producingE. coli at an annealing temperature of 54° C (Figure 14).

2 3456 7 8 91011

Figure 14. Multiplex PCR for SHV, TEM, and CTX-M genes. Lahés 100 bp ladder.

Lane 2 is ark. coli isolate containinglargwm, blasny, andblactxv genes. Lanes 3, 4, 7,
and 9 aret. coli isolates containinglactx-w gene alone. Lanes 5, 6, 8, 10, and 11Eare
coli isolates containing bothlactx.v andblargm genes.

The major ESBL encoding gene was found tdlaerx.» and was detected in 77 (100%)

of the isolates. Thelargm was recognized in 46 (59.7%) of the isolates whié/ one

blasny (1.3%)was detected (Table 14 and Figure 15).

Table 14.Number and percentagelwbreym, blasyy, andblacrx.w detected by multiplex
PCR among 77 ESBLs-produciigcoli.

No. of ESBL- blarem blaspy blacTx-m Isolates containing
producingk. coli isolates isolates isolates blarew,
No. (%) No. (%) No. (%) blactx-w andblaspy
simultaneously
No. (%)
77 46(59.7) 1(1.3) 77(100) 1(1.3)
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Expression of Drug Resistance Genes
by ESBL E. coli
20 77
60 46
40
20 +—
1 1
0
N\ N D >

Figure 15.ESBL isolates encoding CTX-M, TEM, SH¥/lactamase enzymes
individually and combined.

blarem and blacrx.w genes were found in 45(58.5%) of the isolates.ymie isolate
(1.3%) was detected to habskarem, blaspy, andblacrxw simultaneouslyblactxv alone

was found in 31(40.2%) of the isolates (Table 15).

Table 15.Number and percentage®fcoli isolates producing one or morefsf
lactamases genes.

No. of ESBL-producing Isolates with Isolates with Isolates with
E. coli blarem bl arewm, blacTx-m
andblactx-w blaghy alone
NO. (%) andbl acTx-M NO. (%)
NO. (%)
77 45(58.5%) 1(1.3%) 31(40.2%)

Detection ofblactx-v Groups by Multiplex PCR
As mentioned in the previous sections, CTX{dactamases were classified in five

phylogenetic groups according to homology of thaimino acid sequences. To determine



53

that, the 77 ESBL-producing CTX-PBtHactamase isolates were further subjected to gngup

by multiplex PCR (Figure 16).

1500 bp
1000 bp

100 bp

Figure 16. A representative agarose gel electrophoresisitatifying the CTX-M

groups by multiplex PCR. Two groups were foundugrd@ and group 9. Lanelis100 bp
ladder; lane 2 is a negative control; lane 3,4l 8 are bands for CTX-M group 1
(415 bp); lane 5 is band for CTX-M group 9 (205 bpdl finally lane 7 (two bands)
represents one strain with tltactx.v  genes, one for CTX-M group 1 and other for
CTX-M group 9.

Of the 77 isolates, 62 (80.5%) were found to bel@TX-M group 1 and 15 (19.5%)
to group 9 (Table 16, Figure 17). Furthermore, swate (1.3%) was found to be
containing twoblactx.m types belonging to CTX-M group 1 and group 9 (Fgtb lane

7).

Table 16.Results of CTX-M grouping by multiplex PCR.

Number ofblactx-m Isolates with Isolates with Isolates with
containing isolates blactx-m group 1| blactx-m group 9| blactx-v groups 1
NO.(%) NO.(%) and 9 NO.(%)
77 62(80.5) 15(19.5) 1(1.3)
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Prevalence of CTXM Groups in ESBL
E.coli
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Figure 17.Number of CTX-M groups expressed in ESBLcoli.

CTX-M Types and Susceptibility to Third Generation Cephalosporins

Our results were also interpreted according to ERECAST breakpoints, with levels

lower than those of CLSI but more reliable in deter ESBL isolate$73].

Among the CTX-M groupl, 54/62 isolate demonstraiggh hydrolytic activity against

third generation cephalosporins and gave positisBlEresults in both CAZ/CLAV and

CTX/CLAV tests. This picture was different in CTX-group 9, where 14/15 isolates
were susceptible to ceftazidime and gave a neg&8RBL result using CAZ/CLAV test

(Table 17, Figure 18).
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Table 17.Comparison of CTX-M-1 and -9 isolates to suscéitgitprofile of 3"
generation cephalosporins and CDT.

CAZ | CTX | CRO CDT No. of No. of
*R>8| °R >2| °R >2| CAZ/CLAV | CTX/CLAV | CTX-M-1 | CTX-M-9
isolates | isolates
R R R R R 54 1

S R R S R 8 14

R: resistant, S: susceptible, CTX: cefotaxime, Céeftazidime, CRO: Ceftriaxone, CDT: combination
disc test, CLAV: clavulanaté= Resistant breakpoints according to EUCAST recenuhation.

CTX-MGroup vs.Resistance to 3rd Generation
Cephalosporins

70
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CTX-M 1 CTX-M 9

mS to CAZ 8 14
®R to CAZ, CRO, CTX 54 1

Figure 18. CTX-M groups and susceptibility patterns to cefotee, ceftazidime and

ceftriaxone.
S: susceptible, R: resistant, CAZ: ceftazidime, Ct&fotaxime, CRO: ceftriaxone.

Clavulanate-Inhibitor Resistant Isolates
Two isolates tested positive for ESBL using theeening method were negative with the
confirmatory tests (resist clavulanate inhibitiordne of these isolates showed

intermediate susceptibility to ceftazidime (16 MI@hd high hydrolytic activity to
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cefotaxime (MIC >128) and Ceftriaxone (MIC 64). Theecond isolate showed a high
hydrolytic activity to ceftazidime, cefotaxime, a@eftriaxone with MICs >128, 64 and
64 respectively. In addition, these isolates had/diifpe p-lactamases but no CTX-M

and SHV types.

UTI with ESBL-producing E. coli and Faecal Carriage

Eight ESBL-producinge. coli detected from colonized faecal sources were coeadpar
with ESBL-producingE. coli from urine source in the same patient. The MICshef
third generation cephalosporins and ESBL confiramatests as well as genotyping were
used as the criteria for comparison. Both (uriné fatal) ESBL-producingt. coli gave
compatible phenotypes and genotypes in all patiextept one. This patient had CTX-

M-type 1 in urine isolate but non in the faecahstr(Table 18).
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Table 18.Phenotypes and genotypes of ESBL-produé&ngpli from fecal and urine
sources from the same patients.

Isolate| PTN | CAZ | CTX | CRO | DDST CDT CTX-| CTX- | SHV | TEM
NO. NO. | R>32 | R>64 | R>64 CAZ/CLAV | CTX/CLAV | M-1 M-9
U 39 1 - + + + - + - + - +
F 46 - + + + - + - + - +
U 41 2 + + + + + + + - - -
F 47 + + + + + + + - - -
U 49 3 - + + + + + + - - -
F 51 - + + - + + + - - -
U 50 4 - + + + - + - + - +
F 52 - + + + - + - + - +
U 54 5 + + + + + + + - - +
F 55 + + + + + + + - - +
U 59 6 + + + + + + + - - -
F 62 + + + + + + + - - -
U 87 7 - - - + * * + - - -
F 88 - - - + + + + - - -
U 89 8 + + + + + + + - - +
F 90 + + + + + + - - - +

PTN: patient, No.: number, U: urine, F: faecaly&istant, CTX: cefotaxime, CAZ: ceftazidime, CRO:
Ceftriaxone, CALV: clavulanate, DDST: double disoergy test, CDT: combination disk test.

+ = resistant

- = susceptible
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DISCUSSION

E. coli has been detected as one of the most common ik@uggénts of both community
and nosocomial infections. The worldwide emergeotéenfections caused by ESBL-
producingE. coli (particularly isolates producing CTX-M type ESBhas been recently
reported throughout the world [89This situation creates a great challenge to clinica
practices and further restricts treatment choices.

In Palestine, there is a rare epidemiological datacerning this issue. The results of this
study may provide insights into the genetic chanagtics and molecular epidemiology of
ESBLs amongt. coli isolates at Al-Makassed Hospital and its assotiqtealth care
facilities in Jerusalem, Palestine.

Our results revealed that the overall ESBL-prodsieegre 77/423 (18.2%). These results
are compatible with results obtained in studiesdoeted in the same geographical area.
In Gaza, Palestine [55], a study conducted in Widated community patients in the year
2004, indicated a prevalence of 3.7%, while 9% waedletected in different clinical
sources from patients (most are in patients) ag#endasser Hospital in 2008 [56].
Several studies were conducted in neighboring domighe years 2000 [90], 2007 [91],
2009 [92]. The prevalence of ESBL produciggcoli was found to be 35%, 31%, and
10.8% respectively.Published data from Egypt shows that the prevalefioen
hospitalized patients is varying from 38% [93] & % [94] and from 35.7% [66] up to
80% [95] among isolates from intensive care settihg Lebanon [96], a study was
conducted at Saint George Hospital from 1997 to0200he prevalence of ESBL

producingE. coli was found to be 2%. Another study conducted irbJ0d] on carriage
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of ESBL producingt. coli in fecal samples, the prevalence was found to behrhigher,
15%. In the Arabian Gulf Region, the lowest ESBL prewale was described in a report
from Kuwait (6.5%) [98].However, in another study in Kuwait [99], a mudigher
percentage was reported (37%). In UAE [57], thevgience of ESBL was found to be
37.5%. Both of these studies in Kuwait and UAE weonducted on hospitalized
patients. Data from neighboring Bahrain [100] iradéx that the majority of ESBL-
producing Enterobacteriaceae viagoli. (52%). In Saudi Arabia in the year 2002 [101],
Babay reported that 20% of ESBL-producing Entertdvégaceae was due tB. coli
isolated from inpatients in a hospital in Riya&8ecently in Saudi Arabia, the prevalence
of ESBL-producingE. coli was 10.3% isolated from specimens from differdimical
sources [51] and 31% in blood culture isolate]10h Israel, 2004, the prevalence was
12.3% among isolates from different clinical sosr§E03], while 22% irE. coli isolates
from UTI [59]. In Turkey, the prevalence of ESHL coli isolated from community
acquired UTI was 21% [104], 40% in blood isolatg3][and 6% from both community
and hospitalized patients [105]. Data concerningracrobial resistance in Southern and
Eastern Mediterranean countries from EARSS [45eaéxd that resistance to third
generation cephalosporins amoBgcoli isolates varied from 3% in Malta to 72% in
Egypt (median 18%).

Globally, a recent study based on the Tigecyclimallation and Surveillance Trial
(TEST) global surveillance database, the prevalen&SBL-producinge. coli collected

in Latin America, followed by Asia/Pacific Rim, Eape, and North America was 13.5%,
12.0%, 7.6%, and 2.2%, respectivdll06]. Detailed data derived from the TEST

database regarding the prevalence of ESBL produetivongE. coli isolates in Europe



60

has recently been presented. According to datanadetied from 22 European countries
for the period from 2004 to 2007, the rate of E§Baduction among 79E. coli isolates
was 9.8%. Marked differences observed in the cgwsgecific data; the highest rate of
ESBL production was in Greece, while the lowedDenmark [106].

From the aforementioned data, it appears that pidemiology of ESBL-producing.
coli is so variable. These differences are not only $tween continents and countries
alone, but also within hospitals in the same cquntihe variation in the results was
mostly attributed to the design of each study. dmparison of our prevalence to the
aforementioned regional and international data,BEB8L detection rate described here
tends to be towards the upper end of the spectmuisatherefore a major cause for
concern.

The ESBL-positiveE. coli isolates investigated here encoded mainly CTX-N1L@@%)
followed by TEM type 47(59.7%) and SHV type 1 (1)3%mong CTX-M groups,
CTX-M group 1 was 62(80.5%) and CTX-M group 9 wa$1b.5%).

CTX-M B-lactamases constitute a novel and rapidly groviamgjly of plasmid-mediated
ESBLs that are currently replacing mutant TEM onVSHESBL families and with much
greater expression i&. coli. They have become the most prevalent type of ESBLs
described during the last 5 years, especially foemain European, Middle Eastern and
South American countries. The type of beta lact@resyme produced tends to have
geographical variation. Specifically, group 9 (CNk9 and -14) are common in Spain
and group 1 enzymes (particularly CTX-M-3 and -85 common in France and UK
[107]. The blaCTX-M-15 belonging to subgroup one is distributedridwide and is

most commonly encountered in the European couneiasept Spain), North Africa, the
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Middle East and Canada [60h the Middle East and the Mediterranean regioagorts
from Lebanon [97], Egypt, and Kuwait [66] pointdtat CTX-M15 is the predominant
ESBL inE. coli. However,blactxu-2 predominates in Israel, South America, and Japan
[63].

In our results, CTX-M groups predominated the ESBaducingE. coli in agreement
with several studies published worldwide. Thlactx-v genes were widespread among
the ESBL-positiveE. coli (100%), which was similar to the level reportedLigbanon
(96%) [97], Turkey (87%)[105], Sweden (92%), Switzerland (91%), Norway (90&nd
Austria (85%)[108]. The majority of théblacrx-m belonged to CTX-M group 1 (80.5%),
mostly CTX-M-15 like, as reported in Lebanon [9Hgypt [66], Turkey [104, 105]

Sweden, Switzerland, France, Austria, Norway, ants#rdanj108].

The remainder of ESBE. cali isolates in this study encoded CTX-M group 9 (¥8).5
CTX-M group 9 (CTX-M-9, -14) is pandemic in SpaiBast Asia (notably China) and
less frequently in UK [107]Our results of 19.5% CTX-M group 9 is in agreemeitih
reports from Sweden (16%) [108], UK [109] and Kuw&0]. Recently, CTX-M-9 like
alleles (CTX-M 14) was reported in Egypt [110] kK pneumoniae and E. cloacae
isolates.Although the high prevalence of CTX-M in our stufyarticularly CTX-M
group 1) is closely related to results obtainesfmeighboring countries, it is different

from that reported in Israel (CTX-M 2 and CTX-M 26} [67].

TEM and SHVp-lactamases were investigated in our study andddarbe 59.7% and

1.3 % respectively. The rate of SHV type is lowdjewhich is comparable to results
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reported in Swede[108]. Since the specific types of TEM and SHV ao¢ determined
in this study, it is necessary to perform sequearaysis for these two types; However,
TEM-1 B-lactamase was more commonly detected in ESBL-miaodlE. coli than SHV.

In accordance with our results, a study conduate8weden in 2008 revealed that 63%
of ESBL-positiveE. coli has TEM encoding genes where TEM1 was the mostrmom
B-lactamase found iblargy positive straing108]. Another study conducted in Israel in
2005 revealed that TEM 1 is also the most compxactamase found iblargm positive
strains[67].

Our results emphasize the fact that CTXBNhactamase is actually replacing TEM and

SHYV types and becoming the most prevalent one are&RJ -producinge. coli isolates.

The results of ESBL confirmation test (combinatidisk test), 77/82 (93.4%) were
positive ESBL utilizing CTX/CLAV, while only 61/8274.2%) were positive for
CAZ/CLAV. This confirms the fact that CTX-M-lactamases have a potent hydrolytic
activity against cefotaxime and Ceftriaxone mointhkeftazidime. This information was
apparent in the results of MIC tests for ceftazelirnefotaxime, and Ceftriaxone. The
MIC results showed that 45/77 (58.4%) of the ESHEblates were resistant to
ceftazidime (MIGy 32), while 73/77 (95%, MIg >128) and 75/77 (97.4%, Mig>128)

of the ESBL isolates were resistance to both ceiiota and Ceftriaxone respectively.
According to breakpoints implemented by the EUCAS3007 [73], 54 of the 62 CTX-M
groupl isolates demonstrated high hydrolytic aftivdgainst the third generation
cephalosporins (cefotaxime, ceftazidime and Cedbri@) and gave a positive ESBL

results in both CAZ/CLAV and CTX/CLAV tests. It established that CTX-M-15 type
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which belongs to CTX-M group 1 was preferentialbtige against both cefotaxime as
well as ceftazidime [111]Therefore, it is most likely that most of the CTX-¢loup 1
detected here are CTX-M-15 like allele. CTX-M-15snfast detected on large plasmids
isolated fromE. coli, K. pneumoniae, andE. aerogenes strains from patients hospitalized
in New Delhi, India, in 1999 [112However, it should be noted that the first repérhe
blactx-m-15 sequence in the public domain was made in 20@& sédguence, designated
blaUOE-1, was found on a plasmid from & coli isolate from Japan (GenBank
accession no. AY013478). CTX-M-15 differs from CTN&3 by a single amino acid
change, Asp240Gly, which results in activity expagdagainst both cefotaxime and
ceftriaxone. (Ambler numbering) 13].

On the other hand, 14/15 of CTX-M groups 1 exhibiwv activity against ceftazidime.
Analysis of the crystal structure of CTX-M groug®zymes (CTX-M-9, -14, -16 and 27)
hasrevealed that the active sites of these enzymesntde those of narrow-spectrum
TEM and SHV enzymes (e.g., TEM-1, SHV-1) and aré lamye enough to recognize
ceftazidimewhich is larger than cefotaxinj@2]. However, point substitutions leading to
specific interactions may be responsible for thpromed activity against ceftazidime and
cefotaxime. In case of CTX-M-16, the coupled defentthe enzyme’s B3 strand, which
lines the active site, substitutions Val231/Ala #&sh240/Gly, may be the main cause of
an eightfold increase in ceftazidime hydrolyticiaty than the pseudo-wild-type CTX-
M-14 [32].

In conclusion, the information obtained in thisdstwegarding CTX-M group 9 indicated
a low hydrolytic activity against ceftazidime sugteg that it is most likely a CTX-M-9

like allele.
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The MICs investigated in this study showed, 7.8%6%, 91.2%, 67.8%, 100%, and
100% of ESBL-poducinge. coli isolates were resistance to amikacin (AK), gentami
(CN), trimethoprim/sulphamethoxazole (SXT), levefain (LVO), ampicillin (AMP),
and augmentine (AMC) respectively. A 100% of theBE$®oducingE. coli isolates
were meropenem susceptible (M§G0.06). A total of 23/77 (30%) were resistance to
non$-lactams agents such as CN, SXT and LVO and therefonsidered as multidrug
resistance. Susceptibility results obtained in study are comparable to those reported
by other studies. In Gaza, Palestine 2003 [55B%1.81.8%, 54.5% and 9.1% of ESBL
positive isolates from community patients weregtsit to SXT, CN, ciproxin (CIP) and
AK respectively. Another study conducted among hospitalized patiant Gaza,
Palestine 2008 [56], revealed that 95% of the E®BiducingE. coli were susceptible to
Meropenem (MEM), while 80%, 54.2%, 42.8%, 34.2% aid2% were resistant to
SXT, CN, and ofloxacin (OF), AK and AMC respectiyelln Israel 2007 [58],
susceptibility rates were also investigated for hb@tlactams and nofi-lactam
antimicrobial agents. The ndhlactam agents tested, aminoglycosides and
fluoroquinolones, a total of 70%-90% of ESBL-proogcE. coli isolates exhibited
resistance, except for amikacin the susceptibiiitte was 77.9%. Susceptibility of all
ESBL-producingk. coli isolates taCarbapenems was >95%.

In Egypt [66], 90%, 100%, and 90% of CTX-M-positiGram-negative isolates were
resistant to aminoglycosides, Fluoroquinolones, 8Kd. Imipenem remained effective

on all ESBL-positive multidrug resistant isolatés.Turkey [104], 65%, 88%, 30% and
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76% of ESBL-producinge. coli isolates were resistant to CIP, SXT, AK and CN

respectively.

Our findings agree with the findings of severaldsts done worldwide indicating the
presence of coresistance and multidrug resistammng CTX-M (particularly CTX-M-
15) encoding ESBL isolates.

The presence of multidrug resistance in CTX-M isdawas mainly attributed to
plasmids harboring MDR genes. Analysis of pC15Heqnging to IncF plasmid groups)
plasmids from CTX-M-15 encoding. coli implicated for an outbreak in Canada [114]
revealed that these plasmids harbored multidrugpteed genes. Among- lactamase
genesblacrx-m-15, blaoxa-1, and blargm.1, the tetracycline resistance gereA, and
aminoglycoside resistance geraeg(6')-1b andaac(3)-11, are all located in the multidrug
resistance region.

A study conducted in Canada dealing with CTX-M-I&taling E. coli isolated from
different countries (France, Kuwait, Switzerlanggn@da, Portugal and Spain), revealed
that most of IncF plasmids detected harbor mulgdresistant genef64]. Recently,
genes encoding CTX-M-15 and quinolone modifyingyene AAC(6¢)-1b-cr were found
to be carried on 90-kb plasmid of the pC15-1a ©TX¥-15 type (IncF group). These
plasmids were responsible in transferring genesding for both ESBL and quinolone
resistance from donors to transconjugantKinpneumoniae and E. coli. Analysis of
transconjugants confirmed that the genetic deteanis of AAC(6¢)-Ib-cr, class |

integrons, CTX-M-15 and ISEcpl were encoded omgel80-kb plasmi@e5].
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The ease of horizontal transfer of these plasmagbdringblacrtx.v and other resistance
genes was largely contributing to dissemination aidespread of MDR amon§. coli
strains worldwide.

In our study, the high rate of MDR (30%) among ESBbducingE. coli isolates is an
alarming sign to physicians regarding random pie8on of antibiotics in order to

minimize selection pressure in this region.

Our results implied that two non-ESBL isolates @ithe complex mutant of TEM (CMT)
or AmpC-producers. These two strains encoded PEEttamases, highly susceptible to
meropenem, exhibited high activity against thirche@tion cephalosporins, and resist
clavulanate inhibition. Although it is highly inditve that they could be AmpC-
producers or CMT, further work must be done to ganthis issue. Sequence analysis,
AmpC disk test and molecular detection of AmpC geaee essential to emphasize the

presence of one or exclude the other.

A total of 37.7% of ESBL-positiv&. coli isolates were detected from faecal sources. In
addition, ESBL-producingt. coli isolated from faecal and urine sources from threesa
patient revealed that both isolates were phenadylpiand genetically identical. An
exception to this finding was from patient numbgiT@ble 18) wherdlacrx.v was not
detected in faecal isolate. This result indicated faecal carriage of ESBL-producikg

coli may be a risk factor that contributes in dissetmomaof hospital-acquired infections.

However, to generalize this idea, we need largempsasize and clonally related isolates.
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Our results are in consistent with study condudtedspain, 2008 [115]. The study
analyzed fecal carriage of ESBL-producing organismsa group of 40 community
patients infected with these organisms (95% werés)JBimultaneously, faecal carriage
of ESBL-producing organisms of the people livinghwihem (household contact) was
also analysed. Twenty-nine out of 40 patients (7@%g 9 out of 54 household contacts
(16.7%) presented fecal carriage of ESBL-produéngoli strains. Seventy-two percent
(21 of 29) of community patients harborEdcoli clinical strains with the same PFGE
type as those from their fecal samples. MoreoveFGIP analysis revealed
indistinguishable patterns among ESBL-produciagcoli isolates from community
patients (clinical sample or fecal sample) andrtberresponding household contacts for
66% (6 of 9) of the isolates.

Several studies regarding risk factors of faecaliage to ESBL-poducing. coli were
conducted worldwide. A study carried out in Lebar®05 [52], revealed that the
incidence of strains of the Enterobacteriaceaeymiod EPLs in the stools of inpatients
was up to 16.1% and the majority are due to ESRidpeingE. coli (56/72). Faecal
carriage was also evaluated in Belfast, Ireland]11120/307 (39%) samples from 13
long-term care facilities yielded at least one E§BaducingE. coli [117]. In France,
faecal carriage of ESBL-producirif coli among hospitalized patients was found to be
1.2% in 2002 to 3.9% in 2004.

Faecal carriage with high rates of ESBLs-produdingoli can form a potential reservoir
and enhances the opportunity to a variety of imbast Furthermore, Commendal coli
can act as reservoirs of resistance genes thdy gasisfer to other commendal coli, as

well as other potential pathogenic bacteria [118]1 The importance of the detection of
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carriers of antimicrobial-resistant bacteria hasemtly been highlighted not only in
inpatient populations but also in healthy peofl20]. Although the exact source of
hospitals outbreak usually are not identified; hesve the lower digestive tract of
colonized patients has been recognized as the nsgarce of ESBL-producing
organisms and their cross-transmission among patiexs been attributed to the hands of
medical and nursing personnel [121-123].

Our results indicates, that faecal carriage of E®BlducingE. coli represent a high
prevalence specially among patients admitted tdapee wards 17(20%). This result
emphasizes the evidence that abuse of third geémeratphalosporins and other
antibiotics in hospitals may exert selection pressand amplify the number of carriers
harboring resistant bacteria [124]. This fact coaldo be responsible for the higher
prevalence of faecal carriage of [ESproducing Enterobacteriaceae in the nosocomial

setting than in the community [125].

Our findings indicate that one of the studied ssaexpressed two CTX-M types, CTX-
M-15 and -9 likes, which agree with results fronhest studied126, 127].CTX-M -

lactamases are usually plasmid mediated. Recestlpe studies reported that CTX-M
types are also chromosomally encoded [64, 127]refbre, one of these CTX-M types is
most likely chromosomal and the other is plasmidliated; however, more investigation

are required to confirm that.
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RECOMMENDATIONS

Sequence analyses are necessary to determine $8thsgecific type.

Further studies should be conducted to determiadPtiylogenetic tree of ESBL
strains.

Additional analyses are required to determine pidstgpes and multidrug
resistant region carried by multiresistant straieected in this study.

In our region, restrict rules for infection contr@ind antibiotic treatment
programs, must be followed to minimize the spredd ESBL-producing
organisms in both community and hospital population

In addition to the high rate of ESBL-producing arigans in hospitalized patients,
several reports indicated further increasing in wamity patients. Therefore,
conducting another study to evaluate this rateomraunity patients in our region

is a necessary step.
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APPENDIX

Table 1. The MICs of the 77 ESBL-produciBgcoli isolates

MICs
Antibiotic | AMP [ AK | CN|[AMC | CAZ| CTX [ CRO| SXT| MEM | LVO
Strain No.
ATCC 25922 8 2 <1 8 <1 <1 <1 <2 <0.0625 <1
ATCC 700603| >128 | <1 16 64 64 32 32 4 <0.0625 8
1 >128| 16 2 >128| 32 | >128| >128| 8 <0.0625| 16
2 >128| 16 | 128 | >128| 32 | >128| >128| >128| <0.0625| 16
3 >128| 8 128 64 16 | >128 >128| 2 <0.0625| 16
4 >128| 4 1 >128| 32 >128| >128| >128| <0.0625| <1
5 >128| 16 2 >128| <1 32 32 2 <0.0625 16
6 >128| 32| 128 | >128 32 | >128| >128| >128| <0.0625| 8
7 >128| 16 <1 >128| >128| >128| >128| >128| <0.0625| 16
8 >128| 8 128 | >128| >128| >128| >128| >128| <0.0625| >128
9 >128| 8 128 | >128| 2 >128| >128| >128| <0.0625| >128
10 >128| 16 2 >128| 64 | >128| >128| 32 | <0.0625 16
11 >128| 8 128 64 32| >128 >128| >128| <0.0625| <1
12 >128| 4 2 >128| 4 >128| >128| >128| <0.0625| <1
13 >128| 2 <1 64 16 | >128 >128| >128| <0.0625| <1
14 >128| 32 | >128| >128| 32 >128| >128| 4 <0.0625| <1
15 >128| 4 <1 >128| 4 >128| >128| >128| <0.0625| <1
16 >128| 8 2 >128| 32 | >128| >128| >128| <0.0625| 16
17 >128| 16 | >128| >128 | 128 | >128| >128| >128| <0.0625| >128
18 >128| 4 128 | >128| 128 | >128| >128| >128| <0.0625| 8
19 >128| 32 | >128| >128| 32 | >128| >128| >128| <0.0625| <1
20 >128| 2 <1 >128| 2 >128| >128| >128| <0.0625| <1
21 >128| 2 <1 >128| <1 >128| >128| 128 | <0.0625 <1
22 >128| 4 64 >128| 32 | >128| >128| >128| <0.0625| 16
23 >128| 4 | >128| >128 | 128 | >128| >128| 2 <0.0625| 8
24 >128| 16 2 >128| 8 >128| >128| >128| <0.0625| 16
25 >128| 2 <1 >128| 16 >128| >128| >128| <0.0625| <1
26 >128| 2 <1 64 <l | >128 >128| 16 <0.0625 <1
27 >128| 2 2 >128| 2 >128| >128| >128| <0.0625| <1
28 >128| 16 <1 >128| 2 64 | >128| 32 | <0.0625 16
29 >128| 16 | >128| >128 | 32 >128| >128| >128| <0.0625| <1
30 >128| 8 128 | >128| 64 | >128| >128| >128| <0.0625| <1
31 >128| <1 32 32 4 >128 >128| 2 <0.0625| 4
32 >128| 8 | >128| >128| 64 | >128| >128| 64 | <0.0625 8
33 >128| 2 128 | >128| 32 | >128| >128| >128| <0.0625| 16
34 >128| 8 128 | >128| 128 | >128| >128| >128| <0.0625| 16
35 >128| 8 <1 >128| 32 >128| >128| 128 | <0.0625 16
36 >128| 16 4 >128| 32 | >128| >128| 128 | <0.0625 32
37 >128| 2 | >128| >128 | >128| >128| >128| >128| 0.125 32
38 >128| 16 8 >128| >128| >128| >128| >128| <0.0625| 32
39 >128| 2 1 >128| 2 >128| >128| >128| <0.0625| <1
40 >128| 8 128 | >128| 64 | >128| >128| >128| <0.0625| 32
41 >128| 16 | >128| >128 | 128 | >128| >128| >128| <0.0625| 8
42 >128| 16 | >128| >128| 32 | >128| >128| >128| <0.0625| <1

82
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43 >128| 2 | >128| >128 2 >128| >128| >128| <0.0625| 64
44 >128| 2 1 >128| 1 64 | >128| >128| <0.0625| <1
45 >128| 2 1 >128| 1 64 64 | >128 <0.0625| <1
48 >128| 16 2 >128| 32 | >128| >128| >128| <0.0625| 8
49 >128| 32 2 >128| 8 64 64 | >128 <0.0625| 16
50 >128| 1 1 >128| 4 >128| >128| >128| <0.0625| 8
54 >128| 8 64 >128| 128 | >128| >128| >128 1 8
56 >128| 4 64 >128| 32 | >128| >128| >128| <0.0625| 8
57 >128| 8 2 >128| 8 >128| >128| >128 0.5 8
59 >128| 16 4 >128| 128 | >128| >128| >128| <0.0625| 32
60 >128| 4 128 | >128| 16 | >128| >128| >128| <0.0625| 4
61 >128| 16 2 >128| 128 | >128| >128| >128| <0.0625| 16
63 >128| 8 | >128| >128 8 >128| >128| 1 <0.0625| <1
64 >128| 8 1 >128| 16 | >128| >128| >128| <0.0625| <1
65 >128| 8 2 >128| >128| >128| >128| >128| <0.0625| 8
66 >128| 2 128 | >128| 4 >128| >128| >128| <0.0625| 32
67 >128| 8 128 | >128| 16 | >128| >128| 4 <0.0625| 16
68 >128| 2 64 >128| 16 | >128| >128| >128| <0.0625| 4
70 >128| 64 1 >128| 32 | >128| >128| >128| <0.0625| 8
71 >128| 8 | >128| >128| 32 | >128| >128| >128| <0.0625| 8
72 >128| 2 128 | >128| 32 | >128| >128| >128| <0.0625| 2
75 >128| 16 4 >128| 8 32 64 | >128 <0.0625| 32
76 >128| 8 | >128| >128 | 64 | >128| >128| >128| <0.0625| 16
77 >128| 2 2 >128| 64 | >128| >128| >128| <0.0625| 64
78 >128| 2 2 >128| 32 64 | >128 >128| <0.0625| 16
79 >128| 16 4 >128| 128 | >128| >128| >128| <0.0625| 16
80 >128| 2 2 >128| 64 | >128| >128| >128| 0.125 32
81 >128| 4 2 >128| 64 | >128| >128| >128| <0.0625| 1
82 >128| 64 | >128| >128 | 32 | >128| >128| >128| <0.0625| 1
83 >128| 16 | 128 | >128| 16 | >128| >128| >128| <0.0625| 32
84 >128| 4 | >128| >128| 128 | >128| >128| >128| <0.0625| 32
85 >128| 4 2 >128| 2 32 | >128| >128| <0.0625| 16
86 >128| 4 2 >128| 16 | >128| >128| >128| <0.0625| 1
87 >128| 16 2 >128| 2 16 32 | >128 <0.0625| 16
89 >128| 8 | >128| >128| 64 | >128| >128| >128| <0.0625| 32

AMP: ampicillin, AK: amikacin, CN: gentamicin, AMCAugmentin, CAZ: ceftazidime, CTX: cefotaxime,
CRO: ceftriaxone, SXT: sulfamethoxazole/trimethogrMEM: meropenem, LVO: levofloxacin.
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Table 2. The 77 ESBL-producirk coli MICs interpreted according to CLSI 2005.

MICs interpretation according to CLSI 2005
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41

42

43

44
45

48

49

50
54
56
57
59
60
61

63
64

65

66
67
68
70
71

72
75
76
77
78
79
80
81

82
83
84
85
86
87

89

AMP: ampicillin, AK: amikacin, CN: gentamicin, AMCAugmentin, CAZ: ceftazidime, CTX: cefotaxime,

CRO: ceftriaxone, SXT: sulfamethoxazole/trimethoprMEM: meropenem, LVO: levofloxacin, S:

susceptible, I: intermediate, R: resistance.

**. E. coli ATCC 25922

*. K. pneumoniae ATCC 700603



Table 3.8 -lactamase genes detected in 77 ESBL-produgimgli, MIC tests to 3
generation cephalosporins interpreted accordirgJt€AST recommendation and
confirmatory test results.
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CAZ: ceftazidime, CTX: cefotaxime, CRO: ceftriaxoi¥DST: double disk synergy test, CDT:
combination disk test, CLAV: clavulanate.

+ve con:K. pneumoniae ATCC 700603

-ve con:E. coli ATCC 25922

+ : resistant to "8 generation cephalosporins, positive DDST or CD| presence df-lactamase gene

- : susceptible to8generation cephalosporins, negative DDST or Cidl,absence d¢i-lactamase gene
R : resistance to®generation cephalosporins according to EUCAS Trimégation.

EUCAST: European Committee on Antimicrobial Susitglityy Testing
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Table 4. MICs Comparison of ESBL-produciBgcoli isolated from urine and faecal
sources of same patients and interpreted accotdiGg S| 2005.

MICs
Antibiotic | AMP AK CN | AMC | CAZ| CTX | CRO| SXT MEM | LVO
Breakpoints| R>32 | R>64 | R>16 | R>32 | R>32 | R>64 | R>64 | R>8 R>16 | R>8
Strain no.| Patient no./
Sample source

39 1/Urine >128 2 1 >128 2 >128| >128| >128| <0.0625| <1
R S S R S R R R S S

46 1/Faecal >128 4 1 >128 1 >128| >128 | >128| <0.0625| 8
R S S R S R R R S R

41 2/Urine >128| 16 >128| >128 | 128 | >128| >128| >128| <0.0625| 8
R S R R R R R R S R

47 2/Faecal >128| 16 >128| >128 | >128 | >128 | >128| >128| <0.0625| 8
R S R R R R R R S R

49 3/Urine >128 32 2 >128 8 64 64 <0.0625| 16
R | S R S R R R S R

51 3/Faecal >128| 16 1 >128| 4 >128| 64 <0.0625| 16
R S S R S R R R S R

50 4/Urine >128 1 1 >128 4 >128| >128 | >128| <0.0625| 8
R S S R S R R R S R

52 4/Faecal >128 1 1 >128| 4 >128| >128 | >128| <0.0625| <1
R S S R S R R R S S

54 5/Urine >128 8 64 >128| 128 | >128| >128| >128 1 8
R S R R R R R R S R

55 5/Faecal >128 8 2 >128| 128 | >128| >128| >128 1 16
R S S R R R R R S R

87 7/Urine >128| 16 2 >128( 2 16 32 >128 <0.0625| 16
R S S R S I | R S R

88 7/Faecal >128| 16 4 >128( 2 16 32 >128 <0.0625| 16
R S S R S I | R S R

89 8/Urine >128 8 >128| >128| 64 >128| >128 | >128 | <0.0625| 32
R S R R R R R R S R

90 8/Faecal >128 16 >128| >128 32 >128| >128 | >128| <0.0625| 32
R S R R R R R R S R

AMP: ampicillin, AK: amikacin, CN: gentamicin, AMCAugmentin, CAZ: ceftazidime, CTX: cefotaxime,
CRO: ceftriaxone, SXT: sulfamethoxazole/trimethoprMEM: meropenem, LVO: levofloxacin.
R : resistance according to CLSI 2005 breakpoints

S : susceptiblaccording to CLSI 2005 breakpoints
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Table 5. Comparison of urine and faecal ESBL-protiyE. coli from same patients for
their B-lacamase genotypes and susceptibility'{@aneration cephalosporins. MICs here
interpreted according to EUCAST breakpoints.

Strai | Patien| Sampl| CA| CT | CR | DDS | CAZ/ | CTX/ | CTX | CTX | SH | TE
n tno e Z| X 0] T CLA | CLA | -M-1 | -M-9 | V M

No. source| R>8 | R>2 | R>2 V V
39 1 Urine - + + + - + - + - +
46 Faecal| - + + + - + - + - +
41 2 Urine + + + + + + + - - -
47 Faecal| + + + + + + + - - -
49 3 Urine - + + + + + + - - -
51 Faecal| - + + - + + + - -
50 4 Urine - + + + - + - + - +
52 Faecal| - + + + - + - + - +
59 6 Urine + + + + + + + - - -
62 Faecal| + + + + + + + - - -
89 8 Urine + + + + + + + - - +
90 Faecal| + + + + + + - - - +

CAZ: ceftazidime, CTX: cefotaxime, CRO: ceftriaxoi@LAV: clavulanate.

+ : resistant to "8 generation cephalosporins, positive DDST or CD presence di-lactamase gene

- : susceptible to"8generation cephalosporins, negative DDST or Cid, absence df-lactamase gene
R : resistance to8generation cephalosporins according to EUCASTrimégation.

EUCAST: European Committee on Antimicrobial Susit®litty Testing
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