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ABSTRACT

Klebsiella spp. are opportunistic pathogens that cause lbspitd community
acquired infections such as pneumonia, urinaryt tnai@ction, septicaemia, soft
tissue infections, liver abscess, and meningitisltidrug-resistant strains possessing
extended-spectrunp-lactamases (ESBLS) has become an increasing pmoble
worldwide. The over use and, in some cases, misiaatibiotics in humans and in
animal husbandry has been cited as a responsititer im the development of drug
resistance in all bacterial species. The advanagey female gender, hospital cross-
infection, the food chain trade and human migratibave contributed to increase the

risk for community-acquired ESBL.

A total of 223 isolates collected in 2006 and 2@@Royal Infirmary of Edinburgh,
Scotland, 21K. pneumoniae, 2 K. oxytoca, 1 Enterobacter cloacae, and one isolate
Salmonella enterica were identified by API 20E and confirmed genotgliic with
gyrA PCR-RFLP method. The antimicrobial susceptibitiégults showed that 34
(15.2%), 36 (16.1%), 35 (15.7%), 45 (20.2%), 30.3¥®d and 55 (24.7%) of these
strains were found to be resistant to cefotaxineftazidime, ceftriaxone, naladixic
acid, ciprofloxacin and cefoxitin. None of the @i@s were found resistant to
meropenem keeping carbapenems the drug of choicéhéotreatment of multi-
resistant isolates. The overall frequency of ESBadpcers observed in this study
was 35 (15.7%) most of them 32/35 (91.4%) were fkampneumoniae. The genetic
analysis showed that SHp-lactamases were detected in 32, whereas TEM and

CTX-M were detected in 24 and 16 respectively.

From the ESBL-producing isolates, molecular methadisntified nine strains
possessing ESBL-SHV genes (1 stréliasyy.s, 1 strainblasyy.so and 8 strains
blasuv-12), whereas the remaining were from the “non-ESBlbdducing strains.
Conjugation methods demonstrated that 29/32 isolseboured transferabidagyy
genes. The large SHV transposon-borne promoters weplified from only one
non-transferableblasyy.11, 15 isolates produced the small SHV transposonebor

promoters. Furthermore, the2swas found 73bp upstream of thiasyy gene in all



small SHV transposon-borne promoters. A nae gn gene was identified frork.
pneumoniae (Kpll) phylogenetic group but remained susceptibte all
cephalosporins.

Sixteen (7.3%) oK. pneumoniae isolates were found to be producers of the CTX-M-
15 ESBL, of which two isolates (12.5%) were reporte be from community-
acquired infections. The insertion sequendec{ was detected by sequencing 48
nucleotides upstream dlactx.v-15 in all isolates but one. Five different clones of
CTX-M-15-producing isolates were identified by PEGE

The findings indicated a higher prevalencegaf genes than in previous studies but
still low in general. By PCR, 18 (8%)1 gnrB1, 2 gnrB6 and 5gnrAl) genes were
identified fromK. pneumoniae isolates. Also, the findings indicated the frequem

expression of fluoroquinolones and ESBLSs resistamtiee same isolate.

Two K. oxytoca strains were isolated from urine and blood spensyad hospitalized

patients. Both strains were positive for tbkoxy.2, gene. One strain showed
resistance to pencillins, monbactams, cephalospomgcluding cefotaxime and
ceftazidime but was not inhibited by clavulanicdadt differed by an amino acid

substitution Ala23%Thr, which enhances the binding of cefotaxime.

S1-nuclease plasmid profiles were obtained for smolates. A total of one to two
plasmids, ranging in size from approximately 4@1® kb, were observed per strain.
The plasmids from 24 ESBK. pneumoniae strains were assigned to be IncN or
IncFll replicons. Analysis of phylogenetic groupgsowed that the majority oK.
pneumoniae isolates were belonged to Kpl-type. Bokh oxytoca strains were
assigned to be Koll phylogenetic group basedpmB andgyrA sequencing.

Integrons are capable of capturing and mobilizieges called gene cassettes which
play an important role in the dissemination of m@untrobial resistance through
horizontal transmission. In fact, the present stutlicated a high frequency of

occurrence of class 1 integrons among ESBL-posKiymeumoniae. Three isolates



positive for class 1 integrons were found posifiveclass 2 integrons as well. Class
1 integrons includinglfr, aadA and ereA2 gene cassettes have been identified by
sequencing, which confer resistance to trimethopsineptomycin/spectinomycin

and erythromycin respectively.

In conclusion, the results from this thesis repibe emergence of hospital and
community-acquired highly resistant CTX-1B-lactamase in the Edinburgh,
Scotland. The prevalence of ESBL-producing isolateScotland is still much lower
than in many other European countries. The dissaiom of SHV- and TEM$-
lactamase types in this study is more predomirete CTX-M-15.
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CHAPTER-1:

INTRODUCTION



1.1. Antimicrobial Agents

1.1.1 Historical perspective

The initial discovery of antibiotics is generallgdins with the Scottish scientist
Alexander Fleming in 1928. He observed a moulBeaficillium notatum produced a
diffusible antibacterial agent, penicillin, whichnhibited the growth of
Saphylococcus aureus. Fleming carried out a number of studies on thteafe of
liquid cultures ofPenicillium notatum; he determined the antibacterial activity of this
antibioticin vitro, as well as its non-toxicity when injected intacenand rabbits. But
Fleming failed to stabilise the active antibiotRofinson 1998; Bennett and Chung
2001; Goldsworthy and McFarlane 2002; Geddes 208@3mpts to obtain purified
penicillin in the 1930s were mostly unsuccessfulwaver, a study carried out by
Howard Florey and Ernst Chain in 1940 showed tleati¢dllin was highly effective
against a streptococcal infection in mice. Theyiffd penicillin by freeze-drying
sufficient for clinical use and they discoveredeavrstrain ofPenicillium which was
able to produce high yields of penicillin that Hed to the development of modern

antibiotics (Goldsworthy and McFarlane 2002).

In 1944, the Russian-born biochemist and soil nhbiciogist Selman Abraham
Waksman discovered an antibiotic product from kadteriumStreptomyces griseus.
The product, Streptomycin, was the first antibiatgeful for infections caused by
Gram-negative bacteria (Kingston 2004).

From this discovery, many new classes of antibibicl been discovered by the
1960s. The semisynthetic penicillins were introdldy Beecham in early 1960s
included methicillin (1960), ampicillin (1961) ardioxacillin (1962). At the same
time the cephalosporin C was established by AbradwadnNewton (Rolinson 1998).

1.1.2. Mechanism of action of Antimicrobial drugs

Antimicrobial drugs have several mechanisms (Brai&7; Amyes 2010) include:



)] Interference with cell wall synthesis such [atactam antibiotics now
include: penicillinase-resistant, amino-, carboxwdanyl-, and ureido-
penicillins; first- to fifth-generation cephalospws; monobactams; and
carbapenems.

i) Interference of protein synthesis: Aminoglycoside®jacrolides,
Tetracyclines, Lincomycins, Chloramphenicol, LinkzoStreptogramins.

i) Interference with nucleic acid (DNA) synthesis byerfering with DNA
gyrase and topoisomerase IV: Quinolones, Metromigaz

Iv) Inhibition of Ribonucleic acid (RNA) synthesis bytiag on DNA-
directed RNA polymerase: Rifamycins.

V) Inhibition of a metabolic pathway by acting on tlgnthesis of
tetrahydropholic acid: Trimethoprim, Sulfamethoxazo

Vi) Disruption of bacterial membrane structure: Polymgx

1.1.3. B-Lactam Antibiotics

1.1.3.1. Structure

The B-lactam antibioticscan be divided into six different groups, the pégims,
cephalosporins, carbapenems, cephamycins, monobactams, @&Hdctamase
inhibitors (Smet, Martekt al. 2008). B-lactam antibiotics contain B-lactam ring
which is a heteroatomic ring structure consistirigthwee carbon atoms and one
nitrogen atom. Th@-lactam ring of natural or semisynthetic penicaliis fused with

a thiazolidine ring. In cephalosporins, thelactam ring is merged with a
dihydrothiazine ring. In the carbapenems, fhtactam ring is combined with a
hydroxyethyl side chain, lacking an oxygen or sulpatom in the bicyclic nucleus.
In contrast to the antibiotics, clavulanic acidi-Ectamase inhibitor, is composed of
a p-lactam ring fused with an oxazolidine ring and slo®t possessed an amide
function (Livermore and Williams 1996; Amyes 2010).



In general, modifications of the R and R’ groupterathe pharmacokinetic and
antibacterial properties @lactam antibiotics; for example, substitutiongasition

7 of cephalosporins increase the penetration inéo geriplasmatic space and the
stability againstp-lactamases, but may reduce antibiotic activity (®witz and
Mandell 1988).

1.1.3.2. Mechanism of action of B-lactam antibiotics

B-Lactam antibiotics act on bacteria by inhibitingpet bacterial enzymes,
transpeptidases and carboxypeptidases, locatdwe inytoplasmic membrane which
catalyses synthesis of the cross-linked peptideglyd@hese enzymes are commonly
called penicillin-binding-proteins (PBPs) (Spra@od).

The cell wall of enterobacteria consists of an imgoplasmic membrane and outer
layer consisting of lipopolysaccharides (LPS) apdproteins. LPS consists of lipid
A, core polysaccharide, and O antigen. The peniplessa space between the inner
cytoplasmic membrane and outer lipid membrane. Hpace contains a loose
network of peptidoglycan chains. A large layer eppidoglycan found in the Gram-
positive bacteria; Gram-negative bacteria have elntlinner layer of peptidoglycan
surrounded by a lipid bilayer outer membrane. Tindividual peptidoglycan cell
wall units are produced inside the cell, the ficrass-linking is catalysed outside the
cytoplasmic membrane by a group of membrane-andhometerial enzymes known
as the cell-wall transpeptidases (Fisher, Mercaiedd. 2005; Wilke, Loveringet al.
2005).

Peptidoglycan is an essential component of theebattcell wall. It protects the
organism from osmotic rupture, determines cell shand is integral to cell growth
and division. The peptidoglycan is composed of aidaepeating unit of an
alternating chains of disaccharibleacetylglucosamine (NAG) and-acetylmuramic
acid (NAM) linked bypB-(1,4)-glycoside units. The carboxyl group of muramcid
is usually replaced by an aminoacid chain compagddur aminoacids. The most

common are L-alanine, D-alanine, D-glutamic acidgitamine and L-lysine or



diaminopimelic acid (DAP) (Tipper and Strominger659 Livermore and Williams
1996).

In the cross-linking reaction in Gram-negative baet a peptide bond is formed
between the D-alanine on one chain and the frea@emd of a diamino pimelic acid
on the other chain causing the elimination of #reinal D-alanine and designated
the transpeptidase reaction. Tpactam antibiotics are analogues of the terminal
amino acid (D-alanyl-D-alanine) residues on thecprsor NAM/NAG-peptide
subunits of the peptidoglycan layer. In the preseoicthep-lactam antibiotics, the
transpeptidases and carboxypeptidases react wtkDaalanyl-D-alanine to form a
lethal serine-ester-linked acyl (penicilloyl, cefdsporoyl) enzyme complex. Tlfie
lactam-enzyme complex is very stable, and blocks nlormal transpeptidation
reaction. This result disrupts the synthesis of dbkk wall and makes the growing
bacteria highly susceptible to cell lysis and de@ftpper and Strominger 1965;
Ghuysen 1988; Livermore and Williams 1996; Wilkeyeringet al. 2005).

1.1.3.3. Mechanisms of resistance to  B-lactam antibiotics

There are four major ways bacteria avoid the bmited effect of p-lactam

antibiotics; alteration of penicillin binding prats (PBPs), lack or diminished
expression of outer membrane proteins (OMPS), aafflux pumps promoting the
transport of the antibiotic from within the cell loe external environment, resulting
in an intermediate level of resistance and fingllypduction off3-lactamases that
hydrolyze theB-lactam ring and render the antibiotic inactivedoefit reaches the

penicillin-binding protein (PBP) target.

1.1.3.3.1. PBPs modifications

PBPs are divided into two subgroups: low molecutaass (LMM) and high
molecular mass (HMM) enzymes. The HMM enzymes arthér subdivided into
the bifunctional class A enzymes and the monofoneli transpeptidase class B

enzymes (Wilke, Loveringt al. 2005). The penicillin-binding module contathsee



conserved motifs that form the active cavity. Tlaegthe Ser-X-X-Lys (SXXK), the
Ser-X-Asn (SXN), and the Lys-Thr/Ser-GKT/SG) motifs (Hakenbeck 1998).

Alterations of PBPs have been described in botm@ragative and Gram-positive

organisms, assuming a more important role in Grasitpe bacteria. There are

several PBP-mediated mechanism§-tdctam resistance, including:

1-

Point mutations altering an amino acid. Hn coli, at least three different
amino acid substitutions within the transpeptidaesnain of the PBP3,
conferred at least seven-fold resistance to cepimalbut not to other
cephalosporins, penicillins or monobactams. Amicid anodifications in one
or two enzymes have very little effect on the resise level (Hedge and
Spratt 1985). Mutations in PBR4, 2B, and 2X play an important role in the
development ofresistance to R-lactam antibiotics Ky pneumoniae
(Sanbongi, Id&t al. 2004).

The acquisition of foreign PBP resistantttactam antibiotics; for example,
the acquisition of PBP2a by methicillin-resista®tephylococcus aureus
confers resistance flactam antibiotics (Hackbarth and Chambers 1989).

Recombination between susceptible PBPs and thoskessf susceptible
species. This hybrid protein, originated in an nspecies homologous
recombination, presents slightly less susceptbtlit f-lactams (Dougherty
1986).

Overexpression of a PBP. When PBP5 is overexpregsisdresponsible for
both natural insensitivity and acquired intrins&sistance to penicillin in

enterococci (Fontana, Cerigtial. 1983).



1.1.3.3.2. Permeability-based resistance

The outer membrane of Gram-negative bacteria @aysnportant role serving as a
diffusion barrier for penetration of hydrophilic mpounds and interacts with the
bacterial environment. In Gram-positive bacteria ffHactam can easily reach the
cytoplasmic membrane, whereas in Gram-negative diessing of the outer
membrane is essentially done through protein cHantie porins (Nikaido 1989).

The porins are divided into two classes: specifid aon-specific. Irk. coli, OmpC,
and OmpF, represent the non-specific porins thamniehe general diffusion of
small polar molecules. A loss of either of thesenmhas been related to antibiotic
resistance (Nikaido 1989). The OmpA proteirkircoli is a homologue of the major
porin of P. aeruginosa OprF (Nikaido 2003). IrKlebsiella spp. OmpK36, OmpK35
and OmpK34 are the homologues of OmpC, OmpF andAOfAtberti, Rodriquez-
Quinoneset al. 1995; Domenech-Sanchez, Martinez-Martingzal. 2003). K.
pneumoniae strains usually express OmpK35 and OmpK36, the EfBducing
strains commonly express only one of these, noy@ihpK36, or no porin at all
(Martinez-Martinez, Hernandez-Allest al. 1996; Hernandez-Alles, Conept al.
2000). In addition to the major porins, minor psrimave been described including
OmpK37 fromK. pneumoniae, OmpN fromE. coli and OmpS2 fronSalmonella
typhi. The percentages of identiyd similarity of OmpK37 with the OmpS2 and
OmpN porins are 88nd 88% and 77 and 85%, respectively (Domenechkeanc
Hernandez-Allegt al. 1999). The outer membrane alteration&irpneumoniae are
not decisive factors in increasing resistance toracrobial agents, but porin loss co-
operates with beta-lactamase production to increasestance to beta-lactams
(Hernandez-Alles, Coneg al. 2000).

1.1.3.3.3. Efflux pump
The third mechanism involved in resistancét@actam antibiotics is the expression

of efflux pumps. These proteins transport the aotiib from within the cell to the

external environment. A characteristic of effluxnmus is the variety of molecules



they may transport, due to poor substrate spegifidihus, this multidrug efflux
system plays an important role in providing resiseato a very wide range of
compounds in Gram-negative bacteria (Nikaido 1%agjle 2004).

Efflux was first described as a mechanism of resistantarecyclinen Escherichia
coli (McMurry, Petrucciet al. 1980); reviewed by Poole (2005). Bacterial efflux
systems capable of accommodatmgimicrobials generally fall into five classeseth
major facilitator(MF) superfamily, the ATP-binding cassette (ABCmily, the
resistance-nodulation-division (RND) family, the ahmmultidrugresistance (SMR)
family and the multidrug and toxic compouedtrusion (MATE) family (Poole
2004; Poole 2005).

One of these multidrug efflux pumps is the resistanodulation division (RND).
Examples of this superfamily include the AcrAB gystofE. coli and the MexAB-
OprM system ofPseudomonas aeruginosa. The substrates of this family is diverse
and includes antibiotics, dyes, and detergéNikaido 1998). However, members of
the MFS, MATE and SMR families also show a limitgallity to promote resistance
to some biocides and antibiotics (Poole 2004).

1.1.3.3.4. Enzyme production

The fourth and most important mechanism of rescgdaf-lactam antibiotics is the
production off-lactamase enzymes. Tlfielactamases confer significant antibiotic
resistance to their bacterial hosts by hydrolysishe amide bond of thg-lactam
ring. Classe#, C, and D include enzymes that hydrolyze thebsstatedy forming

an acyl (penicilloic or cephalosporoic) enzyme tlglo an active site serine, whereas
class Bp-lactamases are metalloenzymes that utilideast one active-site zinc ion.
These enzymes are especially important in Gramtivegbacteria as they constitute
the major defence mechanism agapictam-based drugs (Livermore 1995; Wilke,
Lovering et al. 2005). Beta-lactamases have been designated agyrhes
hydrolysing amides, amidines and other C-N bondsseparated on the basis of the
substrate: . . . cyclic amides” (Bush, Jacebgl. 1995).



Emergence of resistance fifdactam antibiotics began even before the developme
of penicillin. The first identification of-lactamase enzyme was isolated&ncoli
before the use of penicillin in medical practiceb(@ham and Chain 1940). Many
genera of Gram-negative bacteria naturally possgs®mosomal-mediate-
lactamase. These enzymes and penicillin-bindingepre (PBPs) are thought to have
evolved from a common ancestor, which probablysaske bacteria in competition
with other naturally producinf-lactams bacteria (Ghuysen 1991). The first plasmid
mediated B-lactamase in Gram-negatives, TEM-1, was descrilmedl965 (the
designation “TEM” came from the patient's name, ®Bemra) (Datta and
Kontomichalou 1965). At the same time, another mldsmediatedp-lactamase,
known as “SHV-1" (sulfhydryl variable), was found K. pneumoniae andE. coli.
(Paterson and Bonomo 2005). The genes encdiiagtamases can be located on
the bacterial chromosome, on plasmids, on trang@psor on integrons. These
mobile genetic elements enalfiiéactamases dissemination to other members of the
Enterobacteriaceae family, H. influenzae, N. gonorrhoeae, and P. aeruginosa, and
rise the incidence of multi-drug resistant bactevith complex resistance patterns
(Bradford 2001; Weldhagen 2004; Paterson and Bon2@tb). The mutations in
TEM and SHV B-lactamases gave them expanded spectrum of actgginst
oxyimino{-lactams (oxyimino-cephalosporins), and then tlesgymes were called
extended-spectruifitlactamases (ESBLSs) (Bradford 2001; Gniadkowski&00

1.1.4. Extended spectrum [-lactamases

Extended spectrurfi-lactamases (ESBLS) ar@-factamases capable of conferring
bacterial resistance to the penicillins, first-,caed-, and third-generation
cephalosporins, and aztreonam (but not the cephamyer carbapenems) by
hydrolysis of these antibiotics, and which are lnitleid by p-lactamase inhibitors
such as clavulanic acid” (Paterson and Bonomo 20BSBLs are located in two
subgroups of group 2, namely subgroups 2be (extemspectrump-lactamases;
Ambler’s class A enzymes) and 2d (cloxacillin-hyigizing -lactamases; Ambler’s



class D ESBLSs) according to thglactamase functional classification scheme
(Ambler, Coulsoret al. 1991; Bush, Jacolst al. 1995).

The first ESBL was identified by Knothe, Shahal. (1983) in a nosocomid.
pneumoniae strain isolated in Germany in 1983; since therer@®00 variants of the
clavulanic acid-inhibited form (TEM, SHV, CTX-M, OX have been described
worldwide (http://www.lahey.org/studies/webt.htmlhey are most prevalent in
Klebsiella spp., and their epidemiology reflects a mixturenafitations, plasmid
transfer and or clonal spread (Livermore and Woad#006). A single clone has
spread among 14 French hospitals, including a yg@eoK25 K. pneumoniae with
SHV-4 (Arlet, Rouveawt al. 1994).

The most common ESBL phenotypes arise from pointatimns in theblargy,
blasny, or blactx genes resulting in alterations of the primary avanid sequence of
the enzyme (Bradford 2001; Gniadkowski 2001; Paterand Bonomo 2005;
Paterson 2006). These mutations usually occurregoaition 104 (TEM), 146
(SHV), 156 (SHV), 164 (TEM), 167 (CTX-M), 169 (SHV179 (SHV and TEM),
205 (TEM), 237 (TEM), 238 (SHV and TEM) and 240 (TESHV and CTX-M)
(Gniadkowski 2008). Many of the organisms that bartESBLs are also resistant to
other classes of antibiotics, such as aminoglyessitluoroquinolones, tetracyclines,

chloramphenicol, and sulfonamides (Bonnet 2004).

1.1.4.1. Classification and nomenclature of  B-lactamases

Several attempts have been developed to claddgtamases. The first scheme to
classify B-lactamases was proposed in 1968 to group it irgoigdlinases and
cephalosporinases (Sawai, Mitsuhashal. 1968). In 1970, another classification
scheme proposed by Jack and Richmond (1970), whiah updated in 1973 by
Richmond and Sykes (1973). This scheme classifieg4actamases from Gram-
negative into five groups based on whether this/mezhydrolysed penicillin more
or less rapidly than cephaloridine and whether datgivity was inhibited by

cloxacillin and/or p-chloromercuribenzoate. In 1976, Sykes and Mattl{&9w6)

10



extended this last scheme to include plasmid-medfatactamases differentiated by
isoelectric focusing (IEF). After that, Mitsuhashnd Inoue (1981) proposed a
scheme where they added the category cefuroximsslygihg p-lactamase to the
penicillinase and cephalosporinase. Molecular 8irec classification was first
proposed by Ambler (1980) with two classes. Clasmduding PC1p-lactamase
from S aureus and class B metallp-lactamase Il fromB. cereus. Furthermore,
Jaurin and Grundstrom (1981) described class Categporinases frori. coli K-
12. The designation of classfldlactamase were segregated from the other s@rine
lactamases after sequencing of PSE-2 and OXA-1ladhaing carbencillin and
oxacillin (Ouellette, Bissonnetgt al. 1987; Huovinen, Huovineet al. 1988).

One of the most used classification schemes is Arisb(Ambler, Coulsoret al.
1991) based upon amino acid sequences. He classifes3-lactamases into four
molecular classes, A, B, C and D. Moreover, BuahpByet al. (1995) extended his
classification scheme of 1989 (Bush 1989a; Bus®ih98ush 1989c) attempted to
correlate the functional characteristics with thelenular structure recognizes four
major B-lactamase classes, one of which (Group 2) is &ttt eight subgroups.
Finally, Bush and Jacoby (2010) updated his class$ibn scheme of 1995 by adding
new functional subgroups to the scheme as a rekudentification of new majop-

lactamase families variants (Table 1.1).

B-lactamases are categorized based on similarigmmo acid sequence (Ambler
classes A through D) or on substrate and inhilptafile (Bush-Jacoby-Medeiros
Groups 1 through 4) classification schemes are lwidecepted. As such, this work

also follows these classification schemes.
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Table 1.1:pB-lactamase classification schemes modified froms{Band Jacoby

2010):
Ambler | Bush-Jacoby o . Representative
Distinctive substrates Inhibited by
class group enzymes
CA/TZB | EDTA
AmpC, P99, ACT-1,
C 1 Cephalosporins - - CMY-2, FOX-1,
MIR-1
C le Cephalosporins - - GC-1, CMY-37
A 2a Pencillins - PC1
Pencillins, TEM-1, TEM-2,
A 2b ) -
early cephalosporins SHV-1
Extended-spectrum
] TEM-3, SHV-2, CTX-
A 2be cephalosporins, -
Ms, PER, VEB
monobactams
A 2br Penicillins - TEM-30, SHV-10
Extended-spectrum
A 2ber cephalosporins, - TEM-50
monobactams
A 2c Carbencillin - PSE-1, CARB-3
A 2ce Carbencillin, cefepime + - RTG-4
D 2d Cloxacillin - OXA-1, OXA-10
Extended-spectrum
D 2de ) - OXA-11, OXA-15
cephalosporins
D 2df Carbapenems \% - OXA-23, 0XA-48
Extended-spectrum
A 2e ) - CEPA
cephalosporins
A 2f Carbapenems \% - KPC-2, IMI-1, SME-
IMP-1, VIM-1, IND-
B 3a (B1) Carbapenems - +
1, CcrA
L1, CAU-1, GOB-1,
(B2)
FEZ-1
B 3b (B3) Carbapenems - + CphA, Sfh-1
Unkown 4 -

(V), variable,(+), Yes, (-), No, CA, Clavulanic acid, TZB, Tazaieam
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1.1.4.2. Active site

The B-lactamases are divided into two classes; seridenagtallof-lactamases that
do not share sequence or structural homology.dssels A, C and D an active site
serine and a molecular mass of approximately 29[080is responsible for thg
lactam hydrolysis (Bradford 2001). The three classkserineB-lactamases, A, C
and D share similarity on the protein structureelewhich proves that they are
derived a common ancestor (Hall and Barlow 200#ldss B metall@-lactamases
need a bivalent cation, usually zinc, to be abledialyse thg-lactam ring (Garau,
Garcia-Saert al. 2004; Walsh 2005; Bebrone 2007)

1.1.5. The clinically most important ~ B-lactamases

1.1.5.1. Class A B-lactamases

1.1.5.1.1. TEM B-lactamases

The TEM family of ESBLs constitutes the largest avidely disseminated group of
these enzymes. Their evolutionary precursors are TEM-1 and TEM-2
penicillinases (Livermore 1995; Medeiros 1997; Boad 2001). TEM-1, was first
reported in 1965 from aB. coli isolate (Datta and Kontomichalou 1965). Plasmid-
mediated TEM-1 is the most preval@alactam inactivating enzyme found in enteric
bacilli especially inE. coli andK. pneumoniae, they are also found with increasing
frequency in other Gram-negative species (Liu, @ual. 1992; Bradford 2001).
TEM-1, is able to hydrolyse ampicillin more thanrkmnicillin, oxacillin, or
cephalothin, and is inhibited by clavulanic aciEM-1 is encoded by a series of
gene allelesblarem.1a to blarem-1r, Which differ from each other by specific silent
mutations. Each of these genes could initiate ars¢@ evolutionary lineage of

mutant derivatives (Leflon-Guibout 2000).

TEM-2, the first derivative of TEM-1, had a singéanino acid substitution at
position 39 (GIn3%-Lys) from the original TEM-13-lactamase. This substitution
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changes the isoelectric point from 5.4 in TEM-15t6 in TEM-2. Theblargm-2 gene
possesses a stronger promoter than the promotiee bifargy-1 gene which confers a
higher enzymatic activity when compared to TEM-bdurcing strains (Jacoby and
Carreras 1990). TEM-1a, TEM-1b and TEM-2 are enddddransposable elements
such as transposons, InTn2 and Tri, respectively (Datta and Kontomichalou
1965; Partridge and Hall 2005).

TEM-3, originally reported in 1987, was the firsENM-type p-lactamase that
displayed the ESBLs phenotype. Sequencing of TEM\&aled that the enzyme
was related to TEM-2 and differed by two amino acfcbm its parent TEM-2
enzyme: Lys»>Glu at position 102 and SeiGly at position of 236 (Sougakoff,
Goussardt al. 1988).

One to five point mutations are especially impartéor producing the ESBL
phenotype and extend their hydrolytic spectra; thejude amino acid substitutions
at positions Asp104, Argl64, Ala237, Gly238 and 23 (Bradford 2001; Bonnet
2004). The mutations at position Gly238 in the\a&ctite pushes th@-strand out
and away from the reactive Ser70 residue, resuiltiregslightly expanded active site,
which could improve binding and accommodate cemaons with bulky side-
chains. Ser238 is critical for cefotaxime hydratygihereas both Ser238 and Lys240
are needed for strong ceftazidime hydrolysis (Hkigt Knoxet al. 1993). Although
mutation Glul04-Lys improves the ability of the enzyme to hydrolyse
cephalosporins and monobactams, it is not suffidierconfer true resistance and is
always found in clinical isolates associated witleast one mutation at another part
of the active site. The Glul64Lys substitution modifies the precise positionirfg o
the SDN loop, which is involved in the binding acatalysis of the substrate (Petit,
Maveyraudet al. 1995). Moreover, amino acid substitutions at pasiArgl64 are
the most common mutations in TEM enzymes. Subgtitstwith either serine or
histidine remove the ionic bonds that arginine imasle with acidic residues and this
allows theQ) loop to move to one side thus opening the aciteefer bulky p-lactam
variants and increased catalytic efficiency forotaxime, ceftazidime and aztreonam
(Sowek, Singekt al. 1991). In addition, the substitution Ala23Thr is found in
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TEM-5 and TEM-24 and it improves binding of the yme to cefotaxime by
facilitating the creation of a hydrogen bond betwé#®e Thr237 and the cefotaxime
molecule (Knox 1995).

TEM enzymes confer a phenotype of resistand&laxtamase inhibitors conferring
an inhibitor resistant TEM (IRT) phenotype. Curfgntmore than 2&larem gene

variants are resistant to inhibitors like clavutani acid

(http://www.lahey.org/studies/). Amino acid suhgiibns in TEM at positions
Met69, Serl30, Arg244, Arg275 and Asn276 are ugualsociated with the
resistance tgB-lactamase inhibitors (Canton, Morosiai al. 2008; Drawz and
Bonomo 2010).

Although inhibitor-resistant TEM (IRT) enzymes geadly confer less resistance to
oxyimino-cephalosporins than parental enzymes,va édazymes have hydrolytic
activity against oxyimino-cephalosporins togethathwnhibitor resistance. These
enzymes are referred to as complex mutants of TEMIT). A CMT enzyme
possesses both of the amino acid substitutionsnadsén TEM ESBLs and those
observed in inhibitor-resistant TEMs (Canton, Mamost al. 2008). First enzyme of
this group described in France in 1997, CMT-1 (TE®); presented the ESBL
substitutions of TEM-15 and the IRT-substitutiorfsIRT-4 (Sirot, Reculeet al.
1997). Another example, TEM-125 (CMT-) enzyme camali the amino acid
substitutions of TEM-12 (ESBL) and those of inhopitesistant TEM-39 (Robin,
Delmaset al. 2006). Other enzymes presenting amino acid substits of ESBL
and IRT enzymes were also described in Poland,u@artand other regions of
France (Fiett, Paluchet al. 2000; Poirel, Mammegt al. 2004; Machado, Coquet

al. 2007). Currently, about 9 CMT gene Vvariants are pored
(http://'www.lahey.org/studies/). CMT-typp-lactamases are a great challenge in
detection of ESBLs in clinical laboratories becapbenotypic detection methods of
ESBLs depend on the inhibition of ESBLSs actamase inhibitors, which is absent
in CMT-typeB-lactamases (Canton, Morosatial. 2008; Drawz and Bonomo 2010).
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1.1.5.1.2. SHV B-lactamases

SHV enzymes are classified in groups 2b and 2béefBush-Jacoby-Medeiros
classification scheme and in Ambler class A (Ampfeoulsonet al. 1991; Bush,
Jacobyet al. 1995). SHV refers to sulfhydryl variable. “Thissiignation was made
because it was thought that SHV hydrolysed cepidith@ but not benzylpencillin in
the presence of p-chloromercuribenzoate, inhibitsuifhydryl binding chemical
(Matthew 1979; Tzouvelekis and Bonomo 1999). Thisvay was never confirmed
in later studies with purified enzyme of the SH\p¢\3-lactamases (Paterson and
Bonomo 2005). SHV-1 was first described in 1972 ealted Pit-2 from the author’s
name Pitton (Pitton 1972). SHV-1 confers resistat@weampicillin, amoxicillin,

carbenilcillin and ticarcillin (Livermore 1995).

SHV-1 share 84-88.9% and 91.8% amino acid sequsimaéarity with LEN-1 (a
chromosomally encodedf-lactamase and K. pneumoniae species-specific
penicillinase) and OHIO-1 (a plasmid encodkthctamase) respectively. Whereas
the amino acid sequence identity between SHV-1 BBM-1 is 63.7-67%. The
SHV-1 substrate binding cavity is 0.7-1.2 A largjean in TEM-1 (Heritage, M'Zali

et al. 1999; Kuzin, Nukagat al. 1999; Tzouvelekis and Bonomo 1999; Reynolds,
Thomsonret al. 2006).

A chromosomal copy oblagyy-1 or blaspy-11 or close relatives, encoding non-
extended-spectrum enzymes, considered as nativihetogreat majority ofK.
pneumoniae strains (Babini and Livermore 2000; Ford and Avi2004; Lee, Chet

al. 2006). Other reports considered the SHHActamase is most commonly found
in K. pneumoniae and is responsible for up to 20% of the plasmidated
ampicillin resistance in this species (Tzouveleasl Bonomo 1999). SHV enzymes
were also detected in othEnterobacteriaceae as a plasmid-mediatgilactamases
(Matthew 1979; Sabate, Miw al. 2002).

Plasmid-mediatedlasyy genes are possibly mobilized from genome to pldsmi
mediated by 136 (Ford and Avison 2004). is widely distributed among
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plasmids facilitating the mobilization of chromosaimsequences containing
resistance genes. Also,2owas found associated with a class 1 integronswisic
considered as a critical step in the evolution nfeide multiresistance plasmids
found in clinical enterobacteria (Miriagou, Cardttet al. 2005). 126 is an 820-bp
long insertion sequence that typically generatedp8target duplication upon
transposition (Mollet, lidat al. 1983). It is demonstrated for 1$hat the length of
target site duplication sequences may vary accgrdm the sequence of the
integrated site (Machida and Machida 1987). It eidved that the I& insertion
increases promoter strength through the introdoctd a different —35 region
(Podbielski, Schonling et al. 1991a)26insertion was found 2 kbp upstream in the
plasmid-mediated SHV-5 enzyme (Gutmann, Feria. 1989). In plasmid-mediated
SHV-2a, SHV-11 and SHV-12, 26 insertion was identified into thélashy
promoter (Podbielski, Schonling et al. 1991b; Nhelkwlerbinen, Kayser et al.
1997).

The first of these enzymes capable of hydrolyzimg newer beta-lactams, SHV-2,
was found in a single strain & ozaenae isolated in Germany (Knothe, Shethal.
1983). Sequencing of the SHV-2 gene showed that @mé amino-acid substitution
of Gly238—Ser was differed from SHV-1 (Kliebe, Niesal. 1985). The majority of
SHV variants possessing an ESBL phenotype are cieaized by the substitution of
a glycine for serine at position 238, glutamic aéat lysine at position 240
(Huletsky, Knoxet al. 1993; Kurokawa, Yaget al. 2000; Bradford 2001; Hujer,
Hujeret al. 2002).

The serine residue at position 238 is crucial féeative hydrolysis of ceftazidime.
The Gly238-Ser pushes thgstrand out and away from the active site Ser70chvh
expands the active site even more when comparetEM, and permits greater
substrate versatility against penicillins and cémp@orins. These findings were
confirmed by site-directed mutagenesis studies €tslal/, Knoxet al. 1993; Hujer,

Hujer et al. 2002). Furthermore, the lysine residue at pasi#d0 is responsible for

hydrolysis of cefotaxime. Resistance to this antibiis increased in enzymes such
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as SHV-5 and SHV-12, which possess at least boga38l-Ser and Glu246-Lys
substitutions (Huletsky, Knoet al. 1993; Nuesch-Inderbinen, Kaystial. 1997).

Also, the residue Aspl79 is positioned in fhdoop of the SHV active site. Amino
acid substitution of Asp179Ala (SHV-6), Asn (SHV-8) and Gly(SHV-24) possibly
increase the movement of tkeloop, expanding the binding site and destabilizing
the Glule6 (Knox 1995). This substitution conferra@h-level resistance to

ceftazidime but not to cefotaxime (Kurokawa, Yeigal. 2000).

Contrary to TEMB-lactamases, there are few SHV that confer resstdn f3-
lactamase inhibitors. Until now, only few (five) 8mes were detected which
present mutations that can confer loss of susdbtibo p-lactamase inhibitors
(Drawz and Bonomo 2010). For example, amino acidsttwtions of residues
Met69—lle (SHV-49) (Dubois, Poirelet al. 2004), Serl36:Gly (SHV-10)
(Prinarakis, Miriagouet al. 1997) and Alal8%Thr (SHV-26) (Chang, Siet al.
2001) confer an increase of resistance againstilelaic acid associated with the loss
of affinity to penicillins and narrow-spectrum cepbsporins. By site-saturation
mutagenesis, SHV enzymes in vitro do no benefitpprioonally from the
simultaneous presence of amino acid substitutionsesidues 69, 244 and 276 of

naturally occurring in TEM enzymes (Randegger aadhter 2001).

1.1.5.1.3. CTX-M B-lactamases

In the second half of the 1980s, non-TEM and noM$Hasmid class A ESBLs
enzymes have been reported, among them the CTXpkIptyactamases (active on
Cefotaxime) (Bonnet 2004). CTX-M first detected dapan in 1986 from a
cefotaxime-resistark. coli (the enzyme was named FEC{l)atsumoto, lkedat al.
1988). A few years later in 1989, a similar cefata@-resistant clinicak. coli strain
from Germany was reported to prodytdactamaseenzyme designated CTX-M-1
(Bauernfeind, Grimmet al. 1990). In 1992, a new plasmid-mediated cefotaxanas
designated CTX-M-2, was described from multidrugisant Salmonella
typhimurium isolated in 1990 in Argentina (Bauernfeind, Caasadt al. 1992). At the
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same year, the same type of ESBL was reportedimcal E. coli strain MEN,
isolated at the beginning of 1989 in France andgdessdMEN-1 (Barthelemy,
Peduzziet al. 1992). The CTX-MB-lactamases constitute one of the most rapidly
growing ESBL families. Over the last decade CTX3yyes have replaced TEM and
SHV mutants as the predominant ESBLs in numeroustdes of Africa, Europe,
South America and Asia. The CTX-M enzymes have hedentified worldwide
(Baraniak, Fietet al. 2002; Saladin, Caet al. 2002; Livermore and Woodford 2006;
Livermore, Cantoret al. 2007).

The CTX-M family now contains 96 enzymes _(http:/mnahey.org/studie¥/and
subclassified by amino acid similarities into 5yps: CTX-M-1, CTX-M-2, CTX-
M-8, CTX-M-9 and CTX-M-25 in which the members afiah group share 94%
identity (Bonnet 2004). In contrast to TEM and SH¥hilies, which were originated

by amino acid substitutions of their parent enzymEM-1, TEM-2 and SHV-1, the
CTX-M ESBLs were acquired by the horizontal gersnsfer from other bacteria.
The gene sequences encoding the regions surroutidingasmid-mediated CTX-M
enzymes show high identities to those of the regggnroundingdduyvera georgiana
chromosomalblax yc genes or theK. ascorbata chromosomalblax ya genes
suggesting the mobilization of this type pflactamase-encoding gene from the
chromosome to plasmids. Thus, it is considered timatCTX-M-8 and CTX-M-9
probably originated froniKluyvera georgiana blax yc (Poirel, Kampferet al. 2002;
Olson, Silvermaret al. 2005), whereas the CTX-M-1 and CTX-M-2 family exexd
from K. ascorbata chromosomal geneblax ua (Humeniuk, Arletet al. 2002;
Rodriguez, Powest al. 2004).

The CTX-M enzymes confer higher level resistancedfmtaxime, ceftriaxone and
aztreonam than to ceftazidime (Dutour, Boretetl. 2002; Saladin, Caet al. 2002).
However, some point mutations produced enzymes withuch stronger activity
against ceftazidime. For example, CTXM-15 was dstivfrom CTX-M-3 by a
Asp240-Gly substitution, which increased catalytic acyvid ceftazidime (Poirel,
Gniadkowskiet al. 2002). The Asp246-Gly substitution was observed in CTX-M-
32 and CTX-M-53 (CTX-M group 1) presenting higheatadytic activity against
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ceftazidime (Cartelle, del Mar Tomas al. 2004; Doublet, Granieet al. 2009).
CTX-M-27 and CTX-M-16, differing from CTX-M-9 and TX-M-14 respectively
by the Asp246-Gly mutation, also present higher catalytic effgies against
ceftazidime (Bonnet, Dutowt al. 2001; Bonnet, Recule al. 2003). Asp248-Gly
substitution appears to increase the flexibility B8 p-strand and synchronized
motions of thel3 strand with the reactive Ser70 and residues @6l7700f the Q-
loop. These modifications allow a deep insertionceftazidime in the catalytic
pocket and increase activity against ceftazidimee(C Delmast al. 2005; Delmas,
Chenet al. 2008).

Another substitution responsible for higher levefsresistance to ceftazidime, as
compared to cefotaxime, is the Prot63er mutation, which differentiates CTX-M-
19 from CTX-M-14 (Poirel, Naagt al. 2001). The mutation at Pro167 in tQeloop
modifies the interaction betwe@Alactams with Ser23@n thep3 strand and Ser130
on the SXN loop sitesyhich are fairly distant from the mutation site.eThydrogen
bond of the C-4 carboxylate of ceftazidime with 13§ of CTX-M-19may well
correlate with the strong ability of CTX-M-19 to diplyze ceftazidime (Kimura,
Ishiguroet al. 2004).

CTX-M enzymes are susceptibile feactamase inhibitors, although a low-level of
resistance to the combination of clavulanic acithwamoxicillin and ticarcillin could
be observed (Bonnet 2004). CTX-M-14 was able tadlyd sulbactam, clavulanate
and tazobactam retain their ability to inactivatés tenzyme (Ishii, Gallenét al.
2007).

The ability of insertion sequences B&1, ISCR, 1S26, 1IS10 and IS903) to mobilize

and to promote the expressionfefactamase genes may explain the current spread
of CTX-M-type enzymes worldwide. The insertion seqce I&Ecpl was firstly
identified upstream oblacuwy.4 from anE. coli isolate from the United Kingdom
(Eckert, Gautieret al. 2006)The insertion sequencesEtpl or ISEcpl-like are
involved in the mobilization oblactx.v genes and have repeatedly been observed

upstream of ORFs encoding the sevétatrx-w genes belonging to the CTX-M-1,
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CTXM-2, CTX-M-9, and CTX-M-25 subgroups. Also, theEcpl element provides
the promoter for expression bfactx.v genes (Karim, Poireét al. 2001; Saladin,

Caoet al. 2002; Poirel, Decousset al. 2003; Eckert, Gautiegt al. 2006; Poirel,

Naaset al. 2008). The I&cpl belongs to the 1880 family and is capable of
mobilizing the neighboring genes by one-ended pasision mechanism. The
mobilization of blactx.m-2 from K. ascorbata to E. coli was achievable in the
presence of I6cpl (Lartigue, Poirekt al. 2006).

The ICR (IS common regions) (formerly called orf513) wakentified as being
closely associated with the spread of many antbi@sistance genes (Canton and
Coque 2006; Toleman, Bennettal. 2006; Poirel, Naast al. 2008). Theblactx-wv-2
gene was possibly acquired by a plasmid thraDgbl13, the so-called CR (common
region) element. The (R1 is strongly associated with the emergence and
dissemination of theblactx-m-2 gene in all blactx-m-2-containing Gram-negative
isolates in Argentina (Arduino, Ragt al. 2002; Arduino, Catalanet al. 2003). In
Europe,blactx.m-9 is most commonly associated withdR1 elements as part of a
complex class 1 integromn60 (Toleman, Bennettt al. 2006). ISCR elements can
mobilize large sections of adjacent DNA via a rdlicircle replication mechanism.
Different bla genes, includinblactx-m, blacwy, blappa-1, blawpe-1, blaves, blayiv-1
andgnrA as well as other resistance genes have been assbuwiith ISR1. ISCRs
are also associated witBalmonella enterica serovarTyphimurium pathogenecity
genomic islands (SGIs) and on conjugative trangm&mcoding sulfamethoxazole,
trimethoprim and streptomycin resistance genes fk6brio cholerae (Toleman,
Bennettet al. 2006). ISCR elements can be divided into two groupsCRS1 are
those that form complex class 1 integrons andR$2 to -13 are those associated

with non-class 1 integrons (Bebrone 2007).

The insertion sequence 2& was described by Saladin, Cabal. (2002) to be
upstream of dlactx-v-1 gene. The presence of2win all isolates probably due to
the presence of this insertion sequence on knoasnpds, such as IncFll, IncN, and
IncL/M (Novais, Cantoret al. 2007). In addition, I80 mobile element has been
observed upstream dflactx.m-s (Bonnet, Sampaicet al. 2000), an 1803-like
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element was observed downstream oftifae rx-u-14 andblactx-w-17 genes (Pai, Choi

et al. 2001; Cao, Lambest al. 2002). Furthermore, the presence of a phage-telate
sequence was identified immediately upstrearblafrx-u-10 in several CTX-M-10-
producing isolates in Spain suggesting that bambage might be involved in an

acquisition oblactx-m-10 (Oliver, Coquest al. 2005).

Plasmids encoding CTX-M enzymes are often highdypdmissible that enable the
genes to be transferred from one bacterial spésiesother and from one genus to
another. The genes responsible for CTXBNactamases are encoded by plasmids
belonging to the narrow host-range incompatibilitges (IncFl, IncFll, IncHI2 and
Incl) or the broad host-range incompatibility typ@scN, IncP1, IncL/M and
IncA/C) (Canton and Coque 2006; Novais, Cargbal. 2007; Coque, Novaid al.
2008; Carattoli 2009)

Isolates producing CTX-M enzymes were reported dvaide, especially CTX-M-
15, CTX-M-14, CTX-M-3, CTX-M-2, and CTX-M-9. In thé&nited Kingdom the
CTX-M-15 has become the most prevalent enzyme ariorgli strains during the
last couple of years. CTX-M-1 co-existed initialgth isolates harbouring CTX-M-
9, CTXM- 14, and SHV-12, and to some extent withVl'ELivermore, Cantoret al.
2007). In Spain the high prevalence of CTX-M-9, CIX14, CTX-M-15 and CTX-
M-10 has been reported in several studies of Ehecoli, K. pneumoniae and
Salmonella spp. isolates (Hernandez, Martinez-Martirgeal. 2005; Oliver, Coque
et al. 2005; Valverde, Coquet al. 2008; Oteo, Cuevast al. 2009). A great variety
of CTX-M enzymes has been identified in French hafp includingCTX-M-1,
CTX-M-2, CTX-M-3, CTX-M-9 CTX-M-14, CTX-M-15, CTX-M21 and CTX-M-
27 ESBLs characterizé®utour, Bonnett al. 2002; Saladin, Caet al. 2002; Arpin,
Duboiset al. 2003; Eckert, Gautiegt al. 2004; Arpin, Quentiret al. 2009). In the
eastern European countriblcrx-m-3 is the predominant enzyme. CTX-M-15 also
identified with a lesser extent (Gniadkowski, Sdbee et al. 1998; Edelstein,
Pimkinet al. 2003; Empel, Baraniagt al. 2008). Additionally, the CTX-M-15 is the
most-reported CTX-M type in Scandinavi@untries (Lytsy, Sandegrehal. 2008).
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In Canada, a similar CTX-M prevalence to the Euappeountries with a degree of
diversity among CTX-M enzyme types, wiiTX-M-14 and CTX-M-15 being the
most abundant, while isolatggoducing CTX-M-2, -3, -24, 13 and -27 were
relatively rare (Mulvey, Bryceet al. 2004; Pitout, Churctet al. 2007). CTX-M
ESBLs were first reported in 2002 in five stateg@wia, Idaho, Ohio, Washington,
and Texas) in the United States (Moland, Blatkal. 2003). However, CTX-M-
encoding genes including CTX-M-14, CTX-M-15 and GWMX3 considered rare in
the United States (Castanheira, Menetet. 2008; Hanson, Moland al. 2008).

In South America, CTX-M-2, was described from nuritig-resistantSalmonella

typhimurium isolated in 1990 in Argentina (Bauernfeind, Caselt al. 1992).

CTX-M-2 is the most common and has been broadiydom Argentina, Uruguay,
Paraguay and Brazil. Also, CTX-M-8 and -9 have bé&mmd in Brazil (Bonnet
2004).E. coli producing CTX-M-15 and CTX-M-9 variants (CTX-M-14@ CTX-

M-24) were predominant among community isolatesmfr@olivia and Peru
(Pallecchi, Bartolonét al. 2007).

In the Far East, CTX-M-2 and CTX-M-3 were predominftom Japan (Yamasaki,
Komatsu et al. 2003), while in China, CTX-M-9, CTX-M-13 and CTX-W4
enzymes were already the most frequent ESBL in 18%9F 1998 (Chanawong,
M'Zali et al. 2002). In India, the CTX-M-15 considered as thestrsuccessful and
widespread CTX-M among others. CTX-M-15 was detkatea two month period
of the year 2000 fronk. coli, K. pneumoniae and Enterobacter aerogenes (Karim,
Poirelet al. 2001).

1.1.5.2. Class A carbapenemases

The molecular class A carbapenemases, includingpkhemid-mediated sering
lactamases KPC (forK. pneumoniae carbapenemase”) and GES (Guiana extended
spectrum) and the chromosomally encoded SME @arrétia marcescens enzyme)
and IMI/NMC  (imipenem-hydrolyzing p-lactamase/not  metalloenzyme

carbapenemase) enzymes. The class A carbapenemrmeaenzyave the ability to
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hydrolyze a broad spectrum of antibiotics, inclgdicarbapenems, cephalosporins,
penicillins, and aztreonam, and all are inhibitgdckavulanic acid and tazobactam
(Queenan and Bush 2007).

The chromosomg-lactamases SME and IMI/NMC enzymes have lmsgtacted in
rare clinical isolates amongerratia marcescens and Enterobacter cloacae isolates
(Queenan and Bush 2007).

Plasmid-mediated KPC was first detected iK.gneumoniae clinical isolate from
North Carolina in 1996 (Yigit, Queenaah al. 2001). KPC has become common in
the east coast of the United States especially aéter variants KPC-2 and KPC-3
were reported from isolates Kf pneumoniae in Baltimore, MD and New York, NY
respectively (Moland, Hansost al. 2003; Woodford, Tiern@t al. 2004). Out side
USA, KPC enzymes were reported fr@ncoli isolates from Israel (Navon-Venezia,
Chmelnitskyet al. 2006), fromS. marcescens, K. pneumoniae, andE. coli in China
(Wei, Duet al. 2007; Cai, Zhowet al. 2008), and fronK. pneumoniae in Europe
(Naas, Nordmanmt al. 2005; Woodford, Zhangt al. 2008; Fontana, Favae al.
2010; Wendt, Schutt al. 2010), and fronK. pneumoniae and Pseudomonas spp.
from Central and Southmerica (Villegas, Lolanst al. 2006; Villegas, Lolanst al.
2007). So far eleven variants are known (http://wakey.org/studies/),

distinguished by one or two amino-acid substitugion

Enzymes of the GES type, also called IBC (integsome cephalosporinase), is an
infrequently encountered family that was first désed in 2000 fronK. pneumoniae
from French Guiana (Poirel, Le Thometsal. 2000) and from aik. cloacae isolate

in Greece (Giakkoupi, Tzouvelekt al. 2000). GES-1 presents activity against
penicillins and extended-spectrum cephalosporiigs €nzyme does not hydrolyse
aztreonam, cephamycins and carbapenems and imhibyjt@-lactamase inhibitors
(Naas, Poire&t al. 2008). The GES-2 variant was reported from a @dihisolate of

P. aeruginosa isolated in 2000 in South Africa from blood cuar GES-2 had a
single amino acid substitutiddlyl70—Asn inside the omega loop of the catalytic

site resulting in slow carbapenem hydrolysis, amdess inhibited by clavulanic
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(Poirel, Weldhagemt al. 2001). Just like GES-2, other variants GES-4, GESnd
GES-6 and GES-8 have GlylARAsn substitutionassociated with imipenem
hydrolysis. GES enzymes have been reported worklWwidm Greece, France,
Portugal, South Africa, Frenckuiana, Brazil, Argentina, Korea, and Japan
(Queenan and Bush 2007; Naas, Patrel. 2008).

1.1.5.3. Class B Metallo B-lactamases

The molecular class B enzymes ‘metdlitactamases’ were first to distinguish from
serine B-lactamases in 1980 by Ambler (1980). Metdllactamases (MBLS)
required one or two zinc ions for their activity.hdy hydrolyse penicillin,
cephalosporins and carbapenems but not monobactémsnetall-lactamases are
EDTA-inhibited enzymes and they are resistantptiactamase inhibitors. The
metallo B-lactamases are subdivided on the basis of sequ#igrenents into three
subclasses B1, B2 and B3. Phylogenetic studiesestighat B1 and B2 descend
from a common ancestor and subclass B3 sharessbmigtural similarities with
these subclasses. B1 and B3 are able to bind otweoozinc ions, B2 are mono-Zn
enzymes that have evolved specificity toward caghems. The families of acquired
MBLs enzymes have been identified until now arePIfactive on imipenem), VIM
(Verona integron-encoded metafidactamase), GIM (German imipenemase), SPM
(Sao Paulo MBL), and SIM (Seoul imipenemase) (Ga@arcia-Saezt al. 2004,
Walsh 2005; Walsh, Tolemanal. 2005; Bebrone 2007; Queenan and Bush 2007).

The IMP  family comprises 27 types designated 1 to7 2
(http://'www.lahey.org/studies/). IMP-1, the first BU conferring carbapenem
resistance, was first discovered in 1988 Psaudomonas aeruginosa strain in Japan
(Watanabe, lyobest al. 1991). IMP-1 constitutes the most common metgdlo-
lactamase in Japan, in both enteric Gram-negatiganisms and ifPseudomonas
andAcinetobacter species (Rasmussen and Bush 1997). The emergehd®dfpe
enzymes have been described, mostly in Japan, Cheiwan, Australia, USA,
Canada, Brazil and Europe (Walsh, Tolenetuial. 2005). The first member of the
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IMP family found inEurope, IMP-2, was reported in & baumannii isolate from
Italy in 1997 (Cornaglia, Ricciet al. 1999).

VIM family, a second growing family of carbapenemsswas first discovered
aeruginosa in Verona, ltaly in 1997. As found fditayp genes, thélayv-1 gene was
integrated as a gene cassette mtdass 1 integron (Lauretti, Ricceb al. 1999).
Since then, a total of 24 VIM-type MBLs have beereparted
(http://www.lahey.org/studies/). Although the VIMpes were initially considered as
the European counterpart of the IMP-type predonminasoutheast Asia, nowadays
VIM-type MBLs have established endemicity not omyEurope but also in Asia,
South and North America and Australia. VIM-typescatletected ifPseudomonas
putida, Pseudomonas fluorescens, A. baumannii, K. pneumoniae, K. oxytoca, E.
cloacae, Proteus mirabilis andE. coli (Walsh, Tolemarmt al. 2005; Maltezou 2009).

SPM was first detected from the clinidal aerugenosa strain in 1997 in Sao Paulo,
Brazil and then designatddaspy-; (Toleman, Simmet al. 2002). Whereas GIM-1
was isolated in Germany in 2002 from tRe aerugenosa strain (Castanheira,
Toleman et al. 2004). The enzyme SIM was first detected in Kofeman A.
baumannii strains. SIM-1 exhibited (64 to 69%) amino acidniity to the IMP
family (Lee, Yumet al. 2005). Since their initial discoveries, SPM, Glahd SIM

metallop-lactamases have not spread beyond their countrigsgin.

1.1.5.4. Class C AmpC-type pB-lactamases

With continuing use of B-methoxy-cephalosporins (cefoxitin and cefotetar) &
lactamase inhibitor combinations (clavulanate, aciédm or tazobactam) with
(amoxicillin, ticarcillin, ampicillin, or piperadinh) plasmids encoding class
lactamases appeared (Philippon, Arkit al. 2002). AmpC-type p-lactamases
constitute molecular class C in Ambler’'s classiiima scheme. Amp@-lactamases
mediate resistance to most penicillin, broad anereded-spectrum cephalosporins

and B-lactamaseinhibitor-B-lactam combinations (Hanson 2003; Jacoby 2009).
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Cefoxitin resistance used as indicator for AmpC-iated resistance but it can also

be an indication of loss outer membrane permegtfhilippon, Arletet al. 2002).

AmpC is typically encoded on the chromosome of Graagative bacteria including;
Citrobacter freundii, Enterobacter cloacae, Morganella morganii, Hafnia alvei and
Serratia marcescens. The chromosomampC gene expression in these organisms is
inducible byp-lactam antibiotics such as cefoxitin and imipenrwarhpoorly induced

by the third- or fourth-generation cephalosporingz. coli andShigella spp., AmpC

is usually constitutive, minimal and poorly expesds while in Klebsiella and
Salmonella species theampC gene is missing from the chromosome. Induction
requires the DNA-binding protein AmpR, AmpD and A@ (Livermore 1995; Jones
1998; Philippon, Arletet al. 2002; Hanson 2003; Schmidtke and Hanson 2006;
Jacoby 2009).

AmpC enzymes have been named according to thetaeses produced to

cephamycins (CMY, 53 variants), cefoxitin (FOX, & ants), moxalactam (MOX, 8

variants) or latamoxef (LAT, variants), accordirg the type of enzyme, such as
Ambler class C (ACC , 4 variants) or AmpC type (A@Ivariants), according to the
site of discovery, such as the Miriam Hospital m\#dence (MIR, 5 variants) or the

Dhahran Hospital in Saudi Arabia (DHA, 4 variardagd according the patient name
Bilal (BIL) (Philippon, Arletet al. 2002).

AmpC enzymes were considered as exclusively chromakuntil 1989, when MIR-
1, the first plasmid-encoded AmpC enzyme, was desc (Papanicolaou,
Medeiroset al. 1990). A plasmid-encodditlactamase (CMY-1) conferring extended
broad spectrum resistance including cephamycinsideaified in aK. pneumoniae
strain isolated from a patient's wound. The newhaapycinase (CMY-1) was more
strongly inhibited by sulbactam in the majority @dmbinations than by clavulanic
acid or tazobactam (Bauernfeind, Cha@l. 1989). Infections by plasmid-encoded
AmpC producing enterobacterial isolates resistamt éxtended-spectrum
cephalosporins or aztreonam have become a seriooslepm worldwide in
multihospital (Winokur, Cantort al. 2001; Philippon, Arlekt al. 2002; Alvarez,
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Tran et al. 2004; Song, Kimet al. 2005). CMY-2 enzyme is the most common
plasmid-mediated Amp@-lactamaseavorldwide (Jacoby 2009). The association of
CMY-encoding genes with mobile elements, such &p$ ISCRL1 or 1S26, might

be the reason involved in mobilization of AmpC emeg worldwide (Hossain,
Reisbiget al. 2004; Miriagou, Tzouvelekist al. 2004; Hopkins, Deheer-Grahash

al. 2006; Toleman, Bennetdt al. 2006).

Failure to detect thedelactamases has contributed to their uncontrolfgdad and
occasional therapeutic failures. (Perez-Perez amhséh 2002) developed a
multiplex PCR assay that proved useful as a ragrelening tool for the detection of
plasmid-encodedmpC genes.

1.1.5.5. Class D OXA B-lactamases

The OXA B-lactamases differ from the TEM and SHV enzymes theg¢ belong to
class D (2d) according to Ambler classification (Ber, Coulsoret al. 1991). The
OXA group mainly occur irAcinetobacter and Pseudomonas species. The OX/A-
lactamases attack the oxyimino-cephalosporins awé la high hydrolytic activity
against oxacillin, methicillin and cloxacillin morthan benzylpenicillin, inhibited
lessefficiently by clavulanate and their activity ishibited by NaCl (Heritier, Poirel
et al. 2005; Poirel and Nordmann 2006; Walther-Rasmusssh Hoiby 2006).
Currently, over than 180 different variants of OX¥Azymes have been identified on
the protein level (http://www.lahey.org/studies/).

Whereas most of the genes encoding class D oxaslishave commonly been
found on plasmids incorporated as gene cassatiategrons, severahromosomal
encoded oxacillinases have been reported (HeriRerrel et al. 2005; Walther-

Rasmussen and Hoiby 2006).
Most OXA-type B-lactamases are not regarded as ESBLs, becausedtheyot

hydrolyse the extended-spectrum cephalosporins. @XAa variant of OXA-10

(previously known as PSE-2) is the first extendeeesrum fromP. aeruginosa
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ABD in October 1991 from blood cultures of a buratipnt in Turkey (Hall,
Livermoreet al. 1993). Substitutions of an asparagine for serimmsition 73, or an
aspartate for glycine at position 157 are probabtuired for the ESBL phenotype
(Bradford 2001). Most OXA-type ESBLs derive from 8X0 (OXA-11, OXA-13,
OXA- 14, OXA-16, OXA-17 OXA-19 and OXA-28), or to kesser extent from
OXA-2 (OXA-15 and OXA-32), or others unrelated toyarecognised broad-
spectrum OXA enzymes (OXA-18 and OXA-45) (Naasyé&lat al. 2008).

The first OXA B-lactamase ARI-1 (forAcinetobacter resistanto imipenem”), later
identified as OXA-23, with carbapenemase activigsvdescribed by Patahal. in
1993. The strain was isolated 1985 froma patient in the Royal Infirmary of
Edinburgh, Scotland (Paton, Miles al. 1993). The hydrolysis of carbapenems by
the class D oxacillinase iA. baumannii was classified into four subgroups of eight
clusters and they have been designated OXA-23-liK€A-40-like; OXA-51-like
and OXA-58-like (Brown and Amyes 2006), whereas WatRasmussen and Hoiby
(2006) subclassified carbapenem-hydrolysing OXA yeres into eight distinct
branches or subgroups including OXA-23, OXA-24, O%3, OXA-50, OXA-51,
OXA-55, OXA-58 and OXA-60. Another subgroup carbape-hydrolyzing
oxacillinase OXA-62 was identified iRandoraea pnomenusa from cystic fibrosis
patients (Schneider, Queenanal. 2006). OXA-51-likeenzymes is intrinsic and

naturally found in alA. baumannii strains tested (Heritier, Poiretlal. 2005).

1.1.6. Plasmid-mediated quinolone resistance; QnrA, QnrB and QnrS

After introduction of fluroquinolones, resistanceo tthese agents by
Enterobacteriacae has become common and wide spread (Tran, Jagtaby2005).
Quinolones act by inhibiting the action of topoisyases Il (DNA gyrase) for Gram-
negative bacteria and topoisomerase IV in the Guasitive bacteria. Quinolones
act by binding to gyrase/topoisomerase IV-DNA amorming quinolone-
gyrase/topoisomerase IV-DNA complex which is resole for the inhibition of
DNA replication (Nordmann and Poirel 2005; Traralayet al. 2005).
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The quinolone resistance results from mutationthénchromosomally-encoded type
Il topoisomerases, and via the upregulation ofugffyumps, or porin-related genes
(Drlica and Zhao 1997; Tran, Jaco#tyal. 2005). Recent studies demonstrate that
the plasmid-mediatedinr genes @¢nrA, B and S play an emerging role in the
dissemination of fluoroquinolone resistangar, the gene product, is a member of
the pentapeptide repeat family of proteins and hasblock the action of
ciprofloxacin on purified DNA gyrase and topoisoame IV (Tran, Jacobwgt al.
2005). Plasmid mediated resistance to quinolone fisgtsreported in 1998 in K.
pneumoniae clinical strains isolated in 1994 in Birmingham,abama, USA
(Martinez-Martinez, Pascuadt al. 1998), and then in Canada, Asia, Australia,
Turkey and Europe (Poirel, Leviandiral. 2006). Anothegnr genegnrS, has also
been found in a plasmid from a strain $figella flexnri isolated in Japan (Hata,
Suzuki et al. 2005). RecentlygnrB-like determinants were found i@itrobacter
koseri, E. coli, Enterobacter cloacae, andK. pneumoniae from the United States and
India (Jacoby, Walskt al. 2006).

Two other genesgnrC and gnrD, were more recently reported from China. The
gnrC was described in elinical strain ofProteus mirabilis from Shanghai, China,
coding for a 221-amino-acid protein. QnrC shareth641%, 59%, and 43% amino
acid identities with QnrAl, QnrB1, Qnr&dnd QnrD respectively (Wang, Gebal.
2009). ThegnrD gene was described from fosalmonella enterica isolates obtained
from humans in thédenan Province of China. QnrD encode214-amino-acid
pentapeptide repeat protein and showed 48% sityikarignrAl, 61% similarity to
gnrB1, and 32% similarity tgnrS1 (Cavaco, Hasmaet al. 2009).

The gnr genes have been detected in a series of enteeolah&pecies, but mostly
from E. coli, Enterobacter spp.,Klebsiella spp. andsalmonella spp. (Mammeri, Van
De Looet al. 2005; Nordmann and Poirel 2005; Rodriguez-Martirfeairel et al.
2006; Poirel, Cattoiet al. 2008).

The gnrA gene is thought to have originatedSmewanella algae, an environmental

species from marine and fresh water (Poirel, RodzgMartinezet al. 2005), Qnr-
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like proteins have been detected from water-bdrieionaceae bacterial isolates
and also proposed to be a possible origin of tiv@cally more important QnrA,
QnrS, and QnrB determinants (Cattoir, Poétedl. 2007b).

gnrA and gnrS determinants share 59% amino acid identity, wiserbath
determinants share 40% and 37% amino acid identith gnrB respectively
(Jacoby, Walslet al. 2006; Poirel, Leviandiegt al. 2006). The presence of thar
gene increased the MICs to nalidixic acid and thgoiinolones by four- to eightfold
(Martinez-Martinez, Pascuat al. 1998; Tran and Jacoby 2002; Wang, Sahral.
2004; Mammeri, Van De Loet al. 2005).

gnrA genes has been identified in comple® family class 1 integrons, known as
complexsull-type integrons that may act as a recombinase &tnilmpation of CTX-
M, and ampC. These genetic structures possess ecunderved segment (5-CS)
which containsintll gene encoding for the integrase enzyme and dugticai-
conserved segments (3'-CS) each of them contgicis411 andsull genes. The two
3'-CS surround a common region (CR) which contdies ISCR1 (orf513) and a
unique region. Usually, a single copy ofdBl is found downstream fromnrAl, but

in some cases is bracketeyg two copies of ISR1 (Mammeri, Van De Lot al.
2005; Nordmann and Poirel 2005; Robicsek, Jaahi. 2006; Toleman, Bennedt
al. 2006).

The gnrB1 located in a multi resistance plasmid in an indegike structure near
orf513 (orf1005) gene (Jacoby, Walsét al. 2006). Also, thegnrB2 and thegnrB6
determinants were reported to be located in a cexnglll-type integrons. The
genetic structure contained duplicate copies @RS surroundthe gene (Garnier,
Rakedet al. 2006).

Unlike gnrA andgnrB, gnrS genes have been reported that it is not partsaflatype
integron and not as a form of a gene cassetteconanon class 1 integrons. The
gnrSL has been found to associate with3 ke blargm.;-containing transposon.

Other reports found a novel Ambler clasiAactamase gene, now namil@dy ap,
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instead of the T& element (Hata, Suzuldt al. 2005; Nordmann and Poirel 2005;
Poirel, Leviandieket al. 2006; Robicsek, Jacolayal. 2006; Lavilla, Gonzalez-Lopez
et al. 2008).

The co-presence ajnr genes and ESBL genes on same isolates has been regularly

reported (Nordmann and Poirel 2005; Jacoby, Wetlsh 2006; Robicsek, Jacoley
al. 2006; Lavilla, Gonzalez-Lopeat al. 2008).
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1.2. The genus Klebsiella

1.2.1. General characteristics

The genusKlebsiella is non-motile, non-sporulating, lactose-fermentiongidase-
negative, and Gram-negative with a prominent pagaride capsule of
considerable thickness which gives the coloniesr tigdistening and mucoid
appearance on agar platésebsiellais rod shape 0.3-1 um in diameter and 0.6-6 pm
in length arranged singly, in pairs or in shortinbaKlebsiella is facultative bacteria
and the colonies appear large, mucoid, and red wditlusing red pigment on
MacConkey agar indicating fermentation of glucosd acid productionKlebsiella

are normal inhabitant of the intestinal tract ohtamn and animal, soil, water and
botanical environment (drskov 1984; Podschun arch&in 1998; Brisse, Grimont
et al. 2006; Brooks 2007).

1.2.2. TAXONOMY

Klebsiella pneumoniae is a member of th&nterobacteriaceae family, recognised
over 100 years ago as a cause of community-acqgpiredmonia. The organism was
named to honour Edwin Klebs, a 19th century Germraarobiologist (Brisse,
Grimontet al. 2006; Keynan and Rubinstein 2007).

The genusKlebsiella was originally divided into 3 main species based o
biochemical reactions and medical importance ihted species corresponding to
the diseases they causdfl: pneumoniae, K. ozaenae, and K. rhinoscleromatis.
Based on DNA-DNA hybridization dat&. ozaenae and K. rhinoscleromatis,
taxonomically, are regarded as subspecids. pheumoniae (Podschun and Ullmann
1998; Drancourt, Bollett al. 2001; Hansen, Auckest al. 2004).

The K. oxytoca was originally isolated from old milk. It was fudr considered as a

distinct group fromK. pneumoniae (Jain, Radsalet al. 1974). Other four new

species:K. planticola, K. terrigena, K. trevisanii, and K. ornithinolytica were
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identified in 1980s byBagley, Seidleret al. 1981; Izard, Ferraguét al. 1981;
Ferragut, lzardet al. 1983; Sakazaki, Tamuret al. 1989) respectively. Th&.
planticola and K. trevisanii were subsequently combined and considerKas
planticola on the basis of DNA-DNA hybridization (Gavini, Izhet al. 1986).
Enterobacter aerogenes and Calymmatobacterium granulomatis, due to their close
relationships tKlebsiella species, were regarded as an eighth and ninth nievhbe
the genusKlebsiella and namedKlebsiella mobilis and Klebsiella granulomatis,
respectively (Carter, Bowdest al. 1999; Drancourt, Bollegt al. 2001). The three
species: K. terrigena, K. planticola, and K. ornithinolytica have recently been

transferred to the new genRaoultella (Drancourt, Bolleet al. 2001).

Clinical isolates ofK. pneumoniae fall into four phylogenetic groups based on
nucleotide variations of thgyrA, parC, andrpoB genes, named Kpl, Kpll-A, Kpll-
B, and Kplll, with the newly described speckesvariicola appearing to correspond
to Kplll (Alves, Diaset al. 2006). There are five sequence clusters, Kol, K&l
KolV and KoVI were found withirK. oxytoca (Fevre, Jbett al. 2005).

1.2.3. Pathogenesis and clinical importance

K. pneumoniae is the most medically important species of theugrd oxytoca and
K. rhinoscleromatis have also been demonstrated in human clinical isees
(Podschun and Ullmann 1998). In recent yeHKisbsiellae have become important
pathogens in nosocomial infections (Alves, Deaal. 2006).K. pneumoniae is also a

potential community-acquired pathogen (Ko, Patees@h 2002).

Extended-spectrump-lactamases resistant Gram-negative bacteria hasen b
associated with increased mortality, length of Itefipation and hospital costs
(Schwaber, Navon-Venezé al. 2006). In human¥lebsiella species may colonize
the skin, pharynx, or gastrointestinal tract. Timegy also colonize sterile wounds,
urine and may be regarded as normal flora in mamis pf the colon, intestinal and
biliary tract (Podschun and Ullmann 1998; Brisserin®nt et al. 2006).

Transmission oKlebsiella from patient to patienesults from contaminated medical
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equipments and contaminated hands of medical peesomnd blood products,
whereas, the portals dflebsiella infections are surgical wounds, peritoneum,
catheter entrance sites, urinary, respiratory, lihdry tracts (Goetz, Rih&t al.
1995; Podschun and Ullmann 1998).

K. pneumoniae is an opportunistic and major hospital-acquirethpgen, causing
urinary tract infections, nosocomial pneumonia,tb@emia and septicemia (Ko,
Patersoret al. 2002). Community-acquired pneumonia is a very sevVatal illness
with a rapid onset, high fever, and haemoptysigréou jelly sputum), bulging
interlobar fissure and cavitary abscesses obsebyedchest radiographic. The
observed mortality rates range from about 25 to §6#dman, Rosst al. 1995).
Mortality rates are as high as 50% and approach%l06 hospitalized,
immunocompromised patient with underlying diseasash as diabetes mellitus
(Sahly and Podschun 1997; Ko, Pateratoad. 2002).

The Klebsiellae species are second onlyEocoli causing bacteraemia representing
3-8% of all nosocomial bacterial infection (Podsthand Ullmann 1998).
Community acquired bacteraemia usually caused imany tract infection, vascular
catheter infection, and cholangitis (Ko, Paters#nal. 2002). In addition, the
Klebsiellae species especiallK. pneumoniae has been shown to cause intra-
abdominal infections mediated by heat stable arad labile enterotoxins (Rennie,
Andersonret al. 1990).

Since 1981, a distinctive syndrome of communityediagl K. pneumoniae
septicaemia with liver abscess has been reportedaiwan. This syndrome is
characterized by high mortality (10 to 40%), antheacases have been complicated
by meningitis or endophthalmitis (Fang, Sandieel. 2005). The disease has also
been reported in North America and Europe (Keynath Bubinstein 2007). The
symptoms of the disease characterized by fatigumreaia, nausea, diffuse
abdominal discomfort, pleuritic chest pain, jauredand fever (Lederman and Crum
2005). The K1 capsular serotype is the predomisanbtype ofK. pneumoniae

strains causing liver abscess (Struve, Bejaal. 2005). In both Taiwan and Korea,
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K1 capsular serotype is accounted for about 60%.gineumoniae strains causing
liver abscess in these countries ((Fung, Chairal. 2002; Chung, Leet al. 2007).
The frequency of thempA gene (mucoviscosity-associated gene A) is associate
with the hypermucoviscosity phenotype Kf pneumoniae strains that cause liver
abscess in Taiwan (Fang, Chua@l. 2004; Yu, Koet al. 2006). Rahimian and his
colleagues (Rahimian, Wilsogt al. 2004) elucidated that the liver abscess usually
occur in patients were of Asian ethnicity, indiogtia possible genetic linkage to
disease susceptibility. Lederman and Crum (200%)rted a case series of pyogenic
liver abscess caused I{tebsiella, 67% of their patients were Filipinos compared
with only 29% non Filipinos among those patientshwiver abscesses caused by
different bacterial pathogens. The presence ofabéi underlying diseases or
conditions such as diabetes mellitus, heavy alcdhioking, biliary tract diseases,
malignancy, liver cirrhosis, end-stage renal diseastra-abdominal infections,
history of abdominopelvic surgery, history of sidraise, and history of previous
antibiotic use considered as risk factors for the d€rotypeK. pneumoniae liver
abscess (Kim, Chung al. 2009).

K. pneumoniae has also become a common cause of community adgobaeterial
meningitis in adults in Taiwan. The proportion akes of bacterial meningitis due to
K. pneumoniae in one Taiwanese hospital increased from 8% dut®§l through
1986 to 18% during 1987 through 1995 (Tang, Céteal. 1997). Outside Taiwan,
cases oK. pneumoniae meningitis have occurred, predominantly in otherntpaf
Asia (Yanagawa, Nakamusghal. 1989; Li, Shinget al. 2001; Ohmori, Shiraket al.
2002), Europe and North America (Holder and Halkif88; Giobbia, Scottoet al.
2003; Bouadma, Schortgehal. 2006; Braiteh and Golden 2007). The rarity of éhes
cases outside Asia raises the possibility of ettynar country of origin predisposing
individuals to invasive disease (Ko, Patersbal. 2002).

K. pneumoniae consider as the most common pathogen in bacteridbgenous
endophthalmitis associated with liver abscessesAsia. About 13% of K.
pneumoniae endogenous endophthalmitis are complication ddrlimbscesses with

the predisposing factors of endogen&ugneumoniae endophthalmitis complication
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are diabetic, and impaired immune function in diefe patients (Han 1995; Wong,
Chanet al. 2000; Seale, Leet al. 2007). The disease also has been reparted
countries of non- Asian origin (Scott, Matharetoal. 2004; Lederman and Crum
2005). In addition, theK. pneumoniae genotype K1 is capable of causing
catastrophic septic ocular or central nervous syste complications from pyogenic

liver abscess especially in underlying patient§Fd.aiet al. 2007).

K. pneumoniae has been implicated in the development of ankytpsipondylitis
because of the high incidence Iéfebsiella in the bowel flora of patients whose
disease is in an active state (Ogasawara, Keinal. 1986; Sahly and Podschun
1997). Schelenz, Bramhaeh al. (2007) reported two cases of acute septic ahriti
due to extended-spectrum beta-lactamase (ESBLupnmoglK. pneumoniae in renal
transplant adult patients following a hospital daceph bacteraemia. AlsoK.
pneumoniae was associatedith chronic diarrhoea in HIV-infected persons (Ngo
Thi, Yassibandat al. 2003).

Klebsiella strains are responsible for severe infections imals, including metritis
in mares following transmission from an infecteddsespecially capsular serotype
K1, K2, K5 and K7 (Platt, Athertoet al. 1976). As well K. pneumoniae can cause
bovine mastitis (Braman, Eberhaat al. 1973). Klebsiella strains causes serious
infection in other animals including dogs, monkeysinea pigs, muskrats, birds and
Fox (Brisse, Grimongt al. 2006).

Moreover K. oxytoca is among the top 4 pathogens that cause infettipatients in
neonatal intensive care units. It is the secondt fnequent cause of Gram-negative
neonatal bacteraemia (Podschun and Ullmann 19%98psiella oxytoca considered
as an opportunistic infections in laboratory roddi@leich, Kirschet al. 2008).

K. pneumoniae subsp.rhinoscleromatis is associated with rhinoscleroma which was
first Klebsiella species ever described in 1882 by von Frisch &iadacterized by a
chronic inflammatory process of the nasopharynxis Tinfection is distributed

around the world and become an endemic in cert@asain Eastern Europe, Latin
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America, central Africa, and southern Asia (Sahig #odschun 1997; Hart and Rao
2000).

Ozena, a chronic atrophic rhinitis caused Ky pneumoniae subsp. ozaenae

characterized by necrosis of the mucosa and muaotgmir nasal discharge
(Strampfer, Schocht al. 1987).K. pneumoniae subsp.ozaenae may cause invasive
infections, especially in immunosuppressed hosish sas bacteraemia with or
without meningitis, otitis, mastoiditis, urinaryatt infections, wound infections,

corneal ulcers, pneumonia, or brain abscess (Bi@smontet al. 2006).

1.2.4. PATHOGENCITY FACTORS

1.2.4.1. Capsular Antigens

Capsule polysaccharide (CPS) is recognized as btieanost important virulence
factors ofKlebsiella spp. The capsular repeating subunits are congisfifour to six
sugars (glucose, galactose, mannose, fucose, anthdse) and, very often, uronic
acids (as negatively charged components) (PodsemdnUlimann 1998; Brisse,
Grimont et al. 2006). TheK. pneumoniae K2 capsular polysaccharide has been
reported to contain glucose, mannose, and N-agatglironic acid (Arakawa, Ohta
et al. 1991). The capsular material forms thick bundlésfilarillous structures
covering the bacterial surface in massive layersitotect the bacterium from
phagocytosis by macrophage, and prevents killinghef bacteria by bactericidal
serum factors (Simoons-Smit, Verweij-van Vughéal. 1986; Kabha, Nissimost al.
1995; Cortes, Borrelet al. 2002; Lin, Changet al. 2004; Brisse, Grimonét al.
2006).

In vitro studies have shown that the presence of CPS ishiiét deposition of the
complement component C3 onto the bacterium, anducesd adhesion and
phagocytosis of the bacterium by 12 macrophagesepittdelial cells (Oelschlaeger
and Tall 1997; Alvarez, Merinet al. 2000; Cortes, Borrekt al. 2002).The CPS-

mediated virulence involves high resistance of KK® capsules to phagocytosis by
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macrophage. In contrast, non-K1/K2 isolates arallysnot resistant to phagocytosis
and less virulent than K1/K2 strains (Simoons-Siérweij-van Vughtet al. 1986;
Kabha, Nissimoet al. 1995; Cortes, Borre#t al. 2002; Lin, Changt al. 2004).

The macrophages can recognize bacterial surfade mdinnose content of the CPS
(Keisari, Kabheaet al. 1997).K. pneumoniae with loose, thin capsule is reported to be
a virulent (Wacharotayankun, Arakawtaal. 1993). Rapidly cleared K21a strain was
shown to be less virulent, and K2 strain that &ble in blood is highly virulent. The
binding of K21a to macrophage is responsible ferciearance, and the binding is
inhibited by yeast mannan (Kabha, Nissimaval. 1995). Macrophages with the
mannose-a-2/3-mannose-specific lectin or mannosepter recognize, ingest, and
subsequently killKlebsiella serotypes containing the capsular types with low
virulence, such as the K7 or K21la antigen, repgatiequences mannose-a-2/3-
mannose or L-rhamnose-a-2/3-L-rhamnose by procalsdclectinophagocytosis
which defined as nonopsonic phagocytosis that sedaon recognition between
surface lectins on one cell and surface carbohgdrain the opposing cell.
Lectinophagocytosis may be mediated either by battsurface lectins such as
fimbriae or by phagocyte lectins that act as remsptin contrast, strains that lack
these repeating sequences are not recognized byophages and hence
phagocytosis does not take place (Ofek, Goldhal. 1995; Keisari, Kabhat al.
1997). Wuet al. (2008) concluded that the possession of fucosétagntribute to
Klebsiella virulence by avoiding phagocytosis because fuarséacteria had been

implicated in immune evasion.

The study done by Arakawa, Wacharotayan&ual. (1995) determined the 24,329-
bp nucleotide sequence of thgps region that is responsible for capsular
polysaccharide synthesis in a K pneumoniae strain. Nineteen possible open
reading frames (ORFs) were identified in sequerazed. Nassiét al. demonstrated
that the mucoid phenotype is determined by a geesignated rfmpA” (regulator of
mucoid phenotype) located on a 180-kb plasmid, Wwhilso carries the aerobactin
gene. HypotheticallyympA is a regulatory gene which controls the productbma

shield (of unknown composition) surrounding thetbea and protecting them from
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interaction with anticapsule-specific antibodieseT50% lethal dose for mice was
increased by 1000-fold after a mutationrmpA, although the mutated strain still
expresses its capsular specificity (Nassif, Foureial. 1989; Nassif, Honoret al.
1989).

Capsular serotypes K1 and K2 are considered thd@redominant virulent strains
of K. pneumoniae. Capsular type K1 is most frequently associateth veicute
pneumonia, but K2, K3, K4, K5, and K6 can alsorelved (Brisse, Grimondt al.
2006). K1 has been further investigated as the mmsimon serotype isolated from
patients withK. pneumoniae liver abscess and endophthalmitis (Chuang, fehad
2006).

Many reports linked between virulence determinaft€. pneumoniae capsule with
liver abscess formation and serotype-specific géikesthe magA gene for the K1
serotype and th&2A gene for the K2 serotype (Arakawa, Wacharotayardtied.

1995; Kabha, Nissimoet al. 1995; Cortes, Borrekt al. 2002; Fang, Chuang al.

2004; Lin, Changget al. 2004; Struve, Bojeet al. 2005; Chuang, Fang al. 2006;
Yu, Ko et al. 2006).

Moreover,K. pneumoniae surface bound CPS may act as a protective shiektheon
bacterial surface against antimicrobial peptideBPgA Sub-lethal concentrations of
APs induce an increase in the transcription ofdbsoperon which correlates with
an increase in the amount of surface-bound CPS gGanVargast al. 2004).In
addition, Llobet, Tomaset al. (2008) demonstrated that the decoy action of CPSs
contributes significantly to the resistance agaiAfts for pathogens expressing
anionic CPS. The protective action of CPS will addlow the pathogen to activate
other countermeasures against APs such as altemtisurface charge, which is a
time-consuming process. The released CPS traps tAB®by blocking their
bactericidal activity through the concentrationgdefensins present in tissues which
are close to the MIC for several bacteria. Recemilgranta and his colleagues
(Moranta, Regueir@t al. 2010) started to study whethiér pneumoniae expresses

mechanisms of resistance against APs. ConcentsatbrAPs present in infected
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tissues, for example those found in the surfacaididining the airway epithelium,
could be rather high due to the increased produafoAPs after recognition of the
pathogen. Finally, Evrard, Balestrired al. (2010) suggested th&t. pneumoniae
CPS, by hampering bacterial binding and interntibra induces a defective
immunological host response, including maturatibdendritic cells (DCs) and pro-
Thl cytokine production, whereas the LPS O antigeems to be involved
essentially in DCs activation.

1.2.4.2. Adhesion

Adhesion to mucosal and epithelial cell surfacesofien the first step in the
development of colonization and infection. Adhesans often also haemagglutinins
and may be located on fimbriae (pili) that protuate the surface of the bacterial
cells. More than 80% of clinical isolates Kf pneumoniae, but few K. oxytoca
strains, express type-1 fimbriae (Podschun and ySd#l91). Strains ofK.
pneumoniae commonly express three types of pili known as sypécommon pili), 3
and 6. Pili are nonflagellar, filamentous projens on the bacterial surface. These
structures are up to 10 mm long and have a dianoéteérto 11 nm; they consist of
polymeric globular protein subunits (pilin) withraolecular mass of 15 to 26 kDa
(Podschun and Ullmann 1998).

Type 1 fimbriae are well characterized and foundha most of enterobacterial
species. Type-1 fimbriae were expressed in mone 8080 of clinical isolates df.
pneumoniae, but few K. oxytoca strains. They mediate adhesion to mannose-
containing structures present on host cells ohe éxtracellular matrix and cause
agglutination of guinea pig erythrocytes. A humbgestudies have shown that type 1
fimbriae are an important virulence factorKn pneumoniae urinary tract infection
(Podschun and Sahly 1991; Podschun and Ullmann;1B88se, Grimontet al.
2006; Struve, Bojegt al. 2008; Struve, Bojegt al. 2009).

Type 3 fimbriae are characterized by their abildyagglutinate erythrocytes treated

with tannic acid. It is called mannose-resistafiebsiella-like hemagglutination
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(MR/K-HA) because it was thought this fimbrial type synthesized only by
Klebsiella. In addition toKlebsiella species, type 3 fimbriae become common in
Enterobacter, Serratia, Proteus, andProvidencia isolates (Struve, Bojeat al. 2009).
Type 3 fimbriae are encoded by thek gene cluster which comprises the major
fimbrial subunitmrkA gene and therkD fimbrial adhesin responsible for mannose
resistantlebsiella-like hemagglutination. In vitro studies have rafeel that type 3
fimbriae mediate binding to different structureshmmman; human endothelial cells,
epithelia of the respiratory tract, uroepithelialls, and type V collagen structures
(Allen, Gerlachet al. 1991; Brisse, Grimorgt al. 2006; Struve, Bojegt al. 2009).

Furthermore, type 3 fimbriae are also believed datgbute to the formation of
extended extracellular structures known as biofillB®films serve as structural
anchors, barriers to contact with host defences amdmpediments to antibiotics
(Brisse, Issenhuth-Jeanjeeral. 2004; Bortz, Jacksoet al. 2008).

1.2.4.3. Lipopolysaccharide

The lipopolysaccharide (LPS) molecule is compodetihm@e distinct sections; lipid
A, a core polysaccharide and a side chain O-an{i@eAg) polysaccharide. Nine O-
antigen types are distinguishedKn pneumoniae, O1 being the most frequent. The
most important role of the O-antigen is to protécpneumoniae from complement
mediated killing (Podschun and Ullmann 1998; Handéestreet al. 1999; Brisse,
Grimontet al. 2006).

The lipid A anchors the LPS molecule into the outegmbrane and is also an
endotoxin, stimulating the immune system througbnagm of Toll-like receptor 4
(TLR4) which is present on macrophages, dendrigtiscand other cell types
inducing NF-kB mediated production of cytokines gRdnder and Rietschel 2001).
The core polysaccharide links the O-Ag onto thédlid molecule and usually is
negatively charged due to phosphate substitutibms.O-Ag forms a polysaccharide
layer that extends up to 30 nm into the surroundmaglia (Kastowsky, Gutberlet
al. 1992).
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1.2.4.4. Other Factors

There are many other factors contributing in pagmigjty of Klebsiella spp. such as

siderophores, cytotoxins, enterotoxins and haenrolys

Iron is essential for bacterial growth. Bacteriawe their supply of iron in the host
by secreting high-affinity, low-molecular-weighoir chelators, called siderophores
that are capable of solubilizing and importing tteguired iron bound to host
proteins. Two different groups of siderophores mu@stly produced in the genus
Klebsiella, phenolates (enterobactin) (also known as entefimghand hydroxamates
(aerobactin). All strains were found to produceeenthelin, only a few could
produce aerobactin. The&lebsiella spp. produced third siderophore called
“yersiniabactin,” which is encoded by thérsinia high-pathogenicity island, but
without known role in prevalence and pathogeneBmd$échun and Ullmann 1998;
Brisse, Grimongt al. 2006).

1.2.5. TYPING

The important of typing methods is to obtain infatran about endemic and
epidemic nosocomial outbreaks ®flebsiella infections and to determine the
clonality of the strains. There are two methodsehiaeen used iKlebsiella typing.
1.2.5.1. Phenotypic typing

1.2.5.1.1 Biotyping

Biotyping is based on biochemical reactions andirenmental tolerance. It is
suitable method of typing for smaller not optimadguipped laboratories. It is useful
in assessing outbreaks #lebsiella but it is considered to be of little use in

epidemiological studies. Biotyping can be carriedl lmy using APl 20E system with

supplementary testsKlebsiella strains are often currently identified by using
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automated instruments based on classical biochénese, such as the Vitek and
API systems. Laboratories might use macrotube &dstge or by combining API 20E
with additional macrotube tests (Podschun and Uimal998). However,
identification to the species level is often diffi; because some of the species share

similar biochemical profiles (Monnet and Freney 499/ang, Caat al. 2008).

Hansenet al., (Hansen, Auckest al. 2004) evaluated a test panel consisting of 18
biochemical tests on 242 strains preliminarily idfead as belonging to the genus
Klebsiella comprising allKlebsiella species and subspecies from three countries.
This panel was used to differentiate aKiebsiella species, excepKlebsiella

rhinoscleromatis, from its closest relative as shown in Table 1.2.

Table 1.2: Differentiation dklebsiella species modified from Hansehal. (2004).

Result for species

Biochemical test
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Ornithine decarboxylase - - - - - - + + -
Indole - - +
Methyl red \% V + \% +
Voges-Proskauer + - - + + + Vv + +
Growth at 10°C - - - Y + + + Vv +
Gas from lactose at
44.5°C
Malonate + - + + + + + + +
Fermentation of:
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D-Tagatose
Utilization of:
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Histamine - - - -
Hydroxy-L-proline Y - V -
Degradation of pectate - - - + - - - - -
(+): positive, (-): negative, (V): variable
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1.2.5.1.2. Serotyping

Serotyping is a reaction of specific antiserum torface-exposed antigen
determinant. Serotyping is currently the most widaked technique for typing
Klebsiella species. The immunodeterminantkigbsiella is the capsule. Klebsiellae
usually have well developed polysaccharide capsulbgh give their colonies their
characteristic mucoid appearance. There are 7Tndistapsular antigens of 82
described recognized an internationally. Klebseel#so possesses 12 different O-
antigen types, but they are difficult to classigchuse they are covered by the heat-
stable capsules (drskov 1984; Hansen, Sital. 2002; Brisse, Issenhuth-Jeanjean
et al. 2004).

The techniques used in Serotyping are, countenmtutiraunoelectrophoresis and
immnofluroescence. The Quellung test depends on aiffeorption of capsular
antibodies onto the CPS, which results in a changte refractive index. But
disadvantages of serotyping are (i) the occurresfclarge number of serological
cross-reactions among the 77 capsule types, @)vtbak reaction due to a weak
antigen which affects interpretation, (iii) timensmuming methodology, (iv) lack of
commercially available anti-capsule antisera, amd dccurrence of non-typable
isolates (Podschun and Ullimann 1998; Brisse, lagbrkeanjeanet al. 2004;
Paterson and Bonomo 2005; Brisse, Grinebial. 2006)

To avoid these drawbacks, Brisse, Issenhuth-Jeargeal. (2004) developed a
molecular method that would enable determinationtha capsular serotypes of
Klebsiella isolates without the use of antiserum. PCR angglifon of the capsular
antigen gene cluster (cps) was followed by digestith the restriction enzyme
Hincll (cps PCR-RFLP analysis).

1.2.5.1.3. Phage Typing

Bacteriophage typing is based on the susceptilfitipacterial strains to a panel of

bacteriophages. Phage typingkdébsiella was first developed in the 1964 by Milch
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and Deak (1964). Phage typing has never becomesprigad because it shows poor
typing rate of 19 to 67%; the lack of standardmatand inoculum concentration; the
limited availability of bacteriophages; the stapiliof bacteriophages must be
evaluated and maintained over time. For these nsag@acteriophage typing is useful
mainly as a secondary method in combination witlelegic testing but not used as
an alternative to capsule typing (Podschun and &him1998; Brisse, Grimomt al.
2006).

1.2.5.1.4. Bacteriocin Typing

Bacteriocins are bactericidal substances, usuathyems, produced by bacteria to
inhibit the growth of other bacteria through inhitn of protein and nucleic acid
synthesis and uncouple electron transport fromvadtiansport of thiomethyi-D-
galactoside and potassium. Bacteriocins usuallibinthe growth of other bacteria
members of the same species. Bacteriocins techriigagebecome the method of
choice for typing of organisms belongingKéebsiella genus because only 34% of
all Klebsiella isolates produce bacteriocins (Podschun and UlInE388; Brisse,
Grimontet al. 2006).

1.2.5.2. Molecular Typing Methods

Molecular typing methods, as applied to the geKisbsiella, have increasingly
become an integral part of both clinical and redeanicrobiology laboratories.
Microbial genotyping techniques consider valualdels to distinguish bacterial
strains or clones. Genotyping methods are divideal two methods; protein based

methods and nucleic acid based methods.
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1.2.5.2.1. Protein based methods

1.2.5.2.1.1. SDS-PAGE

SDS-PAGE method has been used to subKjebsiella by (Costas, Holmest al.
1990). Who did compared it with capsular seroty@ngd concluded that SDS-PAGE
protein profiles could be used as an effective weth

1.2.5.2.2. Nucleic acid based methods

1.2.5.2.2.1. PCR amplification and sequencing

Klebsiella oxytoca can be differentiated from oth&lebsiella species by a specific
PCR targeting thepehX gene involved in pectin degradation (Kovtunovych,
Lytvynenkoet al. 2003).

1.2.5.2.2.2. Pulsed-field Gel Electrophoresis (PFGE )

PFGE may be used for genotyping or genetic fingetipg. It is commonly
considered a gold standard in epidemiological swidf pathogenic organisms.
PFGEanalysis is recommended to address fine-scale mpttgicalstudies andan
detect chromosomal rearrangements which by mobleEments with rapid
evolutionary rates (Hansen, Skehal. 2002; Vimont, Mnifet al. 2008).

1.2.5.2.2.3. Randomly amplified polymorphic DNA (RA PD)

The first use of RAPD was in 1996. This techniqu#izes low-stringency PCR
amplification with single primers of arbitrary semce to generate strain-specific
arrays of anonymous DNA fragments. RAPD technigay line used to determine
taxonomic identity, assess kinship relationshipgaJyze mixed genome samples, and

create specific probes.
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1.2.5.2.2.4. Restriction fragment length polymorphi  sm (RFLP)

Identification of the isolates were confirmed gyrA PCR-RFLP using restriction
enzymesHincll, Tagl and Haelll of the 441-bp fragment of thgyrA gene, and the
940-bp fragment of the RNA polymerase beta subgerite (poB) allowing for the
identification of K. pneumoniae species andK. oxytoca genetic groups (Brisse and
Verhoef 2001; Brisse, van Himbergeral. 2004).

1.2.5.2.2.5. Multilocus sequence typing (MLST)

A MLST method was previously developed foK. pneumoniae. MLST is a
nucleotide sequence-basmethod used for characterizing the genetic relatigps
among bacterial isolates. It provides computerizieda that allow multi-user
international databases available. MLST is more@mmte for strain phylogeny and
large-scale epidemiology. Analysis mbsocomial isolates showed that MLST can
discriminate amongpidemiologically unrelated isolates (Diancourtsstdet al.
2005; Vimont, Mnifet al. 2008).

1.2.5.2.2.6. Repetitive sequence-based PCR (rep-PCR )

The rep-PCR is a rapid method for strain typing datineation of bacteria. It uses
primers targeting noncoding repetitive elementersgersed throughout the bacterial
genome. Standardized, commercially available kdstaining primers and PCR

master mix reagents are marketed as DiversiLabesystwhich automated the

detection and analysis by using microfluidics fapid detection in a single day, and
digitized the corresponding information in a softevgpackage. The standardized,
digitized gel images are stored for comparison betw runs and between
laboratories (Pitout, Campbetial. 2009).
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Aims of this study:

* To establish the prevalence, variants and mechanidaSBLs (TEM, SHV,

CTX-M, OXY) amongK. pneumoniae andK. oxytoca isolates from Scotland.

* To investigate the mechanisms of emergence of CTXMyme within

hospital and community.

* To investigate the prevalence of plasmid-mediatechajone resistance,

gnrA, SandB in ciprofloxacin sensitive and resistdfiebsiella pneumoniae

isolates.
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CHAPTER-2:

MATERIALS AND METHODS
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2.1. Bacterial strains

A total of two hundred and twenty three clinicableges consecutively collected at
Royal Infirmary of Edinburgh, Scotland. From theseyen isolate&. pneumoniae

were collected during March, 2006. A year latempthar 216 isolates were isolated
from August to October 2007. From the relevant nmfation available, the majority
of the isolates 181 (81.1%) were collected frormeirsamples, 16 (7.2%) strains
were collected from blood samples. The remaindef1267%) of the total strains
were from assorted samples, including sputum, iafysis line, nephrostomy swabs

and arthritis swabs.

2.2. The phenotypic identification method

All isolates were inoculated onto MacConky agar ¢(dx plates and incubated
overnight at 37°C. An isolated colony was usedidentification by the phenotypic
APl 20E method according to the manufacturer'srutsions (BioMerieux, Marcy
L'Etoile, France). Also, isolates were routinelendified in hospital laboratory by

Vitek2 system.

2.3. The genotypic identification (AFLP)

Identification of the isolates were confirmed gyrA PCR-RFLP using restriction
enzymes Hincll, Tagl and Haelll of the 441-bp fragmof thegyrA gene, and the
940-bp fragment of the RNA polymerase beta subgaiterpoB allowing for the
identification ofK. pneumoniae species ani. oxytoca genetic groups as previously
described (Brisse, van Himbergen et al. 2004; Bréssd Duijkeren 2005).

2.4. Standard laboratory strains for susceptibility test
Three strainsSaphylococcus aureus NCTC 6571,Escherichia coli NCTC 10418

and Pseudomonas aeruginosa NCTC 10662 were used as MIC controls. Isolates
SHV-1, SHV-3, TEM-1 and TEM-2 from lab collection®re used as IEF controls.
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2.5. Storage of isolates

Isolates were inoculated onto MacConky agar (Oxd@dsingstoke) plates and
incubated overnight at 37°C. A single colony wadeatito the Cryobank System
beads (Mast Diagnostic, UK) to each vial for loegat storage according to the

manufacturer's instructions at -70°C.

2.6. Growth media

All growth media were sterilized by autoclaving s minutes at 121°C and cooled
prior to bacterial inoculation. Normal saline wasgared with 0.85% NaCl and then

sterilized before use.

2.7. Chemicals, buffers and media

All chemicals were purchased from Sigma-Aldrich @amy (Poole, UK) Ltd unless
otherwise stated. All media were purchased in powdsn Oxoid (Basingstoke,
UK) and then prepared with distilled water beforeriszation according to

manufacturer’s instructions.

2.8. Preparation of electrocompetent bacteria

A single clone oE. coli DH10B or DH% from lab collections was grown overnight
in 50 ml of LB broth at 37°C. 10 ml of the overnigiulture were inoculated into 1 L
of LB broth and incubated at 37°C until it reacl®es at an Olgyonm. The culture
was rapidly chilled on ice for 30 minutes. The laet were transferred into
centrifugation containers and centrifuged for 10numés at 6000 g (600 rotor
centrifuge) at 4°C. The supernatants were discaetwtthe bacteria pellets were
resuspended in equal volume of sterilised 10% gbjceThe bacteria were
centrifuged for 10 minutes at 6000 g. The pelletsenresuspended in 250 ml of 10%
glycerol followed by a centrifugation at 6000 g fd0 minutes. Then, the
supernatants were discarded and the pellets resdesgpén 125 ml of 10% glycerol
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and centrifuged at 6000 g for 10 minutes. Findlg, cells were resuspended in 10%
glycerol to give a final volume of 2-5 ml and wakquoted to 100 pl into 1.5ml
Eppendorff tubes. The cells were frozen and stated0°C until used.

2.9. Antimicrobial susceptibility testing

2.9.1. Antimicrobial agents

Antimicrobial agents used in this study were: Inmge (Merck Sharpe Dohme,
Rahway, NJ, USA), meropenem (ASTRA Zeneca, Loughigin, UK), potassium
clavulanate (Sigma), cefotaxime (Sigma), ceftazedifBigma), ceftriaxone (Sigma),
aztreonam (Sigma), cefepime (Sigma), ampicillin gi®), co-amoxiclav
(Augmentin) (Sigma), nalidixic acid (Sigma), cigmfacin (Bayer AG, Germany),
gentamicin (Sigma) and amikacin (Sigma), rifampi@gma).

2.9.2. Minimum inhibitory concentrations (MICs)

Minimum inhibitory concentrations (MICs) are corsidd the "gold standard’ for
determining the antimicrobials susceptibility ofganisms. Isolates were tested for
antimicrobial susceptibility by agar double dilutionethod (MIC) following the
BSAC guidelines (BSAC 2006). Minimum inhibitory amntrations were performed
on IsoSensitest (IST) agar containing the apprtgiancentrations of antimicrobial
agents. The bacterial inocula were adjusted to th®.@ McFarland standards.
Bacterial cultures were diluted to “6fu in physiological saline before use. The
inoculation was done using a multipoint inoculg@enley; Surrey, UK) to deliver 1
ul of suspension (f0cfu/spot) on to the surface of the agar. Inocdatkates were
incubated overnight at 37° C. Standard str&maphylococcus aureus NCTC 6571,
Escherichia coli NCTC 10418 andPseudomonas aeruginosa NCTC 10662 were

used to validate the experiment.

Isolates found resistant to cefotaxime, ceftriaxoneeftazidime, were considered as

potential ESBL producers and were subsequentlyestds to confirmatory tests.
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2.9.3. Confirmation of ESBLSs production

2.9.3.1. Disc diffusion method

The antimicrobial susceptibility of isolates wastesl by the disc diffusion test.
Briefly, an overnight culture in IST broth was déd in sterile 0.85% saline; spread
the inoculum over the entire surface of the playethree dimensional ways. A
selective of discs has been applied to the surdhdbe agar within 15 minutes of

inoculation.

2.9.3.2. Double disc synergy method

Synergy between cefotaxime and clavulanate wascigeteby placing a disc of

Augmentin (20 pg of amoxicillin plus 10 pg of cldamate) and a disc of cefotaxime
30 mm apart (centre to centre). A clear-cut extansif the edge of the cefotaxime
inhibition zone toward the disc containing clavadtn (as shown in figure 1) was
interpreted as synergy. The double-disc synergywes considered positive when
decreased susceptibility to cefotaxime was combimgth synergy between

cefotaxime and Augmentin (Jarlier, Nicolas et 888).

2.10. Analytic isoelectrical focusing (IEF)
This experiment was performed with polyacrylamidgdsgcontaining ampholines
with a pH range of 3.5 to 10.0 as previously déscti(Mathew, Harris et al. 1975).

The pl values of th@-lactamases were determined by comparison witipkhvalues
of knownp-lactamases, TEM-1 (pl 5.4), TEM-2 (pl 5.6), SH\(pl 7.6) and SHV-3

(pl 7.0).

2.10.1. Preparation of B-lactamases

The bacterial strains were grown in 5 ml of stentgrient broth overnight at 37°C

with shaking (200osc/min). Cells were harvested dentrifugation at 3000 g
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(H1000B rotor, Sorvall RT 6000D, Du pont) for 15maies at 4°C. The pellet was
resuspended in 2 ml of 50mM sodium phosphate Qufiét7.0 and the cell
suspensions were transferred into bijou bottles.llsCaevere subjected to
ultrasonication (MSE Soniprep 150, MSE instrume@igwley) for 3 x 30 seconds
at amplitude of 8 microns with 1 minute coolingipdrbetween each sonication. The
cell lysate was cleared by centrifugation at 1690@r 10 minutes at 4°C. Thg
lactamase extracts were stored at -20°C until redui

2.10.2. Detection of B-lactamase activity by nitrocephin spot assay

A 30 pl volume offf-lactamase preparation was added to 100 pl ofagfiein (50
mg/L) in a microtitre plate. Thg-lactamase activity was equal to the time in sesond
for the colour change of the solution from yellowréed, and the time in seconds for

this change to take place was recorded.

2.10.3. Gel casting

The casting chamber was formed from two glass plagparated by rubber tubing
placed along their perimeters and clamped togettterwhich the gel solution was
poured prior to assembly. One of the glass platescoated with a binding solution
(0.55 wl/v gelatine, 0.5% w/v chromium potassiumpbate dodecahydrate), and
dried at 55 C to promote adhesion of the gel to dless. The other plate was
siliconised to permit easy separation of the polyreel gel. The gel solution has
been poured between the glass plates and wa® Ipéilymerise for at least 4 hours.

The components of the gel in the order they wededdhown in Table 2.1.

2.10.4. Loading IEF gel

The volume (ul) off-lactamase preparation that was equivalent toitteagphin
spot test time was applied to the gel surface dioske anode. A maximum of 15 pl

of preparation was added per lafidactamase preparations of known isoelectrical

points were also applied to the gel in order tongjif\athe gradient.
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Table 2.1: composition of an IEF gel

Material Volume added Final concentration
Distilled water 25 -
40% (w/v) ampholines pH
2.0 2% (wiv)
3.5-10
100 g acrylamide plus 2.7
g methylene bisacrylamide Acrylamide 75 g/L
(BDH) in 300 ml distilled >0 Bisacrylamide 2 g/L
water
Riboflavin (20mg/L) 4.0 2 mg/L
5% (v/v) TEMED* 0.2 0.005% (v/v)

2.10.5. Running conditions

Isoelectric focusing was performed at 500 V (lingfj, 1 W (constant) and 20 mA
(limiting) for 18 hours at 4°C.

2.10.6. Visualisation of B-lactamases after electrophoresis

The B-lactamase activity was detected by soaking a piéddter paper (Whatman
No. 1, Whatman International Ltd, Maidstone) inroiephin solution (50 mg/L) and
overlaying the surface of the gel. The focupddctamases appeared as red bands on
a yellow background. Stained gels were photograptitda Polaroid camera using

a Tiffen green filter.

2.10.7. Inhibitor overlays

The B-lactamase inhibition was detected by soaking tarfipaper in the required
concentrations of antimicrobial inhibitor solutioasd laid over the gel surface for

10 minutes at 37°C. The filter paper was removed e gel was stained with

nitrocephin as described in section (2.10.6).
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2.11. Conjugation studies by broth mating method

Broth mating experiment was performed withcoli J62-2 (Rif). Cultures of each
donor and the recipient strain were grown in LBthr@&@igma) and then mixed in the
ratio of 1:9 and incubated overnight at 37°C. Traing mixture was serially diluted
in 0.9% saline. A 100 pl aliquot of each dilutiomsvspread onto MacConkey agar
plates containing (50 mg/L amoxicillin) or (2 mgéefotaxime) or (8 mg/L naladixic
acid) and (150 mg/L rifampicin). Controls of eactras; were prepared by
inoculating equal volumes of each broth onto sdpaagar plates containing the
same antibiotic concentrations. Both control plategl conjugated plates were
incubated at 37°C overnight or until colonies weésgble.

2.12. Transformation

For transformation, plasmid DNA was transferred ddgctroporation intcE. coli
DH5a cells. Transformants were plated on LB agar suppteged with appropriate
antimicrobial agent concentrations.

2.13. Electroporation

The DNA was mixed with the electrocompet&ntoli bacteria in 2 mm gap cuvette.
The cuvette containing the sample was placed orshbeking chamber of the gene
pulser (Electroporation 32 System) and the mixwes electroporated at 2.5 volt.
Cells were recovered by adding 500 ul LB medium iandbating at 37°C for 1hour
whilst shaking.

2.14. Preparation of DNA

2.14.1. Extraction of DNA from the bacterial isolat es

Bacterial culture was grown in 5 ml IST broth ahért 1.5 ml of the culture was

centrifuged at 16000 g for 1 minute. The pellet wessuspended in 100 pl of distilled
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water by repeated pipetting and boiling for 10 ntésufollowed by centrifuge at
10000 g for 1 minute. The supernatant was traredetw another tube and kept at -
20°C until used. 1 pl was used as DNA template.

Genomic DNA was extracted using the Puregene DN#ai®n Kit (Qiagen, UK)

according to the manufacturer’s instructions.

2.14.2. PCR reagents

All PCR reagent were performed with Promega reagé@dtomega, Southampton,
UK), Go Taq Flexi DNA Polymerase (u) in 5x green or colourless buffer, MgCl
solution (25mM) and deoxynucleoside triphosphat#¢TP) / PCR nucleotide mix

(10mM each). Sterilized distilled water was usethasdiluents.

2.14.3. PCR reaction

All PCR reactions unless otherwise indicated wesggomed in 501 volumes in
PCR tubes. The reaction mixture consisted of 2.5My§Cl,, 0.1mM dNTPs, 5X
reaction buffers, 0.05mM each primer, 0.2 unit3ad, 1ul extracted DNA template
and the volume of the reaction mixture was compldt® 5Qu using sterilized
distilled water. The thermal cycler was adjustecbading to the type of the reaction.
All amplification experiments included a negativentrol blank which contained all
reagents with the exception of target DNA.

2.14.4. Primers used
Primers  were  designed either  with perlprimer  v1.1 oftvare
(http://perlprimer.sourceforge.net/), or the segq@snwere taken from previously

published work. Table 2.2 shows primers used foR R@plifications in this study.
All primers were synthesised by (Eurofins MWG OperoK).
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Table 2.2: Oligonucleotides used for PCR amplifmatind Sequencing

Primer Sequence Reference

mQnrAm-F AGA GGATTT CTC ACG CCA GG (Cattoir, Poirel et al. 2007 a)
mQnrAm-R TGC CAG GCA CAG ATC TTG AC L

mQnrBm-F GGM ATH GAA ATT CGC CAC TG L

mQnrBm-R TTT GCY GYY CGC CAG TCG AA L

mQnrSm-F GCA AGT TCATTG AAC AGG GT s

mQnrSm-R TCT AAA CCG TCG AGT TCG GCG s

QnrA-A GGG TAT GGA TAT TAT TGA TAA AG (Cattoir, Weill et al. 2007)
QnrA-B CTA ATC CGG CAG CAC TATTA L

QnrS-A2 AGT GAT CTC ACC TTC ACC GC L

QnrS-B2 CAG GCT GCAATT TTG ATACC s

gnrS —F TGG AAA CCT ACA ATC ATA CAT ATC G (Hopkins, Wootton et al. 2007)
gnrs —-R TTA GTC AGG ATA AAC AAC AAT ACCC L

gnrB1-F ACC TGAGCG GCACTG AATTTAT (Park, Kang e tal. 2009)
gnrB1-R TCG CAATGT GTG AAG TTT GC L

gnrB4-F GAT GAC TCT GGC GTT AGT TGG s

gnrB4-R CCA TGA CAG CGATAC CAAGA s

CTX-M_R TTT GCG ATG TGC AGT ACC AGT AA (Edelstein, Pimkin et al. 2003)
CTX-M_F CGA TAT CGT TGG TGG TGC CAT A L

CTX-M1_A CTT CCA GAATAA GGA ATC (Dutour, Bonnet et al. 2002)
CTX-M1_B CCG TTT CCG CTATTA CAA s

ISEcplA GCAGGTCTTTTITCTGCTCC (Poirel, Decousser et al. 2003)
ISEcplb TTT CCG CAG CACCGTTTGC L

PROM+ TGC TCT GTG GAT AACTTG C s

ISF GCG GTA AAT CGT GGA GTG AT (Woodford, Ward et al. 2004)
ISR ATT CGG CAAGTT TTT GCT GT s

Kp-TEM_for | CCCCTATTT GTT TATTTT TC (Mabilat and Goussard 1993)
Kp-TEM_rev | GAC AGT TAC CAATGC TTAATCA L

TEM-C_F GGG CAA GAG CAACTC GG (Arpin, Dubois et al. 2003)
TEM-D_F CAG CAATGG CAACAACGT TG L

TEM-F_R CAA CGT TGT TGC CAT TGC TGC AG s

TEM-G_R ACC GAG TTG CTC TTG CCC s

Kp-SHV_for GCC GGG TTATTCTTATTT GTC GC (Mabilat and Goussard 1993)
Kp-SHV_rev | TCT TTC CGA TGC CGC CGC CAG TCA L

SHV1 F GGACTACTC GCC GGT CAG C (Arpin, Dubois et al. 2003)
SHV2_R GCT GAC CGG CGA GTAGTCC ’

SHV3_F GATTGT CGC CCTGCTTTG G ’

SHV4_R CCA AGC AGG GCG ACA ATC L
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IS26-FCJ
SHV-12-F-I
SHV-12-R-I
DEOR-R
RECF-F
OXY-F
OXY-R

Al

VIC-2
VIC-3
gyrA-A
gyrA-C
P-F5

attB2-F

attB2-R

Intl1-F
Intl1-R
gacED1-F
gacED1-R
sull-F
sull-R
Intl2-F
Intl2-R
FIA FW
FIA RV
FIB FW
FIB RV
A/IC FW
A/C RV
N FW
N RV
Fll-F
FlI-R
L/M FW
L/M RV
11 FW

CAT TTC AAA AAC TCT GCT TAC

TAC ACA GGC GAA TAT AAC GC

GAT CGA GCA CTG GCA ACG

TGA TTC CAA TAG AAC GAC ATC

TCC CGC ACT CGC GAT AC

ATG ATAAAAAGT TCGTGG C

TTA AAG CCC TTC GGT CAC

GAA CAT AGC GGC TCCTTAT

GGT TAC AAC TTC GAA GAC TC

GGC GAA ATG GCW GAG AAC CA

CGC GTA CTATAC GCC ATG AAC GTA
ACC GTT GAT CAC TTC GGT CAG G
GGG GAC AAG TTT GTA CAA AAA AGC AGG
CTC CGC CGG AAT TCC ATC ATC AAT A
GGG GAC AAG TTT GTA CAA AAA AGC AGG
CTC CGC CAT GAT A AAAAG TTCGTG G
GGG GAC CAC TTT GTA CAA GAAAGC TGG
GTT TAA AGC CCT TCG GTC AC

CCT TCG AAT GCT GTAACC GC

ACG CCC TTG AGC GGA AGT ATC

GAG GGC TTT ACT AAG CTT GC

ATA CCT ACA AAG CCC CAC GC

TCA GAC GTC GTG GAT GTC G

CGA AGA ACC GCACAATCT CG

CAC GGA TAT GCG ACAAAAAGG T
GTA GCA AAC GAG TGA CGA AAT G
CCATGC TGG TTC TAG AGA AGG TG
GTA TAT CCT TAC TGG CTT CCG CAG
GGA GTT CTG ACACAC GATTTT CTG
CTCCCG TCG CTT CAG GGC ATT

GAG AAC CAA AGA CAA AGA CCT GGA
ACG ACA AAC CTG AAT TGC CTC CTT
GTC TAA CGA GCT TAC CGA AG

GTT TCAACT CTG CCAAGTTC

CTG TCG TAA GCT GAT GGC

CTCTGC CAC AAACTTCAGC
GGATGA AAACTATCAGCATCT GAAG
CTG CAG GGG CGATTC TTT AGG

CGA AAG CCG GAC GGC AGAA

(Diestra, Juan et al. 2009)

This study

This study

This study

(Brisse and Duijkeren 2005

(Brisse and Verhoef 2001)

This study

This study

This study

(Murinda, Ebner et al. 2005)

(Machado, Canton et al. 2005)

(Carattoli, Bertini et al. 2005)
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11 RV TCG TCG TTC CGC CAAGTT CGT

FIC FW GTG AAC TGG CAG ATG AGG AAG G

FIC RV TTC TCC TCG TCG CCA AAC TAG AT

5-CS GGC ATC CAA GCA CAAGC (Zhao, White et al. 2001)
3-CS AAG CAG ACT TGA CTG AT

2.14.5. Screening of PCR products

Agarose (1gm) was added to 100 ml TAE buffer (404 acetate, 20mM Acetic
acid, 1ImM EDTA, pH7.6). The agarose was solubilibgcheating in a microwave
oven for 10 minutes and then left to cool to roemperature. Five ul of each of the
PCR product samples were applied to the gel aloitly % pl molecular weight
marker after mixing each with 1 pl loading buffem a piece of parafilm. Each
mixture was applied to a slot using 10 pl microfigeThe electrophoresis cell was
covered and the power supply was switched on ajtad at 10 Volt/cm. The gel
was immersed in ethidium bromide solution (0.5 mdhr between 10-30 minutes
depending on the concentration of DNA being analy3&e gel was taken out from
the cell and examined under gel documentation.

2.14.6. Purification of PCR product

PCR products were purified either directly or bypamtion of the DNA fragment
from 1% TAE agarose gel electrophoresis. The DNAdbaf the correct size was cut
out from the gel. The purification of DNA from tlirect PCR and gel purification
were done using (Qiagen purification kit) according the manufacturer’s

instructions.
2.14.7. Determination of DNA concentration
The concentration and purity of the purified DNAsa@etermined by measuring the

UV absorbance at 260 and 280 nm. The DNA conceotratas calculated with the
OD260nm (1 OD260nm = 5Qg/ml dsDNA or 33ug/ml ssDNA). The purity was
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estimated with the Ofgnm/OD,gonm ratio, with a ratio of ca. 1.8 indicating a low

degree of protein contamination.

2.14.8. Sequencing of the genes

The resulting PCR products were sequenced by thge8amethod using an ABI
373A DNA sequencer (PE Applied Biosystems, WarongtJK). The BLAST and
FASTA programs of the National Centre for Biotedmgy Information
(http://www.ncbi.nlm.nhi.gov) were used to searctatbases for similar nucleotide
and amino acid sequences. The amino acid sequeveses translated using the
EXPASY translate website (http:www.expasy.ch/tas/html). Multi-alignment of
DNA or amino acid sequences was performed with dhktne website Multalin

(http://www.toulouse.inra.fr/multalin.htl or Clustal W tools

(http://www.ebi.ac.uk/Tools/clustalw2/).

The sequencing of thblapxy-2 genes was done commercially by GATC Biotech

(Konstanz, Germany), using pPDONR207 vector forwamd reverse primers.

2.14.9. Restriction endonuclease digestion

Restriction endonuclease reactions were perfornsedrding to the manufacturer’s

recommendations. In general, 15§ DNA was digested for 2 hours at the
appropriate temperature with 10-20U enzyme. Effjoaicthe cleavage reaction was
determined by 0.7% agarose gel electrophoresisestavith ethidium bromide.

2.15. Pulsed Field Gel Electrophorasis (PFGE)

2.15.1. Preparation and digestion of DNA in plugs

PFGE was applied to assess the clonality of battésolates. Without shaking

overnight cultures from 5ml of Brain Heart InfusidBHI) were collected by

centrifuged at 4000 g for 20 minutes. The supemrateas removed and the pellets
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were re-suspended in 2ml of PIV buffer (1.0 M Toese, 1.0 M NaCl, pH 7.6) and
allowed to equilibrate to 50°C for an hour. An dgu@lume of 1.6% low-melting-

point agarose (Boehringer Mannheim, IndianapoliSAY prepared in PIV buffer

was added to each suspended cell and the mixtpettd into Bio-Rad (Richmond,
California, USA) plug moulds and refrigerated af 46r 30 minutes.

The protocol then followed that described by (MdanKelly et al. 1996). The cells
embedded in agarose plugs were incubated in Sy buffer (1.0 M Tris, 1.0 M

NaCl, 100 mM EDTA, 0.5% Brij 58, 0.2% deoxycholade5% Na lauroyl sarcosine)
supplemented with 50mg/ml RNase and 1mg/ml lysozpwernight at 37°C. The
lysis buffer was replaced by ESP buffer (0.4 M EDTA6 sodium lauroyl sarcosine,
0.5mg/ml proteinase K, pH 9.0) and incubated aC50t 24 hours prior to washing
once with 1X TE at 37°C (5 mM Tris HCI, 5 mM EDTAH7.5) containing 1mM

phenylmethylsulfonyl fluoride and three times wagith 0.1X TE for at least 30
minutes each wash. Plugs could be stored at @ge it 4°C in 0.1X TE buffer.

For PFGE digestion, a slice of plug was equilitdtate 20Qul of the 1X restriction
endonuclease buffer for 2 hours at room temperatéfeer this, the slice was
incubated with 30 U ofxXbal restriction endonuclease (Promega, UK) in a frédh 1
pl 1 X reaction buffer containingull BSA in water bath at 37°C for 12 hours. The
reaction was stopped by adding 300 pl of 0.5X TBEdr (0.089M Tris base, 0.089
Boric acid, 2.5 mM disodium EDTA) (ICN Biomedica\urora, Ohio, USA). Plug
slices were then loaded into wells of 1% PFGE axmgel preapared in 0.5 TBE
buffer. Electrophoresis was performed in a CHEFIDRlstem (Bio-Rad
Laboratories, Ltd). The gel was run for 24 hour2@Q@V (6v/cm) at 14°C with 5-45
initial and final pulse times. Lambda ladder PFGErker (New England, Biolabs)
was used as the size standard marker. Gels wdaredtéor 30 min in ethidium
bromide (0.5mg/ml), destained twice in distilledt@rafor 30 minutes and visualized

by UV transillumination.
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2.15.2. Interpretation of PFGE

All isolates were analysed using BioNumerics sofayaversion 4. Isolates which
clustered together with a similarity of >85% wempmsidered to belong to the same

PFGE type. Results were obtained in phylogenetiestr

2.16. Southern Blotting Protocol

2.16.1. Transferring of DNA

DNA quantities were assessed by runnipngdf DNA with 9ul of gel loading buffer
on a 1.2% gel for 45 minutes, 38mv, and 70V. TheADMas digested with an
appropriate restriction endonuclease for 2 houoptimal temperature and subjected
to electrophoresis on a 1% agarose gel. The gekta@sed for 15 mins in ethidium
bromide (125 pl in 250 ml di®D). The top right hand corner of the gel was cut fo
orientation. Transfer of restricted DNA was carr@at by soaking the gel for 15
minutes in 750 ml acid wash. Then the gel was sbake&’50 ml alkaline wash for
60 minutes. Finally, the gel was soaked twice fonf#inutes in 750 ml neutral wash.
The gel was rinsed briefly in distilled water beémeeach wash. The neutral wash
was poured off, and the gel was flipped over aratqd on the centre (uncovered)
part of a wick of 3 sheets of blotting paper samth@d together. The dated nylon
membrane was soaked in the 10 X SSC and then planetbp of the gel.
Individually three pieces of blotting paper waskshin 10 X SSC and lied carefully
over the membrane. The stack of paper towels, s gitate, and a bottle of around
500 g were placed on top of this. Each time airbbed were removed. The station

was left for 8-24 hours to allow capillary transferoccur.

2.16.2. Preparation of DIG labelled probe

The PCR reaction for amplification of labelled peolas carried out using PCR DIG
probe synthesis kit (Roche) as described below:
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DIG labelled probe

Unlabelled control

dH,O 33.25 30.25
PCR buffer + MgCl(Vial 3) 5.0 5.0
PCR DIG labelling mix (Vial 2.5 -

2)

dNTP stock (Vial 4) 2.5 5.0
Primer A 2.0 2.0
Primer B 2.0 2.0
Enzyme Mix (Vial 1) 0.75 0.75
DNA template 2.0 5.0

The PCR programme was as follow: 2 minutes at 9803 ycles of 30 sec at 95°C,
30 sec at 50°C, and 30 sec at 72°C, and final siderof 7 min at 72°C. To confirm
the probe has been produced| BCR product mixed with 8 loading dye was run

against the unlabelled control PCR on 1.2% GeDa¥ Tor 45 minutes.

2.16.3. Hybridisation procedure

Hybridisations with labelled probes were performsthg DIG easy-hybridisation kit
(Roche, Germany). The nylon membrane was placed piece of saran wrap/cling
film and U.V. cross-linked for two minutes on bo#iides. The hybridisation
incubator (Techne Hybridiser, Cambridge) was adpisb 50C. The membrane was
pre-hybridised in the hybridisation oven with 20 BIIG easy hyb for 30 minutes.
The labelled probe was boiled for 5 minutes andidigpcold on ice. For
hybridisation, appropriate concentration (5¢2pof the labelled probe was added to
20 ml DIG easy hyb., and incubated overnight atajygropriate temperature for the
probe.

2.16.4. Post-hybridisation washes

2 X 5 minutes in Wash 1 at room temperature.
2X 15 minutes in Wash 2 at 88.
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2.16.5. Immunological detection

All steps were done at room temperature with agitat

-1-5 minutes in 100 ml 1 X washing Buffer.

- 30 minutes in 100 ml 1 X blocking solution.

- 30 minutes in antibody solution (10 pl antibody200 ml 1 x blocking solution).

- 2 X 15 minutes in 100 ml 1 X washing Buffer.

-3 minutes in 20 ml 1 X detection buffer.

- 20-25 drops CDP* ready-to-use was added to thé Bide of the membrane in a
hybridisation bag or saran wrap and was incuba@d 5 minutes at 37°C.
Autoradiography film (Hyperfill"', Amersham Life Science) was exposed initially
for 30 minutes and extended up to 5 hours depenaiinthe strength of the signal
after the initial period.

2.16.6. Stripping and reprobing of DNA blots

Membranes weresaturated in 2X SSC and stored at -20°C in a higation
bag/saran wrap. Reprobing the membrane was caedy rinsing the membrane
briefly in distilled water followed by rinsing th@membrane in the stripping solution
(0.1% (w/v) SDS) which had been brought to the boisml/cnt membrane for 15
minutes at 37°C to remove the DIG labelled proltes $tep was repeated again and
the membrane was rinsed thoroughly in 2 x SSC (iages) and pre-hybridised and
hybridised with second probe. If reprobing was twobe carried immediately, the

membranes were wrapped wet in SaranWrap and sabdd.
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Table 2.3: Solutions used in southern blot hybaitit

_ ) Store o Storage and
Solution Working concn. Dilution (mIl/100 ml) -
concn. Stability
2 XSsC 20X 10 Room temp. / can bg
Wash : ]
0.1 % SDS 20% 0.5 made in advance
0.1 XSSC 20X 0.5 Room temp. / can bg
Wash : )
0.1% SDS 20% 0.5 made in advance
*Washing Buffe 1X 10X 10 mlin 90 ml d6D | Room temp.
*Maleic acid Buffe | 1X 10X 10 mlin 90 ml d6D | Room temp.
] . 10mlI/90ml 1X maleic
*Blocking Solution | 1X 10X ) Prepare fresh
acic
*Detection Buffe 1X 10X 10 mlin 90 ml d6D | Room temp. pH9.5
5 X SSC 20X 25
Pre-hybridisation  |0.1% N-laurylsarcosine (w/v 0.1g
solutior 0.02% SDS (w/v) 20% 0.02 g Prepare fresh
*1% blocking solution (v/v) | 10X 1ml
) 25 (add acid tg
Acid wast 0.25 M HCI 35-38% Room temp.
water)
) 1.5 M NaCl 5M 30 Room temp./can bg
Alkali wast
0.5 M NaOH 1M 50 made in advance
0.5 M Tris HCI (pH8.0) 1M 50
Room temp./can bg
Neutral was 1.5 M NaCl 5M 30 )
made in advance
0.001 M EDTA (pH8.0) 05M 0.2
] Room temp./can be
3M NacCl Solid 175.3 g/1000 ml ]
20 X SS( ) ) made in advance
0.3 M NaCitrate Solid 88.0 g/1000 ml H7 0
pH7.

* These reagents are part of the DIG wash and hiodler set

2.17. Plasmid analysis

2.17.1. Extraction of plasmid DNA

Several different plasmid extraction protocols wesed in this study. The extraction

methods employed included the mini and midi kitg@gan), and miniprep rapid

alkaline lysis method described by (Birnboim andlyDd979) with some

modifications. Briefly, a single bacterial colonyasvselected from the LB plates and
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was transferred to 5 ml of LB broth and incubatgdroight at 37°C with constant
shaking. The cells were harvested by centrifugaaio8000 g for 10 minutes at 4°C.
The supernatant was discarded and the bacteriet peds washed in 250 of TE
(10mM Tris, 1mM EDTA, pH8). The bacterial pellet sveesuspended in 3Q0 of
ice-cold solution I. For the alkaline lysis of thacteria, 30Qul of solution Il were
added and mixed properly and left on ice for 10utes. Three hundred of ice-
cold solution Il were added and were stored aganice for 10 minutes. The
mixture was centrifuged at 16000 g for 10 minufdse protein and genomic DNA
was removed from the supernatant with phenol: ofidem: isoamyl alcohol
(25:24:1) mixture followed by centrifugation at & g for 10 minutes.
Subsequently, the plasmid DNA was precipitated bybie volume of absolute
ethanol and washed with 0.5 ml 70% ethanol followgd centrifugation at 13000
rom for 10 minutes in each step. Finally, the DNAswdissolved in 5Qul of

nuclease-free water.
Solutions for the small scale preparation of the pl asmid DNA extraction
Solution [ 50 mM glucose

25 mM Tris Cl pH 8.0
10 mM EDTA pH 8.0

Solution I 0.2 N NaOH
1% SDS
Solution Il 3 M potassium acetate adjusted to ptith glacial acetic acid and

then adjusted to the final volume with distilledtera

2.17.2. Determination of plasmid profile by Nucleas e S1

This procedure converts the circular plasmid DNAhi® linear form to determine the
accurate molecular sizes of plasmids. The closediler supercoiled form moves
very slowly, the naked plasmids remain trappedhim sample wells. The protocol
was modified from (Barton, Harding et al. 1995)jefly the plugs of PFGE

containing DNA was equilibrated into 200 pl S1 leaffPromega) for 20 minutes at
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room temperature. The buffer was replaced with 1D6f fresh buffer with 8 U of
nuclease S1 (160 U/ ul) (Promega) and incubated4fominutes at 37°C. The
reaction was stopped by adding 0.5M EDTA (pH8).mTtree gel was running as for
Xbal PFGE electrophoresis. The size of plasmidsdessrmined by comparison to
Lambda ladder PFGE markers (New England Biolabs).

2.18. DNA cloning of OXY-2 beta-lactamase

2.18.1. Primers design and PCR amplification

The cloning of OXY-2 beta-lactamases was done Wiflteway® Technology with
Clonase™ (Invitrogen, UK) as described by manufaets instructions. Primers
were designed using perlprimer v1.1 software (Hgerlprimer.sourceforge.net/)
andadjusted the annealing temperature to be approglyna6°C. Two primer pairs
were designed for nested PCR. The first primer-gaimsisted of gene specific
primers containing the internal parts of the at#itl attB2 recombination sites. The
second pair of primers contains the external paftsthe attBl and attB2
recombination site in addition to a 12 nucleotidertap with the internal forward

and reverse primers (Table 2.4).

Table 2.4: Primer construction for nested polymerdsin reaction (PCR)

1 | attB1| internal for | AAAAAGCAGGCTCCGCC ATGXXXXXXXXXXXXX
2 | attB1| internal rev | AGAAAGCTGGGT XXXXXXXXXXIXIXHIXXXXXX
3 | attB2| external for | GGGGACAAGTTTGTACAAAAAAGCAGGCT

4 | attB2| external rev| GGGGACCACTTTGTACAAGAAAGCTGGGT

Bold letters: attBl/attB2 sequence, underlinecetsttKozak sequence, italic letters:

forward and reverse sequenceélaoxy-2 gene.
The two PCR reactions were performed with Expandg.demplate PCR System

(Roche) according to the descriptions below, withid of the first reaction being

used as a template for the second PCR reaction.
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1st PCR:

10x buffer |

Internal Forward Primer 10 pmol/ul
Internal Reversed Primer 10 pmol/ul
Template 10ng/pl

dNTP Mix 10mM

Polymerase 1.5U

Distilled water to final volume

2nd PCR:

10x buffer |

External Forward Primer 10 pmol/ul
External Reversed Primer 10 pmol/ul
Template (1st PCR Reaction)

dNTP Mix 10mM

Polymerase 1.5U

Distilled water to final volume

PCR conditions for both PCRs were

5 ul
2 ul
2 ul
2 ul
1l
0.3 ul
50 pl

5ul
1l
1l
10 pl
1l
0.3 ul
50 pl

as follows: 2utes at 94°C, 15 cycles of 10

sec at 94°C, 30 sec at 55°C, and 2 minutes at 68i€ final extension of 7 min at
68°C. The PCR products were used in cloning veg@®NR207, pGBKT7 and
pGADT7 which were isolated by midiprep alkaline lyses adogy to manufacturer’s

instructions (Qiagen, UK) in reactions describelbwe

2.18.2. The BP reaction

PCR product

pDONR 207(150 ng/ ul)
BP Reaction buffer (5x)
BP Clonase

2-7 ul
1l
1.5 ul
1l
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The reaction was incubated at 37°C overnight. Afteubation, 1 pul of proteinase K
was added and incubated for 10 minutes at 37°C.| bfuthe reaction was
transformed into 50 ul of electrocompetent DH10Btbaa. Cells were recovered by
adding 500 pl LB medium and incubating at 37°CXbrwhilst shaking. The whole
volume of transformation reaction was spread onpl&es containing 15 pg/ml
gentamicin and incubated overnight. Plasmid DNA vgatated from single colony
by mini prep alkaline lyses (Qiagen Kit). The plagsnwere digested with the
restriction endonuclease Banll to determine theeobrsize of the inserted fragment
and sent to sequencing to assure no presencenté Bhift. This plasmid was used in

LR reaction.

2.18.3. The LR reaction

Purified Entry Clone (150 ng/ul) 1l
pGBKT7 1 pl
pGADT7 1ul
Distilled water 1l
LR Clonase 1 pl

Two pl of the reaction mixture were transformedoim0 pl of electrocompetent
DH10B bacteria. Cells were recovered by adding p0DB medium and incubating
at 37°C for 1h whilst shaking. The transformatieagation was divided in two parts.
One was spread on LB plates containing 50 pg/mbkeein for pGBKT7 (bait
vector), the other on ampicillin plates (50 pg/fd) pGADT7 (prey vector). The
plasmids were digested with the restriction endtasesEcoRl and BamHI to

determine the correct size of the inserted fragment
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2.19. Ribonucleic acid analysis

2.19.1. RNA extraction

Total RNA was extracted from bacterial culturesvgndo an optical density of 0.6-
1.0 at ORg with RiboPuré"-Bacteria Kit (Ambion, UK). Sterilization of
contaminating RNAases from the benches and equitgnveas done by RNAZAP
(Ambion, UK). RNA was electrophoresed on denatu(itfp formaldehyde) agarose
gel electrophoresis. The resulting RNA was treatdth DNase 1 at 37°C for 30
minutes for removal of the trace amounts of genddN& from the eluted RNA.

2.19.2. Reverse transcription

RNA was reverse transcribed to cDNA and PCR angglifon of a specific target
RNA from total RNA using one-tube, two enzyme sgst@ccess RT-PCR System
Kit, Promega). The reverse transcription was dawming to the manufacturer’s
instructions. The PCR products were analysed byoagagel electrophoresis and
stained with ethidium bromide. The image was exaschinusing UV Gel

Transillumination.

2.20. Determination of outer membrane proteins by S  odium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PA  GE)

2.20.1. Protein extraction

The outer membrane protein was extracted accorindpe method described by
(Bossi and Figueroa-Bossi 2007). Briefly, bactecells were grown in 5 ml of LB
to ODsgp Of 0.35 and collected by centrifugation at 300@&grvall RT 6000D) for 15
minutes at 4°C. The pellet was re-suspended in »mil0 mM Tris pH 8.0 and
sonicated with cooling, using three pulses of 2@tk 30 s resting intervals (MSE

Soniprep 150, MSE instruments, Crawley). Lysate wastrifuged at 7000 g for
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5 minutes. Then the supernatant recovered and ifoged at 13 000 rpm for
45 minutes at 20°C. The pellet was re-suspendédSml of freshly made 10 mM
Tris-HCI pH 8.0, 10 mM MgGl 2% (v/v) Triton X-100. Furthermore, the
suspension was incubated at 37°C for 30 minutes) tientrifuged at 16000 g for
45 minutes at 20°C. Finally, the pellet was re-suasied in 50-10Ql of 100 mM
Tris-HCI pH 8.0, 2% SDS. The suspension was kepR2atC until use.

2.20.2. Polyacrylamide gel electrophoresis

The separating and stacking gels were calculatedm frthe website
(http://www.changbioscience.com/calculator/sdsma)ht as shown below.

Ammonium persulfate was the last components todaed just before pouring and
mixed gently to avoid the addition of air whicheafts the gel matrix. The separating
solution was poured into the preassembled gel apgarTwo ml ethanol was added
on the surface of separating gel to get even seidad the gel was left to polymerise
for approximately 30 minutes. The stacking gel wasred followed by insertion of

a 10 well comb and left to polymerise for at le&siminutes.

Stacking gel 4% Separating gel 15%

Distilled water (mL) 3.65 Distilled water (mL) 3.55

40% Polyacrylamide (mL) 0.625  40% Polyacrylamidé.)m 3.75

1M Tris(pH6.8)(mL 0.625  1.5M Tris(pH8.8)(mL) 2.5

10% SDS (mL) 0.05 10% SDS (mL) 0.1

10% Ammonium persulfate (uL) 12 10% Ammonium pdegel 22
(ML)

TEMED (uL) 12 TEMED (uL) 22

Total volume (mL) 5 Total volume (mL) 10

Samples were mixed with an equal volume of SDS-PAgaHing dye (950 ul, 50 pul
B-mercaptoethanol), heated at 100°C for 5 minutelskapt on ice until required for
gel loading. About 20 pl volume of each sample veaded into the wells.

Molecular weight markers (Bio Rad) were added teedl to accurate size. The gel
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was inserted into a gel electrophoresis apparaRmstdan 1l, Bio Rad). The
electrophoresis was run at 200 V for approximaé&lyminutes or until the dye had
reached the end of the gel.

2.20.3. Protein detection
The membrane was stained in (0.1% w/v Coomasse Ri250, 50% v/v methanol,
1% v/v acetic acid in distilled water) for 30 miegt Destaining of the membrane

was carried out in destaining solution (50% v/v maebl, 1% v/v acetic acid in

distilled water) for 30 minutes, followed by anatl3® minutes in distilled water.
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CHAPTER - 3:

Identification and Susceptibility Testing

76



3.1. ABSTRACT

Objectives: This study was planned to investigate the prexcdeof ESBL-producing
Klebsiella spp. from Scotland.

Results: From 223 isolates collected from Royal InfirmafyEdinburgh during 2006
and 2007, 21¥. pneuminae, 2 K. oxytoca, 1 E. cloacae, and one isolat&almonella.
enterica were identified by API 20E. Out of 223 isolatestésl by MICs, 34 (15.2%)
of these strains were resistant to cefotaxime,186100) to ceftazidime, 35 (15.7%)
to ceftriaxone, 45 (20.2%) to nalidixic acid, 3@#%) to ciprofloxacin, 55 (24.7%)
to cefoxitin and 0 (0%) to meropenem. The ovenabfiency of ESBL producers
observed in this study was 35/223 (15.7%), mosheim 32/35 (91.4%) were from
K. pneumoniae. SHV B-lactamases were detected in 32 (91.4%), TEM any-MIT
were detected in 24 (68.6%) and 16 (45.7%) respeygtof ESBLs-positive isolates,
two OXY-2 enzyme were detected Kn oxytoca isolates.Qnr genes were expressed
from 18K. pneumoniae isolates.

Conclusion: This work reports phenotypic, genotypic analyaisd antimicrobial
susceptibility profiles of clinical isolates #&f. pneumoniae of both community and

nosocomial origin recovered from Edinburgh, Scatlan

3.2. INTRODUCTION

Klebsiella spp. are opportunistic human pathogens that casdbeted from various
animal and human clinical specimerdebsiella spp. are responsible for 1% to 5%
of all cases of community-acquired pneumonia ansvéen 0% to 23% of those
acquired in the hospital and its frequency is great alcoholic patients (Podschun
and Ullmann 1998)K. pneumoniae is a Gram-negative bacterium, which causes
hospital and community acquired infections such pagumonia, urinary tract
infection, septicaemia, soft tissue infectioKs.pneumoniae is responsible for 75—
80% of Klebsiella infections, particularly which associated with BESB(Sarno,
McGillivary et al. 2002; Brisse, van Himbergehal. 2004). Since 1981 a distinctive

syndrome of community-acquirédebsiella bacteraemia with primary liver abscess
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has been observed (Ko, Paterseinal. 2002; Fang, Sandleet al. 2005). K.
pneumoniae has also become a common cause of community achacterial
meningitis in adults in Taiwan (Lederman and Cruin%).

Extended-spectrurfi-lactamases producing Enterobacteriacae are engeegrone
of the major public health threats. The wide use] & some cases, misuse of
antibiotics over the past several decades has digshas a responsible factor in the
development of drug resistance in all bacteriacigse(Arpin, Duboiset al. 2003).
Recently, the isolation of multidrug-resistant stsa of ESBL-producingK.
pneumoniae has become increasingly common, especially imsite care units and
other high-risk hospital areas (Tumbarello, Spetral. 2006).

The identification oKlebsiella to the species or DNA group level phenotypicallg is
difficult problem due to significant phenotypic olapping between strains which
are genotypically closely related (Monnet and Fyeh@94; Wang, Caet al. 2008).
Laboratories might use macrotube tests alone orcdaiybining APl 20E with
additional macrotube tests (Podschun and Ulimar@819he API 20E system is a
useful ' stage for the identification of Gram-negative kaet

A simple and rapid genotypic method for the idecdiion of Klebsiella usinggyrA
PCR-RFLP profiles using restriction enzymidancll, Tagl and Haelll has been
published previously (Brisse, van Himbergeinal. 2004; Brisse and Duijkeren
2005).

3.3. RESULTS

3.3.1. Phenotypic identification

Results of phenotypic identification using Vitekgstem and API 20E revealed that

219 isolates were identified d§. pneumoniae, 2 isolatesK. oxytoca, 1 isolates

Enterobacter cloacae, and one isolat&ilmonella enterica.
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3.3.2. Genotypic identification

Restriction analysis of thgyrA gene ¢yrA PCR-RFLP) using primers gyrA-A and
gyrA-C (annealing temperature 50° C) as describe@iisse and Verhoef (2001)
was used to assign the 38 (34 ESBLs-positive alt5BLs-negative) isolates to
Klebsiella species and phylogenetic groups. The isolates wdgstified asK.
pneumoniae phylogenetic type Kpl (29 isolated, pneumoniae Kplll (7 isolates),
K. oxytoca (two isolates). None of thK. pneumoniae Kpll, K. planticola and K.

terrigena was identified in this study.

BecausagyrA PCR-RFLP does not distinguish between the twoqdenetic groups
of K. oxytoca, the rpoB gene sequence was determined for the Kvaxytoca
isolates. The sequence of a 940 bp portion ofrgo8 gene was determined using
primers VIC-2 (GGT TAC AAC TTC GAA GAC TC) and VIG-(GGC GAA ATG
GCW GAG AAC CA) for PCR and sequencing. The PCRealing temperature was
50° C. Sequencing was performed using ABI Big Dyaniinator. Both isolates
were shown to belong #. oxytoca group 1l (Koll).

As described by (Brisse, van Himbergenal. 2004; Brisse and Duijkeren 2005),
Hincll enzyme did not cut thgyrA PCR products fronK. planticola and K.
terrigena, whereas it generated profildincll-B (298 bp and 143 bp) for aK.
pneumoniae isolates and profile C (196 bp, 168 bp and 77fbp)ll isolates oK.
oxytoca. In addition, the use offaql and Haelll separately would distinguish
between Kpl (profilesTagl-B, Haelll-C), Kpll ( Tagl-E, Haelll-C or Haelll-D) and
Kplll (Tagl-B and Haelll-B). Profile Taql-B consists of the expected 497, 142-
bp, 93-bp and 9-bp fragments, and profile Tagl-Bhaf expected 197-bp, 151-bp
and 93-bp fragments. Profile Haelll-B consists led £xpected 175-bp, 174-bp and
92-bp fragments, profile Haelll-C of the expectéth-bp, 129-bp, 92-bp and 45-bp
fragments, and profile D of the expected 267-b®-@ and 45-bp fragments.
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Fig 3.1: Gel electrophoresis bfincll, Haelll andTagl restriction endonuclease for
someKlebsiella isolates. Picture A; lanes 1, 6, 1. oxytoca isolate MU946294N
and. Lanes 2, 7, 14. oxytoca isolate MB193997E. Lanes 3, 8, 11: isolate 106;
Lanes 4, 9, 12: isolate 135. Picture B; isolatemlmers 187, 195, 206, 172, 214, and
MU946294N. Picture C: isolates numbers MB, 32, 11y, 215, and MU946294N

respectively. Lane 5, 10 (picture A), lanes 7 add(fiicture B and C): 100 bp
molecular markers.
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3.3.3. Antimicrobial susceptibility

The MIC values of a range of antibiotics testedirsgathese isolates are shown in

Table 3.1. Out of 223 isolates tested by MICs, lilghest percentage of resistance

24.7% (n= 55) was found to cefoxitin, followed bglidixic acid 20.2% (n = 45). In
addition, 34 (15.2%) of these strains were resistarcefotaxime, 36 (16.1%) to
ceftazidime, 35 (15.7%) to ceftriaxone, 30 (13.566¢iprofloxacin. Meropenem was

the most effective antibiotic tested, with nonésofates resistant.

As shown in Table 3.1 and Fig 3.2, there was a waige of MICs between the
lower and higher level of resistance and also betwde MIGy and MIG,. The

results of MIGg indicated that more than half of collected isdatere sensitive for

all antibiotics used. None of the isolates tested wesistant to meropenem making

the meropenem the drug of choice in treatment @LEfoducingK. pneumoniae
isolates in Edinburgh.
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S ;1 B MIC90
0.1
0.01 il S Nl NS =S R}
O & @ @ @ & Q
& o) . ) D
o0 & 5’»\6\@ &
SO R
RN @, C A
Antibiotic

Fig 3.2: Graph representation of MiCand MIG, values of 219K. pneumoniae

isolates.
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Table 3.1: Difference of MIC values among K .Qneumoniae isolates tested.

Antibiotics MIC range MICso MICgo % of BSAC
(mg/L) (mg/L) (mg/L) | resistancg breakpoint*
Nalidixic acid 2->128 8 >128 19.6 16
Ciprofloxacin | 0.008 - >128 0.03 4 13.2 1
Ceftriaxone 0.008 - >128 0.06 16 14.6 1
Cefotaxime 0.008 - >128 0.03 16 14.6 1
Ceftazidime 0.06 - >128 0.25 64 155 2
Cefoxitin 1->128 4 16 24.2 8
Meropenem 0.015-2 0.03 0.03 0.0 4

(*) Breakpoints as listed in BSAC guidline 2006.

3.3.4. Confirmation of ESBLSs production

All isolates that expressed antimicrobial resistane cefotaxime, ceftazidime or
ceftriaxone were subjected to confirmatory methioglsiouble and combination disc

diffusion methods as described before in secti®32L and 2.9.3.2 (Materials and

Methods) and shown in Figs 3.3 and 3.4. Rhgneumoniae isolate Mu930798E

was found to be ESBLs-negative by confirmatorystesiowever, it was resistant to
ceftazidime (MIC= 2 mg/L).

Surprisingly, 12 (5.4%) isolates were found to beistant to meropenem by disc

diffusion method. These isolates were sensitivaéoopenem by MICs.
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Fig 3.3: Combination  disc

showing  synergy  between
cefotaxime, ceftazidime and
amoxicillin-clavulanate

(amoxiclav). The right disc is
cefotaxime, the left is
ceftazidime. Amoxiclav disc is

in middle.

methodFig 3.4: Confirmation of ESBLs

production by double disc
diffusion method. The plate
shows that the inhibition zone
around cefotaxime-
clavulanate (left disc) is more
than 5 mm of cefotaxime
(right disc).

3.3.5. Prevalence and types of ESBLs

The presence of ESBL-producing isolates was infelng double and combination
disc diffusion methods. The overall frequency oBESroducers observed in this
study was 35/223 (15.7%) and distributed as follows

The production of ESBL-producinlg. pneumoniae isolates was 32 /219 (14.61 %)
isolates. The types of ESBLs were determined by .PSIRV B-lactamases were
detected in 32 (100 %), whereas TEM and CTX-M wagtected in 24 (75 %) and
16 (50 %) respectively of ESBLs-positive isolat€ee SHV primer also amplified
negative-ESBLs isolates that could explain the gmwes of high prevalence of SHV

B-lactamases that may or may not be ESBLSs.
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ESBL-producingK. oxytoca isolates were 2/2 (100%) and constitute 0.9% ddltot
iIsolates. These two isolates, MU946294N and MB19899wvere obtained from
urine and blood samples obtained respectively ft@mhospitalized patients during
September, 2007. These two isolates were foune lbplaoxy-2) after amplifying
and sequencing using specific primers. None ofother ESBL genes tested in this
study such as those encoding TEM, SHV and CTctamases were identified
by PCR in these two isolates. Additionally, botblages were found negative by
PCR forgnr genes. These results were confirmed by IEF anahgsigell.

The Enterobacter cloacae isolate was recovered from urine of hospitalizetignt
and tested for ESBL-production. Results show tha tsolate expressed ESBL
phenotype by MIC but none bfareym, blashy, blactx-vandgnr genes were identified
by PCR.

The S enterica isolate was tested with MICs for antimicrobial setibility. It was
found negative for all antibiotic used in this stud

For these reasonk, cloacae andS. enterica were excluded from this study.

3.3.6. The source of ESBL-producing isolates

As indicated in Table 3.2, the number of ESBLs-pesiisolates recovered from
urine was 24 (68.6%) of total ESBLs-positive isetatMoreover, ESBLs isolates
collected from blood and assorted samples were ®1¥d) and 5 (14.3%)

respectively.

From the relevant information available, the mayo#4/35 (68.6%) of isolates that
expressed ESBL phenotypes were recovered from tatigpd patients. Eleven
(31.4%) isolates, all of them frol. pneumoniae, were collected from community-

acquired infection as seen in Table 3.2.
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Table 3.2: Source and community versus hospitaliddeiSBL-producing isolates included in this study

Source of isolates

Community |Hospitalized

Total isolates ESBL-producing isolates
. ESBLs ESBLs
Micro-
organisms > >
C o) 0 C o) 0 —
= 2 s |3 8§ 5 g
® e = ® a g 2
o o
No. % No. % No. % | No. No. No. No. % No. % | No. %
K. pneumoniae 178 79.8 156.7 26 11.7 22 5 5 32 1435 11 344 21 656

K. oxytoca 1 045 1 045 O 0 1 1 0 2 0.9 0 0 2 100
1 045 0 O 0 0 1 0 0 1 045 0 0 1 100

E. cloacae
S enterica 1 0.45 0 0 0 0 0 0 0 0 0 - - - -
Total 181 81.15 16 7.15 26 11.7| 24 6 5 35 15.7 11 31424 68.6
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3.3.7. Detection of AmpC

Cefoxitin resistance was found in 55 (24.7%) o&kagolates included in this study.
Cefoxitin considered as presumptive indicationAonpC production. Confirmation

of AmpC B-lactamases production was confirmed with inhibliased methods as
described by (Coudron 2005). Briefly, 120 mg of myboronic acid

(benzeneboronic acid (Sigma-Aldrich, UK) was digedl in 3 ml of dimethyl

sulfoxide and another 3 ml of distilled water wakded to this solution. Twenty
microliters of the stock solution was dispensedoodiscs containing 30 pg of
cefotetan or blank discs and left to dry for 30 nTiwo discs, one disc containing 30
pg of cefotetan and another disc containing 30fumefmtetan and 400 pg of boronic
acid, were placed on the IST agar similar to trendard disc diffusion method.
Inoculated plates were incubated overnight at 32Corganism that demonstrated
a zone diameter around the disc containing cefotata boronic acid that was 5 mm
or greater than the zone diameter around the dmdaming cefotetan was

considered an AmpC producer.

| tried to identify types oblaampc genes with multiplex PCR with primers targeting
FOX, DHA, BIL, CIT, MOX, ACC and EBC as described ljPerez-Perez and
Hanson 2002), but | failed to identify any of thegenes even with several PCR

condition modifications.

So, identification oblaampc genes was not included further in this study.

3.4. DISCUSSION

3.4.1. Phenotypic identification

K. pneumoniae strains are found worldwide associated to pneumanid urinary

tract infections in nosocomial and community enniments Klebsiella spp. consider
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the second importariEnterobacteriaceae in bloodstream infections causing 4.7% to
6.0% of bacteraemia (Ko, Patersaral. 2002; Livermore, Hopet al. 2008).

Biotyping is useful in assessing outbreaktdbsiella but it considered of little use
in epidemiological studies (Podschun and Uliman@8)9ldentificationKlebsiella to
the species level is often difficult, because soofiethe species share similar
biochemical profiles (Monnet and Freney 1994; Wabgoet al. 2008). API 20 E
was used as a presumptive identification of theogea species. 219 isolates were
identified K. pneumoniae, 2 isolateK. oxytoca, 1 isolates. cloacae, and one isolate

S enterica were identified by this method.

There was a problem in differentiation betwdénpneumoniae andK. oxytoca by
API 20E because the tw. oxytoca isolates were diagnosed by API 20E tokae
pneumoniae, whereas these isolates were identifedxytoca by Vitek 2 system and
results were confirmed usingyrA PCR-RFLP method. These results were in
agreement with previous finding that the Vitek Ztsyn is able to identify the
Klebsiella spp more accurately than API 20E system. Thaketabse biochemical
tests like API 20E may fail to differentiate betwe€. pneumoniae and K. oxytoca
(Kovtunovych, Lytvynenkaet al. 2003).

3.4.2. Genotypic identification

The gyrA PCR-RFLP method was developed recently as a rapitiod to identify
Klebsiella species and phylogenetic groups (Brisse, van Higdoest al. 2004). The
present results agree with others which confirnt thes method is reliable, faster

and cheaper than gene sequencing (Brisse and Daenj2005).

In this study | used restriction analysis of @A gene withgyrA PCR-RFLP
method in assigning the 38 isolates Ktebsiella species. TheK. pneumoniae
phylogenetic group 1, Kpl, was dominant (29 isaatéollowed byK. pneumoniae
Kplll (7 isolates) K. oxytoca Koll (two isolates).
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My finding is similar to previous investigations which the majority of isolates
belonged to Kpl group. Analysis of 420 clinical letes from 26 hospitals showed
that Kpl comprised 80.3% of 305 isolates from blaodl 82.2-97.2% of isolates
from other clinical sources. Kplll was never fousrtong isolates from urinary tract
infections (Brisse, van Himberged al. 2004). In another study, analysis of
phylogenetic groups of representative isolates sldotlvat most of them belonged to
Kpl-type (74.6%), less to the Kplll-type (20.9%nhdaonly 3% belonged to Kpll-
type (Valverde, Coquet al. 2008). Further report indicated that Kpl (78 isef,
Kpll (five isolates), Kplll (eight isolatesK. oxytoca (three isolates)K. planticola
(four isolates) andK. terrigena (two isolates) were identified from 100 isolateishw
gyrA PCR-RFLP profile (Brisse and Duijkeren 2005).

The rpoB gene sequence distinguished the tiiooxytoca isolates to belong to
phylogenetic group Koll. The both isolates werenidtio carryblapxy-2 by PCR and
DNA sequencing. The previous findings indicated tha chromosomdllapxy gene
of K. oxytoca is able, like housekeeping genes, to classify keoxytoca
phylogenetic groups. Also, strains harbourhayxy-2 gene fall into a clearly distinct
phylogenetic group (Granier, Leflon-Guibaatital. 2003; Fevre, Jbet al. 2005).

3.4.3. Antimicrobial susceptibility

The natural, semisynthetic and synthétilactam antibiotics can be subdivided into
6 different structural subtypes:

(i) penams (e.g. benzylpenicillin, ampicillin)

(i) cephems which include 2nd and 3rd generatigwhalosporins, (e.g. cefuroxime,
cefotaxime, ceftazidime)

(iif) cephamycins as é-methoxy cephalosporins (e.g. cefoxitin)

(iv) monobactams as monocyclic molecules (e.geantm)

(v) penems with a 2,3-double bond in the fusedzthliae ring (e.g. faropenem)

(vi) carbapenems with an unsaturated fused 5-mesdbé@rg (e.g. imipenem).
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The resistance to 3rd generation cephalosporinsngnko pneumoniae varies
between different geographic locations and in seveuntries the resistance to 3rd
generation cephalosporins has increased since 3@@s1(Potz, Hopet al. 2006;
Livermore, Cantoret al. 2007). In UK, emergence of this resistance medamani
compared with other European countries may resutmf differencesin
cephalosporin usage, methods of detecting ESBLymerd prevalence of resistant

serovars, or the import of resistatrains through travel (Yates and Amyes 2005).

In this study, antimicrobial susceptibility showadnoderate-level of resistance in all
isolates against cefoxitin and nalidixic acid wi#h.7% (n= 55) and 20.2% (n = 45)
respectively. The low-level of resistance 34 (15.2%86 (16.1%), 35 (15.7%) and 30
(13.5%) of these strains was found toward cefotaxioeftazidime, ceftriaxone and
ciprofloxacin respectively. Compared with otherimantrobial agents tested, none of
the isolates were found resistant to meropenemikgédpese the drug of choice in

treatment of multi-resistant isolates.

Interestingly, 12 isolates were found border-liesistance to meropenem by disc
diffusion method but not with MICs. The most likedxplanation is these isolates
might produce either class A carbapenemases (KHES) @Gr MBLs (IMP, VIM)

with low-level of resistance. Further work is negd® investigate the exact

mechanism(s) of resistance.

These results concatenated with other findings ¢hdiapenems were active against
all ESBL-positive enterobacteria in different selirom Italy (Luzzaro, Mezzatesta
et al. 2006; Mugnaioli, Luzzaroet al. 2006). Other reports confirmed that
meropenem and imipenem had greatest activity agg®BL-producinge. coli and
Klebsiella spp. in both Europe (96.9-100.0%) and the Unit¢éakteS (100.0%)
(Goossens and Grabein 2005). Furthermore, imipeeemined >99% active against
K. pneumoniae isolates collected from Latin America, Asia/PaciRim, Europe, and
North America (Reinert, Lovet al. 2007). So, this study agrees with the conclusion
drawn that the continued efficacy of carbapenench s13 meropenem confirms that

these remain first-line agents for treatment ofocosnial infections caused by
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Enterobacteriaceae-producing ESBL or Amp@-lactamases (Goossens and Grabein
2005).

Production of extended-spectrusdactamases (ESBLS) in particularly &y coli
and Klebsiella spp. is the most important means of resistanthia tand fourth
generation cephalosporins such as ceftazidime a&fepime and occurrence of
antimicrobial resistance in the hospital settingp@¢&ens and Grabein 2005). The
prevalence and genotype of ESBLs from clinicalated vary between countries and
even from different hospitals and locations at \Wwhitey are isolated from (Bradford
2001).

In this study, ESBL production was detected in 28/215.7%) of the strains by

MICs and confirmed by combination and synergy dew$c methods.

This result is quite similar to the survey in Pgdlj whereas (14%) of isolates
reported to be ESBLs (Mendonca, Ferreitaal. 2009). Moreover, in the Asia-
Western Pacific region the ESBL ratekigbsiella spp. was (17.8%) (Turnidge, Bell
et al. 2002).

But results presented here show a lower prevalehea it compared with the higher
prevalence reported in other literatures in whicBBE was reported in 1999 in
paediatrics centres in France to be (32%) (Raymdmmidmannet al. 2007).
Additionally, in South America, rates of up to 45¥e reported foK. pneumoniae
strains, with a comparable rate of 8% in Europen®ur, Cantoret al. 2001). In a
survey of intensive care units in Europe undertakebh994, it was shown that 24%
of third-generation resistant isolates Kfebsiella in France carried the ESBL
phenotype, and in Turkey 59% and in Portugal 49Bis & in marked contrast to the
findings in the UK and Spain, where 0 and 1% issatarried the ESBL phenotype
(Livermore and Yuan 1996). In Italy it was (20%u@dzaro, Mezzatestt al. 2006).
In a recent study based on the Tigecycline Evalnaand Surveillance Trial (TEST)
global surveillance database, the rate of ESBL yethdn was highest among the

pneumoniae isolates collected in Latin America, followed bysi&/Pacific Rim,

90



Europe, and North America with 44.0%, 22.4%, 13.3%@ 7.5%, respectively
(Reinert, Lowet al. 2007).

On the other hand, the lower prevalence were fanngrevious reports show that
0.1% ofE. coli and 0.3% oK. pneumoniae isolates clinical isolates recovered from
196 medical institutions during January 1997 touday 1998 in Japan were ESBLS
(Yagi, Kurokawaet al. 2000). Moreover, ESBLs are prevalent in 3.9% arf@o/of

E. coli species and 8.6% and 28.3%Kbébsiella samples from North America and
the rest of the world, respectively (Sader, Hsieh@l. 2007). In another report,
Klebsiella spp. strains with ESBL phenotype were detectedniroverall frequency
of 4% in the United States and 12% in Europe inlase6 to 8 years (Goossens and
Grabein 2005). Whereas in Austria an overall fregyeof 1% ofKlebsiella spp.
were found to carry ESBL phenotype (Eisner, Fagjath. 2006).

Concurrent with these findings, Mulvey, Bryeeal. (2004) demonstrated that the
most prevalent enzymes in Canada were SHV deriaed,that TEM-type ESBLSs
were rarely found. In another study, SHV-typ8BL was the most common ESBL,
occurring in 67.1% (49 of 73 isolates. In addition, TEM-type ESBL was foumd i
just 16.4% (12 of 73) of isolates. CTX-M-tyR&BLs plactx-m-2 type anddlacrx-m-3
type) were found in 23.3%.7 of 73) of isolates (Paterson, Hugeal. 2003).

Of the strains tested, 16/223 (7%) expressed CTXrdymes. This confirms the
emergence of this family d¢f-lactamases ifK. pneumoniae in Scotland as in other
countries. A recent dramatic increase in ESBL-pootily organisms is being
observed both in hospitals and in the communityinmaaused by the CTX-M-15
enzyme (Canton and Coque 2006; Livermore, Castah. 2007). CTX-M-15 first
reported in the UK in 2003, co-existed with CTX-M@®TX-M-14, SHV-12 and to a
lesser extent with TEM derivatives both in the ht@d@nd in the community. It has
now become the most prevalent enzyme in both gstijMates, Browret al. 2004,
Livermore, Cantoret al. 2007). In Italy, in 2003, only 12% ¢&f. pneumoniae strains
presented CTX-M enzymes (Mugnaioli, Luzzatal. 2006), and between 1998 and
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2003, the SENTRY program in the Asia-Pacific regimported that 25% of strains
possessed CTX-M enzymes (Bell, Chitsaal. 2007).

Overall, of the 223 strains studied, 24 possesseeESBL-TEM-1b genes. TEM-
lactamase is one of the most widely distribueldctamases, which hydrolyse the
ampicillin and related antimicrobials such as pagédlin, carbenacillin. The survey
of E. coli collected from faeces of patients presenting fecteve surgery in West
London in 1968, was found 17% carried plasmid-ntedisampicillin resistance
(Datta 1969). Additionally, from all isolates tedtenly 18 (8%) of the strains
presented resistance to fluoroquinolones. A multitmental study reported similar
resistance to fluoroquinolones (8%) (Deshpandegderal. 2006). The association
of beta-lactamase production and transferable dpmeoresistance genegr, was
reported (6.7%) in Enterobacteriaceae strains @basira, Mendeat al. 2008).

In this study, 24 of total 35 ESBL-producing st=if®8.6%) of our isolates from
patients with urinary tract infections were ESBlogwicing strains, whereas the
ESBLs isolates collected from blood were 6 (17.196)ates.

Consistent with this study, many reports indicateel high proportions of ESBLs —
producing Enterobacteriaceae especiallyE. coli and Klebsiella spp. isolated from
urinary tract infection patients (Rodriguez-Banoavidrro et al. 2004). The
corresponding Figures are 27%, 2% for Latin Amead United States respectively
(Turnidge, Bellet al. 2002). Furthermore, most (63%) of CTX-M producesse
recovered from patients with urinary tract infeoBofrom Austria (Eisner, Fagaa
al. 2006). A Canadian study showed that total of l146epts (93%) had ESBL-
producing E. coli identified from urine cultures (Pitout, Hans@h al. 2004).
Additionally, ESBL strains were isolated from 45ngr cultures and from 6 blood
cultures (2 strains were isolated from culturesboth urine and blood) of 49
community acquired patients infected wkh coli (Rodriguez-Bano, Navarret al.
2004).
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On the other hand, these results were in contoafsdings reported by Tumbarello,
Spanuet al. (2006), when he found about 30% of ESpiloducingK. pneumoniae
isolates that examined were isolated from blood.

The ESBL-producing Enterobacteriaceae have increased among community-
acquired strains (Rodriguez-Bano, Navaatral. 2004; Woodford, Wardt al. 2004,
Pitout, Nordmanret al. 2005). This study illustrated that the majority3%!(68.6%)
of isolates expressed ESBLs phenotypes were remd\fersm hospitalized patients.
Eleven (31.4%), all of them fronK. pneumoniae, isolates were collected from
community-acquired infection. But this informatibas some limitations. We do not
have enough information about how long patientsnbaehospital, the ambulatory
patients who visited hospitals regularly. Also, théormation concerning previous
hospital admissions, underlying diseases (diabsete8itus, recurrent UTI), and

antibiotics use was not available.

As reviewed by (Pitout, Nordmaret al. 2005), the first community-acquired ESBL
strain was found in Ireland in 1998. A populatiased surveillance CTX-M-
producing E. coli study in Canada showed that ESBL-produciig coli is
predominantly a community-onset pathogen. Of 157iepts, 111 (71%) had
community-onset infections and 46 (29%) had nosaabimfections (Pitout, Hanson
et al. 2004). In another Canadian study, 177 (72%) ofeptd were community
acquired, whereas 70 (28%) were healthcare assdc{atwupland, Churclet al.
2008). A French study demonstrated that the ESBIdyncing Enterobacteriaceae
(includingE. cali, K. pneumoniae andProteus mirabilis) was identified in 39 isolates
(1.5%) that produced various types of ESBLs (TEM1®, SHV-4 and CTX-M-1).
ESBL producers were isolated from 38 patients,ukticly 33 residents of 11 clinics
or nursing homes (acquired infections) and 5 frasatcomial acquisitions (Arpin,
Duboiset al. 2003). Another Spanish study cited by (Rodriguend® Navarrcet al.
2004) showed that 93% of ESBL-produciKg pneumoniae strains were isolated
from inpatients, 51% of ESBL-producing. coli strains were isolated from
outpatients. Additionally, more than 70% of all HSBroducing isolates of

community origin screened for the presence of CTXmdymes were found to be
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positive, compared with 21% of &BBL producers of hospital origin (Eisner, Fagan
et al. 2006). In the UK, investigators reported that O1 ZTX-M-producingg. coli
isolates studied from 42 UK centres, 70 (24%) wegortedly from community
patients, many of whom had only limited recent li@$gontact (Woodford, Waret

al. 2004).

The increase in community-acquired ESBL infectionthe United Kingdom has not
yet been explained. A Canadian study was publisioafirmed that advancing age;
female gender and the presence of other sever atemhaditions increase the risk
for community-acquired ESBLs (Laupland, Churthal. 2008). Also, the human
immigrants play a major role in transferring thentounity-acquired ESBLs (Pitout,
Nordmannet al. 2005; Livermore, Cantoet al. 2007; Laupland, Churcét al. 2008).
Another review stated that antibiotic overuse imans and animals, hospital cross-
infection, the food chain, trade and human migraeem to have contributed to the
recent dissemination of ESBLs outside hospitathoalgh the role of these factors is
variable and linked to particular epidemiologicéuations (Coque, Novaist al.
2008).

3.5. CONCLUSION

These findings report on distribution of ESBLs aimpadne clinical isolates collected
from Edinburgh district, Scotland. Tiftelactamases found in this study represented a
low percentage of resistance than other previmdirfgs worldwide. This is first to
report in emergence dlactx.v from Edinburgh district with CTX-M-15 is the only
CTX-M-type described in this study. However, thesgimination of TEM- and SHV-
type ESBLs in this study is more predominate thahX®1-15. Finally, the
community-acquired ESBLs infections still lower théhe hospitalized infections
and the majority of ESBLs isolates were collectednf urinary tract infection

patients.
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CHAPTER-4:

Prevalence of transferable blactx.m.15 from hospital and
community-acquired Klebsiella pneumoniae isolates in

Scotland
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4.1. ABSTRACT

Objectives: This study was carried out to investigate the alewe and genetic
characteristics of transferabldacrx.v-15 from hospital and community-acquired
Klebsiella pneumoniae isolates in Scotland.

Methods: A total of 219 clinical isolates df. pneumoniae was collected in 2006 and
2007 at Royal Infirmary of Edinburgh, Scotland. Thselates were tested for
antimicrobial susceptibility by the agar doubleutdn method. PCR and sequencing
were used tdetectblacrx-m, blarem, blasyy andgnr genes. The genetic environment
was analysed using various set of PCR primers. aitgnof the isolates was
assessed by PFGE.

Results: Sixteen (7.3%) isolates were found to be producéSTX-M-15 ESBLS,

of which two isolates (12.5%) were reported to bemf community-acquired
infections. The insertion sequence EtPl was detected by sequencing 48
nucleotides upstream tfactx.u-15 in all isolates except one. One to two plasmids,
ranging in size from approximately 40 to 210 kbrevebserved per strain. By PCR-
based replicon typing method, the plasmids carryfedplactx-v-15 Were assigned to
IncFIl or with IncN types. Sequencing and PCR asialsevealed the presence of
complex Class 1 integrons in all isolates except dmvo isolates positive for class 1
integrons were positive for class 2 integrons ab. were different clones of CTX-
M-15-producing isolates were identified by PFGE.

Conclusions: This work reports the emergence of hospital androanity-acquired
CTX-M-type enzymes in the Edinburgh area, Scotland.

4.2. INTRODUCTION

The CTX-M B-lactamases constitute one of the most rapidly grgWSBL families.
Outbreaks of CTX-M enzyme have been described ictelba from numerous
countries of Africa, Europe, South America and Adaraniak, Fiettet al. 2002;
Livermore and Woodford 2006; Livermore, Cantral. 2007). The CTX-M family
is subclassified into 5 groups: CTX-M-1, CTX-M-2,TK-M-8, CTX-M-9 and
CTX-M-25 in which the members of each group shat® 3dentity (Bonnet 2004).
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CTX-M types evolved through the escape of chrom@dogenes fromKluyvera
ascorbata andKluyvera Georgiana (Humeniuk, Arletet al. 2002; Poirel, Kampfegt

al. 2002; Rodriguez, Powet al. 2004; Olson, Silvermae al. 2005). The ability of
insertion sequencesHEspl, ISCR1, phage-related elements and plasmids to mobilize
and to promote the expressionfefactamase genes may explain the current spread
of CTX-M-type enzymes worldwide (Poirel, Decousstal. 2003; Bonnet 2004;
Oliver, Coqueet al. 2005; Canton and Coque 2006).

The CTX-M-15f3-lactamase was first detected in isolates fromadr{#liarim, Poirel
et al. 2001). It is derived from CTX-M-3 by an Asp24@ly substitution, which
increased catalytic activity to ceftazidime (Pqir@nhiadkowskiet al. 2002). Since
2003, E. coli isolates with the CTX-M-15 ESBL have become widdlgtributed
throughout the UK. Five major relatdl coli strains, A to E, were identified by
PFGE. They all belong to sequence type ST131 amdype O25:H4. Strain A is the
most distributed lineage in the UK (Woodford, Watdal. 2004; Lau, Kaufmanet
al. 2008).

Little is known about the populatiostructure of CTX-M-15-producingK.
pneumoniae causing outbreaks in UK when compared to far bédentified CTX-
M-15-producinge. coli.

4.3. RESULTS

4.3.1. Characterization of B-lactamases

The overall frequency of ESBL-producikg pneumoniae observed in this study was
32/219 (14.61 %)The presence of CTX-M genes was screened by Patlly
with universal primers, CTX-M_F and CTX-M_R, whickere able to detect the
CTX-M genes belonging to different groups (Edelst&élimkinet al. 2003), and then
with primers specific forblactx.w-1 group (Dutour, Bonnegt al. 2002). PCR
conditions were as follows: 5 min at 94°C, 35 cyadé 30 seconds at 95°C, 1 min at
52°C, and 1 min at 72°C, and final extension of ii at 72°C. The resulting PCR
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products were sent for sequencing. Results revetiatd CTX-M genes were
detected in 16 (7.3%) isolates Kf pneumoniae representing 16/32 (50%) of all
ESBL K. pneumoniae producing isolatesAll isolates were identified as CTX-M-15

by results of sequence analysis of the deducedmatit sequences.

4.3.2. The B-lactam susceptibility profile

The pattern of resistance to antimicrobial agentall 16 cefotaxime-resistar.
pneumoniae strains is shown in Table 4.1. The antimicrobigceptibility patterns
showed that all strains (100%) harboured CTX-M-EBEs were characterized by
high resistance to all cephalosporins tested imetuccefotaxime, ceftazidime,
ceftriaxone, cefuroxime and cephalexin. In additialhisolates were found resistant
to aztreonam (a monobactam). Among the CTX-M-15lpcing isolates, 93.8% (n
= 15) were resistant to fluoroquinolones (ciproflom) and nalidixic acid.
Resistance to cefoxitin was observed in 81.3% U3)-of the isolates. Overall, none

of the isolates tested was resistant to meropenem.

CTX-M-15 ESBLs confer high-level resistance to aeitime and cefotaxime with
(MIC range: 64- >128 mg/L). Sequence analysis lof@lisolates revealed there was
glycine at position 240. This substitution has adie been reported in CTX-M-15,
CTX-M-16, CTX-M-32 and CTX-M-27 and is known to den high-level resistance
to ceftazidime.

4.3.3. Association of blacrx-m-15 With resistance genes

The association betwedhacrx.v-15 and the genes codifarey, blasny, gnrA, gnrB
and gnrS was identified by amplification by PCR from genombDNA using
oligonucleotide primers as described before (Makalad Goussard 1993; Cattoir,
Poirel et al. 2007). As shown in Table 4.2, all isolates harbaurthe CTX-M
enzyme were found to carry either SHV-1 or SHV-1B5bBlV-12 or SHV-5 or SHV-
80 p-lactamases by PCR. Moreover, all isolates butveag found to express TEM-
1b. Additionally, in this study, ten gjrB1 genes were associated with CTX-M-15.
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Table 4.1: Antimicrobial susceptibility of CTX-M-pducingK. pneumoniae isolates (MIC: mg/ L)

0 > 2 58 § 9 9 8 % 8 g ¥ o

g ID e ¢ g o = ¢ §F § £ T 3 3F

| = 5 g g 3 & 3 =3 &8 5 =3 °
32 Mu 932 491 P >256 64 >128 16 >128 >128 64 64 8>12128 0.03 8
33 Mu 932 330 >256 >256 >128 16 >128 >128 >128 64 128 >128 0.03 >128
69 Mu 936 327 N >256 >256 >128 >128 >128 128 64 128128 >128 0.03 8
73 Mu 936 619 A >256 >256 >128 >128 >128 128 64 128128 >128 0.03 8
91 Mu 939 312V >256 >256 >128 16 >128 >128 64 128128 >128 0.03 4
113 Mu 940 148 Z >256 >256 >128 16 >128 >128 64 128128 >128 0.03 4
115 Mu 940 460 H >256 >256 >128 32 >128 >128 64 128128 >128 0.03 8
175 Mg 768 689 P >256 >256 >128 >128 >128 128 12828 1 >128 >128 0.03 16
187 Mu 949847 W >256 >256 >128 >128 >128 >128 12828 1 >128 >128 2 64
195 Mr 148167 R >256 >256 8 0.25 >128 >128 128 128128 >128 0.06 4
197 Mu 950618 L >256 >256 >128 >128 >128 >128 12828 1 >128 >128 0.06 64
213 Mu 960 478 >256 >256 >128 >128 >128 128 64 128128 >128 0.06 8
215 Mu 966 491 T >256 >256 >128 >128 >128 >128 12828 >128 >128 0.25 64
MB Mb141078 >256 >256 >128 >128 64 64 >128 128 >128128 0.06 16
B79 B143279 >256 >256 >128 >128 128 64 128 128 >12828 0.06 16
BV B14124Vv >256 >256 >128 >128 128 64 >128 64 >128128  0.03 16
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Table 4.2: Characterization of CTX-M-produciigpneumoniae isolates.

0 S
5 s = S @ - o = O 2 5 3 =R
> ID 3 3 2@ 2 3 % 2 9 &8 m&z 2 @ 29
3 = s8R =" nm> & g 23 3y = =7
3 QO S = N’
= @ o @
> &
69  Mu 936327 N v + +  +  + 1+ 1 1 210 + -11 B1
73 Mu936619A  +  + + + o+ o+ o+ 1+ 1 1 210 + -11 B1
175 Mg 768 689 P + o+ + + o+ o+ 1 0+ 1 1 210 + -12 B1
187  Mu949847W  +  + + + o+ 4 1 0+ 1 1 210 + -12 B1
197  Mu 950618 L o+ + + o+ 4 1+ 1 1 210 + 5 Bl
213 Mu 960 478 + o+ + + o+ 4 1 0+ 1 2 195 + -11 B1
215  Mu 966491 T + 4 + + o+ 4 1+ 1 2 195 + -11 B1
MB Mb141078 + o+ + + o+ o+ 1 + 2 3 135180 + -11 B1
B79 B143279 + o+ + + o+ o+ 1 + 2 3 135180 + ND B1
BV B14124V + o+ + + o+ o+ 1 + 2 3 135180 + -11 B1
32 Mu932491P -+ + + -+ 2 + 3 4 60120 + - -
33 Mu 932 330 -+ + + -+ 2 + 3 4 60,120 + - -
91  Mu939312V -+ + + -+ 2 + 3 4 60,120 + -11-
113 Mu 940 148 Z -+ + + -+ 2 + 3 4 60,120 + ND-
115 Mu 940 460 H + - -+ -+ 4 5 40,60 - -11-
195  Mr 148167 R + o+ + + + + + 1 + 5 6 75 + 11 -

(+) positive result, (-) negative result, (ND) migtermined, (CS) conserved sequence of clasgdroris, (kp) kilo base pair.
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Table 4.3: Source and isolation date of CTX-M prwdg K. pneumoniae isolates

) % 8 o 5
< - o = 9
g o 5 g 3 8
— =2 =) o
O @ g = S5
32 Mu 932 491 P Urine 9/8/07 RIE
33 Mu 932 330 Urine 8/8/07 RIE
_ Milton practice (Mount castle)
69 Mu 936 327 N Urine 17/8/07
(G.P)
73 Mu 936 619 A Urine 17/8/07 RIE, Immediate cazatee
91 Mu 939 312 V Urine 13/8/07 RIE, renal transplant
113 Mu 940 148 Z Urine 2718107 RIE, renal transplan
Charles Bell Pavilion 2
115 Mu 940 460 H Urine 27/8/07 o .
(Morningside hospital)
175 Mg 768689 P N.swab  12/9/07 WGH
187 Mu 949847 W Urine 18/9/07 Liberton hospital
195 Mr 148167 R Sputum 18/9/07 RIE
) Linlithgow group medical
197 Mu 950618 L Urine 19/9/07 .
practice (G.P)
213 Mu 960 478 Urine 10/10/07 WGH
215 Mu 966 491 T Urine 23/10/07 WGH
Mb141078 Blood 13/3/06 WGH
B143279 Blood 13/3/06 WGH
B14124V Blood 13/3/06 WGH
RIE: Royal Infirmary of Edinburgh, WGH: Western &eal Hospital, N. swab:

nephrostomy swab.
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4.3.4. Phylogenetic type

Identification of the phylogenetic types of strainsing gyrA PCR-RFLP, all 16
isolates producing CTX-M-15 were assigned to Kaepneumoniae phylogenetic

group | (Kpl).

4.3.5. Hospital versus community specimen

As listed in Table 4.3, among the 16 CTX-15-prodgdisolates for which relevant
information was available, two isolates (12.5%) eveeported to be derived from
community-acquired infections. This was a signifidy lower proportion of the

community-acquired CTX-M-producink§. pneumoniae than had been found in the
hospital isolates. The two isolates were collecteain urine specimens, the
remaining isolates collected from hospitalized grats. The majority of the CTX-M-

producing isolates were associated with urinarycttranfections (11 strains)

representing (69%) of all isolates. Three (19%)6%), and 1 (6%) were isolated
from blood, sputum, and nephrostomy swab respdgtives expected, most (82%)
of the urine samples were from patients categora®chaving hospital-acquired

infections.

4.3.6. Plasmid and replicon type determination

S1-nuclease plasmid profiles were obtained foiCalIX-M-producing isolates after

plasmid DNA PFGE electrophoresis was performednalarose. A total of one to
two plasmids ranging in size from approximately t40210 kb were observed per
strain as shown in Table 4.2 and Figs 4.1, 4.20tAl tof 8 isolates produced a single
plasmid, two plasmids were identified from 8 isefatas well. The putative high-
molecular-weight plasmids of approximately 210 kbrevobtained and confirmed

after several gel electrophoresis runs.

Fingerprint analysis of extractddacrx-m-15-carrying plasmids revealed 6 different

restriction profiles usingcoR1 andPst1 endonucleases.
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Plasmids were classified accordiegheir incompatibility group with the PCR-based
replicon-typing. The primer pairs targeting FIABEIFIC, 12, 11, L/M, N, A/C, and
FIl replicons were used in separate PCR reactidine primers were used as
described before (Carattoli, Bertigtial. 2005) and stated in Table 2.2 (Materials and
Methods). PCR conditions were as follows: 5 mi®4tC, 30 cycles of 30 seconds
at 95°C, 1 min at 60°C, and 1 min at 72°C, andlfexension of 7 min at 72°C
except for FIl primers, the annealing temperatues W2°C. Results indicated that
the IncN plasmid was identified from all isolatéise IncFll plasmid was obtained

from 12 isolates only.

In this study the IncN plasmid by PCR is alwaysspré when thélacrx-m-15 gene
was identified even in the absence of IncFll. As thcN plasmid is the only type
present, these results are the first to indicagertiie of IncN replicon types in the
dissemination of thblactx-u-15 genes.

1 2 3 4 5 6 7 8 9 1011 12 13 14 15

145.5 Kbp

48.5 Kbp

Fig 4.1: Pulsed field gel electrophoresis of S1lkease plasmid profiles for all CTX-
M-producing isolates. Lane 1: isolate no 215. Lanesolate no 195. Lane 3: isolate
no 197. Lane 4: isolate no 187. Lane 5: isolatd . Lane 6: isolate no 113. Lane
7: isolate no 91. Lane 8: Lambda ladder PFGE mastardard size. Lane 9: isolate
no 69. Lane 10: isolate no 73. Lane 11: isolat8®oLane 12: isolate no 32. Lane
13: isolate no MB. Lane 14: isolate no BV. Lane isblate no. B79.
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1 2 34 5 67 8 9 1011 12 13 14 15

R
ok
1L N

145.5 Kbp

48.5 Kbp

* a
Fig 4.2: Pulsed field gel electrophoresis of Sllease plasmid profiles for CTX-M-
producing isolates. Lanes 1 to 15: isolates numBg8s 215, 197, 187, 175, 73, 69,

Lambda ladder PFGE marker, 195, 115, 113, 33, $2 MB respectively.
4.3.7. Identification of plasmids by probe hybridiz ation

PCR amplification oblactx.m-15 from template DNA with universal primers, CTX-
M_F and CTX-M_R, to amplify 550 bp fragment withime gene. The PCR product
was analysed by gel electrophoresis to confirmctireect size of the product. The
plasmid DNA from the strains was restricted wiital endonuclease which does not
cut within CTX-M gene and transferred to a piece ngilon membrane. The

hybridization study did not give accurate informatiabout the plasmids carrying
CTX-M-15. As shown in Fig 4.3, the intra-genic gearebe was hybridized strongly
with isolates 113 and 195, a weak signal was obthinom isolate 115. However,

the probe was hybridized with the chromosomal DNénf these strains and the
signals were very strong. In addition, attemptgrobe the CTX-M genes from S1
nuclease PFGE failed in this study, even afterrsdweals.
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Fig 4.3: Probe hybridization of CTX-M-15. Lane l.arhbda DNA/Hind111
molecular marker. Lane 2: isolate no. 113. Lansd@ate no. 115. Lane 4: isolate no.
195. Lane 5: hybridized isolate no. 195. Lane @rlujzed isolate no. 115. Lane 7:
hybridized isolate no. 113.

4.3.8. Exploration of the regions surrounding blactx-m-15 genes

The genetic organization of thelactx.v genes was investigated by PCR and
sequencing of the regions surrounding these gddetection of upstream E2pl
insertion sequence was investigated using CTX-Miewerse and Prom+ primers
(Poirel, Decoussest al. 2003). The internal % was determined using primers (ISF
and ISR) as described before (Woodford, Watdal. 2004). The annealing
temperatures were 55°C and 52°C foEd®l and I6 insertion sequences
respectively. PCR identified the insertion seqeel@cpl upstream of thélacrx-
v-15 gene in all strains (Table 4.2) except one strstiraiy 115). 1&cpl was detected
by sequencing 48 nucleotides upstrearbl arx-m-15.
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IS26 insertion sequence was identified upstream inisglates and found about
200 bp integrated in EEpl insertion sequence.

4.3.9. Incidence of class 1 and class 2 integrons

To characterize the presence of inserted genettassethin the variable region, the
primer pair 5. CS and 3_ CS for class 1 integroas wsed (Zhao, Whitet al.
2001).The results identified class 1 integrons in all e of the CTX-M-producing

K. pneumoniae isolates (Table 4.2). PCR identified two differesizes of class 1
integrons, the largest one was ~ 2 kb and the sewa@s ~1.0 kb in size. After
sequencing of representative samples the threereliff gene cassette arrangements
were as followslfrAl12 + aadA2, aadAl, aadA2.

K. pneumoniae isolates were screened for the presencktbf, Sull, andgacEAl
which represent class 1 integrons, and ifaif2 integrase encoded on class 2
integrons (Machado, Cantoet al. 2005). The 15 integrons-positive isolates did
contain the conserveghcEA1-sull region. All isolates were tested for the presence
of class 2 integrons usingtl2 primers. Only two isolates were positive for cl@ss

integrons. These two isolates were positive foscthintegrons as well.
Four of these isolates were negative for integi@st#l) gene. Interestingly, the

isolates which was negative fo-&nserved segments, gave a band with integrase
(intl1) gene (Fig 4.4).
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1 2 3 4 5 6 7 8 910 1112 13 14

34€Db 1
248 intl1
gack

Fig 4.4: Gel electrophoresis oftl1, gacEA1, andsulll multiplex PCR for 13 CTX-
M-producing isolates. Lane 1: molecular marker @0 bp. Lane 2: isolate no MB.
Lane 3: isolate no BV. Lane 4: isolate no 69. L&nesolate no 73. Lane 6: isolate no
32. Lane 7: isolate no 33. Lane 8: isolate no 1#&he 9: isolate no 187. Lane 10:
isolate no 91. Lane 11: isolate no 113. Lane Idais no 115. Lane 13: isolate no
195. Lane 14: isolate no 215.

4.3.10. Transfer of resistance

Cefotaxime resistance transferred by transconjogai@nd transformation was

obtained for all CTX-M-produciné. pneumoniae isolates.

4.3.11. Epidemiological analysis

PFGE analysis was used to analyze the moleculdespology of the 16 CTX-M-
15-producing clinical isolates. As indicated frohe tresult of PFGE in Figs 4.5 and
4.6, there were 5 different clusters of CTX-M-1%4gbucing isolates. The first large
cluster comprised seven strains which appearedate® mear identical patterns
(Figure 4.5; Lane 8, 9, 10, 11 and 12). Four stralso appear to have the same
pattern (Figure 4.5; Lanes 3, 4, 5 and 6) and dotsthe second cluster. Similarly a
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third clone comprising three further strains (Fedr5 Lanes 13 and 14 respectively)
appear to have the same patterns. The two remaghirsgers each comprised only
one strain, strain 195 (Figure 4.5 Lanes 1) andirstl1l5 (Figure 4.5 Lane 2)
respectively.

1 2 3 4 5 6 7 8 9 10 1112 13 14

Fig 4.5: PFGE patterns of CTX-M-produciKg pneumoniae isolates. Lane 1: isolate
no 195. Lane 2: isolate no 115. Lane 3: isolat@2oLane 4: isolate no 33. Lane 5:
isolate no 91. Lane 6: isolate no 113. Lane M: Ldanladder PFG marker standard
size. Lane 7: isolate no 215. Lane 8: isolate noLé®e 9: isolate no 73. Lane 10:
isolate no 175. Lane 11: isolate no 187. Lane d4@ate no MB. Lane 13: isolate no
BV.
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Fig 4.6: PFGE dendogram analysis of CTX-M-produdigpneumoniae isolates.

Dendrogram showing the relationship between isslafek. pneumoniae obtained

afterXbal-digested the chromosomal DNA of 16 clinical isetat
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4.4. DISCUSSION

CTX-M first detected in Japan in 1986 from a cefotee-resistantE. coli (the
enzyme was named FEC-Ylatsumoto, lkedaet al. 1988). A few years later in
1989, a similar cefotaxime-resistant clinicél coli strain from Germany was
reported to producp-lactamasenzyme designated CTX-M-1 (Bauernfeind, Grimm
et al. 1990). CTX-Mp-lactamases constitute a novel and rapidly groviamgily of
plasmid-mediated ESBLs (Baraniak, Fiettal. 2002). The rise in cephalosporin
resistance may be attributable to the spread oénebetd-spectrunp-lactamases,
particularly CTX-M types (Livermore, Cantaat al. 2007). Outbreaks of CTX-M-
15-producingK. pneumoniae isolates havbeen recently described in some European
countries (Lytsy, Sandegrehal. 2008; Mesko Meglic, Korest al. 2009).

The overall frequency df. pneumoniae ESBL producers observed in this study was
32 /219 (14.61 %)By PCR CTX-M genes were detected in 16 (7.3%)aiws ofK.
pneumoniae. CTX-M-15 was the only CTX-M enzyme identified byguence
analysis of the deduced amino acid sequences. Apression of pl (8.6) band by

IEF was the confirmation of presence of CTX-M{&actamase.

In this study, | identified CTX-M-15 enzymes, whighthe most common CTX-M
type in UK. The first CTX-M ESBL in the UK was fodrin 2000, in one isolate of
K. oxytoca (Alobwede, M'Zaliet al. 2003). During June 2001, the first hospital
outbreak, 36K. pneumoniae isolates from 33 patients from 15 different wasshsl
departments around Birmingham described as CTX-Nikg5(Brenwald, Jevonst

al. 2003). In 2001, a survey examined over 8)@oli from 28 hospitals in the UK
and Ireland and recorded 4 isolates with CTX-M-h2yene (Mushtaq, Woodforet

al. 2003). In 2004, Woodford, Ward al. (2004) identified an epidemic clone Bf
coli producing CTX-M-15 that had become widely disttémithroughout the UK.

In Scotland, CTX-M was reported in two clinicgdlmonellae isolates harbouring

different CTX-M-type enzymes without mention forethtypes (Yates and Amyes
2005).
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CTX-M-15 p-lactamase was previously reported among isoldt&s pneumoniae in
European countries. In a multi-centric study froos&a, CTX-M gene was reported
in 35.9 % ofE. coli and 34.9% oK. pneumoniae ESBL strains (Edelstein, Pimkat

al. 2003). In a nationwide survey in Italy, CTX-M pradng strains were reported
by 10 of the 11 participating centres, with remaftitavariable rates among the
centres (1.2 to 49.5% of the ESBL producers) (Mugnda.uzzaroet al. 2006). In
Another study, Among 149 ESBL-produciigterobacteriaceae isolates collected
from patients in Austria from 1998 to 2004, 49 @B8coli and11 Klebsiella spp.)
isolates were CTX-M producers. The majority of CWKproducers (38/4978%)
had CTX-M-15 enzymes; the remainder had group §rees (Eisner, Fagast al.
2006). Additionally, blactx-m-15 enzymes were detected by sequencing in 60/177
(34%) of ESBL-producing<. pneumoniae isolates collected from eight Slovenian
hospitals during 2005 and 2006 (Mesko Meglic, Kogeal. 2009). As reviewed, the
spread of aK. pneumoniae clone with CTX-M-15 has recently been reported in
Hungary (Livermore, Cantoet al. 2007). The high prevalence (100%) was found in
Spain where all 162 isolates were identified as E&ducers, and thblactx-m-15
gene was detected in all isolates (Oteo, Cuevab. 2009). Furthermore, the first
major ESBL outbreak in Scandinavia was caused byglomal spread of 64

multiresistanK. pneumoniae producing CTX-M-15 (Lytsy, Sandegrehal. 2008).

Worldwide, CTX-M types especially the most widelistdbuted CTX-M-15 have
replaced TEM and SHV mutants as the predominantLESB numerous countries
of Africa, Europe, South America and Asia (Baranigiettet al. 2002; Saladin, Cao

et al. 2002; Livermore and Woodford 2006; Livermore, @angt al. 2007). CTX-
M-15 was first detected iB. coli isolated from India during 2001 and considered as
the most successful and widespread CTX-M amongr®tfiearim, Poirelet al.
2001). In Canada, CTX-M-15 was identified frddncoli andK. pneumoniae (Boyd,
Tyler et al. 2004; Mulvey, Brycest al. 2004; Pitout, Churcht al. 2007). Also, CTX-
M-15 was reported from United States (CastanhMexmdeset al. 2008).
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As shown in Table 4.2, all isolates harbouring @EX-M enzyme were found to
carry either SHV-1 or SHV-11 or SHV-12 or SHV{blactamases by PCR.
Moreover, all isolates but one were found to expréEM-1. This association is
frequent and has already been described (Boydy &ykd. 2004; Eckert, Gautiest

al. 2004). In this study, ten ghrB1 genes were associated with CTX-M-15. The co-
presence ofjnrB and ESBL genes on same plasmids has been reguigutyted
(Jacoby, Walslat al. 2006).

The pattern of resistance to antimicrobial agentall 16 cefotaxime-resistar.
pneumoniae strains showed that the strains harboured CTX-M-ESBLs
characterized by high resistance to all cephalaspaested in this study. Resistance
of CTX-M-producing isolates to cefotaxime, ceftamed, ceftriaxone, cefuroxime,
cephalexin, nalidixic acid, ciprofloxacin, cefoxitand meropenem was found to be
100, 100, 100, 100, 100, 93.8, 93.8, 81.3 and GHeatively. This high resistance to
most antibiotics is explained by the finding thiaé blacrx-v genes are commonly
found on plasmids often carrying genes that cordeistance to multiple antibiotics,
including aminoglycosides, chloramphenicol, suliomde, trimethoprim, and

tetracycline (Bonnet 2004).

The CTX-M enzymes confer higher level resistancedimtaxime, cefotriaxone and
aztreonam than to ceftazidime (Dutour, Boreieti. 2002; Saladin, Caet al. 2002).
CTXM-15 was derived from CTX-M-3 by (Asp240Gly) siibution, which
increased catalytic activity to ceftazidime (Pqit@hiadkowskiet al. 2002). These
findings indicated that CTX-M-15 ESBLs confer higlvel resistance to ceftazidime
(MIC range: 64- to >128 mg/L). Sequence analysiseated an Asp246Gly
substitution. This substitution has already begronted in CTX-M-15, CTX-M-16,
CTX-M-32 and CTX-M-27 and is known to confer highwl resistance to
ceftazidime (Cartelle, del Mar Tomass al. 2004; Doublet, Granieet al. 2009;
Poirel, Gniadkowsket al. 2002)

Another substitution responsible for higher levefsresistance to ceftazidime, as
compared to cefotaxime, is the Prol67Ser mutatibmch differentiates CTX-M-19
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from CTX-M-14 (Poirel, Naagt al. 2001). But this substitution not found in these

results.

Concerning “nonB-lactam” susceptibilityof CTX-M producers, all strains but one
were resistant to ciprofloxacimligh rates of ciprofloxacin resistance in CTX-M
producing isolateBave also been reported in previous findings (Ritdordmannet
al. 2005; Eisner, Fagaat al. 2006).

Identification of the phylogenetic types of CTX-Ns-producing strains usingyrA
PCR-RFLP, all isolates were assigned tokbepneumoniae phylogenetic group |
(Kpl). In contrast to these findings, there wadeacrelationship between the Kplll
group and production of CTX-M-10 enzymes (44.5%®X-M isolates) (Valverde,
Coqueet al. 2008).

The majority of the CTX-M-producing isolates wergsaciated with urinary tract
infections (11 strains) representing (69%) of sdilates. Three (19%), 1 (6%), and 1
(6%) were isolated from blood, sputum, and nerporag swab respectively. As
expected, most (82%) of the urine samples were fratients categorised as having
hospital-acquired infections. Among the 16 CTX-Xbducing isolates for which
relevant information was available, two isolate.5%) were reported to be from
community-acquired infections collected from urispecimens, the remaining
isolates collected from hospitalized patients. €é&adings show a significantly
lower proportion of the community-acquired CTX-MepucingK. pneumoniae if it
compared with other studies in UK, where 70 (24%p@1 CTX-M-producingE.
coli isolates studied from 42 UK centres were repoftech community patients,
many of whom had only limited recent hospital ceht@Voodford, Wardet al.
2004). In another study, 22 ESBL-producing Entectdr@gaceae (E. coli, 7 E.
cloacae, 4 C. freundii, 1 Klebsiella spp. and Balmonella spp.) were detected among
565 faecal specimens from York. The authors idiedtieight ESBL-producing.
coli and one ESBL-producin§almonella spp. were from community patients, the
remaining 13 isolates were collected from hosppatients. Thep-lactamases
identified were Slactx-m-15, 3 blactx-m-14 and 9blactx.m-9 (Munday, Whiteheadt
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al. 2004). Moreover, Most (63%) CTX-M producers weeeavered from patients
with urinary tract infections. In total, more than 70%athi ESBL-producingsolates

of community origin screened for the presence oK@T enzymes were found to be
positive, compared with 21% of &5BL producers of hospital origin (Eisner, Fagan
et al. 2006).

For all CTX-M-producing isolates, a total of onett@o plasmids ranging in size
from approximately 40 to 210 kb were observed pmirswith S1-nuclease plasmid
profiles as shown in Table 4.2. Similar to thessuhts, blactx-m-32 and blactx-m-1
(CTX-M group-1) were carried in a single 40-kb Inghasmid or with an IncL/M
plasmid of 50 kb from differer. coli strains in Spain since 2000 (Novais, Cardgbn
al. 2007). In another stud¥yactx-m-15 alone or withaac(6’)-1b and/oraac(6’)-1b-cr
co-localised on IncR, IncFll, IncFllk replicons datifferent plasmids size of ca.
30 kb, 60 kb, 75 kb, 80 kb, 85 kb, 90 kb, 190 kB0-Rb and 340-kb (Coelho,
Gonzalez-Lope=rt al. 2010). In a Spanish study, all CTX-M-15 cloneddstd were
harboured the same plasmid (pRYCE34) of 180 kbaisdl from 2002 to 2004
(Valverde, Coqueet al. 2008). Hybridization studies showed th#@crx-m-15 was
located on ~150-kb plasmid& pneumoniae strains from Slovenia (Mesko Meglic,
Korenet al. 2009).

In this study the IncN plasmid determined by PCRINgays present whenlacrx-u-
15gene was identified even in the absence of Inéd&lIthe IncN plasmid is the only
type present, these results are the first to iteit@e role of IncN replicon types in
the dissemination of thidlactx-u-15 genes irK. pneumoniae, although IncN plasmid
has been found on one occasion to carry the CTX5Mydne inE. coli (Marcadé,
Deschampst al. 2009). It was confirmed that mobilization and sgref CTX-M-15
seems to be related to IncFll plasmids (Coque, Mostaal. 2008; Carattoli 2009).
The blactx-m-15 was also detected in IncFl or IncL/M types (Lavg]ldMamlouk et
al. 2006; Oteo, Cuevad al. 2009). Additionally blactx-m-32 andblactx-m-1 (CTX-M
group-1) were located in a single 40-kb IncN plasion with an IncL/M plasmid of
50 kb from differen€. coli strains in Spain since 2000 (Novais, Cargbal. 2007).
Additionally, plasmids encoding CTX-M-15 carrieddk distinct replicons, IncFlI,
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IncR and IncFllk, were reported among RB7 pneumoniae strains isolated in the

Barcelona metropolitan area (Coelho, Gonzalez-Lepak 2010).

There should be great concern about the disseiminat the gene on broad-host-
range IncN plasmids, because it maximises thédurspread of CTX-M-1-like

enzymes among other memberdafer obacteriaceae (Novais, Cantoret al. 2007).

PCR identified the insertion sequenc&dffl upstream of thélactx-u-15 gene in all
strains (Table 4.2) except one strain (strain 1cpl was detected by sequencing
48 nucleotides upstream bifacrx-m-15. This result was consistent with other studies,
a 48bp sequence, previously described d@crx-m-15 from India and previously
named as the W sequence (Karim, Paétedl. 2001; Poirel, Decousset al. 2003,
Eckert, Gautieret al. 2006). The insertion sequence€dfl or ISEcpl-like were
repeatedly identified upstream of mdolgcrx-.v genes, and played an important role
in the mobilization and expression of these gefe®( Lambertt al. 2002; Saladin,
Cao et al. 2002; Poirel, Decousseat al. 2003; Eckert, Gautieet al. 2006),

suggesting a similar origin and organisation frinose already described previously.

The presence of Bswas found upstream of thactx.m-15 gene in all strains tested
by PCR. The insertion sequenc6Svas described by Saladal. (Saladin, Caet

al. 2002) to be upstream ofkhacrx-.m-1 gene. The presence ofsin all isolates
probably due to the presence of this insertion segel on known plasmids, such as
IncFll, IncN, and IncL/M (Novais, Cantast al. 2007).

Class 1 integrons are widespread genetic elemieait&liow promoterless bacteria to
capture and express gene cassettes. These integmoimbute to the dissemination
of antibiotic resistance genes between bacterith®fsame or of different species
(Jove, Da Ret al. 2010). Results identified class 1 integrons irball one of CTX-

M-producingK. pneumoniae isolates (Table 4.2). PCR identified two differsites

of class 1 integrons, the largest one was ~ 2 kbth@ second was ~1.0 kb in size.
After sequencing of representative samples theethddferent gene cassette

arrangements werdfrA12 + aadA2, aadAl, aadA2. Similar to my study, class 1
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integrons includinglfr andaadA gene cassettes have been the most prevalentftype o
integrons (Vinue, Saeret al. 2008).

The conservedacEA1-sull region was identified by PCR from all the 15 intats-
positive isolates. These results were in agreeméhtfindings that the 3conserved
segments of the class 1 integrons usually contengenetic determinant@mcEAL

andsull (Carattoli 2001).

In this study | identified four isolates beard slak integrons were negative for
integrase ifitil) gene. (Jove, Da Ret al. 2010) reported that there are currently 13
Pc variants corresponding to 10 variants of thessclad integraséntll. The Pc
promoter in class 1 integrons is located within ithi&¢l coding sequence. The Pc
polymorphism affects the amino acid sequenckibl and the effect of this feature

on the integrase recombination activity.

Cefotaxime resistance transferred by transconjogatind transformation was
obtained for all CTX-M-producing. pneumoniae isolates. These results indicating
the highly transconjugated IncN plasmid carry CTXiSl The corresponding

Figures indicated that 60 isolates comprised pldsrencoding CTX-M-15 enzyme

were highly transmissible as well (Mesko Meglic,r&oet al. 2009).

PFGE analysis was used to analyze the moleculdespology of the 16 CTX-M-
15-producing clinical isolates. As indicated frohe tresult of PFGE, there were 5
different clones of CTX-M-15-producing isolates. 8pain, one epidemic clone
characterized by PFGE from a single institutiorMadrid (Valverde, Coquet al.
2008). In another study, (Oteo, Cuewhsl. 2009) identified seven PFGE clusters
corresponded to seven differeikit pneumoniae STs collected from five Spanish
hospitals. Mesko Meglic, Koreret al. (2009) identified 11 pulsed-field gel
electrophoresis-defined strains, with several ehsstof closely related isolates

among 60K. pneumoniae from eight Slovenian hospitals.
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4.5. CONCLUSION

Despite the prevalence of CTX-M-15 in UK, less wbds been done dfiebsiella
spp. with CTX-M enzymes. This work confirms the egence of hospital and
community-acquired CTX-M-type enzymes and theireagrin the Edinburgh area,
Scotland. Additionally, this study showed someralagly high rates (50%) of CTX-
M-15 among ESBL-producingl. pneumoniae isolates. By PCR all isolates were
associated with IncFIl and/or with the broad hastge IncN plasmid, in future
would accelerate the spread of these genes. lifigéenfive PFGE clusters oK.

pneumoniae isolates conferring high level resistance to namgibiotics tested.
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CHAPTER-5:

Prevalence of blasyy genes from K. pneumoniae clinical

isolates in Scotland
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5.1. ABSTRACT

All 219 K. pneumoniae strains isolated during 2006 and 2007 were colteétem
the Royal Infirmary of Edinburgh. The total numleéramplified blasyy genes from
60 (32 ESBLs-positive and 28 “non-ESBL” producingplates was 54 (90%)
isolates. From the ESBL-producing isolates, mokecaoiethods identified ten strains
possessing ESBL-SHV genes (1 stialésyy-s, 1 strainblaspy.so and 8 strainblaspy-

12) and 19 isolates producing narrow-spectrum SkHMctamases (17 strain carry
blashy-11 and 2 isolates withlasyy-1). Conjugation methods demonstrated that 29/32
isolates harbour transferalideasny. All blagny-12 but one plashy-go andblaspy.s were
successfully transconjugated. The large SHV tras@pdoorne promoter (1S26-lacY-
recF-SHV) was amplified from only one isolate hanoeg non-transferablblasuy-

11, 15 isolates were produced the small SHV trangpo®one promoters (I1S26-
SHV). The genetic relatedness of the isolates wadies by PFGE analysis. The
strains were diverse, and 17 clusters were defitlesl Jargest including 7 strains

mostly isolated from urine and expressed SHV and-®MF15.

5.2. INTRODUCTION

SHV enzymes are classified in groups 2b and 2bé&hefBush-Jacoby-Medeiros
classification scheme and in Ambler class A (Ampleoulsonet al. 1991; Bush,
Jacobyet al. 1995). SHV-1 was first described in 1972 and chlat-2 from the
author's name Pitton (Pitton 1972). The chromosogtdV/-1 confers resistance to
ampicillin, amoxicillin, carbenicillin and ticardih and considered to be ubiquitous
amongst the great majority &f. pneumoniae strains (Livermore 1995; Babini and
Livermore 2000). SHV enzymes were also detectedtlier Enterobacteriaceas
plasmid-mediated3-lactamases (Matthew 1979; Sabate, M@oal. 2002). 126
insertion sequence mediates mobilization of plasmédiiatedblasyy genes from
genome to plasmid and increases promoter stremgtiugh the introduction of a
different —35 region (Podbielski, Schonliry al. 1991a). The majority of SHV

variants possess an ESBL phenotype characterizéebgubstitution of a glycine
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for serine at position 238 and/or glutamic acid li@ine at position 240 (Huletsky,
Knox et al. 1993; Kurokawa, Yaget al. 2000; Bradford 2001; Hujer, Hujet al.
2002).

5.3. RESULTS

5.3.1. Prevalence of SHV ESBLS

SHV pB-lactamases were detected in 32/32 (100%) of ESRIs#tive isolates (all
from K. pneumoniae) using primers (Kp-SHV_for and Kp-SHV_rev) as désd
earlier and shown in Table 2.2 (Materials and Md#)o PCR conditions were as
follows: 5 min at 94°C, 35 cycles of 40 second9%fIC, 1 min at 65°C, and 1 min at
72°C, and final extension of 7 min at 72°C. Thkaspyyv.11 was detected after
sequencing in 21 ESBLs-positive strains (17 isslaiene and 4 isolates associated
with blaspyv.12 and blaspyy-gg). Other previously described narrow-spectryin
lactamases genes detected here vibagny.1 (2 strains, 1 withblarev.1, and 1
together withblactx-m-15). The extended-spectrum SHMactamases genes detected
were;blaspyy-12 (8 strains, 1 alone, 1 together wgirAl, 3 together withblactx-m-15
andblargm1 genesand 3 together witlblarem-1), blasyv-go (1 strain co-expressed
blactx-m-15 andblarem-1) andblaspy-s (1 strain together witblacrx-m-15, blarem-1 and

gnrB1). In addition, 3 strains carry an unidentifiddsny (Table 5.1).

The isolate 33 that carridbasyy-so Showed an unusual resistance phenotype toward
meropenem antibiotic. It showed once increase i€ N8 mg/L) and then back to
(0.03 mg/L).

5.3.2. Prevalence of blasyy from “non-ESBL-producing” isolates
Amplification of blagyy from 28 “non-ESBL-producing” strains revealed ti2&
isolates were positive fdilasny, 6 isolates were negative. Thiasyy-11Wwas detected

from one representative isolate with sequencings T¢olate was found to carry

blasny-11Which coexisted witlgnrB6 gene.
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The total number of amplifietlasyy genes from 60 (32 ESBL-positive and 28
ESBL-negative)K. pneumoniae isolates was 54 (90%), whereas 6 (10%) isolates

were negative foblasyy gene.

5.3.3. Presence of more than one copy of blasyy genes in the same
isolate

Four isolates (numbers 32, 84, 208 and 33) all wietified as SHV-11 with DNA
sequencing. But after the sequencing repeated isatdte was found to express
another SHV enzyme. The new enzymes were identdeebdlasyy.12 from strains
(32, 84, 208), the strain number 33 was found tbda blaspy-so.

5.3.4. Association of blasyy with resistance genes

The blargm was detected in 24 strains associated Wy, no TEM-derived
ESBLs were found by representative sequenced sampleisolates co-expressed
blactx-m-15. 18 isolates were found to be positive by PCRitiergnr genes. Of these
gnr-positive isolates, 16 isolates were ESBL-posi(ii & gnrB1 gene and BnrAl
gene) and 2 isolates were ESBLs-negative, bothehtharboured thgnrB6 gene
(Table 5.1).

5.3.5. Phylogenetic groups

Analysis of phylogenetic groups of 32 ESBLs SHVduoing isolates tested showed
that most of them, 26 isolates (81.25%), were lygdnto Kpl-type. In addition, 6
isolates were belonged to the Kplll-type (18.75%d).isolates containing CTX-M-
15 belonged to the Kpl group. Interestingly, theses a clear relationship between
the Kplll group and production @irA genes in which 4 of 5 isolates were found to
harbour theinrAl gene (Table 5.1).
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Table 5.1: Characterization of SHV-producing isedat

" S Q2 = y ol 2 3
J) — wn =W S = = = — =
o : §i|85| 2 3|2 28|22 % 1887 €3
= T S u
o < = »
S o [
32 Mu 932 491 P SHV-11/1p + 15Q0 - - + - + I 2k
33 Mu 932 330 SHV-11/80 + 1500 - + + - H I k 2
69 Mu 936 327 N SHV-11 + 1500 + + + B1 I k 1
73 Mu 936 619 A SHV-11 + 1500 + 4 + B1L I 1k
84 Mu 939 776 Z SHV-11/12 + 80( N ND + + + + - - 11 1.5- 2k
85 Mu 939 772 SHV-1* + - - - + - | -
91 Mu 939 312 V SHV-11 + 1500 - 4 + L - I 2k
106 Mu 939 649 W SHV-11 + - + + + Al 1 .5t 2k
113 Mu 940 148 Z SHV-11 + 1500 - + +H - H I k 2
114 Mu 940 595 G SHV-12 + 80( + + - - - I ND
115 Mu 940 460 H SHV-1 * + 800 + + - - I -
125 Mu 941 508 P ND + - + - - - 1 1.5k 2
135 Mu 943702 T SHV-11 + 80( + + + Al - | 1.5-2k
175 Mg 768 689 P SHV-12 + 800 + + + B1 |+ I k 1
187 Mu 949847 W SHV-12 + 800 + -+ + B1L | 1k
195 Mr 148167 R SHV-11 - 3kb + + + - - | 1k
197 Mu 950618 L SHV-5 + - + + + BlL + I 1k
CS: Conserved sequence of class 1 integrons
(-): Negative
(+): Positive

ND: Not determined

Continued
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Table 5.1: Characterization of SHV-producing isedat

" S Q2 = y ol 2 3
J) —_ wn =W > = = = — =
o : §i|85| 2 3|2 28|22 % 1887 €3

= I > (A

o < = »

S I3 N
203 Mg 769750 ND - 800 - + + H - 1 I 2k
204 Mu 953545 C SHV-11 + 80( + + + + + H Al - | 1.5-2k
205 Mu 953096 R SHV-11 + 80( - + + + + - - - I 2k
206 Mu 956107 Q SHV-11 + 80( - + 1 + + +H Al | | 1.5-2k
208 Mg 771610 V SHV-11/12 - 80( + + 1 + + +H - - I 2k
210 Mu 956764 R SHV-11 + 80( - + + + + B1 - I 2k
213 Mu 960 478 SHV-11 + 1500 + + + + + H B1L o I 1k
214 Mb 195 491 Y SHV-12 + 800 - + 4 + - Al - I ND
215 Mu 966 491 T SHV-11 + 1500 + + + + + B1 [+ | 1k
MB Mb141078 SHV-11 + 150( + + + + + Bl 2 I 1k
B79 B143279 SHV-11 + 1500 + + 4 + + B1L I 1k
B31 Mb143231 SHV-11 + - - - - - - - I ND
uUs4 Mu724454 SHV-12 + 800 ND ND + + + + - - I 2k
BV B14124V SHV-11 + 1500 + - + + + BlL I 1k
MR Mr112663 ND + 800 - - - - - - I ND
172 Mu 948 095 C LEN- new + ND - + + + + - B6 | - Il 1.5-2k
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5.3.6. Conjugation

Conjugation and genotyping of 3. pneumoniae isolates producing SHV-type
ESBLs demonstrated that 29 isolates harbour treaisite blasyy. From these
transferablélaspy isolates: 50% (n=16) cartyasny-11, 21.9% (n=7) carrplaspy-12,
6.25% (n=2) carrplaspy-1, 6.25% (n=2) carry unidentified SHV genes, 3.1%I1(n
carry blasyy.s, and 3.1% (n=1) carrplasuy.go Additionally, 3 (9.4%) isolates
harbour non-transferablelasyy: one isolate produce chromosonthbisyy.1;, one

isolate harboureblasny.12, and one isolate not sequenced.

Attempts to transfer ampicillin resistance TEM frahe study strains t&. coli by
conjugation showed that about 80% isolates harbgitiargy failed to donate their
plasmids to the recipient strain. Moreover all CWXstrains were successfully

transconjugated.

5.3.7. Genetic environment

Results shown in Table 5.1 indicated that the |&H¥& transposon-borne promoters
(IS26-lacY-recF-SHV) were amplified from only onarge SHV transposon-
containing isolate harboured non-transferdibg-11 Using primers 1S26-FCJ and
SHV-12-F-1 as in Table 2.2 (Materials and Method$)e amplified PCR product
was sequenced from both ends, which enabled seiggent the region in both
directions. The sequence was quite similar to @wces number AJ245670
[GeneBank]. The sequence product had about 500 Hiphwis corresponding to

kdpC gene and was missing in the AJ245670 GeneBank.
The promoter sequence from large SHV transposotatong isolate was
(AAAAAT) instead of (ACAAAT) in the -10 region. TBi promoter has (GA)

mutation at second nucleotide in the -10 region.

A total of 15 isolates produced a PCR product auat800bp. DNA sequencing of

representative samples were found to harbour thell sBHV transposon-borne
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promoter (IS26-SHV). The representative DNA samplesre sequenced and
compared with GenBank EF370423 [GenBardgquence. The results revealed that
IS26 was found 73 bp upstream of thlesyy genes as shown in Fig 5.1.

Eleven isolates produced a band of ~1.5 Kbp bptaved impossible to sequence

these isolates. The remaining isolates were neghinPCR for 136.

The last two groups, negative group and ~1.5 kigplyzing group, were produced a
PCR product of about 800bp after several repeathefPCR reactions. The most
likely explanation is these isolates each harbaordr more differenblasyy genes.

In addition, the RecF protein and DEOR transcripiaregulator were identified by
PCR upstream and downstream from all isolates usiimgers SHV-12-F-1, SHV-

12-R-1, DEOR-R and RECF-F as in Table 2.2 (Materiahd Methods). The
sequencing of representative samples revealedhtb@utative DEOR transcriptional
regulator was identified 21 bp downstream ofobdlsyy strains tested by PCR when
the genes was compared with GenBank EF370423 [Gé¥iBaquence as shown in
Fig 5.2.
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Fig 5.1: Alignment of 186-blasyy from strain 84 and the GeneBank EF370423

84 TCGGTGTTCAACGTCAGACGGGCACCGGCCTTCGC GTTTGAGCAGAGCAAGCGCGCGACC 240

EF370423 GGCACCGGCCTTCGCGTTTGAGCAG AGCAAGCGCGCGACC 40
*kkkkkkkkkkkkkk

84 ATAGGCGGGCGCTTTATCCGTGTTGATGAATCGCG GGATCTGCCACTTCTTCACGTTGTT 300

EF370423 ATAGGCGGGCGCTTTATCCGTGTTGATGAATCGCGGGATCTBCTICTTCACGTTGTT 100

84 GAGGATTTTACCCAGAAACCGGTATGCAGCTTTGC TGTTACGACGGGAGGAGAGATAAAA 360
EF370423 GAGGATTTTACCCAGAAACCGGTATGCAGCTTTGCTGTTACEE®GAGGAGAGATAAAA 160

84 ATCGACAGTGCGGCCCCGGCTGTCGACGGCCCGGT ACAGATACGCCCAGCGGCCATTGAC 420
EF370423 ATCGACAGTGCGGCCCCGGCTGTCGACGGCCCGGTACAGATACBGCGGCCATTGAC 220

84 CTTCACGTAGGTTTCATCCATGTGCCACGGGCAAA GATCGGAAGGGTTACGCCAGTACCA 480
EF370423 CTTCACGTAGGTTTCATCCATGTGCCACGGGCAAAGATCGGSEE3ITACGCCAGTACCA 280

84 GCGCAGCCGTTTTTCCATTTCAGGCGCATAACGCT GAACCCAGCGGTAAATCGTGGAGTG 540
EF370423 GCGCAGCCGTTTTTCCATTTCAGGCGCATAACGCTGAACCCBEBTAAATCGTGGAGTG 340

84 ATCGACATTCACTCCGCGTTCAGCCAGCATCTCCT GCAGCTCACGGTAACTGATGCCGTA 600
EF370423 ATCGACATTCACTCCGCGTTCAGCCAGCATCTCCTGCAGCTGEIAACTGATGCCGTA 400

84 TTTGCAGTACCAGCGTACGGCCCACAGAATGATGT CACGCTGAAAATGCCGGCCTTTGAA 660
EF370423 TTTGCAGTACCAGCGTACGGCCCACAGAATGATGTCACGCTBARGCCGGCCTTTGAA 460

84 TGGGTTCATGTGCAGCTCCATCAGCAAAAGGGGAT GATAAGTTTATCACCACCGACTARO
EF370423 TGGGTTCATGTGCAGCTCCATCAGCAAAAGGGGATGATAAGATTACCACCGACTAB20

84 t gcaACAGTGCCAACGCCGG&ET ct TATTTGTCGCTTCTTTACTCGCCTTTATCGGC 780
EF370423 t gcaACAGTGCCAACGCCGG&ET ct TATTTGTCGCTTCTTTACTCGCCTTTATCGGC 580
84 CTTCACTCAAGGATGTATTGTGGTT ATCCGTTATATTCGCCTGTGTATTATCTCCCTGTT 840

EF370423 CTTCACTCAAGGATGTATTGTGGTT ATGCGTTATATTCGCCTGTGTATTATCTCCCTGTT 640

84 AGCCACCCTGCCGCTGGCGGTACACGCCAGCCCGC AGCCGCTTGAG 886
EF370423 AGCCACCCTGCCGCTGGCGGTACACGCCAGCCCGCAGCCGHITBSAATTAAACAAAG 700

*kkkkkkkkkk

(Bold ATG) Start codon foblaspy (positon 606)

(Small case) Promoter of SHV at position 520-535 ignal), 543-548 (-10 signal)
(-) Iverted repeat sequence oR85position 519-532)

(*) Indicate identity
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Fig 5.2: Alignment of DEOR transcriptional regulatgene from isolate 84 with the
GeneBank EF370423

84 AAT CAGCAAATCGCCGGGATCGGCGCGG 28
EF370423 TGCGGGATACGCCGGCGAGCATGGCCGAGCGAAATCAGCABETUGGGATCGGCGCGG 1440

*kk

84 CGCTGATCGAGCACTGGCAACGC t aaGCCGGCGGTGGCCGCGCTAUET GGCCCGCA 88
EF370423 CGCTGATCGAGCACTGGCAACGE aaGCCGGCGGTGGCCGCGCHUIETGGCCCGCA 1500

84 GCACCTTGCAGGCGTGCCGGGCGATATGACTGGCG GCGGCATCGGAAAGATGCCGGTCGG 148
EF370423 GCACCTCGCAGGCGTGCCGGGCGATATGACTGGCGGCGGEMMBSATGCCGGTCGG 1560

84 TAATGATAGTGGTGAACCGGGTCAAAGGTAACGCC ATAAACGTGGCCACCTGATTGTATT 208
EF370423 TAATGATGGTGGTGAACCGGGTCAAAGGTAACGCCATAAACEIRE®CTGATTGTATT 1620

84 TCGAACTGTCGCACAGCAGGATGCTTCTCGCGCTG ACCTGGCTGACGGTCTCCTTGACGG 268
EF370423 TCGAACTGTCGCACAGCAGGATGCTTCTCGCGCTGACCTGGEIGGTCTCCTTGACGG 1680

84 TAACCTTGTTCTCATCAGGGGTGAATATCCCGTGA CTGTCCCAGCCGCTGGCGGAGATAA 328
EF370423 TAACCTTGTTCTCATCAGGGGTGAATATCCCGCGACTGTCC@ECTGGCGGAGATAA 1740

**

84 AGGCCGTATCGATAGCCAGGTGGCGTAACGTACGC GCCGCCGATTCGCCCACGCAGGAGC 388
EF370423 AGGCCGTATCGATAGCCAGGTGGCGTAACGTACGCGCCGCTGATCCACGCAGGAGC 1800

84 GGTTCTCCCGGCACAGAGTGCCGCCGGTGTGGATC ACGCCGCACTGGCTGGCATCGATCA 448
EF370423 GGTTCTCCCGGCACAGAGTGCCGCCGGTGTGGATCACGCCBGBCTGGCATCGATCA 1860

84 GCAGCTGGGTTATCTCAAAATCATTGGTGACCACC TGGAGATCGTTCCGGTCGAGGATCG 508
EF370423 GCAGCTGGGTTATCTCAAAATCATTGGTGACCACCTGGAGATECGCGGTCGAGGATCG 1920

84 CCCGCGCCAGCGCCAGGGTGGTAGTCCCGGCATCC AGATAGATGCAACTGTTTTTAGCGA 568
EF370423 CCCGCGCCAGCGCCAGGGTGGTAGTCCCGGCATCCAGATAGAAGTGTTTTTAGCGA 1980

84 TATGACTCGCCGCCAGCGCGCCGATCGCCTGTTTC TCCTCACTCTGCAGCGTGCTTTTCA 628
EF370423 TATGACTCGCCGCCAGCGCGCCGATCGCCTGTTTCTCCTCATGECAGCGTGCTTTTCA 2040

84 CCAGATGACTGGGTT 687
EF370423 CCAGATGACTGGGTTCCGCGGCCAGCCGGCTGACGGCGCRIBGGCCGAGACGCTGA 2100

*kkkkkkkkkkkkkk

(Small case): taa, stop codonbbdisyy

(-) TAT (position 1487): stop codon of DEOR transcriptiaegulator.
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5.3.8. Genetic environment of blasny.12 and blaspy.s

The environment oblasyy.12genes identified in this study confirmed thaP6Svas
found 73 bp upstream of tH#asy.12 gene in all cases but one which produced a
band of 1.5 kbp but it could not be sequenced.heantore, in all SHV-12-producing
strains, the putative DEOR transcriptional regulator (GenBaikF370423
[GenBank) was identified 21 bp downstream of thl@syy-12 gene.

The environment oblasyy.s gene was surrounded by a gene encoding a putative
RecF protein (GenBankY532647 [GenBank])) upstream and the gene coding the
putative DEOR transcriptionakgulator downstream (Figure 5.3). The upstream
IS26 of blasyy.s was negative by PCR.

Isolate 195: large SHV transposon

| I826> lacY >D<recF blaqm,> { DEOR

K transport ATPase, kdpc

Isolate 84: small SHV transposon

I826> b|aqH\,> { DEOR

Isolate 215: Small SHV transposon Un-sequenced region

«
1526 » [ | bla.,, » { DEOR

Fig 5.3: Large and small SHV transposons. The |&ig¥ transposon map is based

upon the sequence @&scherichia coli plasmid p1658/97 and the small transposon
map is based upon the sequencémterobacter cloacae plasmid pEC-IMPQ. The
large SHV transposon typically harbours non-traradfie ablasyy encoding the non-
ESBL SHV-11. The small SHV transposon typicallydaurs ablasyy, encoding the
non-ESBL SHV-11, SHV-1 or the ESBL derivative SHY-1
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5.3.9. Reverse transcriptase PCR Results

blaspy MRNA levels were measured using reverse transs@f®CR, and the
difference in the cycle number between thw amplification reactions (oACt
values) which provides a measure of relative géosages of each allele were
calculated as followsACt = Ct plasyy cCDNA) — Ct (16S cDNA). Three isolates
carry different transposon (Large, Small, and wsaced) were analysed (Table
5.2) and (Fig. 5.4, 5.5, 5.6). TheCt for the large SHMransposon-containing
isolates was 110.1 cycleshich is significantly more than the value tbe small
SHV transposon isolates (63.3 cycle$hus, the presence of the large SHV
transposon increasekasyy MRNA by ~2x. This confirms that the mutated promote

has enhanced tlaetivity.

Table 5.2: TheACt value of reverse transcriptasebtdsyy MRNA from the different

transposons

SHV 16S RNA
Isolates ACt values
Ct value Ct value

187, small transposon 71.2 7.9 63.3
195, large transposon 123 12.9 110.1
215, un-sequenced 90.6 9.11 81.4
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Fig 5.4: Gel electrophoresis of reverse transcsptamplification of SHV enzyme.
Lane 1: 1Kbp molecular marker. Lane 2: isolate I®/. Lane 3: isolate no. 195.
Lane 5: isolate no. 215. Lane 8: genomic DNA.

Fig 5.5: Gel electrophoresis showing amplificatmin16s ribosomal RNA. Lane 1:
1Kbp molecular marker. Lane 2: isolate no. 187.€.8n isolate no. 195. Lane 5:

isolate no. 215. Lane 7: genomic DNA.
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Fig 5.6: Gel electrophoresis showing extractiom&tNA. Lane 1: 100 bp molecular
marker. Lane 2: isolate no. 197 (excluded due tgpratked mRNA). Lane 3: isolate
no. B31 (excluded due to degraded mRNA). Lanedlais no. 187. Lane 5: isolate
no. 195. Lane 7: isolate no. 215.

5.3.10. Incidence of class 1 and class 2 integrons

Results of class 1 integrons tested from 32 ESRisstipe strains by PCR revealed
that 9 isolates produce (~2kbp band), 11 isolatedyce a 1kbp band and 6 isolates
produce 2 bands (1.5kbp and 2kbp), 2 isolates wegative. Four isolates did not
run by PCR. The sequencing of representative sanfpden each group show that
the first group (~ 2 kb in size) were found to lmarb two gene cassettes;
dihydrofolate reductase and aminoglycoside adearydfierase genesifrAl2 and
aadA2, which confers resistance to trimethoprim andgtymycin/spectinomycin;
the second group (1.0 kb in size) was identifigbdeziwith theaadA2 or aadAl gene
cassette; the third group (1.5kbp and 2.1 kbp me)sfound to be dihydrofolate

reductase gendfrAl2 and erythromycin esteraseeA2 genes.

Class Il integrons were identified in three isadat€hese isolates were positive for

class | integrons as well but none of these isslatere sent for sequencing.
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Theintll, sull, andgacE4A1 genes representing the classl integrons wereifident
by PCR as shown in Table 5.1. Five isolates wegatiee for all of these genes, 4
isolates lackedntl1 and harbouredull, andgacE41 genes. One isolate carrigd|1

only while it was negative for classl integronsmar (5-CS and 3-CS).

5.3.11. Isoelectric focusing (IEF) analysis

IEF of crude extracts from isolates reveafethctamases with pls of 8.2 (SHV-12
and SHV-5) and 7.6 (SHV-1, SHV-11 and SHV-80). Tiyeflour isolates produced
enzymes with a pl of 5.4, which matched the TEM-lactamase. In addition, 16
isolates were found to express pl of 8.6 matchineg@TX-M-15p-lactamase. Some

isolates produced other pls bands.

5.3.12. Plasmid analysis

The plasmids analysis from ESBL pneumoniae strains carryindlasyy genes were
assigned to be IncN and/or IncFll replicons. TheNinype was identified by PCR
from 24 isolates, the IncFll type was amplifiednfrdl8 isolates from which 16
isolates were found to carry both IncFll and Inaylicons. Two isolates did not
determine. In addition, 4 isolates were negative doy replicons type identified
using the primers pairs targeting FIA, FIB, FIC, 12, L/M, N, A/C, and FlI

replicons.

Both IncFIll and IncN replicons types were identfiby PCR from all strains
carrying blaspy.12 and blaspy.s genes except one isolate producibl@syy.12 was
assigned to be IncN plasmids only. Additionallye tstrain carryinglaspy-so was
found to harbour IncN plasmid replicon only.
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Dice (Opt:1.00%) (Tol 2.0%-2.0%) (H>0.0% S>0.0%) [0.0%-100.0%]
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Fig 5.7: PFGE dendrogram showing the relationshepwvben SHV-producingl.
pneumoniae isolates obtained aftetbal-digested the chromosomal DNA. A band
position tolerance of 2.0% was used in PFGE pathaalysis with the Dice band-
based similarity coefficient. Strain numbers andirse are shown on the right.
Clones in clusters are highlighted.
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5.3.13. PFGE

PFGE analysis was used to assess the clonality aff 3heK. pneumoniae strains
producing SHV and LENB-lactamases. Results of PFGE revealed that 17 RBGE
85 similarity) profile types were identified. Fiypeofile types, defined clusters | to V,
included two or more isolates that were geneticedhated (with >85% similarity)
(Fig 5.7). The largest cluster IV consisted of Vaisis producing mainly SHV
associated with CTX-M-15, TEM arghrB1. The second largest cluster Il consisted
of five strains, all expressed SHV, TEM and most (#) co-expresseghrAl genes.
Clusters | and lll contained 4 and 3 isolates oiadi from urine and blood
respectively, all of them characterized by productdf CT-M-15 co-expressed with
SHV. On the other hand, the isolate number 172 hwbarriesbla gy was unrelated
to other isolates tested and identified in separahester. Moreover, the
remaining isolates had PFGE profiles with a sintyaof < 85% and were

considered to be unrelated.

5.4. DISCUSSION

Detection of ESBL-produciné. pneumoniae can be difficult. The reasons include:
the hyperproduction of non-ESBg-lactamases, SHV-1 or SHV-11, due to high
gene copy number or a single base pair change amgier sequence, or
modifications in outer membrane proteins co-exgstimith TEM-1, SHV-1 and
SHV-11. These resulted in increased MICs and comfieESBL similar phenotype
causing false positive results (Podbielski, Scimondt al. 1991a; Rice, Cariagt al.
2000; Wu, Sitet al. 2001).

Klebsiella pneumoniae produces species-specific class A chromos@rattamases
that confer resistance to ampicillin, amoxicillicgarbenicillin and ticarcillin. Three
families of chromosomaB-lactamases, including SHV, LEN and OKP, have been
identified in clinicalK. pneumoniae isolates (Lee, Chet al. 2006). The SHV-type
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ESBLs were successful and widely distributedKinpneumoniae. A survey from

seven countries (South Africa, Argentina, Australfairkey, USA, Taiwan and
Belgium) shown that SHV-type ESBLs were occurred4®/73 of the isolates
collected in 1996/7 from all of the countries, SBVbeing the most common
genotype (Paterson, Hujetrral. 2003).

K. pneumoniae isolates are expected to present an intrinsic teegis to ampicillin
(Heritage, M'Zaliet al. 1999), but only 90% (54/60) of tested strainshis tstudy
were positive by PCR for SHV genes. Similar resistafindings reported that 95%
(178/187) of K. pneumoniae isolates collected from Portugal showed reduced
susceptibility to ampicillin (Mendonca, Ferreegal. 2009). In an Australian study,
the blasyy was identified from all 21Klebsiella pneumoniae isolates obtained
between 1991 and 1995. these 13 strains were ESBL-positive (6 carbgny-2a
gene and tarried theblasyy.12 gene) and 8 strains were ESBL-negative (7 strains
carriedblasyy-11 and one strain carridadaspy.1 gene) (Howard, van Dadl al. 2002).

Consistent with previous results by Lee, @hal. (2006), theblasyy-11 was the most
prevalent gene described in this study in 21 isslél7 isolates alone plus 4 isolates
associated withlaspy-12 andblaspy-gg). Theblasyy-11 has been described most often
in K. pneumoniae (Nuesch-Inderbinen, Kayser al. 1997), and may be the ancestor
of blaspy-2a andblaspy-12 (Kim, Shinet al. 2002; Ford and Avison 2004). The non-
ESBL phenotypeconferred by SHV-11 shows that the Leu35GIn suldstih
between SHV-11 and SHV-1 hbtsle or no significance with respect to hydrokysi
of expanded-spectruaephalosporins, and therefore its appearancedlyltk bedue

to drift rather than antibiotic selection (Howavdn Daalet al. 2002).

Using direct sequencing, 3 isolates producing Sipép-lactamases showed mixed
sequences frorblaspy-11 (Leu35—GIn), andblasyy-12 (Leu35-GlIn, Gly238-Ser,
Glu240—-Lys) and one isolate showeHllashy.11 (Leu35-GIn) and blaspy-so
(Leu35-GlIn, Alal46-Thr ). The possibility of multiple alleles in a gile isolate
has previously been reported previously. Lee, @hal. (2006) showed thakK.

pneumoniae strains carryingblasyy-11 on the chromosome abundantly express
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plasmid-derived SHV-12, concluding thddasyy.11 was transferred from the
chromosome by an B8 originating from ablasyy-12 element which showed a direct
relationship between B and blagyy. Furthermore, 4 isolates from 13 ESBL-
positive strains were carried copies of a non-E®Bteding gene eithdtagyy.1 or

blasny-11 in additionto theblaspy.-24 Or blasyyvi2 gene (Howard, van Dael al. 2002).

The blagnyyso has substitution Alal46Thr and showed unusual resistance to
meropenem. The substitution of Alat4&al was observed before iblasyy-3s
which considered the first example of an SHV-1 wive that had reduced
susceptibility to several expanded-spectrum cepglpalons andimipenem. The
author indicated that the Alal46Val substitutioriasated at the N terminus of an
alpha helix, neither in thg-lactam binding site nor in the catalytic siteisliparallel

to the regiorfrom positions 161 to 164 of the omega loop stmectknownto play a
key role inp-lactam hydrolysis at a distance of 3.1 A. The améimid Alal46 is
oriented toward the solvent and may significanttutb theconformation of the N-
terminal part of the helix (Poirel, Heritiet al. 2003). On the other hand, the authors
whose first describebllashy.go did not mentiorany resistance toward imipenem or

meropenem (Mendonca, Ferregtaal. 2009).

Almost all SHV-derived ESBLs have@—A mutation which specifies a glycine-to-
serine substitutioat amino acid 238. In this study thkasny.12 was detected in 8
strains (1 alone, 1 together wighrAl, 3 together wittblacrx-m-15 andblargw-1 genes
and 3 together witlblargu-1). SHV-12 was first identified in 1997 in Switzerland
(Nuesch-Inderbinen, Kayset al. 1997). Theblasyy-12 evolved from the branch of
blasnv.2a by evolutionary analyses (Ford and Avison 2004)e Thasny.12 later
reported from various continents and there has laepredominancef SHV-12 in
south-east Asia (Lee, Cha al. 2006), Spain (Diestra, Juah al. 2009) and lItaly
(Carattoli, Miriagouet al. 2006).

The plasmid-encoded SHV-5 was first identifiedkinpneumoniae in 1989. SHV-5

tends to hydrolyse most penicillins, narrow-spaatriand extended-spectrum

cephalosporins, less on aztreonam and inhibitgétlagtamase inhibitors (clavulanic

136



acid, sulbactam, and tazobactam) (Gutmann, Fetra. 1989). In this study the
SHV-5 was identified in one strain only. This redsgl in contrast to the previous
studies until the late 1990s, European surveysxt#neled-spectrurfi-lactamases
(ESBLs) almost exclusively found TERhd SHV enzymes especially SHV-2 and
SHV-5 which largelyound inKlebsiella spp. (Livermore, Cantoet al. 2007). Also,
previous studies have demonstrated that SHV-5eisrtbst frequent ESBL in several
enterobacterial species recovered from hospitalipatients in Mexico (Garza-
Ramos, Davilat al. 2009).

My results are quite different from that was obserbefore in Scotland, in which
SHV-2 and SHV-5 were detected in clinical isolabéd<. pneumoniae collected at
the Royal Infirmary of Edinburgh between May 199@ &arch 2000 (Dashti, Paton
et al. 2006). Moreover, 38 patients colonized with mijtipesistant ESBLblagyy-2
producingK. pneumoniae, were discharged from hospital to 22 nursing srdential
homes during a hospital-based outbreak, in the @i@nregion, Aberdeen, Scotland
(Bird, Browning et al. 1998). Another study linked between therAl gene and

blasny.s from K. pneumoniae isolates collected in 2006 (Hamouda, \&lal. 2008).

These findings are consistent with the English wtwtiere, the sequence analysis
identifiedTEM-1, SHV-1/28, SHV-11, CTX-M-15 or CTX-M-33 van& amonghe

K. pneumoniae isolates, and TEM-1, SHV-12 or KPC-4 in thRaterobacter spp.
isolates from among clinical reference submissrensived between April 2006 and
March 2007 (Doumith, Ellingtoret al. 2009). In another study, 11 of IfsrA-
positive isolates, including single isolatestotcoli andC. freundii, 4 K. pneumoniae
and 9 E. cloacae recovered during 2003-2005 in Liverpool were cafridass 1
integrons and expressed the ES#Basyy.12 (Corkill, Ansonet al. 2005).

On the other hand, the results show dissimilaritthvthe another English study,
where SHV-2 (n=4), SHV-5 (n=3), al8HV-4 associated with TEM-15, and TEM-
26 (n=1) were identified from 10 distinct ESBL-ptmihg strains oK. pneumoniae
that causetiospital outbreaks in England from 1991 to 1994a(flon, Stapletost
al. 1998).
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It is well-known that SHV ESBLs are plasmid asstedain K. pneumoniae because
an ESBL-conferring mutation in the poorly expressedoamsomalgene will not
confer a phenotype (Hammond, Hareisal. 2008; Turner, Anderssost al. 2009).
The conjugation results showed that the majori®&/32) of K. pneumoniae isolates
harbour transferablblasyy. These results highlight that most of these genere
plasmids associated and characterized by high fénaimlity. These findings
enhance the possibility of mutational changes andyzction of ESBL phenotypes.
In addition, the strain 195 which carfylagyy.1; and contain the large SHV
transposon was failed to conjugate with the reaipgtrain. This result indicates a
chromosomal location which agrees with other figdinthat the large SHV
transposon is chromosomal location (Turner, Anaerssal. 2009). Furthermore.
pneumoniae strain 208 possessdtisyy.12 could not be transferred by conjugation

indicating a nonconjugative plasmid location.

Dissemination of SHV ESBLs may be largely mediabgdplasmids or insertion
sequences. The prevalence Kf pneumoniae isolates with more than ong-
lactamase has increased in recent years becausenloigilization of ESBLs genes
from genome to plasmid mediated by insertion seceerspecially I8 (Ford and
Avison 2004). The close association of insertioqueaces with antibiotic resistance
genes strongly suggests an active role for thegeiesees in the evolution or
dissemination of antibiotic resistance genes (Katminet al. 2002). 126 was found
associated with a class 1 integrons which consibasea critical step in the evolution
of diverse multiresistance plasmids found in clinical entewibda (Miriagou,
Carattoli et al. 2005). 126 generates 8 bp target duplication upon transjpositi
(Mollet, lida et al. 1983). 126 has been associated with several antibiotic eegist
genes, includingphAl in Tn2680, ablaT—aac5 operon in plasmid pUZ3644, an IAB
operon in plasmid pBWH77dhfrVIIl in plasmid pLMO226 andifr13, aadA4,
blarem-1 andsul2 gene in plasmid pUK2381 (Kim, Shahal. 2002).

All isolates but one were found to carry the snslV transposon. & insertion in

this study was identified in thielasyy promoter with 14bp target duplication. It is
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known that the small SHV transposias a strong promoter that was generated by
insertion of IR6 into the blagyy promoter region through the introduction of a
different —35 region (Kim, Shimt al. 2002; Turner, Anderssoé al. 2009). The
previous findings reported that the2Bsequence was inserted immediately upstream
of blashv-11, blashv-2a andblaspy.12 genes generates the hybrid promoter consisting of
the =35 region derived from 26 and the —10 region from thotasyy promoter itself.
The 1226-insertion generated a hybrid promoter in whichTi&TGA —35 region of
the blasyy-12 promoter was replaced by the —35 sequence TTGCOARiged by the

left inverted repeat of . This hybrid produced an efficient promoter and

increase@-lactam resistance (Podbielski, Schonlagl. 1991).

In this study by PCR the insertion sequenc26i8ouldn’t amplify associated with
blasny.s gene. The similar findings indicated that copie$S26 are present, but not
immediately adjacent to the region of homology withkCML1 carryingblaspv-s gene
(Preston, Veneziat al. 2004). In contrast to this result,2sinsertion was found 2
kbp upstream in the plasmid-mediated SHV-5 enzy@&érfann, Ferret al. 1989).

The large SHV transposon-borne promoters (IS26-@c¥-SHV) were amplified
from only one isolate harboured non-transferdtibg,y. The sequence from the
large SHV transposon-containing isolate was idahtio the blasy, promoter
sequence reported by (Rice, Camhal. 2000).This promoter has enhanced activity,
due to a G>A mutation inthe —10 region (Turner, Anderssetral. 2009).

Seven of the ®lasyy.12 genes were located in IncN and IncFll plasmids dng
isolate was assigned to be IncN plasmids. On therdiand, itvas not possible to
determine the incompatibility group of tle¢her one with the set of primers used.
These results are in agreement with another dfualycorrelatedlaspy-12 with a
diversity of Incl1, IncK, IncFll and IncH12 (Diestra, Juaah al. 2009). Whereas
other study linkedblaspy-12 with IncFll, Incll and IncA/C plasmids (Carattoli,
Miriagou et al. 2006).
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The plasmids carryinglaspyy-s gene were assigned to be IncFIl and IncN replicons
types. Similar to these results, thlesyy.s gene was located in IncFll plasmid and its
environmentvas surrounded by a gene encoding a putative RemtEip upstream
and the gene coding the putative DEOR transcriptisagulator downstream
(Diestra, Juaret al. 2009). Moreover, the plasmid p1658/97 carrybh@syy.s gene
was found tdoears two replication systems, IncFll and IncFIBe(kiewicz, Kern-
Zdanowiczet al. 2007). In 2004,blasny-s was identified on a compound transposon
flanked by I6 insertion sequences in the pACM1 plasmid frém oxytoca
obtained from an outbreak in 1993 in USA (Prestdenezia et al. 2004).
Subsequently, the compound transposon was foungalomonella enterica pSEM
plasmid isolated from October 2000 to February 20@dm infants with
gastroenteritis in Romania (Miriagou, Fikgpal. 2002). Also blasyy.s was identified
on a compound transposon in p1658/97 plasmid frartormal E. coli outbreak in a
Warsaw, Poland, hospital in 1997 (Zienkiewicz, k&danowiczet al. 2007).

Integrons play an important role in the dissemoratof antimicrobial resistance
through horizontal transmission. The integronsfptat is composed of a geniet()
encoding an integrase (that catalyzes the genesttmsmovement by site-specific
recombination), a recombination sitatt(1), and a functional promoter (Pc) that
directs transcription of the inserted gene casse@ene cassettes are small mobile
units composed of one coding sequence and a repatidn site,attC. Integrons
exchange gene cassettes through integrase-catalime@pecific recombination
betweenattl andattC sites, resulting in the insertion of the gene etiesat theattl
site, or between twattC sites, leading to the excision of the gene cas®@tfrom
the gene cassette array. To date, more than 139 qgmsettes have been described,
conferring resistance to almost all antibiotic sk Integrons are divided into two
major groups: the resistant integrons (RI) anddinger-integrons (SI). At present,
five classes of resistant integrons are known telarole in the dissemination of
antibiotic-resistance genes. Class 1 integronedscommonest; this is followed by
class 2, whereas class 3 is rare. Class 4 andxlasse been identified through their
involvement in the development of trimethoprim sémnce inVibrio species. The

superintegrons have been identified in a distigctalass of integrons in the
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Vibrionaceae and in a branch of the pseudomogadsme and is not known to be
associated with antibiotresistance (Machado, Cantetral. 2005; Jove, Da Ret al.
2010).

In the present study | observed a high frequencgcolirrence of integrons among
ESBL-positiveK pneumoniae. Results of class 1 integrons tested from 28 ESBLsS
positive strains by PCR revealed that 26/28 (93%jJewpositive, 2 (7%) isolates
were negative. Three isolates (11%) were foundtipesior class 2 integrons; these

isolates were found positive for class 1 integrasisvell.

The corresponding findings reported that Class tégimons were more frequently
found (67%) amonde. coli producing-ESBL collected over 12 years in a single
hospital in Madrid, Spain (Machado, Cantral. 2005). Moreover, the presence of
integrons was demonstrated in 29/100 (29%.afoli isolates from healthy humans
in Spain. Theintl1l gene was identified in 26 of these isolates, it gene in 1
isolate and both thietl1 andintl2 genes in 2 additional isolates (Vinue, Saetra.
2008). In another study, class 1 integrons wereseoriein 78 isolates (34.2%) in
clinical K. pneumoniae isolates collected from Taiwan (Chang, Fahgl. 2009).

The dfrA12 + aadA2, aadA2, aadAl anddfrAl2 + ereA2 gene cassettes have been
identified by sequencing within the variable regioh class 1 integrons iK.
pneumoniae isolates collected, which confer resistance tomethoprim,
streptomycin/spectinomycin and erythromycin respebt.

To our knowledge, this the first to report the prese of arrangement afrAl2 -
ereA2 gene cassette identified withikh pneumoniae isolates.

Previous reports identifiedfrAl + aadAl, aadA, dfrAl7 + aadA5, dfrA7, dfrA5,
dfrAl and dfrA12 + orfF + aadA2 gene cassettedost of them corresponded to
different variants ofifrA andaadA genes (43% and 54%, respectively). The author
also concluded thalfrAl + aadAl was the combination most frequently detected not

only in his study but also iB. coli isolates recovered from healthy and sick humans,
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animals and foods in other studies (Vinue, Sat@t. 2008). FurthermoreaédAl),
(dfrAl2-orfF-aadA2), (dfrAl-aadAl), (dfrAl6-aadA2), (aadA2) were identified in
another spanish investigations (Machado, Cargbral. 2005). In addition, 26
different gene cassettes were identified from aysin Taiwan including resistance
genes to trimethoprimdfrl, 5, 7, 12, 17), erythromycin ¢ eA2), chloramphenicol
(cmlA, catB3, catB8), ampicillin (laoxa-30), carbenicillin blacars-g), rifampin
(arr3), and aminoglycosidesddAl, 2, 5 for streptomycinaadB for gentamicin, and
aac(6")-lb, aac(6’)-1b-cr, aac(6’)-11, aac(6)-11, aac(6')-1lc for aminoglycoside-6N-
acetyltransferase) with different arrangementslass 1 integron carrying thofr 12—

orfF—aadA2 cassette array was the most frequently found (GHaanget al. 2009).

5.5. CONCLUSION

The data, showing the emergence and spread of RéwS&riants inK. pneumoniae,

is at variance with what has been found beforecotl8nd. Theblasny-godetected in
this study may be considered of particular interéstagreement with others, the
presence of the BE& element upstream dflasyy genes described in this study
strongly suggests an active role for these seqsenne the evolution and
dissemination of antibiotic resistance genes. Megegpopulation structure analysis
has revealed the presence of highly transfer bhmastHange plasmids, IncN,
harbouring the ESBIB-lactamases genes which able to disseminate wdliffierent
clones. Finally, class 1 integrons are highly feguamong ESBL-producing.
pneumoniae clinical isolates. However, they encode resistartbat currently affect
older antibiotics thus they do not have a signifitcaontribution towards ESBL

dissemination.
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CHAPTER- 6:

Evolution and spread of parental SHV-1 and SHV-11e nzymes
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6.1. ABSTRACT

Antimicrobial resistance genes in pathogenic bactme considered the most rapidly
evolving DNA sequences. The diversitylésyy.1 andblashy.11 genes based on the
presence or absence of the non-synonymous mufB®®A was investigated. A total
of 88 blasny.; and blasyy-11 genes was used in this study. Among ey genes
studied, 47 were identified d8asyy-11 and 41 weredlasyy-11 gene. Synonymous
nucleotide mutations A402G, G705A, C786G and C324fte the most frequent. A
new nucleotide substitution G846A was observediwighisolates sequenced in this

study.

6.2. INTRODUCTION

The SHV enzymes are distributed worldwide. SHV-1the most prevaleng-
lactamase irK. pneumoniae, but it is also present as a plasmid-borne genarious
other species (Livermore 1995; Bradford 2001). Ngnenymous nucleotide
substitutions of the parenthlasyy-1 gene led to the emergence of ESBL enzymes,
which are responsible for higher levels of resistarto extended-spectrum
cephalosporins (Paterson and Bonomo 2005).bl&g;y.1 andblasyy-11 genes differ
by one synonymous nucleotide substitutions T92Airgpdor non-synonymous
mutation corresponding to the Leu35GIn substitutibims substitution are found in
many blasyy genes (Nuesch-Inderbinen, Kaystral. 1997). In the SHV family,
ESBL activity is most frequently associated withGdy238Ser substitution, and
activity is frequently increased by a Glu240Lys sitbtion. The TEM situation is
much more complex and less frequently involves G82(Bradford 2001,
Hammond, Harrigt al. 2008). Until now, 119 SHV enzymes have been ifledt
but several of them do not code for ESBL enzymép:(hwww.lahey.org/studies/).

The aim of this study was to analyse the diversitynucleotide sequences of 88

SHV-encoding genes. The analysis of this diversitijowed predicting the

emergence of new resistant variants.
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6.3. RESULTS AND DISCUSSION

B-lactamases offer one of the best examples of iprdiigersification and evolution
as a mechanism of rapid adaptation of bacterialjadpns to diverse environments
(Gniadkowski 2008). Nucleotide sequence analysswshk that CTX-1 enzyme
(conferred resistance to cefotaxime) had arisenthi®y accumulation of point
mutations in the gene encoding a TBNhctamase and consequently, CTX-1 is now
named TEM-3. Similarly, SHV-1 has also been cal¢t-2 (Heritage, M'Zalit al.
1999).

Here | didn’t study evolution of ablasyy, family but described the mutations only
within SHV-1 and SHV-11 variants. A total of &8asyy genes was used in this
study were 14 (12 SHV-11 and 2 SHV-1) sequencenh four collection and 74
downloaded manually from NCBI GenBank database I€réhl) which designated
either SHV-1 or SHV-11. All these isolates do nanfer resistance to broad-
spectrum cephalosporins. Thitasny.1 gene sequence, as found in the GenBank
database (accession number AF148850), was usexlessnce for the development
of the framework classification. A nucleotide sengee of 861 bp from eadblasyy
gene analysed in this study (beginning at nucleotld of the coding region,
according to standard nucleotide numbering. Nuestsequences of whole gene
were found in all isolates but 4 isolates. All segeces were aligned without
insertion-deletion events, and there were no mygsemambiguous data with Multi-
alignment online website Multalin_(http://www.touige.inra.fr/multalin.htm)l The

nucleotide substitutions were calculated manually.

The previous reports classified thasyy gene family based on the following
principle: for geneblaspy-1-x-1v Of -11v, X IS the gene number that has already been
attributed to theblasyy gene and corresponding enzyme; 1 or 11 indicigsthis
gene derived from eithéttasyy-1 or blasyy.11 parental genes; the number attributed to
“v" indicates the framework variant according toetlorder of appearance in
GenBank and literature. Ford & Avison (2004), nantflerent gene sequence

frameworks “v1” to “v4” following the name of thblasyy gene (ex:blasuy-1vs).
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Mendonca, Nicolas-Chanoinet al. (2009) identified 83 differenblasyy gene
sequence frameworks from (1 to 83). These framesvorksulted from the
combination of both synonymous nucleotide mutatiahs39 different nucleotide

positions and the T92A non-synonymous mutation.

Among the 88blasyy gene sequences tested, 47 (53.4%) waegnyv.1 gene,
characterized by a T residue at position 92 regyith amino acid Leu at position 35,
41 (46.6%) werdlaspyy-11 gene with the non-synonymous mutation T92A enapdin
amino acid substitution Leu35GIn. Similar to thessults, Mendonca, Nicolas-
Chanoinest al. (2009) identified 4Blasyy gene sequence frameworks were based on
the parental genblasyy-1, 38 were based on theasyy.1; gene. On the other hand,
(Lee, Choet al. 2006) reported that 62%aspy-11 genes and 35%lasyy-1 among
142blasny genes studied.

Alignment of all nucleotide sequences obtained sthw9 polymorphic sites dose
not implied amino acid changes. One nucleotide tduben observed occurred at
sites G846A among K. pneumoniae isolates sequenced in this study. Synonymous
nucleotide mutations A402G (91%), G705A (57%), G38@2.5%) and C324T
(40%) were the most frequent observed in this stddye corresponding figures
indicated that the appearance of these mutations W&02G (90%), G705A (60%)
and C786G (66%) (Mendonca, Nicolas-Chanahal. 2009). In addition, (Nuesch-
Inderbinen, Kayseret al. 1997) reported that 59% of 3WBlasyy genes had
synonymous mutation A402G and 9% G705A.

6.4. CONCLUSION
The study of genes evolution and evolutionary feraeting on the genetic
diversification can provide the ability to preditte emergence of new resistant

variants. They also provide the opportunity fortmuning basic scientific research to

a future understanding of the evolutionbtdsyy family.
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Nucleotide number

Accession
number w © = w w » a1 o1 o o ~ ~ ~ ~ ~ ~ ~ ~ ®
= ~ Ul N] o1 o o = = W o N N ul (o)) o)) o) © N
(e)] NN ~ N o1 (e)] (6] w o1 o = © N (6)] (o] [6)] (o]
AF148850 C T G C C A C C G G G G G C T G C C G
Nucleotide
T A C T T G T T A A A C A G C A G T A
changed
Time of change 1 47 1 35 22 80 1 3 1 8 50 10 1 4 181 55 16 3
Percent of
h 1.1% 53.4% 1.1% 40% 25% 91% 1.1% 3.4%% 9% 57% 11.4% 1.1% 4.5% 20.5%6% 62.5%18% 3.4%
change

Table 6.1: Polymorphic nucleotides site mutationsl @ercentage of these mutations within parebtad.y.; and blasyy-11. The
accession numbers used in this study are: AF14885024984, FJ668818, FJ668813, FJ668802, DQ4783R083598, GQ389703,
DQ219472, AY826416.1, FJ668814, FJ668811, FJ668B1668809, GQ389701, EU418908, X98099, EU2803181K0, Y18299,
FJ483937, DQ219477, X98098, GUO083599, AY528717, 3IB61, EF035557, GQ389706, EU418909, DQ219473,
AF462396,GQ387358, DQ219475, DQ219476, DQ21947436567, HM363638, EU376965, AY293069, EF035562, 35560,
EF035563, FJ668804, EF035564, FJ668800, FJ6687B039558, GQ463148, GQ463147, DQ166780, DQ166779389707,
GQ389705,DQ166782, GQ389704, GQ389702, GU21101R3%365, DQ219478, GU197545, AF187732, AF117743, @9349,
GU197543, GU197542, GU197544, GU197546, GU197548193547, HM590432, GQ470430, GQ470428. The isolatesbers
B31, 206, 91, 205, 204, 215, 69, 210, 213, BV,IBA5, MB. 115, 138, 85 were sequenced and usedthianstudy.
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CHAPTER - 7:

A new LEN B-lactamase produced by a clinical K.

pneumoniae strain
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7.1. ABSTRACT

A new bla gn-25 from theK. pneumoniae (Kplll) phylogenetic group was identified
in this study. This gene was located in a tranblerglasmid bearing class 1

integrons.

7.2. INTRODUCTION

LEN-1 is a chromosomally encoddttlactamase found in many strains Kf
pneumoniae. Nucleotide sequence analysis shows that the geoeding LEN-1 is
very closely related to the nucleotide sequencéhetlasyy.. and OHIO-1 genes
(Heritage, M'Zaliet al. 1999).K. pneumoniae strains have been classified into Kpl,
Kpll and Kplll clusters according to the intringiclactamases they express. More
than 80% of strains belong to group Kpl, which egsrSHV enzymes, groups Kpll
and Kplll each account for 10% of the populatiord axpress OKP and LEN
enzymes, respectively (Brisse and Verhoef 2001;gbiaian, Lofdahlet al. 2004).
LEN-1 may confer resistance to ampicillin, amodigjl carbenicillin, and ticarcillin,
but not to extended-spectrufilactams. In addition, LEN enzymes have been

detected worldwide, but only in sporadic cases {jda®an, Lofdahkt al. 2004).

7.3. RESULTS

7.3.1. PCR and DNA sequencing of B-lactamase gene

Thebla gy gene was identified and sequenced Wltyyy primers (Kp-SHV_for and

Kp-SHV_rev) allowing the complete sequence of libeeen gene to be determined,

as described earlier in section 5.3.1 (Chapter-5).

A new bla gy variant was detected in ESBL-negative strain I##ls B-lactamase
contained 286 amino acids and shared 99.3% idemtith LEN-2 (GenBank
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AY037780). It showed 6 nucleotides coding for 3 rmniacid differences in
comparison tdla en2 (Val84—Leu, Thrll4-Ala and lle257Leu), according to
the standard numbering scheme of (Ambler, Coutah. 1991). The substitutions
Thrll4—Ala was firstly described in this study. Threoningoosition 114 does not
shown significant influence to the resistance iadtgeneration cephalosporins. The
deduced enzyme was designated LEN-25 accordingnah@nclature proposed in
http://www.pasteur.fr/recherche/genopole/PE8/betakn.html

None of other transferable class pAlactamases, such as the TEM and CTX-M
genes, were identified from this strain. This isnigar to other reports where

individual isolates did not co-express SHV and L&fhNymes (Haeggman, Lofdahl

et al. 2004).

7.3.2. Susceptibility testing

As shown in Table 9.1 (Page 173), the antimicrobiasceptibility of the strain
harbouring LEN-25 presented lower resistance vatoesefotaxime (0.03 mg/L),
ceftazidime (0.25 mg/L) and ceftriaxone (0.03 mghgeping this type of-
lactamases remained susceptible to all cephalospofihese characteristics are
typical of LEN$-lactamases (Bush, Jacobgt al. 1995). No synergy with
ceftazidime and thp-lactamase inhibitor was detected, indicating that strain was

a non-ESBL producer. Additionally, this isolate wsensitive for meropenem (MIC
= 0.015 mg/L) and cefoxitin (MIC = 2 mg/L).

Interestingly, high MICs of ciprofloxacin (4 mg/land nalidixic acid (32 mg/L) to
the LEN-25p-lactamase isolate were observed. By PCR thistesalas found to
carrygnrB6 gene. The presence of ttyer gene increased the MICs of nalidixic acid
and fluoroquinolones by four- to eightfold (MartmMartinez, Pascuadt al. 1998;
Mammeri, Van De Lot al. 2005). Other Quinolone resistance mechanisms asich
loss of outer membrane permeability, mutationsggfA and parC genes, efflux
pumps were not investigated in this study.
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7.3.3. Gene transfer

It is known that LEN-typep-lactamases are chromosome-encoded enzymes. In
comparison with chromosome-encodethctamases, plasmid-encodgdactamases

are highly reproducible and can transfer resistamoee easily. Transference of
B-lactam resistance gene was tested as previouslgrided in the Material and
Methods chapter. Thiela en-25 carrying isolate was successfully transconjugated t
the recipient strain, which implies that the gemeagling for thisp-lactamase is
located on a transferable plasmid. Consistent with result Chen, Zhangt al.
(2005) identified the first LEN-5 encoded by a ptés of more than 48 kbp co-
expressed withlacrx-m-14 gene in a clinical isolate &f. pneumoniae from China.

7.3.4. Characterization of bla gy

The strain positive for chromosomialla ey gene was belonged to the Kplll-type.
This result was in agreement with the previousifigd that strains belongiong to the
Kplll type harbour and express the LEN enzymes sd&i and Verhoef 2001,
Haeggman, Lofdahdt al. 2004).

The plasmid carryingla en-2s gene was designated to the IncN replicons type.
Unfortunately the size of plasmid was not determimethis work. Furthermore, this
isolate was positive for class 1 integrons and fotmcarrySull andgacE41 genes

in the 3 conserved sequence.

Using PFGE, this isolate was unrelated to othelaiss tested and identified in

separate cluster (Fig 5.7).

7.3.5. Nucleotide sequence accession number

The newbla gn.2s Sequence was submitted to the GeneBank Sequeneddda
under the accession number HQ709169.
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Fig 7.1: Amino acid difference betweemla gn-2 and isolate 172 (LEN-25)
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7.4. CONCLUSION

The newbla gn-25enzyme showed 3 amino acid differences in compatigsd.EN-2,
neither of these changed the enzyme to be ESBIs fHsult is the second to report
thatbla en gene was carried in transferable plasmid sugggstiare complications

of resistance in future.
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CHAPTER- 8:
First report of a novel extended-spectrum beta-lact amase

KOXY-2 producing Klebsiella oxytoca that hydrolysis

cefotaxime and ceftazidime
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8.1. ABSTRACT

Objectives: The aim of this study was to study the broad-spettresistance of the
blapxy-2 producingKlebsiella oxytoca.

Methods: K. oxytoca strains MU946294N and MB193997E were isolated froine

and blood specimens from patients in Scotland. ™wates were tested for
antimicrobial susceptibility by the agar doubleutibn method. The identification of
the strains was by the nucleotide sequences afptbi® andgyrA genes The strains
were genotyped by pulsed-field gel electrophoré3iGE) to determine their clonal
relationship.

Results: Strain  MU946294N was resistant to pencillins, mmagiams,
cephalosporins including cefotaxime and ceftazidimg was not inhibited by
clavulanic acid. Isolate MB193997E displayedfdactam resistance phenotype
consistent with chromosomftactamase overproduction. No common transferable
B-lactamase genes, for TEM, SHV, and CTX-M, couldab®plified in either strain.
However, positive amplification by PCR was foundhwvprimers for theblapxy-2
gene. Sequencing of thfslactamase gene in MU946294N revealed it differgd b
one mutation from the all othblagxy genes previously reported, with an amino acid
substitution Ala23%Thr, which enhances the binding of cefotaxime. iBtra
MB193997E showed mutations at positions 255 and 28Bher of which affect the
function. Based ompoB andgyrA characterization, both strains were assigned to be
Koll phylogenic group. However, the two isolatesre&veompletely dissimilar from
each other by PFGE.

Conclusions. The present study is the first to report the stiigin of alanine to
threonine at position 237 in the OXYRlactamase and this enhances resistance to

the extended-spectrufiilactam cefotaxime.

8.2. INTRODUCTION

Klebsiella oxytoca is an important opportunistic pathogen causingssrinfections

especially among neonates and intensive care (lpddschun and Ullmann 1998;
Fevre, Jbelet al. 2005). The K1 p-lactamase, first identified from a sick child
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infected with Klebsiella aerogenes (Klebsiella pneumoniae) 1082E in Glasgow,
Scotland. In 1986, this strain was renankddbsiella oxytoca SC10,436 based on
changes irKlebsiella nomenclature (Arakawa, Oht& al. 1989; Granier, Leflon-
Guiboutet al. 2002).

The chromosome of wild-typ&. oxytoca carries ap-lactamase gene, which is
constitutively expressed at low levels and usuatinfers low-level resistance to
amino- and carboxy-penicillins (Livermore 1995; FRuar and Roy 1997)In
addition, the overproduction of the chromosomalgadedp-lactamase is due to
up-mutations in the promoter sequence of the gdfiesxytoca isolates have been
found to be resistant to broad-spectrum cephalaspgcefotaxime and ceftriaxone)
and monobactams (Fournier, Arlet al. 1994; Fournier, Luet al. 1995; Wu,
Dornbuschet al. 1999). Thein vivo selection ofK. oxytoca strain conferring
resistance to ceftazidime due to Prolinel67Senitstgution was recently reported
(Mammeri, Poirekt al. 2003).

The DNA sequence dilapxy of K. oxytoca differs from those oblargy andblaspy

by more than 50% and is completely unrelatedltpmpc (Arakawa, Ohtaet al.
1989). (Fournier, Rowt al. 1996) divided the3-lactamases oK. oxytoca into two

main groupsblapxy-1 andblapgxy-2. These two genes share 87% nucleotide sequence
identity. Four other groups oK. oxytoca genes have recently been reported and
namedblaoxy-3, blaoxy-4 (Granier, Leflon-Guibougt al. 2003),blapxy-s andblaoxy-s
(Fevre, Jbekt al. 2005). Thesg-lactamases have been placed in functional group
2be in Bush's scheme and in class A of Ambler'ssdiaation (Ambler, Coulsost

al. 1991; Bush, Jacobst al. 1995).

8.3. RESULTS

8.3.1. Bacterial strains

Strains MU946294N and MB193997E, identified by moettesting (APl System,;

bioMerieux, France) akK. oxytoca were obtained, both in 2007, from two patients
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hospitalized in the Royal Infirmary of Edinburghcdland. Strain MU946294N was
obtained from a patient with a urinary tract infestand strain MB193997E was
isolated from blood of encephalopathy patient wad been treated with meropenem

for 7 days and then improved after the medicatias shanged to ciprofloxacin.

8.3.2. Antimicrobial susceptibility

As shown in Table 8.1, the strain MU946294N shoveed unusual resistance
phenotype characterized by resistance to cefotaxand ceftazidime. This strain
also expressed high levels of resistance to amilixjcpiperacillin, cephalexin,

cefuroxime, and naladixic acid, moderate resistancaztreonam, ceftriaxone and

cefoxitin and was susceptible to meropenem.

On the other hand, isolate MB193997E was resig@mramoxicillin, piperacillin,
cephalexin, cefuroxime, ceftriaxone, sensitive talidixic acid, ceftazidime,
meropenem and was border-line resistant to cefo@X0.5 mg/L) by MIC, and (28
+ 1 mm) by disc diffusion test (BSAC guideline: 20m). Both strains were
previously reported resistant to cefotaxime by\itek 2 system.

Results obtained from cloned strains without prarotshown that the two strains
revealed identical phenotypic resistance to ambhixicipiperacillin, ciprofloxacin,
ceftriaxone, aztreonam and cefoxitin. The strain®BR94N conferred ceftazidime
insuceptibility 2-fold higher than strain MB193997Eefotaxime resistance was
found 4 to 16 fold higher in strain MU946294N th#mat observed in strain
MB193997E.

The mutation in the promoter confers at least@ 4 fold increase in MIC (Fournier,
Gravel et al. 1999); however, it proved impossible to clone tene with its

promoter.

The synergy between cefotaxime, ceftazidime andutdaate was observed in both

strains as seen in Fig. 8.1.
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8.3.3. PCR and Nucleotide sequencing

DNA amplification with a crude extract &f. oxytoca as the template was performed
by PCR with consensus primers OXY-F (ATG ATA AAA AGICG TGG C) and
OXY-R (TTA AAG CCC TTC GGT CAC) which amplified thentireblaoxy-> gene
based on the alignment of previously published eatalle sequence of thetaoxy-2
genesPCR conditions were as follows: 5 min at 94°C, $6les of 30 sec at 95°C,
45 sec at 50°C, and 1 min at 72°C, and final exbensf 7 min at 72°C. The
sequence of entire coding region were amplifiedPIBR using the combination of
primers OXY-R primer and Al- (GAA CAT AGC GGC TCCIA T) at position
(145 to 163) according the sequence previously igidedl (Fournier, Royt al.
1996).

As indicated in Fig. 8.2, the nucleotide sequenahl. oxytoca strain MU946294N
revealed alaoxy-2 gene which differed by one mutation from the otakrblagxy
genes reported previously, with an amino acid switisin Alanine, Serine or
Glycine to Threonine at position 237 following thembering scheme for classpA
lactamases. This mutation has produced the firkitasame-resistant OXY-23-

lactamase producing. oxytoca enzyme.

There were two mutations in strain MB193997E; Asipaacid to Asparagine at
position 255, and Alanine to Threonine at posi@&3. Neither mutation appeared to

affect the phenotype resistance of the strain.

The deduced enzymes were designated OXY-2-9 footates MU946294N and
OXY-2-10 from isolate MB193997E according the nowlature proposed in
http://www.pasteur.fr/recherche/genopole/PF8/betatn.html

8.3.4. Association with other B-lactamases

None of transferabl@-lactamases (CTX-M, TEM, SHV) enzymes and plasmid-
mediated quinolonej(rr) genes were amplified in either strain.

157



Table 8.1: Antimicrobial susceptibility of paremtdaclonedK. oxytoca strains
MIC (mg/L)

B-lactam Clonedblapxy2.9 Clonedblapgxy-2-10
blaoxy-2-9 blaoxy-2-10

without promoter without promoter

Amoxicillin >256 >256 >128 >128
Piperacillin >256 >256 >128 >128
Nalidixic acid >128 4 - -
Ciprofloxacin 0.5 0.015 0.03 0.03
Ceftriaxone 64 4 0.12-0.25 0.12-0.25
Cefotaxime 8 0.5 0.12-1 0.03-0.06
Ceftazidime 4 0.25 05-1 <0.5
Aztreonam 32 128 05-1 05-1
Cefuroxime >128 >128 - -
Cephalexin >128 32 - -
Meropenem 0.03 0.03 - -
Cefoxitin 16 2 4 4

Fig 8.1: synergy disc diffusion test. A; isolate. "dU946294N. B: isolate no.
MB193997E. C:K. oxytoca standard sensitive strain. Bt. pneumoniae resistant
strain no. 115. Ceftazidime, amoxiclav and cefotexiantibiotic discs are arranged

from left to right respectively in all plates.
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Fig 8.2: Alignments of the amino acid sequencingsthins MU946294N and
MB193997E with those of OXY-2-1, OXY-2-2, OXY-2-)XY-2-4, OXY-2-5,
OXY-2-6, OXY-2-7, OXY-2-8 and strain B oK. oxytoca. The amino acids are
numbered according to (Ambler, Coulsgral. 1991).
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8.3.5. Isoelectric focusing

By isoelectric focusing, one band of pl 5.6 wasenbed for the strain MU946294N
(OXY-2-9); the band for strain MB193997E (OXY-2-1@ps of pl 5.8 as shown in
Fig. 8.3.

The IEF gel was overlaid with varying concentratairclavulanic acid. The I§g of
the B-lactamase inhibitor clavulanate was at least 200-higher in both strains
MU946294N and MB193997E than those for the inhitsiasceptible strain.

1 2 3 4 5 6 7 8 9 10 1112

Fig 8.3: IEF polyacrylamide gel of OXY-3-lactamases of strains MU946294N,
MB193997E. Lane 1, 7: standard marker. Lane 2s8late no. MB. Lane 3, 9:

blasny.1 standard strain. Lane 4, 1@targm; Standard strain. Lane 5, 11 isolate
MU946294N. Lane 6, 12: isolate MB193997E.
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8.3.6. The blapxy-2 promoter

The promoter regions for th@-lactamase genes from the two isolates were
sequenced and compared with the promoter sequehcwild-type blaoxy-2
(TTGTCA for -35 and GATAGT for -10), thélapxy-2 promoter of both strains
MB193997E and MU946294N had a substitutior«{&) of the fifth base in the -10
consensus sequence (GATAAT).

8.3.7. KOXY B-lactamase sequence comparison and phylogenetic tre e

The amino acid sequences of the OXYB2actamases of strains MU946294N
(OXY-2-9), MB193997E (OXY-2-10), strain B (accessinumber AY303807) and
strains (SB136, SB175, SG77, KH11l, SG43, SG176,1%L.%nd SC10,436)

previously published that corresponding to OX$-lactamases (OXY-2-1, OXY-2-

2, OXY-2-3, OXY-2-4, OXY-2-5, OXY-2-6, OXY-2-7, OX¥2-8) according to

(Fevre, Jbel e al. 2005) were aligned with ClustalW software
(http://www.ebi.ac.uk/Tools/clustalwR/

The nucleotides sequences of tipeB andgyrA previously published and those of
the strains MU946294N and MB193997E were aligned using ClustalW
(http://www.ebi.ac.uk/Tools/clustalw2/). The phygetic tree was built with
Geneious software_(http://www.geneious.chmis shown in Fig. 8.4, both strains

were assigned to be Koll based gmwB and gyrA characterization. The 940-bp
fragment of thepoB gene of the strain MU946294N showed 100% of idgntith
strain SB136 (Koll) and 99% with strains SB175T,@I3182 (2 nucleotides) and
SB23833 (3 nucleotides). Strain MB193997E was 9@¥ntical to all previous
strains and the difference was in 1 to 4 nuclestide

The identity between strain MU946294N and strain IM4B997E of thepoB gene
showed 1 nucleotide change with a percentage of 99%
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The two strains differed by only two nucleotidesédxh ongyr A characterization, and
by one to two nucleotides changes with the Kidll oxytoca strains previously

published.

MB193997E -
SB2833
SB175T
MU9462941 > blagsy.s Koll
SBI36
ATCC13182
S1911 -
S6271 + blagyy s KoIIl
3
SB397
SB3037
SB324
SB75 - bl KoVI
SB3051
SE352
SBT3 J
6266 - blagyy.y KolV
SB2908 >
SB2909
SB2910 © blagyys
SB2942

SB71 al } Kol
SB9 } blayyv 1

SB2933

Fig. 8.4: Phylogeny of thK. oxytoca rpoB genes sequences. The neighbour-joining
tree was rooted using no outgroup. SeyaoB genes belong to each Kol, KoVI and

Koll groups. OnepoB gene represents Klll and KIV groups.

8.3.8. PFGE

The clonal relationship between the two isolates whudied by pulsed-field gel
electrophoresis (PFGE). Plugs were digested with 80Apal (Promega, UK). As

indicated from the result of PFGE in Fig 8.5, theotisolates were completely

different from each other, showing considerably enttian three band changes.
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Fig. 8.5: PFGE patterns &f. oxytoca strains MU946294N and MB193997E. Lane 1
and 6: Lambda DNA marker; lanes 2 and 4: repedieihsMU946294N; lanes 3
and 5: repeated strain MB193997E.

8.3.9. Outer membrane proteins

The outer membrane proteins of the isolates weidiesi as detailed in Material and
methods section and described by Bossi and Figugosai (2007). The results
shown in Fig 8.6 and highlighted by arrows revealedt the outer membrane
profiles were identical in tw#. oxytoca isolates studied, except for the MU946294N
strain, which exhibited reduced expression of thé&DBa outer membrane protein on
a sodium dodecyl sulphate-polyacrylamide gel (SB&EB). This loss might explain
cefoxitin-resistance. In addition, there was tteslof another minor band.
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A REs

30

23

Fig 8.6: SDS-PAGE of outer membrane protein. Lamad 3: isolate MU946294N.
Lane 2 and 4: isolate MB193997E. Lanek6:pneumoniae isolate 175. Lane K.

pneumoniae isolate 187. The right lane is protein marker g@a23 to 175 kDa). The
white arrow indicates OpmK34, the black arrow iadés OmpK35/36, the lower

white arrow indicates loss of minor band.
8.3.10. GenBank accession numbers
The blaoxy-2.9, blaoxy-2-10 genes and thepoB gene partial sequences of strains

MU946294N and MB193997E have been registered inBaek database under
accession numbers FJ785625, FJ785626, FJ7856 XHJdB8628 respectively.
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8.4. DISCUSSION

Chromosomap-lactamases are overproduced from bacteria by akexmerchanisms:
by increased gene copy numbers, by promoter matato acquisition of insertion
sequences, or by mutation in a regulator gene (fenrGravelet al. 1999). The

OXY-2 B-lactamase group hydrolyzes sevefalactams including carbenicillin,
cephalothin, ceftriaxone, and aztreonam better thanOXY-1 -lactamase group
(Fournier and Roy 1997). The ability of tie oxytoca p-lactamases to hydrolyze
extended-spectruftlactams is a result of over-production of the eneayFournier,

Arlet et al. 1994).

Strain MU946294N, described here, is the first OXYoroducingK. oxytoca that
confers resistance to both cefotaxime (8 mg/L) aeftazidime (4 mg/L) when

compared with other OX$-lactamases previously published.

An interesting result is a replacement of Alani@erine or Glycine at position 237 in
the strain MU946294N by Threonine. The substitufidtmeonine 237 that occurred
in the signal sequence affects the catalytic ptogeeof the enzyme. Mutagenesis
experiments have shown that Asparagine as welhasohine substitutions increase
catalytic efficiency on cephems over penems (Hedlapgoldet al. 1989). Residue
237 belongs to the oxyanion pocket. This pockeanmts theB-lactam’s carbonyl
group, which is strongly attracted by the hydrogpending of backbone NH amide
groups of amino acids at positions 70 and 237.sithe chain at residue Alanine237
is on the outer, exposed side of the B3trand that forms the right edge of the
binding site. Cefotaxime, with its branched oximsubstituent, is unable to form a
hydrogen bond to the Alanine at position 237, leplacement of Alanine237 with a
hydrogen bond acceptor such as Threonine enhaheedinding of cefotaxime
(Knox 1995; Fournier and Roy 1997). On the otherdhdhe substitution located at
position 237 could be also responsible for the cedususceptibility to ceftazidime.
This is the case for some TEM-, SHV- and CTX-M-typeBLs (Decre, Burghoffer
et al. 2004).
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The substitution of Threonine at position 237 wasevved in plasmid-mediated
extended-spectrurf-lactamases, TEM-5, TEM-24, TEM-86, TEM-114, TEM1]12
TEM-130, TEM-131 and TEM-136 (http://www.lahey.d8tidies/). All these
B-lactamases had higher levels of resistance taziditne ranging from (>32 to 512
mg/l). The cefotaxime MICs were clearly increasedTEM-5, TEM-24, TEM-86,
TEM-131 (4 to 64 mg/l) (Petit, Sirat al. 1988; Chanal, Siro#t al. 1989; Kruger,
Szaboet al. 2004; Baraniak, Fietet al. 2005). However, TEM-121 has lost
hydrolysis activity against cefotaxime and ceftaag due to a loss of its affinity for
these substrates (Poirel, Mammatral. 2004).

The blapxy-2 promoter of strains MB193997E and MU946294N hadulasstution
(G—A) of the fifth base in the -10 consensus sequehise.mutation (G-A) led to

a four- to nine fold increase over the wild typermpter strength (Fournier, Graat|
al. 1999). The resistance phenotype of the strain MB29YE displayed @-lactam
resistance pattern identical to that displayeKbgxytoca strains overproducinf-
lactamase. The nucleotide substitution Asp22&n acid has been previously
published in isolates SC10,436 aNdoxytoca strain KER (Sirot, Labiat al. 1998;
Granier, Leflon-Guiboutet al. 2002). The Ala283>Thr mutation has not been
previously published in any of OXY, TEM, SHV, andX-M - lactamases.

In this study | reported on the resistanceKofoxytoca strains MU946294N and
MB193997E to amoxicillin-clavulanate. This resistanpattern is similar to that
observed when an inhibitor-resistant TEM (IRT) eneyis produced. However,
there were no TEM derivatives in strains MU946294Nd MB193997E, as
identified by PCR and further confirmed by pl valpé 5.6 and pl 5.8 respectively.
These investigations were consistent with previdgastures in which, (Sirot, Labia
et al. 1998) reported the fird€. oxytoca strain conferred resistance to inhibitors and
was due to the amino acid substitution Ser28Jy. The resistance had been due to

the use of amoxicillin-clavulanate (3g/day) fordays.

The substitution of Alanine to Glycine or SerineAianine at position 237 modifies

susceptibility to clavulanic acid, but not to taaotam. Also, the presence of
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Threonine at this position could be responsible tfug relatively high inhibitor
concentration of clavulanic acid required to gi@¥&binhibition (IGes) observed for
theK. oxytoca pB-lactamases (Fournier and Roy 1997; Mammeri, Peiral 2003).

The neighbour-joining trees obtained based on dggience of the 940-bp fragment
of the rpoB gene and 441-bp fragment of tggrA gene were very similar. The
nucleotide variation at these two housekeeping geves in very close similarity
with the phylogeny for the OXY-Z-lactamase genes. These results were in
agreement with the previous findings, in which tteomosomabla gene ofK.
oxytoca is able, like housekeeping genes, to classifykhexytoca groups. Also,
strains harbouringolapxy- gene fall into a clearly distinct phylogenetic goou
(Granier, Leflon-Guibouét al. 2003; Fevre, Jbet al. 2005).

The PFGE was used to measure strain similarity, théthod has been used for
epidemiological studies and is one of the mostroiisnative genotyping methods
for typing various bacterial genera includiKgebsiella spp (Hansen, Skoet al.
2002). Results obtained from neighbour-joining sreased ompoB andgyrA were
different from PFGE results, this might be due he fact that PFGE can detect
chromosomal rearrangements, which may be causedobyle elements with rapid
evolutionary rates (Vimont, Mnit al. 2008).

8.5. CONCLUSION

This is the first report of an AlaThre substitution at Ambler position 237 in an
OXY-types B-lactamases. The present study is the first torteghat theblaoxy-2
gene family can confer resistance to extended-spacfi-lactams (cefotaxime,
ceftazidime). Beside ESBL resistance, the sameatisokonfer resistance to
amoxicillin-clavuanate. This could represent emeogeof CMO (Complex Mutant
OXY) capable of conferring ESBL plus IRO (inhibit@sistance OXY) phenotype.
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CHAPTER - 9:
Distribution and genetic characterization of plasmi d-

mediated quinolone resistance (  Qnr) genes among K.

pneumoniae in Scotland
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9.1. ABSTRACT

Objectives: This study aimed to determine the prevalencemofgenes and their
association with the presence of ESBLs in cliniKalpneumoniae isolates from
Scotland.

Results: Of the 219 isolates tested, 18 (8.2%) were founbet positive by PCR for
the gnr genes. These positive isolates were further amsdeBg PCR where 11
possessed thgnrB1l gene, 2 harboured thlegrB6 gene and 5 contained tljarAl
gene. None ofjnrS genes were identified. All of the Ir positive isolates were
found to be resistant to nalidixic acid and cipogfcin. Ten of thenrB1 positive
isolates were associated with CTX-M, SHV and TEMe asolate with TEM and
SHV-typesp-lactamases. AlgnrAl positive isolates were associated with TEM and
SHV. All isolates were found to carry IncN and/ocFIl plasmids bearing class 1
integrons possesstl1l gene encoding for the integrase enzymegauit41 andsull
genes.

Conclusion: These findings indicate the higher prevalencegaf genes than in
previous studies but still low in general. Alsogedk findings indicate the co-
expression of fluoroquinolone and extended-spectfdi@ctam resistance among
Klebsiella pneumoniae isolates in Scotland.

9.2. INTRODUCTION

Quinolone resistance results from mutations indh@mosomally-encoded type I
topoisomerases, and via the upregulation of effluxnps, or porin-related genes
(Drlica and Zhao 1997; Tran, Jaco#étyal. 2005). The plasmid-mediatephr genes
(gnrA, B, S, C andD) play an emerging role in the dissemination obfaguinolone
resistance. The first plasmid-mediated quinolonsistance protein Qnr was
identified in aKlebsiella pneumoniae isolate in 1994 (Martinez-Martinez, Pascegal
al. 1998), where the presence of e gene increased the MICs of nalidixic acid
and fluoroquinolones by four- to eight-fold (MagmMartinez, Pascuat al. 1998;
Tran and Jacoby 2002; Wang, Saéral. 2004; Mammeri, Van De Loe al. 2005).
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TheqgnrA gene has been identified in comple® family class 1 integrons, known as
complex sull-type integrons that may act as a réauase for mobilisation of the
antibiotic resistance genes located nearby (g, blactx-v andampC) (Mammeri,
Van De Looet al. 2005; Nordmann and Poirel 2005; Robicsek, Jablay. 2006).
The gnrB1 located in a multi resistance plasmid in an integike structure near
orf513 (orfl1005) gene (Jacoby, Walsa al. 2006). UnlikegnrA and gnrB, gnrS
genes have been reported that it is not part oflatgpe integron and not as a form
of a gene cassette in a common class 1 integroasa(Fsuzukiet al. 2005).
Recently, two other plasmid-mediated quinolonestasice genes, namebyrC and
gnrD, have been identified from China (Cavaco, Hasetal. 2009; Wang, Guet
al. 2009). In addition, an association of quinolongistance with the production of
ESBLs has been reported. This study aimed to déeterthe prevalence afr genes
and its association with the presence of ESBLslimical K. pneumoniae isolates

from Scotland (Nordmann and Poirel 2005).

9.3. RESULTS

9.3.1. Initial PCR results

In this study, different sets of already publish@iimers as shown in Table 2.2
(Materials and Methods) were used in multiplex PfoR detection ofgnr genes
(Cattoir, Poirelet al. 2007; Cattoir, Weilkt al. 2007; Hopkins, Woottost al. 2007,
Park, Kanget al. 2009). The number ajnr genes identified by PCR was 47/219
with a percentage of (21.5 %). These results ansidered as a high percentage of
prevalence. This result was confirmed by sevena¢aes of the PCR amplification.
After sequencing of these amplifications, the naisthem came up as hypothetical
proteins (false positive results). The actual numdiegnr genes confirmed after
sequencing was 18 @rA and 13gnrB) genes. My results indicate that there is a

need to set up specific primers to identfy genes.
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9.3.2. Prevalence of quinolone resistance

Of all K. pneumoniae isolates tested, 18/219 (8.2%) were found to b&tipe by
PCR and DNA sequencing for tlger genes. From these isolates, 16/32 (5Q%6)
genes were found in ESBL-producing isolates. Thegdi8positive isolates were
further assessed by PCR, where 13 possesseghtBegene, 5 contained thgrA
gene, none of isolates were found to harbougtin& genes. Out of 18nrB positive
isolates sent for sequencing, 11 of them were asdigp begnrB1 and two isolates
were gnrB6. All gnrA-positive isolates sent for sequencing were corddno be
gnrAl (Tables 9.1 and 9.2).

None of these genegrfB, gnrA andgnrS) were identified fronK. oxytoca isolates.

Resistance to nalidixic acid was found in allg8 positive isolates with MIC ranges
from 32 to >128 mg/L. As well, all isolates weresiggant to ciprofloxacin but one
(border-line resistance) with MICs range (0.5 - &bh2g/L) as shown in Table 9.1.

9.3.3. Association between qgnr genes and extended-spectrum -

lactamase

As shown in Table 9.1, twelve of XwrB genes were associated with SHV-types
B-lactamases. Only one isolate carryigqgB6 was associated with new LEN-type
B-lactamase. All of thegnrBl positive isolates were found to carry the TEM-1
B-lactamase, both thenrB6 positive isolates were negative for the TEM-1
B-lactamase. Furthermore, 10 isolates were foundbéo associated with the

CTX-M-15 B-lactamase.

Four of gnrA positive isolates were found to be associated with TEM-1
B-lactamase, algnrA positive isolates were associated with either SHHVer SHV-
12 B-lactamases. However of the isolates those wertedasone were found to
harbourblactx.mv and thegnrA genes.
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Table 9.1: antimicrobial susceptibility ghr-producingK. pneumoniae isolates

ID Qnr gene NA CIP CFR CTX CAZ MEP CFX B-lactamases
69 Mu 936 327 N gnrB1 >128 >128 >128 128 64 0.03 8 TEM-1, SHV-11, CTX-BI-1
73 Mu 936 619 A gnrB1 >128 >128 >128 128 64 0.03 8 TEM-1, SHV-11, CTX-8I-1
175 Mg 768 689 P gnrB1 >128 >128 >128 128 128 0.03 16 TEM-1, SHV-12, CTXtH
187 Mu 949847 W gnrB1 >128 >128 >128 >128 128 2 64 TEM-1, SHV-12, CTX-BI-1
197 Mu 950618 L gnrB1 >128 >128 >128 >128 128 0.06 64 TEM-1, SHV-5, CTXtBI
210 Mu 956764 R gnrB1 128 >128 >128 128 128 0.03 TEM-1, SHV-11
213 Mu 960 478 gnrB1 >128 >128 >128 128 64 0.06 TEM-1, SHV-11, CTX-8I-1
215 Mu 966 491 T gnrB1 >128 >128 >128 >128 128 0.25 64 TEM-1, SHV-11, CWIXES
MB Mb141078 gnrB1 >128 >128 64 64 >128 0.06 16 TEM-1, SHV-11, CTX-8I-1
B7 B143279 gnrB1 >128 >128 128 64 128 0.06 16 TEM-1, SHV-11, CTX-8-1
BV B14124V gnrB1 >128 >128 128 64 >128 0.03 16 TEM-1, SHV-11, CTX18!-
138 Mu 943 892 B gnrB6 32 2 0.06 0.06 0.12 0.03 SHV-11
172 Mu 948 095 C gnrB6 32 4 0.03 0.03 0.25 0.015 LEN-25
106 Mu 939 649 W gnrAl 32 0.5 16 8 64 0.03 8 TEM-1, SHV-11
135 Mu 943702 T gnrAl >128 16 16 128 0.03 8 TEM-1, SHV-11
204 Mu 953545 C gnrAl >128 8 8 128 0.03 4 TEM-1, SHV-11
206 Mu 956107 Q gnrAl 128 8 8 128 0.015 4 TEM-1, SHV-11
214 Mb 195491 Y gnrAl >128 32 128 16 128 0.03 8 SHV-12
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Table 9.2: Characterization qifir-producingK. pneumoniae isolates

Q @)

— 5- =] 5 = > = '§ ?D' ?

> ¢ § & 2 2 E r ¥ =z <%

§. o= o 3 g
69 Mu 936 327 N gnrBl + + + + + + I 1k
73 Mu 936 619 A gnrBl + + + + + + + I 1k
175 Mg 768689 P qgnrBl - + + + + + I 1k
187 Mu 949847 W qgnrB1 + + + + + + I 1k
197 Mu 950618 L qgnrBl + + + + + + I 1k
210 Mu 956764 R gnrB1 - - - + + + I 2k
213 Mu 960 478 qgnrBl + + + + + + I 1k
215 Mu966491T gnrBl + + + + + + I 1k
MB Mb141078 gnrBl1 - + + + + + I 1k
B7 B143279 gnrB1 + + + + + + I 1k
BV B14124V gnrB1 + + + + + + I 1k
138 Mu943892B qgnrB6 + - + + + + I -ve

172 Mu 948 095 C qnrB6 + - + + + + Il 1.5-2k

106 Mu 939649 W qgnrAl + + + + + + 1] 1.5-2k

135 Mu943702T qgnrAl + + + + + + 1] 1.5-2k

204  Mu 953545 C gnrAl + + + + + + 11 1.5-2k

206 Mu 956107 Q gnrAl - - + + + + i 1.5-2k

214 Mb195491Y qgnrAl + + + + + + I 1.5-2k
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Fig 9.1: Association betweegnr genes and ESBL enzymes. All of therBl-positive
isolates were co-expressed TEM, SHV/LEMctamases, whereas 10 isolates were found to
be associated with the CTX-M-PBslactamase. In contrast, hone gfr A-producingisolates

were found to harboWlacry.y

9.3.4. Phylogenetic typing

The phylogenetic types of the isolates were peréaornusing gyrA restriction
endonuclease as indicated in Table 9.2. All issldelong tognrB was assigned to
phylogenetic type | (Kpl) except one isolate whiclrry gnrB6 and bla ey was
assigned to be Kplll. In contrast tprB, four of gnrAl positive isolates were

assigned to be Kplll except one isolate was fownget Kpl phylogenetic type.

9.3.5. Incidence of class 1 and class 2 integrons

As shown in Table 9.2, alinr-producing isolates were found located in complex
sul1l-type integrons and were positive fatl1, sull, andgacE41 genes which confer
resistance to sulphonamide and quaternary ammooampounds. Additionally, all

isolates but one was positive for conserved segueacying gene cassettes.

Interestingly, allgnrA-positive isolates were found to harbour the sapregassette

dfrA5-ereA2 genes, whereagrB-producing isolates were not.
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9.3.6. Plasmid profile

Analysing the plasmid electrophoretic profiles gpir-positive isolates, all but one
gnrAl-positive isolates showed identical plasmid profildg 9.2). The plasmid

patterns ofjnrB1 andgnrB6-positive isolates were different.

The plasmid typing was performed using primers escdbed by (Carattoli, Bertini

et al. 2005). As shown in Table 9.2, gjhrB1-positive isolates, except isolate 210,
were assigned to be IncFll plasmid typerB6-positive isolates were negative for
IncFIl plasmid, all but onenrAl-positive isolates were IncFIl negative plasmid
type. IncN plasmid type was amplified by PCR frolinisolates except two isolates

harbouringgnrB1 gene.

Using S1 nuclease digestion followed by PFGE fanesasolates showed that all

gnr-positive clinical isolates possessed 1 to 2 pldsrof varying sizes.

9.3.7. Conjugation and transformation

Transfer ofgnrA gene toE. coli J62-2 isolate confirmed that four of fivggrAl-
positive isolates were successfully transconjugatédn of 13 gnrB-positive
transconjugant isolates were obtained (Fig 9.3)is Tis indication of highly
transferable plasmids carryirggr genes.blacrx-m-15, blasyy- and some oblargm
were found to be cotransferred wghr genes.

9.3.8. Clonal relationships among isolates

Finally, the clonal relationship among the isolatesthis study was assessed by
studying the PFGE genomic DNA profiles. As shownFig 9.4, gnrBl-positive
samples were grouped in two major clonally relatkdters. However, the isolates
producers forgnrB6 were separated in individual clones. In additiftoyr of five

gnrAl-positive isolates were all clonally related.
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Fig. 9.2: Gel electrophoresis B%t1 restriction endonuclease. Lane 1, 18: Lambda
DNA/Hindlll Markers. Lanes 2, 3, 4 and 1&nrAl-producing isolates 135, 204, 206
and 214. Lanes 5 and garB6-producing isolates 138 and 172 respectively. Lahes
8, 9, 10:gnrBl1-producing isolates. Lane 11: isolate 32. Laneiddate 84. Lane 13:
isolate 114. Lane 14: isolate 208. Lane 16: isdl#§é. Lane 17: isolate 115.

1 234 567 89 10111213141516

660 bp

264 bp

Fig 9.3: Gel electrophoresis shown PCR amplificattbgnrA andgnrB genes from
transconjugated isolates. Lanes (1 to ¥@yB gene from isolates 69, 73, 175, 187,
210, 197, 213, MB, 215 and BV respectively. Lanerhblecular marker of 100 bp.
Lanes (12 to 16gnrAl: isolates no. 106, 135, 206, 204 and 214 respgtiv
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analysis. Strain numbers and clusters are shovtheonght.

177



9.4. DISCUSSION

Resistance to fluoroquinolones by famnterobacteriacae became common and
widespread shortly after the introduction of thagents (Tran, Jacolg al. 2005).
Until now there are many mechanisms identified oespble for quinolone
resistance. These mechanisms include i) the @ueips (QnrA, QnrB, QnrS, QnrC,
and QnrD) which protect the DNA gyrase and topois@se IV from inhibition by
quinolones, ii) the aminoglycoside acetyltransferaariant,aac(6’)-1b-cr, capable of
acetylating and reducing the activity of norfloxacand ciprofloxacin, iii) the
recently described fluoroquinolone-specific efflpmp protein, QepA, involved in
pumping fluoroquinolones out of bacterial cellsoi(el, Cattoiret al. 2008; Cavaco,
Hasmaret al. 2009).

This study reported on the distribution of tlyarA, gnrB and gnrS among a
collection of 219K. pneumoniae isolates tested by PCR. The prevalencgmof,, B
and S genes were 5 (2.28%), 13 (5.9%) and 0 (0%) res@bgtwith an overall
distribution of 8.2%.

None of these genes were identified frioxytoca or fromE. cloacae.

The previous study concerning the prevalencgnofgenes in Scotland reported that
only 2 gnrA gene were found to be associated vikhsyy.s from K. pneumoniae
isolates collected in Edinburgh in 2006 (Hamoudalj & al. 2008).

In the UK, the prevalence ghr genes was completely different from what found in
this study. Where (Corkill, Ansost al. 2005) found a high prevalence gfrA
(32%) in multidrug resistant Enterobacteriacae veoed during 2003-2005 in
Liverpool. In another study, only s& enterica strains isolated in the UK belonging
to four serotypes (Stanley, Typhimurium, Virchowdaviirginia) were positive for
gnrS1 (Hopkins, Woottoret al. 2007).
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These investigations were consistent with previdesatures worldwide in which,
thegnrA was estimated to be 7.7% in ciprofloxacin-resisEarcoli isolatesollected
from 2000 to 2002 in Shangh&hina (Wang, Traret al. 2003). Additionally, in
China 29 (8.0%) of 362 phenotypic ESBL-producingiageswere positive forgnr
genes, withgnrA-, gnrB- andgnrStypealleles detected in 5 (1.9%), 4 (1.5%) and 5
(1.9%) E. coli isolates, and in 8 (8.1%), 4 (4.0%) and 4 (4.0&b)pneumoniae
isolates respectively (Jiang, Zheiual. 2008)

The high prevalence ajnr genes was found among 1K6 pneumoniae isolates in
U.S.A, whereagnrA andgnrB were detected in 15 (14%) and 6 (6%) respectively
(Robicsek, Strahilevitet al. 2006).

In contrast, the low incidence of tlqar gene was detected in 1 of 297 nalidixic-acid
resistantk. coli strains (0.3%) in France (Mammeri, Van De L@aal. 2005). In
another studygnrA-positive Enterobacter spp. andCitrobacter freundii isolatesvere
detected in four patients in two intensive caretsur@mong703 cephalosporin-
resistant or fluoroquinolone-resistant Enterobaateaenhich were tested from 34
German intensive care units from 206® 2003 (Jonas, Biehleet al. 2005).
Moreover, the prevalence a@jnr among enterobacterial clinical isolatesrrying
ESBLs between 2003 and 2004 in Barcelona was 419%gnrAl was the most
prevalent, whereas only orggrS and nognrB were detected (Lavilla, Gonzalez-
Lopezet al. 2008).

All gnr-positive isolates reported in this study werestesit to ciprofloxacin (MIC
range 0.5 to >128 g/L) and naldixic acid with (Mi@nge 32 to >128 g/L). The
corresponding finding from Scotland showed thato82he 69 ESBL-producing(.
pneumoniae (46.4%) were found to be resistant to ciprofloradil (15.9%) were
intermediate and 26 (37.7%) were sensitive (DaBlationet al. 2006).

Previous reports demonstrating thgbr alone did not confer resistance to

fluoroquinolones; however, its presence promotes $#election of additional

chromosomally encoded quinolone resistance meaiani&lso,gnr may facilitate
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further selection from low-level to high-level resince with the usage of quinolones
(Mammeri, Van De Looet al. 2005; Robicsek, Jacobgt al. 2006; Robicsek,
Strahilevitz et al. 2006; Poirel, Cattoiet al. 2008). Moreover, the expression of
gnrAl considerably increased the mutant prevention cureton compared to
strains without this gene (Rodriguez-Martinez, éetaet al. 2007a). Additionally,
the detection ofgnr genes among nalidixic acid and fluroquinolonescepsble
isolates has also been described in other stu@@sa(r, Poirelet al. 2007; Hopkins,
Woottonet al. 2007).

From this point, the fluoroquinolone resistanceour strains was probabtue to
mutations in genes coding for chromosomally encdgpdll topoisomerases, efflux
pumps (QepA), aminoglycoside acetyltransferaseamgsi such as aac¢(8b-c2 or
porin-related proteins; determinati@mf the exact mechanism of resistance was

beyond the scope when | started this project.

In the present studgnr genes were found in 18/32 (56.25%) of the ESBLdpoing
isolates. The prevalence was higher in our ESBlectbn. The results indicated
that allgnr-positive isolates, but 3, carridtiargy. These 3 isolates were associated
with either SHV-11 or SHV-12 or LENB-lactamases. Additionally, in 10 isolates,
the gnr genes co-existed withlactx-m-15. The association ofjnr-positive genes,
ESBLs and plasmid-mediated cephalosporinases (Amm@)e been described
elsewhere (Wang, Saheb al. 2004; Corkill, Ansoret al. 2005; Mammeri, Van De
Loo et al. 2005; Nordmann and Poirel 2005; Jacoby, Watsil. 2006). Moreover,
the significant association rate gfir genes with ESBL genes was reported before
(Robicsek, Jacobst al. 2006).

To explain co-expression ghr genes and ESBLs, (Rodriguez-Martinez, Velagco
al. 2007b) indicated thafinrAl and blarox.s genes would be located in different
structures (4.1 kb and 3.0 kb fragments) in theesaonjugative multi-resistance

plasmid and located in an integron structure upstrefgacE41 andsul 1.
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In this study all isolates were found located impbex sul1-type integrons and were
positive forintll, sull, andgacE41l which confer resistance to sulphonamide and
guaternary ammonium compounds. Consistent with grevious reports in the
finding thatgnrA andgnrB genes has been identified in comple# family class 1
integrons, known as complexil1-type integrons. These genetic structures possess
one 5-conserved segment (5-CS) which contaimtkl gene encoding for the
integrase enzyme and duplicated 3'-conserved sdgm@nCS) each of them
containsgqacE41 and sull genes. The two 3'-CS surround a common region (CR)
which contains the ISR1 (orf513) and a unique region. Usually, a single or double
copy of ISCR1 is found downstream fromgnrAl (Mammeri, Van De Locet al.
2005; Nordmann and Poirel 2005; Garnier, Raged. 2006; Jacoby, Wals# al.
2006; Robicsek, Jacobgt al. 2006; Toleman, Benne#t al. 2006; Rodriguez-
Martinez, Velascat al. 2007Db).

In my work, four of fivegnrAl-positive isolates were successfully transconjutjate
Ten of 13gnrB-positive transconjugant isolates were obtaineds Thindication of

highly transferable plasmids carryingr genes.

The plasmid typing was done using primers as desdribby Caratrolle. All gnr-
positive isolates but one were assigned to be IheNontrast, IncFIl was described
from 14 isolates. InterestinglygnrB6-positive isolates were negative for IncFll
plasmid. The IncN plasmids has been shown to ogmr$ in S. enterica isolates
from UK (Hopkins, Woottoret al. 2007).

One isolate was not typed with the set of primeesused and this may indicate that
either this isolate not correspond to any of replitypes or lack of primers we used.
In this respect, plasmids isolated fro&n enterica from the UK as well as the
pAHO0376 plasmid fronghigella flexneri from China were also negative for all these
18 replicons (Hopkins, Woottast al. 2007). Additionally blactx-m-15 andaac(6’)-1b
and/or aac(6)-1b-cr located on a 340-kb plasmid that was negative dlbrthe
incompatibility groups tested (Coelho, Gonzalez4og al. 2010).
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9.5. CONCLUSION

These findings indicate the prevalence rategmf genes is higher than previous
studies but still low in general. In contrast toawthas been reported before, all
isolates that expresseghr gene were found to be resistant to ciprofloxaamd a
naladixic acid. These findings indicated that thexea need to ascertain specific
primers to identifygnr genes. In fact, the results showed higher-prevelemd co-
expression of fluoroquinolone resistance among EBRIducing K. pneumoniae
isolates in Scotland than elsewhere. FurthermgmeB genes were more frequent
among the isolates collected and are more ofteaceded with ESBL-encoding
genes thamgnrA. Additionally, all isolates were located in compkil1-type class 1
integrons. Finally, association of tlgarB and gnrA gene with IncN and IncFlI

plasmids could help disseminate these resistarteensi@ants.
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CHAPTER -10

CONCLUDING REMARKS
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The B-lactam antibiotics are most widely used to trededtions caused by Gram-
negative bacteria. Thg-lactamases are, by far, the most important meshamf
resistance t@-lactam antibiotics, whereas production of ESBLgpanticularly byE.
coli and Klebsiella spp. confers resistance to third and fourth geimera
cephalosporins (Paterson and Bonomo 2005; Liverym@aatonet al. 2007). Until
2003, Klebsiella spp. are the most common ESBL-positive bacterin wmutant
forms of blasyy andblarem genes (Potz, Hopet al. 2006). Hospital outbreaks and
the inter-hospital dissemination of resistant sgaf K. pneumoniae are frequently
reported (Diancourt, Passttal. 2005).

The results presented in this thesis answer sewgprtant questions, such as the
distribution of resistance to extended-spectrunhatgsporins and fluoroquinolones?
Which variants promote the resistancefttactamases? What is the role of amino
acid substitutions and their function in the resise mechanism? How the CTX-M

family is disseminated in clinical isolates & pneumoniae in community and

nosocomial environments?

At the end of each chapter, the results are discussid conclusions are drawn;
however, an overall conclusion of the differentfieas is needed to put this thesis in

context.

This study is the first general surveillance in thoal because the previous studies
had only entered ESBLs isolates in their survetéarESBL production was detected
in 35/223 (15.7%) of the strains determined by M#ds confirmed by combination
and synergy double disc methods with cefotaximé&jacene and ceftazidime as
indicator for ESBLs production. Thelactamases found in this study represented a
low percentage of resistance if compared with higinevalence worldwide.

Carbapenems, such as imipenem and meropenem, heeey droad spectrum of
activity and resist hydrolysis by ESBLs and derspeel chromosomal Amp@-
lactamases (Walther-Rasmussen and Hoiby 2006). @&adp with other

antimicrobial agents tested in this study, all E§Bbaducing strains were found
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susceptible to meropenem, keeping this the drughofce in treatment of multi-
resistant isolates. These results are in agreemgtdifferent studies worldwide
that carbapenems were active against all ESBLipgesénterobacteria (Goossens
and Grabein 2005; Luzzaro, Mezzatesta et al. 2006).

My findings of this thesis indicate that ESBL-prathg K. pneumoniae were seen in
greater proportions in urine than blood. This wasonsistent with many reports
from USA, Canada, and Spain. On the other hanslvhs in contrast to what found
previously in London and south-east England whefeSBL-producing
Enterobacteriaceae were seen in greater proportions in blood thaneu(Potz, Hope
et al. 2006).

Until 2003, the most ESBL-producinglebsiella spp. were almost exclusively
nosocomial, often from specialist units (Potz, Hogieal. 2006). The ESBL-
producing Enterobacteriaceae have increased among community-acquired strains.
Community-acquired bacteraemia was defined as iéiyblood culture taken on or
within 48 hours of admission into hospital (Ko, &abn et al. 2002). The
community-acquired findings, with its limitationshown here were occurred in
significant numbers 11 (31.4%) amoKg pneumoniae isolates submitted by GPs.
The similar figure from 42 UK centres is 70 (24%)291 CTX-M-producingk. coli
isolates studied were reported from community p#gig\Woodford, Wardet al.
2004).

Also, this study has confirmed that identificatioh Klebsiella using gyrA PCR-
RFLP is a simple, reliable, cheaper and rapid ggnomethod to identiflebsiella
species and phylogenetic groups. Moreover, VITEK2 lthe highest sensitivity,
specificity and accuracy to identify th€ebsiella spp than the other phenotypic
methods. That is because biochemical tests like ZH may fail to differentiate

betweerK. pneumoniae andK. oxytoca (Kovtunovych, Lytvynenkat al. 2003).

Another main issue studied in chapter 4 was thedumrtion of CTX-M enzymes by

K. pneumoniae isolates. The CTX-M-lactamases constitute one of the most rapidly
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growing ESBL families. Over the last decade CTX3yyes have replaced TEM and
SHV mutants as the predominant ESBLs in numeroustces. They have evolved
from an entirely different route from the SHV/TEMSBLS in that they derived from
the movement of a chromosonfalactamases dfluyvera spp. through conjugation
into Klebsiella andE. coli plasmids (Bonnet 2004).

In this study, | identified 16 isolates carrying X>M enzymes and this is considered
to be the first report of the emergence of this ifanof PB-lactamases irk.
pneumoniae in Scotland. Only CTX-M-15 enzyme was describedthis study
associated with five different clones, in contrtasthe UK situation where, CTX-M-
15 first reported fronk. coli in the UK in 2003, co-existed with CTX-M-9, CTX-M-
14, they all belong to an epidemic cloneEotoli sequence type ST131 and serotype
025:H4 (Woodford, Wardet al. 2004; Livermore, Cantoret al. 2007; Lau,
Kaufmannet al. 2008).

Overall, this surveillance detected 50% of CTX-M-@bzymes among 32 ESBL-
producingK. pneumoniae isolates which is similar to the moderate ratesagbby
other surveillance studies in Europe (Edelsteimii et al. 2003; Mugnaioli,
Luzzaroet al. 2006); (Eisner, Fagaat al. 2006); (Mesko Meglic, Koreat al. 2009).
However, higher rates, such as 100% were repant&pain and Scandinavia (Oteo,
Cuevast al. 2009; Lytsy, Sandegrest al. 2008).

The CTX-M genes are frequently located downstrednaro insertion sequence
ISEcpl, which played an important role in the mobilizatiand expression of these
genes (Karim, Poirekt al. 2001; Cao, Lamberét al. 2002). The I&cpl was
identified 48 nucleotides upstream in all straimg dne. This result was consistent
with a 48bp sequence previously describedofagrx-v-15 from India and previously
named as the W sequence (Karim, Paatedl. 2001; Poirel, Decousset al. 2003;
Eckert, Gautieet al. 2006).

CTX-M enzymes are borne on plasmids that enablea-inand inter-species

horizontal spread. These plasmids may carry otsistance determinants (Bonnet,
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2004). In this study the IncN plasmid by PCR is afe present wheblacrx-m-15
gene was identified even in the absence of Indkdithe IncN plasmid is the only
type present, these results are the first to iteit@e role of IncN replicon types in
the dissemination of thilactx-u-15 genes ink. pneumoniae. The plasmids carrying
CTX-M-15 genes had previously been identified toompatibility groups IncFll,
IncFl, IncR and IncFllk and IncL/M (Lavollay, Mamié& et al. 2006; Coque, Novais
et al. 2008; Carattoli 2009; Oteo, Cuewdsl. 2009; Coelho, Gonzalez-Lopeizal.
2010).

In chapter 5, only 90% (54/60) strains were positly PCR foiblasyy genes. IrK.
pneumoniae, the SHV-type ESBLs through the 1990s were subdeasd widely
distributed worldwide K. pneumoniae isolates are expected to present an intrinsic

resistance to ampicillin (Heritage, M'Zatial. 1999).

Although SHV ESBLs have been reported in Scotlamly two SHV variants,
SHV-2 and SHV-5, were more common. These data sthadive emergence and
spread of new SHV variants K. pneumoniae. Among the new SHV enzymes
identified in the country SHV-1, SHV-11, SHV-5, SH\2 and SHV-80. The
SHV-12 ESBL, not uncommon in Scotland, was found, hore surprising was the
discovery that 3 of the 8 isolates carried CTX-Méd)B3-lactamases suggests a
prominent potential for this determinant to spraatbng different plasmid replicons.
The blasyy-12 has been reported to the predominant SHV enzynseuth-east Asia
(Lee, Choet al. 2006), Spain (Diestra, Juaat al. 2009) and ltaly (Carattoli,
Miriagou et al. 2006). SHV-80 possessed an amino acid substittlal146—-Thr
and expressed unusual resistance phenotype to emenopand co-expressed CTX-
M. An amino acid substitution, Alal46Val, described before in SHV-38 which had
carbapenem hydrolytic activity (Poirel, Heritigtral. 2003).

During the course of this study, it was demonstrabat anumber of strains carried
both non-ESBL encoding gene (SHV-11) and ESBL (SEVer SHV-80) genes.
The prevalence df. pneumoniae isolates with more than orfielactamase has been
described before, especially between SHV-11 and-3RYLee, Cheet al. 2006).
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In agreement with others, the presence of tl26 Element upstream dfasyy genes
described in this study strongly suggests an acte for these sequences in the
evolution and dissemination of antibiotic resisemgenes (Ford and Avison 2004).
All isolates but one were found to carry the sn&V transposon. & insertion
was identified into thdlasyy promoter with 14bp target duplication which praesd
a strong promoter. The large SHV transposon-bomwengters (IS26-lacY-recF-
SHV) were amplified from only one isolate harbouremh-transferablélasyy. This
promoter has enhanced activity, due to-aA mutation inthe —10 region (Turner,
Anderssoret al. 2009).

Additionally, class 1 integrons are highly freque2/28 (93%) among ESBL-
producingK. pneumoniae clinical isolates. Three isolates (11%) were fopoditive
for class 2 integrons; these isolates were foursitige for class 1 integrons as well.
The dfrAl12 + aadA2, aadA2, aadAl anddfrAl2 + ereA2 gene cassettes have been
identified by sequencing within the variable regioh class 1 integrons. They
encoded resistances currently correspond to oldbiatits, keeping them without

significant contribution of ESBL dissemination.

Furthermore, in chapter 6 | focussed on the diffees within SHV-1 and SHV-11.
Among 88 SHV enzymes tested, the synonymous nudécohutations A402G,
G705A, C786G and C324T were the most frequent. & nacleotide substitution
G846A was observed within 3 isolates sequenced fmomcollection. This study

could help in future understanding of the evolufiwacesses of SHV enzymes.

LEN-1 is a chromosomally encoddttlactamase found in many strains Kf
pneumoniae (Heritage, M'Zaliet al. 1999). Until now, a reduced number of studies
based on LEN3-lactamases have been published. In chapter 7yablegen. from
the ESBL-negativ&. pneumoniae (Kplll) phylogenetic group was identified in this
thesis. It showed 3 amino acid differences in campa to LEN-2 (Val84-Leu,
Thrll4—Ala and lle257Leu), the substitutions Thr114Ala was firstly described

in this study but does not shown significant infloe to the resistance to third-
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generation cephalosporins. This result was onlystwnd after (Chen, Zhang et al.
2005) to report the carriage of thky ey gene on a transferable plasmid suggesting

further complications of resistance in future.

K. oxytoca is an important opportunistic pathogen causingossr infections
especially among neonates and intensive care (lpdddschun and Ullmann 1998;
Fevre, Jbekt al. 2005). The chromosome Kf oxytoca carries alaoxy gene, which
is constitutively expressed at low levels and uguabnfers low-level resistance to
amino- and carboxy-penicillins (Livermore 1995; Fuar and Roy 1997). The
blapxy first identified from a sick child infected witk. pneumoniae in Glasgow,
Scotland (Arakawa, Ohtt al. 1989; Granier, Leflon-Guibowt al. 2002).

In chapter 8, | studied tw&. oxytoca isolates. One isolate showed resistance to
cefotaxime and ceftazidime and has Ala28hr substitution. The present study is
the first to report the substitution of Ala23Thr in theblapxy-2 and this enhances
resistance to cefotaxime, and ceftazidime. Thisatut has produced the first
cefotaxime-resistant OXY-B-lactamase producing. oxytoca enzyme. Also, the
same isolate confer resistance to amoxicillin-cémate. This could represent
emergence of CMO (Complex Mutant OXY) capable affeaing ESBL plus IRO
(inhibitor resistance OXY) phenotype. The massise off3-lactam plug3-lactamase
inhibitor combinations in patients from the comntyrand hospital environments
also facilitates the appearance of these type mfreas (Canton, Morosirgt al.
2008).

The substitution of Thr237 was clearly increaseidtegime MICs in TEM-5, TEM-
24, TEM-86, TEM-131 (4 to 64 mg/l) (Petit, Siretal. 1988; Chanal, Sirot al.
1989; Kruger, Szabet al. 2004; Baraniak, Fiett al. 2005). Also, the presence of
Threonine at this position could be responsible tfug relatively high inhibitor
concentration of clavulanic acid (Fournier and R®97; Mammeri, Poirekt al.
2003). Recently, Prol6%Ser substitution oK. oxytoca strain conferring resistance
to ceftazidime was reported (Mammeri, Poetedl. 2003). The firsK. oxytoca strain
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conferred resistance to inhibitors was due to thena acid substitution Ser130Gly
(Sirot, Labiaet al. 1998).

In recent years, the plasmid-mediatgad genes (QnrA, QnrB, QnrS, QnrC, and
QnrD) which protect the DNA gyrase and topoisomeréé from inhibition by
guinolones have become a concern because of gaene association with ESBL
CTX-M and CMY-type enzymes (Lavilla, Gonzalez-Lopet al. 2008); (Poirel,
Cattoir et al. 2008; Cavaco, Hasman et al. 2008balTof 45 (20.2%) and 30 (13.5%)
isolates in all isolates were resistant to nalixcid and to ciprofloxacin. The high
prevalence of ciprofloxacin-resistant strains foumdst be taken into account when
designing treatment of an ESBL-produckgcoli urinary tract infection.

In chapter 9, | reported on the distribution of dpeA, gnrB and gnrS among a
collection of 219K. pneumoniae isolates. To our knowledge, this study constitutes
the second to report on distributionguir genes in Scotland. The prevalencemfA

and B genes were 5 (2.28%) and 13 (5.9%) respectivelly aiit overall distribution

of 8.2%. Thegnr genes were expressed in 18/32 (56.25%) of tot&lLE8oducing
isolates. In contrast, this finding indicated higievalence and different distribution
than what reported previously in Scotland (HamoWdi, et al. 2008). Even though
other resistance mechanisms such as efflux pumpEpAYQ aminoglycoside
acetyltransferase aa¢(@b-cr variants or porin-related proteins are ljk¢o be

present.

Furthermore, consistent with the previous findingdl, isolates were found in
complex sull-type integrons and were positive fntl1, sull, andgacE4A1 genes.
Finally, all gnr-positive isolates but one wereigssd to be IncN. In contrast, IncFll
was described from 14 isolates. The IncN plasmaislieen shown to cargyrSin

S enterica isolates from UK (Hopkins, Woottoet al. 2007). The association of the
gnrB and gnrA gene with IncN and IncFll plasmids could help diss®te these

resistance determinants among otfetier obacteriaceae.
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Overall, during recent years, attention has beeaded on the increment Bf coli in
ESBL-production particularly in the community setti whereas little work has been
observed in previous studies kh pneumoniae isolates. This study has confirmed
that the maintenance of ESBL-producikg pneumoniae isolates within hospitals
and in the community. Also, the emergence and gpoéaew ESBL variants have
detected. Moreover, the presence of high prevalec€TX-M enzymes among
ESBLsK. pneumoniae isolates as described fér coli in UK.

Finally, the issues studied in this thesis areastipular importance in understanding

the spread offi-lactamases and their contribution to resistanceEdinburgh,
Scotland.
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