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Abstract

Extended-spectrum beta-lactamases (ESBLs) are a growing concern both

in the hospital and community settings. These ESBLs have frequently been

repofted among Escherichia coliand K/ebsiel/a spp. but have also been

described in Salmonel/a spp. Many isolates that harbour ESBLs are multi-drug

resistant and can therefore limit therapeutic options. This reporl describes

ESBLs in three different studies, ESBLs identified from Canadian Sa/monella

isolates, ESBLs produced by E. coli in a long term care facility, and ESBLs

identified in fluoroquinolone resistant strains o'f E. coliin a North American study.

The methodologies from all three projects are described below.

Susceptibilities were determined using the automated Sensititer System and

ESBLs were confirmed using disk diffusion (CLSI). PCR and sequence analysis

was used to identify blalç¡¡, b/asHv, and blaçyy-n¡. Strains were subtyped using

pulsed-field gel electrophoresis and analysed for similarity using BioNumerics

v3.5. Plasmid DNA was transferred to E. coliDH10B using electroporation and

plasmid fingerprinting and size estimation was carried out using Bglll and Hpal.

Salmonella strains from human cases were identified from the Canadian

lntegrated Program for Antimicrobial Resistance Surveillance (CIPARS) over a

2.5 year period beginning January 2003. Twenty-five (0.33%) of 7618

Salmonella isolates were identified among ten different serovars over the 2.5

year period as ESBL-producers. ESBL rates per year were: 2003, 0.26%

(n=B/3056); 2004, 032% (n=10/31 47); January 2005 to June 30, 2005, 0.49%

(n=711415). Genotype distribution included blas¡v-zu1t"ì=13, 52o/o), blasnv-tz(n=2,



Bo/o), blactx-M-14 (n=2, Bo/o), blactx-M-1s (n=1 , 4%) and seven (28%) strains

contained unknown resistance mechanisms. Plasmid fingerprinting suggested

an indistinguishable SHV-2a containing plasmid may have spread between

serovars.

Over a two year period, starting January 2002 and ending April 20O4, all

E. coli displaying reduced susceptibility to CLS I recommended beta-lactams

isolated from a long term care facility (LTCF) in Manitoba were submitted to

Cadham Provincial Laboratory. Sequence analysis of the 40 confirmed ESBL-

producers revealed 29 (72.5%) CTX-M-1 4, 10 (25%) CTX-M-15, and one (2.5%)

SHV-S gene. PFGE subtyping revealed two major clusters distributed among the

LTCF. Majority of isolates were multidrug resistant and were resistant to

ciprofloxacin (n=39, 97 .5o/o), naladixic acid (n=39 , 97 .5o/o), tetracycline (n=39,

97 .5%), trimethoprim/sulfamethoxazole (n=15, 37 .5%), kanamycin (n=9, 22.5%)

and gentamicin (n=11 ,27.5%). Statistical analysis revealed patients with

multiple isolates were more likely to have had multiple courses of antibiotics. As

well patients harbouring CTX-M-14 were more likely to have had a gastrostomy.

As paft of the North American Urinary Tract lnfection Collaborative

Alliance Quinolone Resistant (NAUTICA-QR) study 30 medical centres in the

United States and 10 medical centres in Canada collected consecutive outpatient

QR-E coli mid-stream urine (MSU) isolates. ESBL distribution of the 59

confirmed ESBl-producers included 31 (52.5%) b/acrx-rr¡-rs, 21 (35.6o/o) blactx-r¡-

14, ore (1 .7%) blactx-¡t-zq, three (5.1%) blasnv-tz, one (1 .7%) blarc¡4-1 and one

(1.7%) blaqx-t¿-zs. A total of 66% of the isolates were multidrug resistant.



The three studies presented here have shown very different results among

ESBL-producing bacteria. For instance SHVtype ESBLs were frequently seen

among Salmonella isolates, whereas the CTX-Mtypes were seen more among

E. coliisolates. lt is also interesting that plasmids harbouring ESBLs in E- coli

from the LCTF were multidrug resistant, whereas Salmonella plasmids were not.

The multidrug resistant nature of ESBL-producing E. coliand the increasing

emergence of ESBLs in Canadian Salmonella isolates are growing concerns.

Since isolates harbouring ESBLs are often multidrug resistant, treatment options

become very limited. This therapeutic dilemma along with the increasing

prevalence of ESBLs are both important reasons to continually screen for ESBLs

and develop an understanding on how to treat infections caused by ESBL-

producing organisms.
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1 lntroduction

1.1 Antimicrobial Resistance

Although the mechanisms of antimicrobial action were not scientifically

understood until the late 20th century, the use of folk remedies that utilize organic

compounds to fight infection has been known since ancient times (53). The first

observation of what would now be called an antibiotic effect was made in the 19th

century by French chemist Louis Pasteur, who discovered that certain

saprophytic bacteria could kill anthrax bacilli (53). ln the 1920's, the accidental

discovery of penicillin by Alexander Fleming marked the beginning of the

development of antibacterial compounds produced by living organisms (43).

Since then, many antimicrobials have been introduced for clinical use, and

these drugs have greatly contributed to the control of infectious diseases.

However, over time, these miracle drugs resulted in the evolution of organisms

that harbour various antimicrobial resistant mechanisms allowing them to evade

the beneficial effects of antimicrobials.

1.1.1 Mechanisms of Resistance

There are four major mechanisms that mediate bacterial resistance to

antimicrobials. The first is known as efflux, and is the ability of bacteria to

actively pump out antimicrobial agents from cells. The second mechanism of

resistance is porin alterations. Porins are proteins that form channels in the outer

membrane of bacteria and allow compounds of certain size to enter or exit the

il



cell (12). By this resistance mechanism, porins become altered such that there is

a decreased permeability for compounds including antimicrobials. Another

mechanism involves alteration of target sites for which the antimicrobial will bind

in order to carry out its actions. The final mechanism is the production of

enzymes that can degrade the antimicrobial in question.

1.1.1.'a Beta-Lactamases and Extended-Spectrum B-Lactamases

The production of enzymes that inactivate beta-lactam antibiotics is

perhaps the most important mechanism of resistance among beta-lactam

antibiotics (15,122). Beta-lactamases hydrolyze the four-membered beta-lactam

ring of antibiotics such as penicillins (Figure 1). Hydrolysis causes the beta-

lactam ring of the antibiotic to be cleaved thus rendering it inactive (72).

Extended-spectrum beta-lactamases (ESBLs) function in the same manner. Like

narrow spectrum beta-lactamases, ESBLs are capable of hydrolyzing most beta-

lactam antibiotics and are inhibited by beta-lactamase inhibitors such as

clavulanic acid (102). Unlike regular beta-lactamases, ESBLs are also capable

of hydrolyzing broad-spectrum cephalosporins such as cefotaxime and

ceftazidime (19, 124). Most often, ESBLs are found in members of the family

Enterobacteriaceae such as Escherichia coli or Klebsíella pneumoniae (104).

These ESBLs generally arise from point mutations in TEM, SHV, CTX-M or OXA

beta-lactamase genes. To date there are over 200 variants of these four

subtypes of ESBLs that can be found on a website hosted by George Jacoby and

Karen Bush (http://uruvw.lahey.org/studies/webt.htm). To fully understand the

12



evolution of ESBLs, the introduction of beta-lactam antibiotics particularly

cephalosporins and beta-lactamase inhibitors will be described.

13



Figure 1. Hydrolysis reaction of penicillin. Penicillin becomes inactive when

the four membered beta-lactam ring is cleaved by the beta-lactamase.

14
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1.1.1.1.1 Broad Spectrum Cephalosporins

The production of beta-lactamases occurred well before the development of

penicillin for medical purposes (1, B). As the years progressed after the

introduction of penicillin, an increase in resistance to penicillins by many bacteria

was observed. This was a time in which many new beta-lactam antibiotics or

variants of old ones were developed in order to overcome the hydrolytic action of

beta-lactamases. Typically, new antibiotics or new variants were developed by

the addition of different side chains that surrounded the four-membered beta-

lactam ring (72). One new class of antibiotics, known as the oxyimino-

cephalosporins, were specifically designed to overcome hydrolysis of beta-

lactamases (68). These antimicrobials have a six-membered ring adjacent to the

beta-lactam ring and are substituted in two places on the 7-

aminocephalosporanic acid nucleus, whereas penicillins have a five-membered

ring adjacent to the beta-lactam ring and are substituted in one place (72).

Similar to penicillins, new generations of cephalosporins (2n0, 3'o and 4th

generation cephalosporins) with a broader spectrum of activity were developed in

an attempt to over come this resistance (Table 1). A broad spectrum drug has

activity against several types of bacterial species, often Gram positive and Gram

negative organisms, whereas a narrow spectrum drug only has activity against a

couple of bacterial species, often only Gram positive or Gram negative

organisms (72). The differences in the generation of cephalosporins lies in the

different side groups attached to the beta-lactam ring. For instance, the 3'd

generation cephalosporins are known for the oxyimino group side chains. lt was

t6



not long after the introduction of third generation cephalosporins that the

production of beta-lactamases with an increased spectrum of activity known as

ESBLs evolved (111).

Table 1. Generations of Cephalosporins.

First Second Third Fourth

Generation Generation Generation Generation

Cefadroxil Cefaclor Cefexime Cefepime

Cefazolin Cefamandole Cefoperazone

Cephalexin Cefatazole Cefotaxime

Cephalothin Cefinicid Ceftibuten

Cephalirin Cefoetan Cefpodoxime

Cephadrine Cefprozil Ceftazidime

Cefuroxime Ceftizoxime

Loracarbef Ceftriaxone

Cefdinir

1. 1. 1. 1.2 Beta-Lactam lnhibitors

As a penicillin analogue, clavulanic acid is an example of a beta-

lactamase inhibitor that binds strongly to beta-lactamases, thus preventing

cleavage of the beta-lactam antibiotic (72,134). Other examples of beta-

lactamase inhibitors include tazobactam, and sulbactam (72). Although such

inhibitors have little to no antimicrobial effect on their own, they do have similar
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structures to beta-lactam antibiotics, which enable them to bind beta-lactamases

irreversibly. By binding to the beta-lactamase, the beta-lactamase cannot

efficiently bind the beta-lactam antimicrobial. This then allows the beta-lactam

antimicrobial to actively target the beta-lactamase. For this reason beta-

lactamase ínhibitors are used in combination with antimicrobials to prolong the

effectiveness of the beta-lactam antibiotic with which they are administered (72,

134).

Beta-lactamase inhibitors such as clavulanic acid also play an important

role in the in vifro identification of organisms harbouring ESBLs. An organism

with an ESBL phenotype is defined as having reduced susceptibility to third

generation cephalosporins and susceptible (or inhibited) to beta-lactamase

inhibitors such as clavulanic acid (26). This phenotypic method for confirming

ESBl-producers is further described in section 5.2.

1.1.1.1.3 Classification of Beta-Lactamases

There have been many schemes proposed for the classification of beta-

lactamases in order to understand the relationship of these enzymes to one

another. The oldest scheme is known as the Ambler molecular classification and

was first proposed in 1980 (26). ln this scheme, beta-lactamases are grouped

into four major classes A, B, C and D based on amino acid sequence similarity.

Classes A, C and D are characterized by an active-site serine residue (81, 125),

whereas class B enzymes contain a divalent metal ion such as zinc near the

active site (125). According to this scheme, ESBLs derived from blarc¡¡ or b/âsHv

18



are classified as class A enzymes (Table 2). Although the Ambler classification

scheme is still used, it does not sufficiently differentiate the many types of class A

enzymes currently recognized (19). ln 1995, Bush, Jacoby and Medeiros

devised a scheme that uses the biochemical properties of the enzyme plus the

molecular structure and nucleotide sequence of the genes to place beta-

lactamases into functional groups (19). This functional classification scheme is

based on four groups (1-4), and subgroups (a-f). According to this scheme,

ESBLs are defined as beta-lactamases capable of hydrolyzing third generation

cephalosporins that are inhibited by clavulanic acid and are placed into functional

group 2be (Table 2) (19).
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Table 2. Functional and Molecular Characteristics of the Major Groups of

Beta-Lactamases (modified from reference 26).

Functional Molecular
Attributes of Beta-Lactamases

Group Class

1 C Often chromosomal, may be plasmid mediated.

Resistant to all beta-lactamases, except

carbapenems.

Not inhibited by clavulanic acid.

2a A lnclude Staphylococcal and enterococcal

penicillinases.

High resistance to penicillins.

2b A Broad-spectrum beta-lactamases.

2be A ESBLs conferring resistance to oxyimino-

cephalosporins and monobactams.

2br A lnhibitor resistant TEM and SHV beta-lactamases.

2c A Carbenicillin-hydrolyzing enzymes.

2d D Cloxacillin-hydrolyzing enzymes; mildly inhibited by

clavulaníc acid.

2e A Cephalosporinases inhibited by clavulanic acid.

2f A Carbapenem-hydrolyzing enzymes with active site

serine; inhibited by clavulanic acid.

3a,3b,3c B Metallo-beta-lactamases conferring resistance to all

beta-lactamases except monobactams.

4 ? Miscellaneous unsequenced enzymes.

20



1.1.1.2 Types of ESBLs

The majority of ESBLs are derivatives of TEM or SHV enzymes, which

comprise at least 130 members and have widespread distribution. Point

mutations at selected loci can give rise to the extended-spectrum phenotype

(19). The most common point mutations among SHV and TEM enzymes will be

addressed in sections 1.1.1.2.1 and 1 .1.1.2.2. These mutations alter the

configuration of the active site of the original and long known beta-lactamases

designated TEM-1, TEM-2 and SHV-1. The resulting amino acid changes can

create slightly different folding patterns at the active site of the enzyme.

Consequently this can affect the interaction between the active site and beta-

lactam drugs.

More recently, non-TEM and non-SHV plasmid-mediated class A ESBLs

have been reported: ceftazidimases of the PER, VEB, TLA-1, and GES/IBC

types, cefotaximases of the SFO-1, BES-1 and CTX-M types, and OXAtype

beta-lactamases (15). These enzymes have been found in a wide range of

geographic locations and organisms but remain rare in comparison to TEM, and

SHV type ESBLS. Despite this, the CTX-M and OXA types appear to be reported

more frequently in many parts of the world and will be fufther discussed in

sections 1.1.1.2.3 and 1 .1.1.2.4, respectively.

1.1.1.2.1 TEM

ln the early 1960's, TEM-1 which is not an ESBL, was the first plasmid

mediated beta-lactamase in Gram negative organisms (35). lt was originally

found in E. coliisolated from a blood culture from a patient named Temoniera in

2l



Greece, hence the designation TEM (81, 125). lts location on a plasmid has

easily facilitated its spread to other bacteria. Within only a few years, TEM-1

spread worldwide and is now found in many different members of the family

Enterobacteriaceae. TEM-2 was the first derivative of TEM-1 but is not

considered an ESBL because the substrate profile is identical to TEM-1 ('19,

121). lt should be noted that to qualify for a new TEM number the amino acid

sequence and the nucleotide sequence of the native enzyme should be unique

(26). Further mutations within the TEM-1 or TEM-2 genes, presumably through

antimicrobial selection, have allowed the enzyme to expand the hydrolysis

capabilities to extended-spectrum cephalosporins while maintaining its original

hydrolysis capabilities (121). ldentified in 1989, TEM-3 was the first TEM{ype

beta-lactamase to display the ESBL phenotype (130). There are a number of

amino acid residues that are important in generating the ESBL phenotype among

TEM genes. Examples of some of these imporiant substitutions include

glutamate to lysine at position 104, arginine to serine or histidine at position 164,

glycine to serine at position 238 and glutamate to lysine at position 240 (Figure 2)

(19). To date, there are over 90 TEM{ype beta-lactamases. Although mainly

found in E. coliand K. pneumoniae, TEM-type ESBLs are found in many other

organisms such as Neissena gonorrhoeae, and Haemophilus influenzae (125).

22



Figure 2. Amino acid substitutions in TEM ESBL. (Derived from reference

19). All sites listed represent amino acid changes that can generate an

ESBL phenotype.
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1.1.1.2.2 SHV

The SHV enzymes, named after the "sulfhydryl variable" active site, are

most commonly associated with K. pneumoniae but have also been found in E

coli, Pseudomonas aeruginosa and Salmonella species (19, 89, 121, 125). The

native SHV-1 enzyme was first described in 1972 (31 ). Similar to TEM-1 and

TEM-2, the SHV-1 beta-lactamase is typically a plasmid-encoded enzyme in E

colithat confers resistance to many types of penicillin and is not classified as an

ESBL (19, 121). Despite its plasmidic location in E. coli, this beta-lactamase has

been found at a higher frequency (80 to 90%) in K. pneumoniae and is thought to

have originated on the chromosome of K. pneumoniae (19, 31). Mutations within

the SHV-1 gene can expand its hydrolysis capabilities to broad-spectrum beta-

lactamases. The first beta-lactamase capable of hydrolyzing broad spectrum

beta-lactams was SHV-2, which was found in K. pneumoniae in the early 1980's

(19, 121). Not long after, SHV-type ESBLs were recognized in many

Enterobacteriaceae including Salmonella spp. (1 47). To date, there are over 35

SHVtype beta-lactamases. The majority of SHV variants are characterized by

the substitution of a serine for glycine at position 238 (Figure 3). The serine at

position 238 is critical for the efficient hydrolysis of ceftazidime (58). Some

variants also have a substitution of lysine for glutamate at position 240, which is

critical for efficient hydrolysis of cefotaxime (58). Although most of the SHVtype

derivatives possess the ESBL phenotype, SHV-10 is reported to have an

inhibitor-resistant phenotype (19). Unlike the classical ESBL characteristics, this

variant is not inhibited by clavulanic acid. Although it is still an ESBL, this
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phenotype is attributed to the Ser140Gly mutation that appears to override the

strong ESBL phenotype usually seen in enzymes containing the Gly238Ser and

Glu240Lys mutations occurring in other SHV{ype enzymes (19).
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Figure 3. Amino acid substitutions in SHV ESBL derivatives (derived from

reference 19). All sites listed represent amino acid changes that can

generate an ESBL phenotype.

27



Ser

Sl-lv-2a
st-tv-3
SHV_4
st{v-5
sl-tv-7
SHV-1 O

SHV-12
SHV-20
SHV-Z1
SHV-22
Ala
SHV-13
SHV-18

I

Phe
SHV-7
SHV-14
SHV-18

It

L!Þ
SHV-4
SHV-5
sFtv-7
SHV.1O
sl-tv-12
SHV-18
SHV-22

Phe
SHV-19 Thr
sl-{v-20 sHV-26

lt
tttr

Lerr

sqv-22 sHV-6 :lJ"As; sFrv-4

sllv-a
9lY
st-IV_24

Pro
TElvl-60

Phe Oly
SHV-21 S-lr/-10

Gln
SHV-2a
SHV.1 1

SHV-12
SHV-13
SHV-25

lle Lð Arg Leu Leu lvlet Ser Asn L€u Asp Ala Æg Gly Glu
8 35 43 51 122 129 130 158 173 17S 187 205 238 240

28



1.1.1.2.3 CTX-M

Unlike many ESBLs which are ceftazidimases, the CTX-M ESBLs are

plasmid-mediated enzymes that preferentially hydrolyze cefotaxime, hence the

name CTX-M ('19,98). These ESBLs are not closely related to the TEM-1 and

SHV-1 derived enzymes that have been described previously. lt has been

shown that the CTX-M family only shows approximately 40% similarity to TEM

and SHV beta-lactamases at the amino acid level (139). The CTX-M's are

grouped on the basis of sequence similarity into five distinct clusters (subtypes),

CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9 and CTX-!\A-21 (38, 15) (Table 3).

Within each subtype there is a high degree of CTX-M gene sequence identity

(>95%), whereas members of different subtypes share only 70 to 77% similarity

at the nucleotide level (38). Since all CTX-M genotypes are ESBLS, a progenitor

has often been speculated. Recently a high degree of homology between the

chromosomal AmpC enzymes of Kluyvera ascorbata was observed. lt has been

suggested that many CTX-M{ype enzymes, in pafticular, the CTX-M-2 and CTX-

M-B groups probably originated from this species (19, 98). The potential

progenitors of CTX-M-1, CTX-M-9 and CTX-M-25 have yet to be identified. The

CTX-M enzymes are the most widespread non-TEM and non-SHV plasmid

mediated class A ESBLS. The first CTX-M ESBL was isolated from E. coliin the

late 1980's in Germany and was designated CTX-M-1 (15). Currently, the CTX-

M family contains approximately 40 beta-lactamases.

It should also be noted that elements known as lSEcpT or lSEcpT-like

insertion elements have been observed upstream of various blaç1y-y¿ genes and
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may be implicated in mobilization of CTX-M genes (2, 17). Another element

implicated in the mobilization of b/a61¡-r/ genes such as CTX-M-1 4 and CTX-M-B

is lS 70 (16).

Table 3. Acquired CTX-M groups and their member enzymes (modified from

reference 15)

CTX-M Group Acquired CTX Members

CTX-M-,1

CTX-M-2

CTX-M-8

CTX-M-9

CTX-M-25

CTX-M-1, CTX-M-3, CTX-M-10, CTX-M-12, CTX-M-15, CTX-M-

22, CTX-!\A-23, CTX-lVl-29 and FEC-1

CTX-M-2, CTX-M-4, CTX-M-4L, CTX-M-5, CTX-M-6, CTX-M-7,

CTX-M-2O and Toho-1

CTX-M-B

CTX-M-9, CTX-M-13, CTX-M-14, CTX-M-16, CTX-I\A-17 , CTX-

M-19, CTX-M-21, CTX-M-24, CTX-M-27, C-lX-l\A-14c, and

Toho-2

CTX-M-25 and CTX-M-26

1.1.1.2.4 oXA

Another emerging family of ESBLs is the OXA{ype enzymes. These

beta-lactamases differ from the TEM and SHV enzymes in that they belong to

molecular class D and functional group 2d (26). The OXA-type beta-lactamases

are characterized by their high hydrolytic activity against oxacillin and cloxacillin

and the fact that they are weakly inhibited by clavulanic acid. Despite this weak

inhibition by clavulanic acid, one OXA-type enzyme, OXA-18, was reported to be

strongly inhibited by this compound (112). The OXA-type ESBLs were originally



reported in P. aeruginosa isolates in a hospital in Turkey. To date they are

frequently found in P. aeruginosa but have also been observed in E. coliand K.

pneumoniae isolates (19, '104). The spread of this gene to different organisms

may be attributed to the fact that oxa genes are frequently found on plasmids or

integrons (90). To date, approximately 30 OXA beta-lactamases have been

identified. Major ESBL subtypes of this group include OXA-2, OXA-10, OXA-11,

oxA-18, OXA-24, OXA-31, OXA-45 (4, 137).

1.1.2 Epidemiology of ESBL-Producing Organisms

Prevalence of ESBLs is difficult to accurately determine since limitations in

detection methods often lead to an underestimation of ESBLs. However it is

clear that the prevalence of ESBLs varies greatly around the world and is

increasing. Lower prevalence of ESBLs in certain parts of the world may be

partially attributed to differences in cephalosporin usage and methods of

detecting ESBLs as well as lack of a sufficient surveillance system.

1.1.2,1 Europe

Although initial reports of ESBLs were from Germany (68), it did not take

long for ESBLs to be found throughout Europe. Most reports after the discovery

of ESBLs were in France (111). The prevalence of ESBL producing isolates in

Europe also varies greatly from country to country. For instance, in France, up to

40% of K. pneumoniae isolates from hospitals were found to be ceftazidime

resistant (22). lt was also found that ICU's in Portugal and Russia showed

significant resistance rates of 34% and 33%, respectively (ag). Some
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surveillance studies have revealed that the highest prevalence of ESBL-

producers (73%) is found in Turkey (49). ln contrast, <1o/o of E. coli and K.

pneumoniae isolates were found to harbour an ESBL in the Netherlands (133).

Similar rates have been seen in German, Spanish and Swedish ICU's among

Klebsiella spp in the mid 1990's (a9). This diversity of ESBL rates from country

to country may be indicative of ESBL outbreaks. The diversity of antimicrobial

usage among different countries that ultimately select for certain resistance

genes may also play an imporlant role.

Predominant TEMtype ESBLs in Europe include TEM-3, TEM-24 (30,

153) and more recently, TEM-10 (9). Both SHV-4 and SHV-5 are also very

common ESBLs in Europe and the USA (30).

1.',.2.2 Asia

lnitial reports of ESBL-producing K. pneumoniaefrom China occurred in

19BB (62). Throughout Asia, the percentage of ESBL production among E. coli

varies from region to region and tends to be lower than most countries in Europe.

For instance, Korea has reported 4.8% (99) whereas Hong Kong has reported up

to 12% (55). As well, isolates collected in Beijing from 1997 to 1999 'found 27o/o

of E. coliand K. pneumoniae to be ESBl-producers.

lnterestingly, some ESBLs appear to have a reputation for causing

outbreaks in pafticular regions or countries. Frequent reports of outbreaks of

organisms harbouring CTX-M{ype ESBLs in Japan (69), Korea (100) and

Taiwan (152) have been recently reporled. As well, SHV-2a and SHV-12 aretwo

of the most common ESBLs found in Korea (66).
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1.1.2.3 North America

Reports of ESBL-producing organisms in the United States of America

appeared in 1988 (62). A study from 1990 to 1993 showed that K. pneumoniae

isolates resistant to ceftazidime increased from 4% fo 14% (79). Another

surveillance study from 1998 to 2002 revealed that 6.1 % of all K. pneumoniae

screened from 1 10 ICU's displayed the ESBL phenotype (94).

ln the United States, TEM-10 has been responsible for a number of

outbreaks over the years (20, 95, 140). Other ESBLs such as TEM-'í2 and TEM-

26 are prominent in the USA and are not as predominant in Europe (19). lt was

only recently that TEM-10 has been reported to a similar frequency in Europe (9).

ln Canada, one study revealed 20% of all E. coli and K. pneumoniae

isolates submitted to the study were ESBL positive (BB). This study also found

that the majority of ESBLs were SHV and CTX-M{ypes with the predominant

genotypes being CTX-M-'l4, CTX-M-15, SHV-2a, and SHV-12.

1.1.3 Glinical Significance of Extended-Spectrum Beta-Lactamases

Organisms that produce ESBLs are clinically significant in the hospital and

community settings. One important observation as to why they are significant is

that many ESBl-producers results in colonizations. ln the hospital setting,

detection of ESBLs from samples such as urine may be important because this

represents an epidemiological marker of colonization and therefore the potential

for transfer of such organisms to other patients. ln many hospitals ESBL-

producing organisms are already endemic (104). ln some hyperendemic ICU's,
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30 to 70% of patients have gastrointestinal tract colonization with an ESBL-

producer at any one time (46, 108, 131). lt should also be noted that the majority

of patients have colonization with ESBL-producers and no infections.

Colonizations with ESBL producing organisms typically outnumber infections with

ESBL producing organisms and therefore represent an imporlant reservoir for

these organisms (104). lt has also been suggested that for every clinically

significant infection with an ESBL-producer at least one oiher patient exists in the

same unit with gastrointestinal tract colonization with an ESBl-producer (52,74).

Additionally, the chances of an infection resulting from a previous colonization

are fairly high and can occur within weeks of colonizalion (74, 107). For

example, previous findings have reported that up to B0% of patients with an

infection caused by ESBL-producing K. pneumoniae have had prior

gastrointestinal carriage (7 4, 107).

Previous studies have also suggested that ESBL-producing organisms are

emerging as a cause of infections among people in the community (23,32,120).

A Canadian study investigated community on-set infections with ESBL-producing

organisms and found that of 157 patients, 1 1 1 (71%) had community on-set

infections and 46 (29%) had nosocomial infections (114). One may speculate

that the large amount of community on-set infections may be reflective of

associations with foodstuffs, and frequent patient contact with heath care

facilities, however further investigation is needed (104). The prevalence of

colonization with ESBL-producing E. coliin the community remains relatively

unknown.

34



ESBLs are also clinically significant because many of these organisms

have multi-drug resistant (MDR) profiles that make treatment options very

difficult. ln many hospitals at least 15 to 30% of ESBl-producers are quinolone

resistant (5, 63, 71, 106, 151). The number of MDR ESBl-producing organisms

is probably greater in the hospital setting than in the community due to the

greater selective pressure of numerous antimicrobials. This limitation on

treatment may contribute to prolonged colonization or infection and ultimately

more serious disease.

1.1.4 Risk Factors

There are a number of risk factors associated with acquiring an ESBL

infection. Some specific risk factors include length of hospital stay, time in lCU,

severity of illness, catheterization, and previous exposure to antibiotics (108). A

number of case control studies have revealed numerous risk factors associated

with ESBL-producing organisms and are summarized in Table 4.
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Table 4. Risk factors associated with ESBl-producing organisms (modified

from references 44 and 59).

Nosocomial infection

Previous administration of any antibiotic

Previous administration of a third generation cephalosporin or aztreonam

Ventilatory assistance

Catheter present

Urinary catheter

Central venous catheter

Duration of hospital stay

Age

Long term care facility

Duration in an intensive care unit

Low birth weight

1.1.5 Control Measures

Since the discovery of ESBLs there has been an urgency to develop new

treatments and prevent their spread. Various drugs, as mentioned above,

remain sufficient in treating most EBSL-producing bacteria, however, infection

control measures must also be addressed. Prevention starts at the source of the

problem, which in many cases is primarily in the hospital setting. ln this setting,

infection control measures should be properly executed at alltimes. These

include proper use of gloves, hand hygiene, and the use of disposable gloves

and gowns when caring for patients infected with ESBL-producing organisms
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(1 10). As well, regular sanitization of equipment and hospital rooms is

suggested. Therefore, effective methods to control and manage ESBL-producing

organisms should not simply rely on new antibiotics, but should also focus on

compliance with hand washing, barrier precautions and judicious use of

antibiotics. ln addition, patients are also responsible for controlling the spread of

these organisms. Patients should follow good compliance with their drug

therapy, as well as maintain good hygiene. Finally, contact isolation (i.e. the use

of gloves and gowns when in contact with a patient), is not standard procedure

when dealing with ESBL-producing organisms, and is only employed by some

institutions. Studies have shown that contact isolation can reduce the spread of

ESBL-producing organisms and standard methods of hand washing and

screening for colonization may be effective in controlling outbreaks (75).

1.1.6 Treatments

Depending on the geographic location, drug therapy for Gram negative

organisms may differ slightly. Typically, E. coliand K. pneumoniae are most

often treated with antibiotics that target bacterial cell wall synthesis, such as

penicillins, cephalosporins, monobactams, vancomycin and carbapenems (72,

154). However, many penicillins, cephalosporins and monobactams have little to

no effect in treatíng infections caused by ESBl-producing organisms. ln such

cases, the organisms are reported as resistant to all beta-lactam antimicrobials.

The following sections take a closer look into currently prescribed antimicrobials

for treating Gram negative organism that may harbour an ESBL.
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1,1.6.1 Beta-Lactam/Beta-Lactamase lnhibitor Combinations

ln some cases, some ESBl-producing bacteria remain sensitive to a

combination of beta-lactam/beta-lactamase inhibitor in vivo. As mentioned

previously, clavulanic acid is an example of a beta-lactamase inhibitor that binds

irreversibly to beta-lactamases, thus preventing cleavage of the beta-lactam

antibiotic (72). Such inhibitors are generally used in combination with a beta-

lactam antibiotic to prolong the drugs effectiveness (72). Despite this, beta-

lactam/beta-lactamase inhibitor combinations are becoming less effective due to

hyperproduction of beta-lactamases, or the combination of beta-lactamase

production and reduced cell permeability due to changes in porins (125). Since

the number of organisms resistant to the combination beta-lactam/clavulanic acid

treatment is greatly increasing, other treatment options have become far more

favorable for invasive ESBL infections.

1.1.6.2 Gephalosporins

Although third generation cephalosporins should not be used in treating an

ESBL infection, a fourth generation cephalosporin known as cefepime has shown

to be effective in some studies. Cefepime, can serve as a sufficient option for

single drug therapy, because it displays good stability against chromosomal and

plasmidic beta-lactamases (154). However, if used it is recommended that it is

used in high dosages and in combination with an aminoglycoside (106). ln

addition, cefepime differs from third generation cephalosporins in that it is more

resistant to beta-lactamase hydrolysis in vitro (106). Although the use of

cefepime appears to have some advantages, there are also disadvantages for its
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use. For instance, cefepime treatment has been associated with renal failure in

some patients (154). This negative outcome deserves further investigations to

determine how much of a role cefepime had in actually causing the renal failure.

Therefore, cefepime is not routinely administered for the treatment of ESBL-

producing E. coliand K. pneumoniae (25).

1.1.6.3 Garbapenems

ln contrast, recent studies have shown more favorable outcomes among

patients treated with carbapenems such as imipenem (13,154). lmipenem is a

beta-lactam antibiotic of the carbapenem family that has been in clinical use for

over 15 years (13). Although carbapenems such as imipenem are beta-lactam

drugs, they are structurally different than penicillins and cephalosporins. They

typically have a methylene group in place of a sulphur group on the beta-lactam

ring (72). Like other beta-lactam antibiotics, imipenem targets the peptidoglycan

of Gram negative organisms preventing its formation and ultimately killing or

preventing growth of the organism. Of all the beta-lactam drugs, carbapenems

have the widest spectrum of activity against many important Gram positive and

Gram negative species as well as anaerobes (13,72). For many years

imipenem has been an excellent option for monotherapy in bacterial infections,

such as nosocomial pneumonia because of its ultra-broad spectrum and good

beta-lactamase stability.

Although resistance to imipenem has been reported in Pseudomonas sp.

and Enterobacter sp., resistance to imipenem ín E. coliand K. pneumoniae

remains relatively rare (13). ln fact, of the other antimicrobial agents previously
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discussed, only imipenem has demonstrated universal activity against E. coli and

K. pneumoniae isolates (38). However, when resistance to imipenem does arise,

it is usually for two reasons. First of all, carbapenemases that are capable of

hydrolyzing the carbapenems are produced. These enzymes are usually

chromosomally encoded and contain a zinc atom in their active site (127, 4B).

Secondly, alterations in porin channels in the bacterial cell wall can reduce the

permeability of the drug into the cell (14,72,77). Given that imipenem

resistance is relatively rare in E. coli and K. pneumoniae, it is often kept in

reserve for fear that resistance may quickly emerge. Not only is imipenem useful

as a treatment but any of the carbapenems including meropenem and the newest

carbapenem known as ertapenem could be used (60, 155).

1.1.6.4 Other Glasses of Antimicrobials

More frequently non-beta-lactam antibiotics are being prescribed for

infections caused by ESBL-producing Enterobacteriaceae. For instance, the

recommended first line of therapy for UTI's regardless if they harbour an ESBL or

not is typically trimethoprim/sulfamethoxazole (TMP/SMX), or fluoroquinolones

such as ciprofloxacin (123). Trimethoprim/sulfamethoxazole is a folate pathway

inhibitor whereas fluoroquinolones inhibit DNA synthesis by targeting genes that

code for topoisomerase, or DNA gyrase (119, 109).

1.1.6.4.1 Fluoroquinolones

Fluoroquinolones act by stabilizing breaks in DNA made by DNA gyrase

and topoisomerase lV and ultimately inhibit DNA replication. Usually, resistance
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to fluoroquinolones arises from spontaneous mutations in genes that code for

topoisomerase (ParC and ParE) or DNA gyrase (GyrA, GyrB) (150). DNA gyrase

is a tetrameric enzyme responsible for the negative supercoiling of DNA (1 19).

Topoisomerase lV is also a tetrameric enzyme involved in the segregation of

daughter chromosomes during replication (37). Although these are not beta-

lactam antibiotics and do not directly select for ESBLS, it should be noted that

using such drugs can indeed co-select for ESBLs (83). This is due to the fact

that many plasmids harbouring ESBLs also carry resistance to aminoglycosides,

TMXSMX, sulfonamides, and tetracyclines (91 ).

2 ESBLs in E. coli

E. coliis one of five species that make up the genus Escherichra that was

named after Theodor Escherich (138). Along with other members of the family

Enterobacteriaceae, E. coliare Gram negative rods that are natural inhabitants of

the gastrointestinal tract of humans and animals (72, Bergey's manual of

determinative bacteriology 9th ed). As natural inhabitants of the gastrointestinal

tract, E. colican serve a useful function by suppressing the growth of harmful

bacteria and has been implicated in the synthesis of vitamin K (118). Despite

this, E. colí can cause disease if they are able to enter sterile sites of the body,

such as the bladder or blood. Transmission of E. coliis primarily by the fecal-oral

route and it is the most common cause of community-acquired and nosocomial

(hospital-acquired) urinary tract infections (UTl's), traveler's diarrhea and Gram

negative sepsis (72).
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Treating these organisms can be further complicated by the production of

beta-lactamases. ln fact, the first plasmid mediated beta-lactamase (TEM-1) was

found in an E. coli isolate from a patient in Greece in the 1960's (35). Not long

after, mutations in TEM-1 that resulted in an extended-spectrum of activity arose

and are known as ESBLs. Many ESBLs were first díscovered in E. coli, such as

CTX-M-1 during the late 1980's in Germany (15). Today the CTX-Mtype ESBLs

along with TEM and SHV remain prevalent among Canadian isolates of E. coli

(88).

3 ESBLs in Salmonella

Salmonella enterica are Gram negative rods and are part of the family

Enterobacteriaceae. To date there are greater than 2501 Salmonella serovars

(72). Many of them received their name based on the geographical region in

which they were found. Similar to E. coli, Salmonella spp. are frequently isolated

from human and animal intestinal tracts. Typically human illnesses caused by

Salmonella are linked to food or animal sources. ln many instances, eggs have

been noted as the primary source of Salmonel/a infections followed by improperly

cooked poultry (138). Similar to E. coli, transmission is by the fecal-oral route

and depending on the serovar the infective dose can be as low as 100 cells

(138). ln addition, people of all ages can be aflected; however, the incidence is

the highest among infants (72,34). Although literature does not give a precise

reason for why the incidence is highest among infants, one might speculate that

since infants lack exposure to pathogens, they have not yet had a chance to

build up their immune systems and therefore become colonized or infected
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easily. As a major enteric pathogen, S. enterica are known to cause

enterocolitis, enteric fevers (eg. typhoid fever), and septicemia (72). All of these

diseases can be treated with antimicrobials, however, enterocolitis is typically

self-limiting and can last up to a week. lnfections caused by Salmonella are of

particular concern when they are invasive infections and/or the organism

becomes resistant to antimicrobial therapies.

The acquisition of ESBLs in Salmonella hhal cause serious infections can

severely limit treatment options. This is particularly alarming in children being

treated for Salmonella infections since fluoroquinolones should not be used

among this age group (147).

Non-typhoidal Sa/monella that harbour ESBLs have been recognized in

France and ltaly since 1989 and 1990, respective! Ø1, 47 , 141). lt was not until

2004 that ESBl-producing Salmonella were first reported in the United Kingdom

(148). As these organisms have become more prevalent in Europe they have

only recently become apparent in North America. ln Canada the first Salmonella

isolate found to harbour an ESBL (SHV-2a)was in 2000 (89). This delay

between relatively close and/or distant countries may be influenced by

differences in cephalosporin usage and methods of detecting ESBl-producers.

As well, development or acquisition of resistance mechanisms may depend on

the serovar in question. For instance, antibiotic resistance in S. enterica serovar

Enteritidis is uncommon compared to other serovars (136). Although reports of

ESBLs in S. enferica are relatively rare compared to other organisms, recent

reports suggest an increase worldwide (56,117).
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4 Objectives

Since the early 1980's, ESBl-producing bacteria have gone from being an

interesting observation to an issue of clinical importance. The development and

spread of ESBLs have most likely been caused by the overuse of broad-

spectrum cephalosporins in the hospital setting. This has greatly hampered the

number of antibiotics available to treat infections caused by ESBL-producing

organisms. The plasmidic location of ESBLs makes dissemination of these

resistance genes, along with any other resistance genes carried on the same

plasmid, very easy and treatment of infections caused by these organisms more

difficult. Since treatment options are limited and the prevalence of these

organisms is on the rise, it is important to understand the molecular epidemiology

of these isolates.

This report brings together information from three different ESBL studies

within North America that all have the common theme of ESBLS. The first is a

surveillance study of ESBLs found in Canadian Salmonel/a isolates. All isolates

in this study were from the Canadian lntegrated Program for Antimicrobial

Surveillance (CIPARS). The study spanned two and half years and its main

objectives were to determine rates of ESBLs found in Salmonella and to

characterize the ESBLs identified.

The second study was a longitudinal study that was based in Winnipeg,

Manitoba. ESBl-producing E. coliwere isolated from a long term care facility

(LTCF) and characterized. Epidemiological data was also incorporated in order

to determine potential risk factors for acquiring an ESBL infection, to monitor
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dissemination of organisms in the LTCF, and determine the length of carriage of

these strains.

The final study examined ESBLs in fluoroquinolone resistant E. colicollected

from 30 medical centres in the United States and 10 medical centers in Canada

from mid-stream urine (MSU) isolates. The collaborative study from which these

isolates were collected from was the North American Urinary Tract lnfection

Collaborative Alliance - Quinolone Resistance (NAUTICA-OR). A comparison of

ESBLs from these diverse surveillance studies will be conducted.
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5 Materials and Methods

5.1 Storage of Bacterial Strains and Culture Conditions

Strains were submitted to the National Microbiology Laboratory (NML)

(Winnipeg, MB) on swabs, where upon receipt, they were streaked for isolation

on bactorM tryptic soy agar (TSA, Difco, Detroit, Ml) 5% sheep's blood agar two

times. The plates were inverled and incubated overnight at 37oC. After

incubation, several colonies were swabbed with a cotton applicator (AMG

Medical lnc., Montréal, PQ) and inoculated into Microbank vials (Pro-Lab

Diagnostics, Richmond Hill, ON) that contained beads in broth. Vials were

invefted several times and all the broth was removed from the vials. The beads,

now coated with bacteria cells, were stored at -80oC untilfurther characterization

was needed. The control strains used for antimicrobial susceptibility testing in

these studies included K. pneumoniae, American Type Culture Collection

(ATCC) 700603, E. coliATCC 25922 and P. aeruginosa ATCC 27853

(Manassas, VA).

5.2 Clinical Laboratory Standards lnstitute (CLSI) Phenotypic

Confirmation of ESBL-Producing Organisms

Upon receiving potential ESBL producing isolates, a disc diffusion method

following CLSI guidelines (formerly National Committee of Clinical Laboratory

Standards, NCCLS) was completed (93, 94). Each isolate was subcultured onto

TSA (Difco, Detroit, Ml) 5% sheeps blood agar twice to ensure full expression of

any potential antimicrobial resistance gene. The disk diffusion protocol was
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conducted as follows. To a 5 mL glass tube, 1.8 mL double distilled HzO

(ddH2O) was added. Three to five colonies from the TSA (Difco, Detroit, Ml) 5%

sheeps blood plates were picked and inoculated into the 1.8 mL ddHzO until it

matched the 0.5 McFarland turbidity standard (Remel, Lenexa Kansas). Using a

sterile cotton applicator (AMG medical), a lawn of the bacterial suspension was

plated onto three Mueller Hinton Base (MHB, Difco, Detroit, Ml) plates. One

plate was designated for a cefotaxime (CTX) disc and a cefotaxime/clavulanic

acid (CT)íCA) disc; the second plate was for a ceftazidime (CAZ) disc and a

ceftazidime/clavulanic acid (CAZICA) disc; and the final plate was designated for

cefpodoxime (CPD) and cefpodoxime/clavulanic acid (CPD/CA) discs. Once the

plating was complete, the ESBL MAST discs (Med-Ox Diagnostics, United

Kingdom) were placed on the corresponding plates. The two discs on each plate

(ie: CTX & CT)ICA) were placed approximately 20 mm apart from each other.

Controls run for this test included, ATCC 700603 (ESBL positive K.

pneumonia), and ATCC 25922 (ESBL negative E. colí) and their expected test

results are listed in Table 5. Once the discs were properly placed on each plate,

they were incubated at 37oC for approximately 18 hrs. To ensure no

contamination occurred during this procedure, a loop full of culture from the glass

tube was streaked onto TSA (Difco, Detroit, Ml) 5% sheep blood agar and

incubated at 37oC for 1B hrs. After the 1B hr incubation the zone diameters were

read for each sample. A greater than or equal to 5 mm difference in zone

diameter between the two antimicrobials was indicative of an ESBL (Table 6).
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Table 5. Quality Gontrol Limits of E. coli and K. pneumoniae lor

Antimicrobial Disk Diffusion Tests (CLSl, 2005).

K. pneumoniae ATCC E. coli ATCC 25922

700603

lnitial Screening Test

Cefpodoxime zone 9-16 mm 23-28 mm

Ceftazidim e zone 10-18 mm 25-32 mm

Aztreonam zone 9-17 mm 28-36 mm

Cefotaxime zone 17-25 mm 29-35 mm

Ceftriaxone zone 16-24 mm 29-35 mm

Phenotypic Confirmatory > 5 mm increase in < 2 mm increase in

Test ceftazidime zone diameter; zone diameter for

> 3 mm increase in antimicrobial agent

cefotaxime zone diameter tested alone versus its

zone when tested in

combination with CA
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Table 6. Screening and Confirmatory Tests for ESBLs in K. pneumoniae, K.

oxytoca and E. coli (GLSI, 2005).

Method lnitial Screening Test" Phenotypic Confirmatory

Testb

Medium Mueller-Hinton Agar Mueller-Hinton Agar

Antimicrobial Cefpodoxime 10 Ug Ceftazidime 30 ¡,¡g

Disk Ceftazidime 30 pg Ceftazidime/CA 30/10 pg

Goncentration Aztreonam 30 pg and

Cefotaxime 30 pg Cefotaxime 30 pg

Ceftriaxone 30 pg Cefotaxime/CA 30/10 pg

Results Cefpodoxime zone < 22 mm > 5 mm increase in zone

Ceftazidime zone < 22 mm diameter for either

Aztreonam zone < 27 mm antimicrobial agent tested in

Cefotaxime zone s 27 mm combination with CA versus

Ceftriaxone zone < 25 mm its zone when tested alone

= suspicious of an ESBL = ESBL

u The use of more than one antimicrobial for screening improves sensitivity of
detection.
b Confirmatory tests require both cefotaxime and ceftazidime alone and in
combination with clavulanic acid (CA).

5.3 Etest@

This test is another phenotypic method used to confirm ESBL-producing

organisms. Etest@ (AB BIODISK, Solna, Sweden) is a commercially available

strip contaíning either a combination of ceftazidime and ceftazidime/clavulanic

acid or cefotaxime and cefotaxime/clavulanic acid (121). The two-sided strip has
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a decreasing gradient of ceftazidime or cefotaxime on one end and a decreasing

gradient of ceftazidime or cefotaxime, plus a fixed gradient of clavulanic acid on

the other end (121). To a 5 mL glass tube, 1.8 mL ddHzO was added. Three to

five colonies from the TSA (Difco, Detroit, Ml) 5% sheeps blood plates were

picked and inoculated into the 1.8 mL ddHzO until it matched the 0.5 McFarland

turbidity standard (Remel, Lenexa Kansas). Using a sterile cotton applicator

(AMG medical), a lawn of the bacterial suspension was plated onto a Mueller

Hinton Base (MHB, Difco, Detroit, Ml) plate. Plates were then incubated at 37oC

for 18 hrs. After 18 hrs the plates were read according to manufacturer's

directions (AB BIODISK, Solna, Sweden).

Unlike other diffusion methods, this test directly makes use of minimum

inhibitory concentration (MlC) values instead of zone of inhibition diameters to

test susceptibility.

5.4 DNA lsolation

Chromosomal DNA was isolated from strains by phenol:chloroform

extraction (126). The isolate was first inoculated into 2 mL Luria-Beftani (LB,

Difco, Detroit, Ml) broth and incubated for 18-24 hrs at 37oC. After 18-24 hrs, 1.5

mL of culture was transferred To a 2 mL eppendorrf tube and centrifuged at

15000 rotational speed per minute (rpm) (max speed) for 3-5 mins. The

supernatant was decanted into a culture waste bottle. The pellet was

resuspended in 600 ¡rL lysis solution (5 pg/ml of lysozyme, Sigma-Aldrich,

Oakville, ON, in PBS,0.13 M NaCl,2.68 mM KCl, 10.14 mM Na2HPO4, pH7. )
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by vortexing. Once the pellet was resuspended, it was incubated in a 37oC water

bath for 30 mins. After 30 mins, 60 ¡rL of 10% SDS was added, gently mixed by

inveiling several times and incubated for 10 mins or until clear at 65oC. Once

sample was clear, 600 pL of phenol:chloroform:isoamyl alcohol (25:24:1) (Sigma-

Aldrich, Oakville, ON) was added and vortexed for 30 seconds. The sample was

centrifuged at 15000 rpm for 5 mins which resulted in two distinct layers, the

aqueous top layer which contained the DNA and the bottom organic layer. The

aqueous layer was transferred to a new 1.5 mL eppendorf tube and an

equivalent amount of phenol:chloroform:isoamyl was added. Once vortexed and

centrifuged at 15000 rpm for 5 mins, two distinct layers were observed after

centrifugation. The aqueous top layer was transferred to a new tube and an

equivalent amount of chloroform:isoamyl (24:1) (Sigma-Aldrich, Oakville, ON)

was added, the extraction was repeated. The aqueous layer was transfer to new

tube and the equivalent amount of isopropanol (Fisher-Scientific, Ottawa, ON)

was added and inverted several times and the sample was centrifuged for 3 mins

in order to pellet the DNA. The isopropanol (Fisher-Scientific, Ottawa, ON) was

decanted and 600 pL of 70% ethanol was added in order to wash the DNA pellet.

After a 3 min centrifugation at 15000 rpm the ethanol was decanted and the

pellet was left to dry prior to resuspension in '100 ¡rL of 1xTE, pH 8.0. The pellet

was incubated at 65oC for 30 mins to ensure optimal re-suspension. At the end

of 30 mins, the concentration of DNA was determined with the NanoDrop-1000

spectrophotometer (NanoDrop, Technologies, Wilmington, DE) and diluted to 20
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ng/UL for the purpose of PCR. Both the stock and diluted DNA were stored at

-200c.

5.5 PCR Amplification and Standard Agarose Gel Electrophoresis

To determine the gene responsible for the ESBL phenotype, DNA was

isolated as previously described (126 ) and PCR was carried out on all

phenotypically confirmed ES Bl-producing strains. PCR amplification was

performed in a thermocycler (Geneamp PCR system 9700 Applied Biosystems).

Negative controls included no DNA template and were conducted for each

set of PCR reactions. Positive controls for each type of PCR were also

conducted for each reaction to verify the correct product was amplified (Table 7)

A 1.5% agarose solution in 0.5X TBE buffer was made [ris-borate-EDTA

(ethylene diamine tetra-acetic acid), 0.045 M Tris-borate, 0.001M EDTA, Fisher

Scientific, Ottawa, ONI by dissolving the agarose in buffer heated to 100oC.

Approximately, 10 pL of amplicon was loaded, along with bromophenol loading

dye solution (0.25% Wv bromophenol blue, 40% w/v sucrose). Agarose gels

were electrophoresed for one hour at 120 Vlcm. Gels were stained in an

ethidíum bromide solution (0.5 mg/L) ddHzO for 2O mins. The gels were viewed

under ultraviolet light (UV) with a Multi-lmage Light Cabinet (Alpha lnnotech, San

Leandro, CA). The 100 base pair (bp) ladder (lnvitrogen, Burlington, ON) was

electrophoresed in parallel in order to size PCR products.
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Table 7. PCR positive controls.

Positive Gontrol Organism PCR product
No.
N00-666

ESBL 346

N02-357

E. coli CTX-M (universal), CTX-M-15, TEM, OXA

E. coli TOHO-2

E. coli lS10,O.Bkb

N02-717 E. coli lS10,2kb

96-5227 E. coli lntegron

N03-0048 S. cholerasurs cmy-2

ESBL 199 K. pneumoniae Fox

N03-0087 E. cloacae Ent

N02-0026 K. pneumoniae DHA

5.5.1 Detection of bla¡¿y

On all isolates, blaç¡¿ PCR was carried out using a universal primer set

(97). The total reaction volume of 25 pL consisted of 22 ¡tL TEMI/2 master mix,

0.5 ¡rL AmpliTaq gold (5 U/pL, Roche) and 2.5 ¡rl DNA template. The TEMI/2

master mix consisted of 10x buffer, 25 mM MgCl2, 100 mM dNTP's and primers

TEM-1 and TEM-2 (Table 8). The PCR cycling conditions consisted of 30 cycles

of the following: denaturation at 94oC for 30 seconds, annealing at 45oC for 30

seconds, elongation aT72oC for one min, and a final extension at-72"C for 2

mins.
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5.5.2 Detection of b/assy

Detection of b/as¡1y genes was conducted with a universal primer set

previously described (132). The reaction mix consisted of 25 ¡rL Hotstar Taq

Master Mix (Qiagen, Mississauga, ON), 10 pL 5x Q solution (Qiagen,

Mississauga, ON),2 ¡rL MgClz(25 mM, Qiagen, Mississauga, ON),2.5 ¡rL

SHVup/lo primer (Table B) and was adjusted to a total volume of 50 pL with

ddHzO. The PCR cycling condition followed a touch down program in which the

first five cycles consisted of an initial denaturation at 95oC for 5 mins,

denaturation at 94oC for 30 seconds, annealing temperature of 70oC, and a one

min extension at 72oC with each subsequent cycle decreasing the annealing

temperature by one degree Celsius. This was then followed by 35 cycles of

denaturation at 94oC for 30 seconds, annealing at 67oC, elongation at72oC for

one min, followed by a final extension at72oC for 30 seconds.

5.5.3 Detection of b/aç¡¡-rvr

Detection of b/a61¡-¡y genes were initially conducted using a universal

primer set, previously described (88). The reaction mix consisted of 25 ¡lL

HotstarTaq Master Mix (Qiagen, Mississauga, ON),2.5 ¡rL CTX-M-U1lU2 primer

(Table B) and was adjusted to a final volume of 50 pL with ddHzO. The PCR

cycling condition followed a touch down program in which the first five cycles

consisted of an initial denaturation at 94oC for 10 mins, denaturation at 94oC for

30 seconds, annealing temperature of 70oC, and a one min extension aT72oC

with each subsequent cycle decreasing the annealing temperature by one
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degree Celsius. This was then followed by 30 cycles of denaturation at g4oC for

30 seconds, annealing at 65oC, elongation at72oC for one min, followed by a

final extension at 72oC for 2 mins.

5,5.4 CTX-M.A/B PCR

Detection of b/aç1¡-¡1¡ genes belonging to the CTX-M-1 group were

conducted using CTX-M-A and CTX-M-B primers (Table 8). Similar to the CTX-

M universal PCR, the reaction mixture consisted of ,25 pL Hotstar Taq Master

Mix (Qiagen, Mississauga, ON), 2.5 pL CTX-M-A/B primer and was adjusted to a

final volume of 50 pL with ddHzO. The PCR cycling condition followed a touch

down program in which the first five cycles consisted of an initial denaturation at

94oC for 15 mins, denaturation at g4"C for 30 seconds, annealing temperature of

65oC, and a one min extension at72oC with each subsequent cycle decreasing

the annealing temperature by one degree Celsius. This was then followed by 30

cycles of denaturation at 94oC for 30 seconds, annealing at 60oC, elongation at

72oC for one min, followed by a final extension at72oC for 7 mins.

s.s.s ToHo-2-1/2 PCR

Detection of b/a61¡-¡a genes belonging to the CTX-M-9 group were

conducted using TOHO-2-1 and TOHO-2-2 primers (Table B). The reaction

mixture consisted of ,25 pL Hotstar Taq Master Mix (Qiagen, Mississauga, ON),

2.5 ¡tL TOHO-2-1 12 primer and adjusted to a final volume of 50 pL with ddHzO.

The PCR cycling condition followed a touch down program in whích the first five
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cycles consisted of an initial denaturation at 95oC for 10 mins, denaturation at

94oC for 30 seconds, annealing temperature of 70oC, and a one min extension at

72oC with each subsequent cycle decreasing the annealing temperature by one

degree Celsius. This was then followed by 30 cycles of denaturation at 94oC for

30 seconds, annealing at 65oC, elongation at72oC for one min, followed by a

final extension at 72oC'for one min.

5.5.6 Detection of blaç¡'^y-2

Detection of an AmpC type beta-lactamase known as bla" r-2 was carried

out on some isolates. The total reaction volume of 25 ¡,rL consisted of 22 ¡tL 2X

master mix, 0.5 pL AmpliTaq gold (5 U/pL, Roche) and 2.5 pl DNA template.

The PCR cycling conditions consisted of 30 cycles of the following: initial

denaturation at 95oC for 10 mins, denaturation at 94oC for 30 seconds, annealing

at 62oC for 30 seconds, elongation al72oC for one min, and a final extension at

72oC for 5 mins.

5.5.7 Remaining PGR Reactions

lntegron PCR, blaoxe PCR and lSl0 PCR make up the remaining PCR's

among these studies. The primers used in these types of PCR's are as follows:

lntegron PCR uses S'CS and 3'CS, blaoxa PCR uses OXA-1 and OXA-2, and

lSl0 PCR uses ISEPI-DN1 and TOHO-2-4, all of which can be found in Table B.

They all followed a thermocycling protocol of initial denaturation at 94oC for 10
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mins, denaturation at 94oC for 30 seconds, annealing at SBoC for 30 seconds,

elongation al72oC for one min, and a final extension al72oC for two mins.

Table 8. Primers used for PCR amplification.

Primer Sequence" Tm Gene Product
stze
(bp)

CTX-M-U1 5'ATGTGCAGYACCAGTAARGTKATGGC 73-77.6 CTX-M 593

CTX-M-U2 s'TGGGTRMRTARGTSACCAGAAYCAGCGG 76.6-82.3

SHV-up 5'CGCCGGGTTATTCTTATTTGTCGC 68.2 SHV 1016

SHV-lo 5'TCTTTCCGATGCCGCCGCCAGTCA 78.5

TOHO-2-1 5' ATGGTGACAAAGAGAGTGCAACG 71.8 TOHO-2 837

SHV-sooA 5'CTTTACTCGCCTT|ATCG

SHV-sooB S,TCCCGCAGATAAATCACCA

TEM-1 5,ATA/^UfuATTCTTGAAGAC

TEM-2 5'TTACCAATGCTTAATCA

TOHO-2-2 5'ACAGCCCTTCGGCGATGATTC

TOHO-1-1 5'ACTCAGAGCATTCGCCGCTCA

TOHO-1-2 5' T|ATTGCATCAGAAACCGTG

CTX-M-1'A 5' TGGTTêVfuA¡\JMTCACTGCG

CTX-M-1-B 5' AI-|ACA¡vACCGTCGGTGAC

OXA-1 5'TCAACTTTCAAGATCGCA

OXA-2 5'GTGTGTTTAGAATGGTGA

CMY-2-2 5'AATATCCTGGGCCTCATCG

CMY-2-5 5'TTGCTTTTAATTACGGAAC

ISEPl -DN 1 5' TCCGTACAAGGGAGTGTATG

TOHO-2-4 5'ACGTCTCATCGCCGATCGC

s'CS 5'GGCATCCAAGCAGCAAG

3'CS 5'AAGCAGACTTGACCTGA

51.2 SHV 827

60

51.4 TEM 1079

45

72.8

72.8 CTX-M-2 879

64.2

61.1 CTX-M-1 876

65.4

59.9 OXA 610

59.9

67.6 CMY-2 1244

67.6

69 lS10 2000

71.9

61 Class 1

lntegron
61

aR 
= pur¡ne, Y = pyrimidine and S is G or C.
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5.6 DNA Sequence Analysis

Once the type of beta-lactamase was determined by PCR, sequence

analysis was used to determine the specific SHV, CTX-M or TEM subtype. PCR

amplicons were filter purified (Millipore, Billerica, MA) and diluted to 50 ng/pl with

ddHzO. Sequence identification was conducted on an ABI 3100 sequencer at

the DNA Core Facility, National Microbiology Laboratory using the specified

primers listed in Table 9.

The sequencing reactions were cycled on a MJ Research PTC 200 DNA

Engine. The following conditions were used: initial denaturation at 95'C for five

mins followed by 100 cycles of 95'C for 30 seconds, 50'C for 20 seconds and a

four min extension at 60'C. The reactions were held at 4'C until cleanup of the

amplicons could take place.

Amplicon cleanup took place with the Millipore Multiscreen HV 96 well

plates containing Sephadex G50 Superfine (Sigma-Aldrich, Oakville, ON). After

cleanup, 10 pL of formamide (Hi-Di Formamide, Applied Biosystems, Foster City,

CA) was added to each reaction and the reactions were heated to 95'C, then

were cooled on ice. Sequencing occurred using an ABI 3100 Genetic Analyzer,

with Data Collection Software version 1.1. The amplicons were run on an B0 cm

array with a POP4 polymer. Finally the data was analysed with ABI Sequencing

Analysis software version 3.7.

Sequence results were edited using Seqman software (DNASTAR) and

DNA and amino acid sequence comparisons were conducted using the Basic

LocalAlignment Search Tool (BLAST) suite programs (3).
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Table 9. Primers used for Sequence Analysis.

Primer Sequence" Product
size (bp)

CTX-M-U1 5'ATGTGCAGYACCAGTAARGTKATGGC CTX-M 593

CTX-M-U2 5'TGGGTRAARTARGTSACCAGAAYCAGCGG CTX-M

CTX-M-1-A 5'TGGTTAAAAAATCACTGCG CTX-M-1 876

CTX-M-1-B 5'ATTACAAACCGTCGGTGAC CTX-M-1

CTX-M-1-C 5' ATAACGTGGCGATGAATAAG CTX-M-1

CTX-M-1-D 5' ATTCATCGCCACGTTATCG CTX-M-1

TOHO-2-1 5'ATGGTGACMAGAGAGTGCAACG TOHO-2 873

TOHO-2-2 5'ACAGCCCTTCGGCGATGATTC TOHO-2

TOHO-2-3 5'CGATCGGCGATGAGACGTTT TOHO-2

TOHO-2-4 5'ACGTCTCATCGCCGATCGC TOHO-2

SooA 5'CTTTACTCGCCTTTATCG SHV 827

SooB 5,TCCCGCAGATAAATCACCA SHV

SHV-A s'ACTGAATGAGGCGCTTCC SHV 292

SHV-C 5'AGTAGTCCACCAGATCCTGCTG SHV

SHV-up 5'CGCCGGGTTATTCTTATTTGTCGC SHV 1016

SHV-Io 5'TCTTTCCGATGCCGCCGCCAGTCA SHV

TEM-A 5'ATAAvAATTCTTGAAGAC TEM 1079

TEM-B 5'AAAACTCTCAAGGATCTT TEM

TEM-C 5'AAAGATGCTGAAGATCA TEM

TEM-D 5'TTTGGTATGGCTTCATTC TEM

TEM-E s'TTACCAATGCTTAATCA TEM

TEM-F 5'TTTTTTGCACAACATGGG TEM

CI{IY-2-1 5'ACACTGATTGCGTCTGACG CMY-2 1244

CIVIY-2-2 5'AATATCCTGGGCCTCATCG CMY-2

CMY-2-4 5'TGCAACCATTAAAACTGGC CMY-2

CMY-2-5 5'TTGCTTTTAATTACGGAAC CMY-2

CIT-B 5'TGGAGCGTTTTCTCCTGAAC CMY-2
u R - purine, Y = pyrimidine and S is G orC.
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5.7 Pulsed-Field Gel Electrophoresis

Pulsed-field gel electrophoresis was conducted using the E. coli0157:H7

PulseNet protocol (CDC) as well as the Salmonella protocol. These protocols

are essentially the same except for the electrophoresis conditions as stated

below. lsolates were grown on TSA (Difco, Detroit, Ml) 5% sheep blood agar at

37"C for 24 hrs. lsolated colonies were picked and suspended in cell suspension

buffer (10 mM TRIS-Cl, pH 8.0, 1 mM EDTA, pH 8.0) until a cell concentration of

0.48-0.52 was reached using a turbidity meter (Dade microscan turbidity meter).

The cell suspension was then mixed with 200 pL 1% SDS Seakem gold agarose

(1.2% SeaKem Gold agarose, Cambrex Bio Science Rockland, lnc., East

Rutherford, NJ, 1% SDS, 0.5X TBE, 0.045 M Tris-borate, 0.001 M EDTA, Fisher

Scientific, Ottawa, ON) and poured into a disposable plug mold (Bio-Rad,

Mississauga, ON). Once the plugs hardened they were transferred to 5 mL lysis

buffer (50 mM TE 10 mM Tris-Cl, pH 8.0, 1 mM EDTA, pH 8.0 & 1% N-lauryl-

Sarcosine) with 40 pL proteinase K (20 mg/ml in ddHzO, Sigma, Penzberg,

Germany) and incubated in a shaking water bath (200 rpm)for 2 hrs at 54'C.

Once lysis was completed, plugs were washed twice with warm water and four

times with warm TE (1X, pH 8.0, 10 mM Tris-Cl, pH 8.0, 1 mM EDTA, pH 8.0). ln

preparation of plug restriction, plugs were equilibrated with 150 ¡rl 1x solution of

restriction enzyme SuRE/Cut buffer H (50 mM Tris-HCl, 10 mM MgCl2, 100 mM

NaCl, 1 mM Dithioerythritol, pH 7.5, Roche, Penzberg, Germany) for 10 mins.

Plugs were then digested with 40 units of Xbal enzyme (Roche, Penzberg,

Germany) in 100 ¡:L restriction buffer (1X, 50 mM Tris-HCl, 10 mM MgCl2, 100
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mM NaCl, 1 mM Dithioerythritol, pH 7,5, Roche, Penzberg, Germany) for a

minimum of 2 hrs at 37"C. The plug digests were loaded whole onto a 1 % SKG

gel. Once hardened, the gel was placed into a CHEF unit (Chef-DR lll System,

Bio-Rad, Mississauga, ON) containing 2 L of chilled (14C) 0.5X TBE (0.045 M

Tris-borate, 0.001 M EDTA, Fisher Scientific, Ottawa, ON) and 2 mL thiourea

(0.05 ¡rM) with the appropriate parameters. For E. coli isolates, the switch time

was 2.2s-54.2s; for Salmonella isolates, the switch time was 2.2 seconds - 63.8

seconds. Run times varied depending on the size of the gel. For a 10 well gel,

run time was 20 hrs, for a 15 well gel, run time was 21 hrs. Finally, gels were

stained with 50 ¡tL of ethidium bromide (0.5 mg/L) for 20 mins, destained for one

hr in ddHzO and imaged with a UV Multi-lmage light cabinet (Alpha lnnotech,

San Leandro, CA). The control strain, Salmonella enterica serovar Braenderup

was digested with 40 units of Xbal (Roche, Penzberg, Germany) and added to

lanes 1 , 5, 10 and 15 for every gel as a molecular standard.

5.7.1 Computer Analysis of PFGE Gels

Pulsed-field gel electrophoresis-generated DNA profiles were digitized and

entered into the BioNumerics software program version 3.5 (Applied Maths,

Belgium) for analysis. Each gel was normalized using the molecular weight

standard for accurate comparisons between gels. A band tolerance of 1.0o/o and

1.5% optimization was used for analysis of the fingerprints. Low band tolerance

and optimization settings will increase the stringency and thus optimize analysis.
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Dendrograms used to group similar isolates were generated using ihe following

statistical settings, Dice similarity coefficient and unweighted pair group method

with arithmetic mean (UPGMA) (129). These were analyzed to investigate the

presence of clusters and the epidemiological relatedness of the isolates within a

cluster. A cluster was defined as containing >20 isolates having at least a g0%

similarity. The number of band differences between isolates within a cluster was

taken into account when considering the likelihood of these isolates being part of

an outbreak, as defined by Tenover et al (Table 10).

Table 10. Criteria for interpreting PFGE patterns in outbreaks (modified from

reference 135)

Category No. of genetic
differences
compared with
outbreak strain

No. of fragment
differences
compared with
outbreak pattern

lnterpretation

lndistinguishable

Closely related

Possibly related

Different

0

2-3

4-6

0

1

2

Part of outbreak

Probably part of

outbreak

Possibly part of

outbreak

Not paft of

outbreak

>7>?
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5.8 Determination of Antimicrobial Susceptibility

S usceptibilities were determined to am ikacin (Ai), amoxicillin/clavulanic

acid (Ac), ampicillin (Am), cefoxitin (Ce), ceftiofur (Cf), ceftriaxone (Cx),

chloramphenicol (Ch), ciprofloxacin (Ci), gentamicin (Ge), kanamycin (Ka),

naladixic acid (Na), sulfamethoxazole (Su), streptomycin (St), tetracycline (Te),

trimethoprim/sulfamethoxazole (Tm) for clinical and transformant strains via an

automated Sensititre SystemrM (Trek Diagnostics). lsolates were grown on TSA

(Difco, Detroit, Ml) containing 5% sheep blood agar at37"C overnight. Colonies

were inoculated into tubes containing ddH2O and adjusted to the 0.5 McFarland

standard (Remel, Lenexa Kansas). Turbidity was automatically read by the

nephalometer on the Sensititre unit and adjusted as needed. A total of 10 ¡rl of

suspended cells were transferred to LB tubes that contained a substrate strip

(Trek Diagnostics). Dosing heads (Sensititre @¡were put on the LB tubes and the

sample was vortexed for 10 seconds. Automated inoculation of plates coated

with a fluorogenic substrate (Sensititre @¡ was carried out. Samples were

immediately covered and placed in the Sensititre Aris for incubation at 37"C for

1B hrs. At the end of incubation, antimicrobial susceptibilities were automatically

read by fluorescence. Control isolates run for this assay included, E. coliATCC

25922, P. aeruginosa ATCC 27853, E. faecalis ATCC 29212 and

Staphylococcus aureus ATCC 29213.
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5.9 lsoelectric Focusing (lEF)

lsolates were grown in 3 mL of LB (Difco, Detroit, Ml) broth overnight at

37'C in a shaking incubator. Culture was spun down at 15000 rpm in a

microcentrifuge for 3 mins. Supernatant was decanted and the pellet was

resuspended in 250 pL of glycine/glycerol solution. Crude protein extracts were

prepared by sonication as described previously (80). Prior to lEF, beta-

lactamase activity was tested using nitrocefin (0.1 mg/ml). A total of 50 pL of

nitrocefin (0.1 mg/ml)was added to 17 pL extract and the time it took to turn pink

was recorded. The length of time it took to turn pink aids in determining how

much extract to load into each well. lsoelectric focusing was conducted using

pre-cast acrylamide IEF ready gels, with a pH gradient of 3 to 10 (Bio-Rad,

Mississauga, ON) in a MiniProtean ll unit (Bio-Rad, Mississauga, ON). Middle

chamber was filled with 10x cathode buffer (Bio-Rad, Mississauga, ON) and the

outer chamber was filled with 200 mL 10x anode buffer (Bio-Rad, Mississauga,

ON). The gel was run at 100V for t hr, 250V for t hr and 500V for 30 mins.

Beta-lactamase activity was visualized by overlaying the gel with a 3% solution of

agar and dilute nitrocefin (Oxoid, Hampshire, United Kingdom). Proteins with

beta-lactamase activity appeared on the gel as pink bands. Gels were imaged

with the transilluminator under visible light. Beta-lactamases with known pls (5.4,

6.0, 7.0, 7.6, and 8.3) were electrophoreses in parallel as controls. lsoelectric

points (pl's) of samples were estimated by direct comparison with known pl's.
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5.10 Plasmid Gharacterization

The characterization of plasmids involves numerous steps from the initial

isolation of plasmid to RFLP and antimicrobial susceptibility testing. Figure 4

provides a brief outline of what is involved in the entire process.
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Figure 4. Flowchart of plasmid analysis. The clinical isolate contains

chromosomal DNA, plasmids, and other genomic contents of the cell.

Plasmids were isolated from the clinical isolate and transformed by

electroporation into an electrocompetent (susceptible) strain. Antimicrobial

susceptibilities were conducted on transformant strains and the resistance

profiles generated were representative of resistance carried by the plasmid.

A larger amount of plasmid was then isolated and RFLP was conducted.

The plasmids were digested with restriction enzymes, electrophoresed on

an agarose gel to generate fingerprints and stored and analyzed in

BioNumerics for comparison purposes.
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5.10.1 Plasmid Extraction

Plasmíds were initially isolated as per the manufacturer's guidelines using

a Qiagen@ plasmid mini kit (Qiagen, Mississauga, ON). Briefly, following

incubation cells were pelleted and lysed by alkaline lysis. The cellular extract

was loaded onto a column where DNA was preferentially bound. After four

washes with 1 mL of wash buffer the DNA was eluted with 1 mL of QF buffer.

Plasmid DNA was then precipitated with 700 pL room temperature isopropanol

(Fisher Scientific, Ottawa, ON) and the pellet was washed with 1 mL 70o/o

ethanol. The pellet was air dried and resuspended in 20 ¡rL of ddHzO or TE, pH

8.0. lsolated plasmids were run on a 0.8% agarose gel at 12O Ylcm for 60 mins

to determine approximately how many plasmids a particular isolate harboured

and their approximate sizes.

5.10.2 Electroporation and Selection of Transformants

Electroporation was conducted using 1 mm Electroporation cuvettes (Biocan

Scientific, Montréal, PQ). Plasmid DNA was isolated using a commercíal mini

plasmid kit (Qiagen, Mississauga, ON) as described in section 5.10.1.

Approximately 1 to 10 ng of plasmid DNA was used to transform 50 pL of

electrocompetent E. coli, DH10B cells (lnvitrogen, Burlington, ON) using a Micro

Pulser unit (Bio-Rad, Mississauga, ON). The transformed isolates were

ímmediately recovered with 900 pL SOC media (0.5% w/v yeast extract, 2o/owlv

tryptone, 10 mM NaCl,2.5 mM KCl, 10 mM Mg2Cl2,20 mM MgSOa,20 mM

glucose, lnvitrogen, Burlington, ON) and incubated at 37"C, without shaking for
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one hour. Transformants were selected on LB agar containing CTX (10 ¡ig/ml)

and incubated at 37oC for 18 hrs. Afterincubation, colonieswere picked and disk

diffusion as described by CLSI (92, 93) was used to confirm the transfer of the

ESBL phenotype. PCR, described in section 5.5, was used to confirm the

transfer of the beta-lactamase gene.

5.10.3 Plasmid Restriction Fragment Length Polymorphisms

ln order to conduct restriction fragment length polymorphisms (RFLP)

analysis, plasmids were isolated on a larger scale using the Qiagen Plasmid Midi

Kit (Qiagen, Mississauga, On). Cells were grown for 1B hrs in a 37"C shaking

incubator in 70 mL of LB (Difco, Detroit, Ml) broth. Following incubation, cells

were pelleted at 4'C and resuspended in 4 mL of buffer P1 (50 mM Tris.Cl, pH

8.0, 10 mM EDTA, 100 pg/ml RNase A) provided in kit. To a 12 mL

polypropylene tube, 4 mL of buffer P2 (200 mM NaOH, 1% SDS) was added.

The resuspended cells were then added to the tubes containing the buffer P2.

Tubes were invefted 6-8 times and left at room temperature for 5 mins.

lmmediately, 4 mL of chilled buffer P3 (3.0 M potassium acetate, pH 5.5) was

added to the P2 lysis mixture. Again, tubes were inverled 6-8 times and

immediately put it on ice for 15 mins. After incubation, the mixture was

centrifuged at 20,000x9 for 30 mins at 4"C. During this time, a second set of

polypropylene tubes was pre-chilled. The supernatant was removed and

transferred to the second set of pre-chilled tubes. Centrifugation was carried out

again with the same conditions as previously described above. Qiagen columns

were equilibrated with 4 mL of buffer OBT (750 mM NaCl, 50 mM MOPS, pH 7.0,
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15% isopropanol (v/v) and 0.15% Triton X-100 (v/v)). lmmediately after

centrifugation, supernatant was applied to the equilibrated columns. Once the

supernatant passed through the column, it was washed four times with 4 mL of

buffer OC (1.0 M NaCl, 50 mM 3-[N-morpholino] propanesulfonic acid, pKa 7.2

(MOPS), pH 7.0, 15% isopropanol). After washing, the plasmid was eluted from

the column into new polypropylene tubes with 4 mL of 65'C buffer OF (1.25 M

NaCl, 50 mM Tris.Cl, pH 8.5, 15% isopropanol). After elution, 2 mL of 7.5 M

ammonium acetate was added to the plasmid preparation and was invefted three

times. Plasmid DNA was precipitated by adding 5 mL of room temperature

isopropanol (Fisher Scientific, Ottawa, ON) and inverting three times. The

solution was centrifuged at 20,000x9 for 30 mins in order to pellet the DNA. The

supernatant was then removed and the pellet was washed with 2 mL of 70%

ethanol. Centrifugation was carried out again for 20 mins at 20,000x9. Excess

ethanol was removed by vacuum and the pellet was air dried for approximately 5

mins. The pellet was resuspended in 60 pL of ddHzO or TE, pH 8.0. Plasmid

DNA was electrophoresed in parallel with a 1 kb extension ladder (lnvitrogen,

Burlington, ON) on a 0.8% agarose gel at 120 Vlcm for 60 mins. This ensured

that only one of the multiple plasmids isolated in section 5.10.1 transferred during

electroporation, and gave a rough estimation of plasmid size. lt should be noted

that a single plasmid might take on different conformations when electrophoresed

on a gel and therefore can be visualized as one band or even multiple bands. ln

this study, although plasmids were only visualized as one band, the identification
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of multiple bands after transformation would have prompted repeating the

transformation step (section 5.10.2).

5.10,4 Restriction Fragment Length Polymorphisms (RFLP)

Two separate 30 pL digestions of plasmid DNA were set up at 37oC for a

minimum of 3 hrs, one with Hpal and the other with Bglll. The Hpal digest

consisted of 23 ¡rL plasmid DNA, 3 pL buffer A (Roche, Penzberg, Germany, 330

mM Tris-acetate, 660 mM K-acetate, 100 mM Mg-acetate, 5 mM dithiothreitol, pH

7.9) and 4 ¡tL Hpal enzyme (5 U/¡.rL, Roche, Penzberg, Germany); whereas the

Bglll digest was made up of 25 ¡tL plasmid DNA, 3 ¡.rL buffer M (Roche, 100 mM

Tris-HCl, 500 mM NaCl, 100 mM MgCl2, 10 mM dithioerythritol, pH 7.5) and 2 ¡rL

Bglll enzyme (10 U/¡rL, Roche, Penzberg, Germany). Restriction fragments were

separated via electrophoresis on a 0.7o/o agarose gel (Fisher Scientific, Ottawa,

ON) in 0.5x TAE (Tris-Acetate-EDTA) for 5 hrs at 80 V/cm. Replacement of fresh

TAE to the electrophoresis chamber was conducted twice throughout the 5 hr

run, to prevent overheating. After five hours the gel was stained with ethidium

bromide (0.5 mg/L) and destained over night at 4'C in order to enhance bands

before imaging. Fragments were sized and gels were normalized in BioNumerics

version 3.5 (Applied Maths, St. Martens-Latem, Belgium), with a 1-kb DNA

extension ladder (lnvitrogen, Burlington, ON) as a standard.

71



6 Results
6.1 Salmonella Surveillance Study

6.1.1 Study design

Salmonella isolates were collected from human cases as part of the

Canad ian I ntegrated Program for Antimicrobia I Resista nce Surveilla nce

(CIPARS) over a 2.5 year period beginning January 2003 and ending June 2005.

To begin, Salmonella isolates cultured by hospitals or private laboratories were

forwarded to a provincial public health lab (PPHL). Each provincial lab sent all or

a sample of their Salmonella isolates to CIPARS, specifically to the NML. ln less

populated provinces (Nova Scotia, New Brunswick, Newfoundland, Prince

Edward lsland, Manitoba, Saskatchewan) all human Salmonella isolates were

fon¡varded to the NML. ln more populated provinces (Alberta, British Columbia,

Ontario, Quebec) only isolates received from PPHL from the first to the fifteenth

of each month were submitted. All S. Newport and S. Typhiwere sent to NML

because of concern of emerging resistance and clinical significance, respectively.

6.1.2 Gharacteristics of Study Strains

Over a two and a half year period a total of 7618 Salmone//a isolates were

sent to the NML for ESBL confirmation and further characterization. Dísk

diffusion confirmation following CLSI guidelines (CLSl, 2005) resulted in 25 ESBL

positive strains, representing 0.33% (n=2517618) of all strains submitted. When

72



stratified by year, the ESBL rates were as follows: 2003, 0.26% (n=8/3056);

2004,0.32% (n=10/3147); January 2005 to June 30, 2005, 0.49% (n=711415),

S. enterica serovars harboring ESBLs included Heidelberg (n=',l3),

Typhimurium (n=3), Hadar (n=2), Agona (n=1), Enteritidis (n=1), London (n=1),

Kiambu (n=1), Senftenberg (n=1), Newport (n=1), and Mbandaka (n=1). lsolates

can also be divided geographically, with western Canada consisting of British

Columbia, Alberta and Saskatchewan, central Canada represented by Manitoba

and Ontario and eastern Canada represented by Quebec, Nova Scotia, New

Brunswick, Newfoundland and Prince Edward lsland. Thirteen ESBL-producing

strains were from western Canada (Heidelberg, n = 6; Typhimurium, n = 2:

Hadar, n=2: Agona, n = 1; London, n ='l; Kiambu, n = 1), ten were from Central

Canada (Heidelberg, n = 5; Enteritidis, n = 1;Mbandaka, n = 1;Senftenberg, n =

1; Newport, n = 1; Typhimurium, n = 1), and two were from eastern Canada

(Heidelberg, n = 2). Gender distribution among ESBL positive strains were as

follows: 13 females (52%), 1 1 males (44%) and one gender was not reported.

Age distribution of the 13 female patients whose dates of birth were reported,

were as follows: 0 to 21 years, n = 7;221o 65 years, n = 5; greater than 65

years, n = 1. The age distribution of the 11 male patients for whom ages were

reported were as follows: 0 to 21 years, n = 6; 22 to 65 years, n = 3; greater than

65years, n=2-
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6.1.3 PGFE Analysis of Phenotypically Confirmed ESBL-Producing Strains

A dendrogram showing the fingerprints of the different subtypes is shown

in Figure 5 for all Salmonella isolates. All serovars cluster into similar groups and

frequently displayed < 3 band differences from one another. All Heidelbergs

showed a minimum of 85% similarity among the PFGE patterns. Only one

Heidelberg was found to differ by six bands. Two of the three Typhimurium

serovars resulted in BB% similarity, however the third only showed abouIT2o/o

similarity. Finally, the two Hadar serovars displayed a 90% similarity to one

another. Pulsed-field gel electrophoresis patterns from different serovars

resulted in greater than seven band differences indicating they were significantly

different from one another. No clustering was observed among ESBL genotypes;

therefore, plasmid analysis was carried out.
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Figure 5. Dendrogram of DNA macrorestriction patterns generated with

Xbal.
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6.1.4 Detection of ESBL Genes

Universal primers were used to detect the b/arrrr¡, b/as¡y, or blaç;;x-t¡, gene

in all phenotypically confirmed ESBL strains. Fifteen isolates contained b/as¡1y,

three contained blactx-¡,tt, and seven could not be identified using these primer

sets. Six isolates were also found to harbour a TEM{ype ESBL in conjunction

with a SHV or CTX-M-type ESBL. These six TEM-type ESBLs were assumed to

be TEM-1, although sequence analysis would be needed to confirm this.

The specific genotypes of the 15 SHV{ype ESBLs was determined to be

SHV-2a (n = 13), and SHV-12 (n = 2). Serovars harbouring SHV-2a included,

Heidelberg (n=B), Typhimurium (n=2), Agona (n=1), Hadar (n=1), Kiambu (n=1).

Serovars harbouring SHV-12 included, Hadar (n=1), Senftenberg (n=1). The

majority of SHV-2a strains were found in the west, where as SHV-12 was divided

equally between west and central Canada. Transfer of the ESBL phenotype to

the recipient strain by electroporation was confirmed by disk diffusion (CLSl,

2005), and transfer of the gene was confirmed by PCR. All plasmids could be

transferred in vitro except for one isolate harbouring SHV-12. Plasmid RFLP

profiling indicated most plasmid fingerprints were unique with the exception of

three indistinguishable SHV-2a plasmids that were carried by different serovars

(Figure 6). All plasmids harbouring SHV-type genes ranged from 9 to 134 kb in

size (Table 11).

The three isolates harbouring CTX-M{ype ESBLs were revealed as CTX-

l,Å-14 (n=2) and CTX-M-15 (n=1) by sequence analysis. Serovars harbouring
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CTX-M-14 included Enteritidis (n=1 ), and London (n=1), whereas serovars

habouring CTX-M-15 included Mbandaka (n=1 ). These isolates were distributed

in the east (one CTX-M-1 4, one CTX-M-15) and the west (one CTX-M-14).

Similar to SHV{ype ESBLs, the ESBL phenotype was transferred to an ESBL

sensitive recipient strain by electroporation and confirmed by CLSI guidelines

and transfer of the gene was confirmed by PCR. Plasmid RFLP analysis

revealed significantly different fingerprints. Plasmids harbouring CTX-M genes

ranged from 64 -101 kb in size (Table 11).
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Figure 6. Plasmid fingerprinting with Bglll (a) and Hpal (bl. The majority of

plasmids carrying the SHV-2a gene are of similar plasmid types when

digested with Bglll and Hpal. Highlighted in a blue box are three examples

of indistinguishable SHV-2a plasmids carried by different serovars. Serovar

represents the serovar of the clinical isolate. ESBL denotes the type of

ESBL located on the plasmid. Antibiogram represents the resistance found

in the recipient strain. Abbreviations of antimicrobials are as follows: Ac -

Amoxicillin/clavulanic acid, Am - ampicillin, ce - cefoxitin, Cf - ceftiofur, Gh

- chloramphenicol, Cp - cephalothin, Gx - ceftriaxone, Ge - gentamicin, Ka -

kanamycin, su - sulfamethoxazole, st - streptomycin, Te - tetracycline, Tm -

trimethoprim/sulfamethoxazole. Antim icrobials listed i n parenthesis

indicate intermediate resistance. Resistance to streptomycin (St) could not

be determined due to streptomycin resistance in the recipient strain

DHI OB.
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6.1.4.1 Undefined ESBLs

Seven strains were identified as ESBLs phenotypically following CLSI

guidelines (CLSl, 2005), however, attempts to identify the molecular basis for the

ESBL phenotype failed. Another phenotypic confirmatory test known as Etest

was employed on all unknowns and results were non-determinable via this test

due to results spanning outside of readable zones. The majority of these isolates

were S. enterica serovar Heidelberg (n = 5), one was Typhimurium and one was

Newport. lsoelectric focusing (lEF) was attempted to determine the beta-

lactamase responsible for the ESBL phenotype on all seven undefined isolates.

One of the unknown Sa/monella Heidelberg isolates (03-0171) showed a band at

pl 7 .2 (Figure 7), and six isolates revealed a band near the wells of the gel (pl

t8.3), characteristic of AmpC type beta-lactamases. lsolate 03-0171 was also

screened with OXA primers and was found to be negative (data not shown).

Resistance profiles of the six isolates with a pl >8.3 showed they were cefoxitin

resistant, and were found to harbour a cmy-2 beta-lactamase upon PCR (Figure

B) and sequence analysis. Alignment of the cmy-2 sequences revealed they

were all the same (data not shown). Cefoxitin resistance was found in the clinical

and transformant strains of these six isolates however the ESBL phenotype was

not transferred to the transformant strains. RFLP analysis of these isolates

revealed different plasmids although smearing towards the bottom of the gel

made analysis more difficult (Figure 9). Plasmid RFLP profiling of all seven

undefined isolates revealed distinct plasmids when digested with Bglll and Hpal

(Figure 10). Resistance profiles of these isolates were found to be resistant to all
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beta-lactams tested in the panel. Half of these isolates were also found to be

resistant to chloramphenicol and tetracycline.
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Figure 7. lsoelectric focusing (lEF) gel of unknown beta-lactamase with a pl

of approximately 7.2. Lanes 2 and 14 contain the ladder that was made up

of ESBLs with known pl's. Numbers on the left side denotes pl of the

known beta-lactamases in the control extracts. All remaining lanes were

left empty.
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Figure 8. AmpC multiplex PCR for three plasmid-mediated genes, cmy-Z,

FOX, and DHA. All Sa/monella isolates negative for TEM, SHV and CTX-M

were positive for Cmy-2. Lanes 1 and 17 contain the 100 bp ladder

(lnvitrogen, Burlington, ON). Lane 2 contained the positive control and lane

3 contained the negative control. Lanes 5, 10, 11,12,13 and 15 are all

postive for Cmy-2 and lanes 4,6,7,8,9,14 and 16 are all negative for Cmy-

2, FOX and DHA.
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Figure 9. Plasmid RFLP gel of three unknown ESBL-producing Salmonella.

Lanes 2 and 3 contain plasmid from sample 04-2391. Lanes 5 and 6 contain

plasmid from sample 05-1729, Lanes 8 and 9 contain plasmid from sample

05-1564. All were cefoxitin resistant and harboured the AmpG gene cmy-2.

All isolates harbouring cmy-2 resulted in smearing after digestion with Bglll

and Hpal. This smearing was specific to plasmids harbouring cmy-2 and

was not seen among plasmids harbouring ESBLs, the reason for this

phenomenon remains unknown. Lanes 1,4,7 and 10 contain the 1 kb

extension ladder (invitrogen). Lanes 2 (sample 04-2391), 5 (sample 05-1729)

and 8 (05-1564) are plasmids digested with Hpal, and lanes 3 (sample 04-

23911,6 (sample 05-1729') and g (sample 05-1564) are plasmids digested

with Bglll.
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Figure 10. Plasmid fingerprinting with Bglll (a) and Hpal (bl. All plasmids

harbouring blacmy-2 appeared unrelated (>7 band differences) by plasmid

analysis however they had very closely related R-profiles. Serovar

represents the serovar of the clinical isolate. Beta-lactamase denotes the

type of beta-lactamase located on the plasmid. Antibiogram represents the

resistance found in the recipient strain. Abbreviations of antimicrobials are

as follows: Ac - amoxicillin/clavulanic acid, Am - ampicillin, Ce - cefoxitin,

Cf - ceftiofur, Ch - chloramphenicol, Gp - cephalothin, Cx - ceftriaxone, Ge -

gentamicin, Ka - kanamycin, Su - sulfamethoxazole, St - streptomycin, Te -

tetracycline, Tm - trimethoprim/sulfamethoxazole. Antimicrobials listed in

parenthesis indicate intermediate resistance. Resistance to streptomycin

(St) could not be determined due to streptomycin resistance in the

recipient strain DH10B.
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6.1.5 Antimicrobial Resistance Profiles

Antimicrobial susceptibilities for the clinical and transformant strains were

determined for amikacin (Ai), amoxicillin/clavulanic acid (Ac), ampicillin (Am),

cefoxitin (Ce), ceftiofur (Cf), ceftriaxone (Cx), chloramphenicol (Ch), ciprofloxacin

(Ci), gentamicin (Ge), kanamycin (Ka), naladixic acid (Na), sulfamethoxazole

(S u ), strepto mycin (St), tetracycl i ne (Te), tri methopri m/su lfa methox azole (Tm ) by

the Sensititre SystemÏM lTrek Diagnostics). Antibiograms generated on clinical

and transformant strains indicate transfer of non-beta-lactam antimicrobials on

the same plasmid harbouring the ESBL (Table 11). lt should be noted that

transfer of streptomycin resistance could not be determined due to streptomycin

resistance in the recipient strain, DH10B. Some of the clinical strains were

resistant to not only beta-lactam drugs, but also to aminoglycosides (2ïo/o, n=7),

trimethoprim sulfamethoxazole (24o/o, n=6) and tetracycline (8%, n=2). Transfer

of resistance to any of these drugs into the recipient strain DH10B are implicated

by the plasmid R-profiles. As a whole, plasmids harbouring ESBLs in this study

do no appear to be multidrug resistant.
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Table 11. Transfer of Resistance among Salmonella harbouring ESBLs.

Plasmid ESBL Glinical
name gene strain size (kb) R-profile of clinical isolateu
p03-0171 neg Heidelberg 55 Am(Cf)CpGeKa Am(Ge)(Ka)
p03-037'1 SHV-2a Heidelberg '100 Am(Cf)Cp(ce)SuTe Am
p03-5303 SHV-2a Heidelberg 108 AmCfCp(Ge)SuTe Am
p03-5732 SHV-2a Typhimurium 97 Am(Cf)CpKaTe AmKaTe
p03-6528 SHV-2a Heidelberg 104 Am(Cf)CpSuTeTm AmTeTm
p03-7503 SHV-2a Agona 105 Am(Cf)CpStSuTe Am(Ge)
p04-0164 SHV-2a Heidelberg 30 AcAmCeCfCxCpChStSu(Te)Tm (Ac)Am
p04-0330 SHV-2a Heidelberg I (Ac)Am(Cf)CpGeSu (Ac)Am
p04-0417 SHV-2a Typhimurium 105 Am(Cf)CpSuTm AmTm
p04-0442 SHV-12 Hadar 124 AmCf(Cx)Cp(Ge)KaStSuTeTm Am(Ge)Ka
p04-0459 SHV-2a Hadar 105 Am(Cf)CpStSuTeTm AmTm
p04-2386 SHV-2a Heidelberg 99 Am(Cf)SuTe AmTm
p04-2791 SHV-2a Heidelberg 106 (Ac)AmCfSuTm AmTm
p04-6249 CTX-M-14 Enteritidis 101 AmCf(Cx)Na AmCf(Cx)
p04-7292 sHV-2a Heidelberg 135 Amcf(cx)Gestsu Am(cf)Ge
p04-7460 CTX-M-1S Mbandaka 64 AmCfCx AmCfCx
p05-0696 SHV-12 Senftenberg nla AiAcAmCeCf(Cx)GeKaNaStSuTm nla
p05-1917 CTX-M-14 London 67 Amcfcxcpstsu AmcfcxCpSu

Estimated
plasmid

uAc-Amoxicillin/clavulanicacid,Am-ampicillin,Ce-cefox¡tln,ctthin,Cx-
ceftriaxone, Ge - gentam¡cin, Ka - kanamycin, Su - sulfamethoxazole, St - streptomycin, Te - tetracycline, Tm -
trimethoprim/sulfamethoxazole. Antimicrobials listed in parenthesis indicate intermediate resistance. bResistance to
streptomycin (St) could not be determined due to streptomycin resistance in the recipient strain DH10B.

-2992 SHV-2a Kiambu 105 Am(Cf)SuTm AmTm

R'profile of
transformantu'b
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6.2 Longitudinal Study

6.2.1 Study Design

ln 2002, a long term care facility (LTCF) approached Manitoba Health for

assistance because of a suspected ESBL outbreak in the facility. An agreement

was made that if a patient tested positive for an ESBL they would be re-tested

every six months to better assess strain carriage. Each time an ESBL was

identified from a new patient this six month sampling schedule was put into

effect. This ultimately led to the development of the longitudinal survey.

A total of 44 E. coliisolates were collected from 23 patients in the LTCF in

Manitoba over a two year period. lsolates displaying reduced susceptibility to

cephalosporins were submitted to the National Microbiology laboratory (NML) for

ESBL confirmation and further characterization. Upon arrival, 40 of the 44

isolates were confirmed as ESBL producers by disk diffusion (CLSl, 2005).

6.2.2 Patient lnformation

Many of the 23 patients harboured more than one ESBL-producing strain

isolated from them over the two year period. All were colonizations with 21 being

isolated from rectal swabs, one wound and one stool. Of the genders reported,

distribution was 38% (n=B) male and 620/o (n=13) female. Patient age ranged

from 43 to 92 with a mean of 73.3.
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6.2.3 Detection of ESBLs

Universal primers were used to detect blar¿¡¡, b/asHv and bla6y_M ESBL

genes. Of the 40 phenotypically confirmed ESBL producers, it was found that 39

harboured CTX-M and one isolate harboured a SHV-type ESBL. Sequence

analysis further revealed that 29 of the CTX-M genes found were blaç1y-¡¡-1a âttd

10 were blac¡x-r'¡-ts The single SHV ESBL was determined to be b/as¡y-5 upon

sequence analysis. Further analysis of the CTX-M-14 genes using PCR has

shown that 28 of the 29 isolates contained an lS l0 element upstream of the

CTX-M-14 gene in an lSEcpT element (Figure 11)
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Figure 11. PCR for detection of lSl0 element upstream of the b/açil-r'r-1a

gene. This element has been found in previous CTX-M-14 outbreaks in

western Canada. With respect to lSEcpl the lSl0 element has only been

found to insert at the same site within that gene. The lSEcpl-l is the

forward primer that flanks the lSEcpl gene and the directionality is

indicated by the arrow. The TOHO-2-4 primer is the reverse primer that

flanks the CTX-M-14 gene and its directionality is indicated by the arrow. lf

the lSl0 element is located within this region to be amplified a 2kb product

will be produced. lf the lSl0 element is not located within this region, a 0.8

kb product is produced.
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6.2.4 PFGE Subtyping

PFGE subtyping with Xbal revealed two major clusters distributed among

the isolates. All 29 isolates harbouring blaçry-¡¡-1a clustered togetherand all 10

isolates harbouring blaqx-r,¡-ts clustered together(Figure 12). Ultimately, PFGE

revealed that two major outbreaks were occurring in this LTCF over the two year

period. The CTX-M-15 cluster had a minimum of 98% similarity and the CTX-M-

14 cluster showed a minimum of 85% similarity. The single SHV-5 isolate had a

distinct fingerprint from isolates harbouring CTX-M-15 and CTX-M-1 4. With 70%

similarity to the CTX-M-14 and CTX-M-15 cluster it therefore clustered on its

own.
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Figure 12. Fingerprints generated by PFGE subtyping resulted in two

distinct clusters. The pink cluster is representative of isolates harbouring

b/aç1¡-r'r-15. The blue ctuster is representative of isolates harbouring b/acrx-n¡-

1a. The one pattern not highlighted was the only isolate harbouring b/asHv-s.
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6.2.5 Transformation and Plasm¡d RFLP Analysis

ln order to determine if ESBLs were located on plasmids and the genetic

relatedness of the plasmids, RFLP analysis was conducted. Plasmids from all

isolates were first isolated and transformed into electrocompetent E. coli, DH10B

via electroporation. After four attempts it was found that only isolates harbouring

CTX-M-15 and SHV-5 were transformable. The plasmids harbouring CTX-M-15

were then digested with Bglll and Hpal and the resulting fingerprints are shown in

Figure 13a and 13b. The indistinguishable plasmids appeared to be the same or

very closely related. Based on migration distances of each band, BioNumerics

was also used to determine the approximate size of the plasmids. Plasmids

were large and ranged in size from 99 to 142 kb.
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Figure 13. (a) Plasmid fingerprinting with Bglll. (b) Plasmid fingerprinting

with Hpal. Strain represents the clinical isolate the plasmid was isolated

from. ESBL denotes the type of ESBL located on the plasmid. Antibiogram

represents the resistance found in the recipient strain. Abbreviations of

antimicrobials are as follows: Ac - amoxicillin/clavulanic acid, Am -

ampicillin, Ce - cefoxitin, Gf - ceftiofur, Ch - chloramphenicol, Cp -

cephalothin, Cx - ceftriaxone, Ge - gentamicin, Ka - kanamycin, Su -

sulfamethoxazole, St - streptomycin, Te - tetracycline, Tm -

trimethoprim/sulfamethoxazole. Antim icrobials listed i n parenthesis

indicate intermediate resistance. Resistance to streptomycin (St) could not

be determined due to streptomycin resistance in the recipient strain

DHI OB.
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6.2.6 Resistance Profiles

Antimicrobial susceptibilities for the clinical and transformant strains were

determined for amikacin (Ai), amoxicillin/clavulanic acid (Ac), ampicillin (Am),

cefoxitin (Ce), ceftiofur (Cf), ceftriaxone (Cx), chloramphenicol (Ch), ciprofloxacin

(Ci), gentamicin (Ge), kanamycin (Ka), naladixic acid (Na), sulfamethoxazole

(S u ), streptomycin (St), tetracycl i ne (Te), tri methopri m/su lfa methox azole (Tm ) by

the Sensititre SystemÏM lTrek Diagnostics). Among all clinical strains, the

majority were multidrug resistant. The resistance distribution of non-beta-lactam

drugs include ciprofloxacin (n=39, 97.5%), naladixic acid (n=39,97.5o/o),

tetracycline (n=39, 97 .5%), trimethoprim/sulfamethoxazole (n=15, 37 .5%),

kanamycin (n=9, 22.5%) and gentamicin (n=1 1 , 27 .5o/o). Antibiograms generated

on transformant strains indícate transfer of resistance of non-beta-lactam

antimicrobials on the same plasmid harbouring the ESBL (Table 12). The ten

plasmids harbouring CTX-M-15 were multidrug resistant. All plasmids had very

similar R-profiles and were typically resistant to gentamicin (88%, n=B),

kanamycin (BB%, n=8), tetracycline (BB%, n=8), and

trimethoprim/sulfamethoxazole (100%, n=9). Transferof streptomycin resistance

could not be determined due to streptomycin resistance in the recipient strain,

DH10B. Of the antimicrobials that were tested on the panel, resistance to

ciprofloxacin did not transfer from any of the strains, sulfamethoxazole did not

transfer five times (strains 46, 48,49, 66 and 118) and gentamicin and

kanamycin did not transfer one time (strain 1 18). Among all the antimicrobials
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tested in the panel, all ten isolates remained susceptible to amikacin,

chloramphenicol and cefoxitin.
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Table 12. Transfer of resistance among E. coli harbouring GTX-M-15.

Sample

No. Organism

14

16

17

24

46

48

49

66

118

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

E. coli

ESBL

Gene

CTX-M-15

CTX-M-15

CTX-M-15

CTX-M-15

CTX-M-15

CTX-M-15

CTX-M-15

CTX-M-15

CTX-M-15

uAc - amoxicillin/clavulanic acid, Am - ampicillin, Ce - cefoxitin, Cf - ceftiofur, Ch - chloramphenicol, Cp - cephalothin,
Cx - ceftriaxone, Ge - gentamicin, Ka - kanamycin, Su - sulfamethoxazole, St - streptomycin, Te - tetracycline, Tm -
trimethoprim/sulfamethoxazole. Antimicrobials listed in parenthesis indicate intermediate resistance. bResistance to
streptomycin (St) could not be determined due to streptomycin resistance in the recipient strain DH10B.

R-Profile of Glinical Strain"

(Ac)Am CfCxCi Ge Ka NaS uTeTm

(Ac)Am CfCxCiGeKa NaStS uTeTm

(Ac)Am CfCxCi Ge Ka NaS uTeTm

(Ac)AmCf( Cx)Ci Ge Ka N aS uTeTm

AcAm Cf( Cx)CiGeKa NaS uÏeTm

(Ac)Am Cf( Cx)Ci Ge Ka N aS uÏeTm

(Ac)Am CfCxCi Ge Ka NaS uTeTm

(Ac)Am Cf( Cx)Ci Ge Ka N aS uTeTm

AmCfCxCiNaSuTm

R-Profi le of Transformantt'b

(Ac)AmCfCxGeKaSuTeTm

(Ac)AmCfCxGeKaSuTeTm

(Ac)Am Cf( Cx)Ge KaS uÏeTm

AcAmCf(Cx)GeKaSuTeTm

(Ac)AmCf(Cx)GeKaTeTm

(Ac)AmCf(Cx)GeKaTeTm

(Ac)AmCf(Cx)GeKaTeTm

(Ac)AmCf(Cx)GeKaTeTm

AmCf(Cx)Tm
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6.2.7 Patients Harbouring Multiple lsolates

Although most patients harboured only one ESBl-producing E. coli, a total

of eight of the 23 patients had more than one isolate collected from them over the

total time they spent in the LTCF. These isolates were typically collected every

six months. One patient had six ESBl-producing E. coliisolated over a 24 month

period of time. The majority of patients (14 out of 23) harboured a CTX-M-14

ESBL. ln each case, every new strain isolated from a particular patient

harboured the same ESBL, however the PFGE pattern changed slightly. For

instance three patients showed instances of the PFGE pattern changing by the

shifting of one or two bands. Antibiograms of the organisms also displayed minor

changes, either acquiring new antimicrobial resistance or loosing antimicrobial

resistance. The antibiogram of one patient that had three isolates recovered

changed by picking up ceftriaxone resistance after a period of time. This also

was seen in a patient that had two isolates recovered from them. Another patient

for which six isolates were identified gained resistance to cefepime but then lost it

the next time a swab was taken.

6,2.8 Statistical Analysis

Statistical analysis using the Pearson Chi-square and Fisher's exact test

for small numbers was performed to test four hypotheses that were driven by the

molecular findings from the study. The hypotheses with their findings included:

1 . What factor or factors correlates to prolonged colonization of an ESBL

in ceñain patients. Two factors were found to correlate with prolonged
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colonization. Patients from whom multiple strains were isolated were more likely

to have had multiple courses of antibiotics (p = 0.03) (Table 13). As well,

patients with multiple isolates were more likely to have fewer underlying illnesses

(p = 0.039) (Table 13).

2. ln case-case comparisons (ie. clonal group comparison), do the same

or different factor(s) correlate with infection or colonization by the two major

ESBL clones in the LTCF. Patients with CTX-I\A-1A were more likely to have had

a gastrostomy (p = 0.001) (Table 14).

3. ln case-case comparisons, do the two clones differ in their likelihood of

presenting as an infection versus colonization. This could not be determined

since there were no reports of infections in this study.

4. Does the spread of either major ESBL clone in the LTCF appear related

to the physical placement and movement of patients within the hospital. There

was a weak association (p = 0.08)where patients with CTX-lVi-14 were more

likely to have been on one specific ward.
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Table 13. Factors attributing to patients with multiple ESBL-producing

isolates from the LTCF.

Characteristic Patients with
multiple
isolates (n:8)

Patients with
one isolate
ln:17)

oR (es% cr) P

Multiple antibiotics 8 (100) 9 (s2.9\ nJa 0.03
Sample site rectal 8 (100) 14 (82.3) nJa 0.30
Type of antibiotic
TMP/SMX s (62.5) s (29.4) 3.67 (0.46-32.64\ 0.15
Levofloxacin 2 (2s\ s (2e.4) 0.73 (0.07-6.81) 0.s7
Ciprofloxacin s (62.5\ s (29.4\ 3.61 (0.46-32.64) 0.15
Cefatin 4 tso) 4 (23.s\ 3.00 (0.37-26.94\ 0.22
Amoxicillin 3 (37.5\ 3 fi7.6\ 2.60 (0.28-26.34\ 0.30
Nitrofurantoin 3 (37.s) 3 fi7.6\ 2.60 (0.28-26.34\ 0.30
Cefuroxime 4 (s0) 4 Q35\ 3.00 (0.37-26.94\ 0.22
Medical device
Catheter 3 (37.s) 2 (11.7) 4.20 (0.38-54.10) 0.19
Folev 4 lso) 3 (17.6) 4.33 (0.49-44.41\ 0.13
Gastrostomv 6 (7s)' 6 (3s.2\ s.00 (0.57-s2.99\ 0.10
All twes 7 (81.5\ tl rc4.1\ 2.55 (0.18-73.54\ 0.4t
No. ofunderlying
illnesses

s (62.s) ls (88) nJa 0.039

Note: Percentages are given in 0. P= probability.
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Table 14. Factors correlating to one of the two clonal groups circulating in

the LTCF, ie. case-case comparison.

Note: Percentages are given in 0. Clonal groups listed were separated based on
patients, not individual isolates. P= probability.

Characteristic CTX-M-14
clonal group
ln:14)

CTX-M-15
clonal group
(n:8)

oR (9s% CI) P

Mul ple isolates 6 (42.8\ 2 (2s) 2.25 (0.24-24.0r\ 0.36
Multiple antibiotics 12 (8s.7) s (62.5\ 3.60 (0.32-41.06) 0.23
Tvpe of antibiotic
TMP/SMX 6 (42.8) s (62.s) 0.4s (0.0s-3.63) 0.33
Levofloxacin s (3s.7) 3 (37.s\ 0.93 (.01r-7.91) 0.64
Ciprofloxacin 7 (s0) 3 (37.s) 1.67 (0.21-14.18) 0.45
Cefatin 6 42.8\ 2 (2s) 2.25 (0.24-24.01\ 0.36
Amoxicillin 5 ß5.7\ 2 (2s\ 1.67 (0.t7-18.04) 0.49
Nitrofurantoin 4 (28.5\ 3 (37.s) 0.67 (0.07-s.96) 0.s 1

Cefuroxime s (35.1\ 4 (s0) 0.s6 (0.07-4.47\ 0.42
Medical device
Catheter 3 (2r.4) 2 (25\ 0.82 (0.01-9.82\ 0.62
Folev 6 Ø2.8\ 1 (12.s) s.2s (0.40-143.30) 0.16
Gastrostomv 12 (8s.7) t (12.s) 42 (2.42-2041\ 0.00i
All types 14 t100) 4 (s0) nla 0.010
No. ofunderlying
illnesses

12 (8s.7) 6 (7s) 0.s0 (0.01-22.68) 0.69

Hosnital ward
3 east 2 (14.2\ 3 (37.s\ 0.22 (0.02-2.64\ 0.18
6 west t0 (71.4) 2 (25\ 6.2s (0.6t-80.1s) 0.08
5 west 4 (28.s) 0 (0) nla 0.16
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6.3 NAUTICA-QR Study

6.3.1 Study Design

From 2O04-2OO5, 30 medical centres in the United States and 10 medical

centres in Canada collected consecutive outpatient quinolone resistant (OR)-E.

coli mid-stream urine (MSU) isolates as part of the North American Urinary Tract

lnfection Collaborative Alliance Quinolone Resistant (NAUTICA-OR) study. Each

center from the United States were asked to collect 70 isolates and the Canadian

sites were asked to collect 25 isolates.

A total of 1842 QR-E. coli MSU isolates were collected and submitted to

the Health Science Centre in Winnipeg, Manitoba, Canada. One hundred and

sixty-five of these isolates displayed reduced susceptibility to a third generation

cephalosporin known as cefdinir, and were sent to the NML for ESBL

confirmation. Of the 165 potential ESBl-producers, 59 (35.7%) were confirmed

as ESBLS. Table 15 summarizes patient information provided with the ESBL-

producing isolates. lt was found Lhal21 isolates were submitted from four sites in

Canada and 38 isolates represented 17 sites from the United States. The

distribution among gender was 66.1% female (n=39) and 33.9% male (n=20).

Reported age distribution was as follows:0 to 21 years, n=4;22 to 65 years,

n=26; >65 years , n=27 .
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Table 15. Patient demographic information and type of ESBL in the clinical

isolates.

Sample No. Age Gender Gity ESBL
23550 34 F

33864 66 M

39431 66 M

39433 66 M

39435 66 M

39436 66 M

50726 10 F

51662 46 F

51684 nla F

52018 24 F

52037 47 M

52201 57 F

52207 B0 F

52219 50 F

53159 33 F

53184 58 F

53190 42 F

53194 89 M

53262 47 M

53266 19 F

53267 81 F

53750 73 M

53784 76 F

54146 19 F

54155 47 F

54506 29 M

54512 61 M

54563 99 M

54564 84 F

54577 88 F

54581 88 F

54935 77 F

54981 BB M

55276 49 M

55278 28 F

55287 41 F

55395 93 F

55404 39 F

56694 73 M

57230 6 F

57359 61 F

57368 86 F

Winnipeg CTX-M-25
Winnipeg CTX-M-15
Winnipeg CTX-M-'14
Winnipeg CTX-M-14
Winnipeg CTX-M-15
Winnipeg CTX-M-14
Winnipeg CTX-M-14
New York CTX-M-15
New York CTX-M-15
Rochester CTX-M-15
Rochester CTX-M-15
Montreal CTX-M-14
Montreal CTX-M-15
Montreal CTX-M-15
New York CTX-M-15
New York CTX-M-15
New York CTX-M-'15
New York CTX-M-25

Los Angeles CTX-M-15
Los Angeles CTX-M-14
Los Angeles CTX-M-14
Winnipeg CTX-M-14
Winnipeg CTX-M-15
Galveston CTX-M-'15
Galveston CTX-M-15

San Antonio CTX-M-15
San Antonio Neg
Edmonton CTX-M-14
Edmonton CTX-M-14
Edmonton CTX-M-14
Edmonton CTX-M-14

Akron CTX-M-15
Akron CTX-M-14

Stanford CTX-M-15
Stanford TEM
Stanford CTX-M-14
Winnipeg CTX-M-15
Winnipeg CTX-M-15

Jacksonville CTX-M-'15
Oklahoma City CTX-M-15

Pawtucket CTX-M-15
Pawtucket CTX-M-15
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57509
57658
57666
57754
57896
57897
57935
58240
59483
59500
5951 7

59537
53786
55398
56912
53201
55633

CTX-M-14
CTX-M-15
cTX-M-15
CTX-M15
CTX-M-14
CTX-M-14
CTX-M-14
CTX-M-15
CTX-M-14
CTX-M-14
CTX-M-15
CTX-M-14
CTX-M-15
CTX-M-,15

SHV-12
SHV-,12

SHV-12

52

31

61

25

74

BO

86

73

53

54

47
49

72

72

nla
BB

82

M

M

F

F

F

F

F

F

F

M

F

F

F

F

M

F

M

Toronto
Salt Lake City
Salt Lake City
San Francisco

Omaha
Omaha
Omaha
Chicago

Burlington
Burlington
Burlington
Burlington
Winnipeg
Winnipeg
St. Louis
New York
Knoxville

6.3.2 Antimicrobial Susceptibilities

Of the conf¡rmed ESBl-producers it was found that CTX, CTXCA

combination was the most sensitive at picking up the ESBL phenotype (100%).

The CPD, CPD/CA combination failed 3.4% (n=2) of the time, and CAZ, CAZCA

combination had a failure rate of 35,6% (n=21) times. Susceptibilities for

ampicillin, cefdinir, cephalexin, ciprofloxacin, levofloxacin, ertapenem,

nitrofurantoin, and TMP/SMX were conducted on all strains using broth

microdilution as specified by CLSI. Resistance patterns for these agents on all

confirmed ESBl-producers are shown in Table 16. ln addition to beta-lactam

and fluoroquinolone resistance,660/0 were resistant to TMP-SMX, all except for

one were susceptible to nitrofurantoin and allwere susceptible to ertapenem.
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Table 16. Resistance profiles of study strains".

%R MIC
range

100 256->1024

100

100

100

8->32

16->512

32-256

%R MIC
range

100 512->1024

100 <0.015-0.25

95.2

95.2

100

a

0

3.2

Determined using broth microdilution.

>32

64->512

32->256

%R

100

100

100

100

100

0

0

100

B-64

8-256

54.8 <0.25->512

100 <0.01 5-0.5

range

>1024

>32

>512

64

0.25

320

4.7

%R

100

100

100

'100

100

0

0

100

B-64

<2-64

80.9 <0.25->512

Mtc
range

>1024

>32

>512

64

1

16

16

512

%R

100

100

100

100

100

0

Mtc
range

1024->1024

4-8

'16

>512

%R

100

100

100

100

100

0

100

0

32-128

32-64

0.03-0.12

16-32

B-32

0.5->512

Mlc
range

>1024

>32

128

32

>1024

16

I

256

0

66.6
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6.3.3 PCR and Sequence Analysis of ESBL Genes

PCR analysis revealed that 91 .5% (n=54) of ESBL genes were CTX-M,

whereas only three were b/asHv, one was bla¡¿¡¡ and one was unidentified with

SHV, TEM or CTX-M primers used. lt should be note that 34 of the isolates that

harbored a blactx-t¡ also carried a blafttt as did the three isolates with a b/asuv.

We assumed in these cases that the gene was b/arev-1 though proof of this would

require DNA sequencing.

Sequencing of the entire CTX-M gene identified 31 (52.5%) blaux-¡¡-ts,21

(35.6%) blaç1y-¡¿-1a,one (1 .7o/o) blacrx-M-z4and one (1.7o/o) blaç1y-¡¡-25. The

majority of CTX-M-14 genes (52%) were found in Canada, along with the lone

CïX-M-24 isolate. ln contrast, most CTX-M-15 genes (67 .7%) were identified in

the United States, as was a single CTX-M-25. PCR to detect an insertion

element (1S70) upstream of the CTX-M-14 gene was attempted, and was only

found in three isolates distributed in Canada.

Only three isolates were found to harbour b/a5¡y, and sequence analysis

revealed all three (5.1%) to be SHV-12. Genes harbouring SHV-12 were only

found in isolates showing low level cefdinir resistance. Two isolates had cefdinir

resistance with an MIC of 4 pg/ml and one had an MIC of B Ug/mL. All SHV-12

genes found in this study were identified from the United States. lsolates

harbouring SHV genes appeared to be as multidrug resistant as most isolates

harbouring blac¡x-t¿(Table 1 6)

Only one isolate was found to harbour a single beta-lactamase, and was

identified ãs blar:et¡-1 uporì sequence analysis. Since TEM-1 is not an ESBL, this
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does not explain why the ESBL phenotype was seen in this particular organism.

Upon sequence analysis there were no obvious mutations found in the TEM-1

promoter region that could allow for over expression of the TEM-1 gene and thus

a false ESBL phenotype (data not shown).

6.3.4 Genetic Relatedness

Macrorestriction analysis of phenotypically confirmed ESBL-producing

strains showed only two isolates with the same fingerprint (Figure 14). Both of

these isolates harboured CTX-M-15 and displayed very similar resistance profiles

to a variety of antimicrobials. lt should be noted that these two isolates were

found in different regions of the United States, one in the east (New York City)

and one further west (Salt Lake City). Although this was the only example of

identical isolates, there were instances of similar patterns (less than or equal to 6

band differences). However, the majority of isolates appeared to be genetically

unrelated to one another (greater than 6 band differences, < B07o similarity),

indicating that clonal dissemination was not occurring. lt would be interesting to

compare the plasmid content of these strains and in fact all strains, though this

was beyond the scope of this study.
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Figure 14. Dendrogram of DNA macrorestriction patterns generated with

Xbal. ESBL denotes the type of ESBL found in the strain. City represents

the city for which the organism was isolated.
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7 Discussion

7.1 Salmonella Surveillance Study

The first repofts of ESBLs in non-typhoidal Salmonella were in France in

1989 and shortly after in ltaly in 1990 (41 ; 47, 141). lt was not until 2000 that a

Canadian Salmonella enterica isolate was reported to harbour an ESBL (89).

The serovar for which this b/asHv-2¿ wâs first found in was Typhimurium. This

work provides new data to show that ESBLs have been found in numerous

serovars including Heidelberg, Hadar, Agona, Mbandaka, Senftenberg, London,

Kiambu, and Enteritidis with the majority found in S. Heidelberg. Even though

ESBL rates remain very low and are not a major problem to date, this study has

shown that the rates of ESBLs have increased from 2003 to mid 2005. Based on

this data one may speculate that the rate of ESBLs in Canadian Salmonella

isolates will continue to rise.

Geographically, although the majority of ESBL-producing Salmonella were

found in western Canada (n=13), they were also seen in the central and eastern

Canada (n=10, n=2, respectively). Gender does not appear to be a major factor

in acquiring Salmonellalhat harbour ESBLs since the proportion of males to

females were equally distributed. Although patient ages ranged from 1-78 it is

interesting to note that a large number of Salmonella harbouring ESBLs were

found in patients under the age of 5 (n=11). Although this number represents

less than 50% of the ESBL isolates found in this study and therefore may not be

significant it is interesting to note that previous literature has reported that the

incidence of Salmonel/a infections is higher in young children (24,72, 101).
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Although a concise explanation for this has not been given one may speculate

that since young children have not been exposed to many pathogens that would

build up their immune systems, that perhaps they become ill with minor

pathogens more easily. As well, children are more likely to see a physician for

the illness compared to adults and so there may be an inherent reporting bias.

ln parallelwith the increasing number of Salmonel/a serovars, an increase in

the variety of ESBLs has been reported. A wide variety of ESBL genotypes,

including TEM, SHV, PER, and CTX-M enzymes have been reporled in

Salmonella worldwide (15, 45). However, in this study only SHV and CTX-M

ESBLs were found, with the SHV ESBLs representing the largest group (60%).

ln pafticular, SHV-2a dominated among Canadian strains. The abundance of

SHV-2a ESBLs in Salmonella is similar to the major type of SHV ESBLs found in

E. coliand K/ebsiel/a spp in Canada (88). Although other ESBLs have been

identified in other parts of the world from nosocomial infections among

Salmonella (21,42), SHV-2a ESBLs appears to be somewhat restricted to

Canada. Despite this limited observation of b/asHv-2¿ ân'rong Salmonella, it has

been described in a Salmonella Typhimurium from Poland (7).

Clonal distribution of isolates harbouring SHV-2a was investigated using

DNA fingerprinting. As expected, fingerprints clustered according to serovars.

However as a general observation, isolates with the same ESBL genotype had

distinguishable fingerprints indicative that a clonal distribution by genotype was

not a factor. Because of a lack of clustering by genotype, plasmids were

characterized since ESBLs are frequently found on these mobile elements.
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Since the majority of ESBLs found were SHV-2a, plasmids for which these

genes reside on were analyzed to determine if similar plasmids were responsible

for the dissemination of this gene. Plasmid fingerprinting with Bglll and Hpal

revealed similar SHV-2a plasmids among most isolates, but only three isolates

were found to harbour indistinguishable plasmids. These plasmids were carried

by three different serovars (Heidelberg, Hadar, and Typhimurium) suggesting

transfer could readily occur in vivo within and between serovars. Previous

studies showing that related plasmids can be found in different species of

Enterobacteriaceae support the ease for which plasmids can transfer in vivo (6).

As well, these three indistinguishable plasmids were found in different regions

within Canada, two from the west and one from central Canada. The spread of

this indistinguishable plasmid may be due to travel of patients or people in direct

contact with patients from one region to another.

The other SHVtype ESBL found in this study was SHV-12. Analysis of

PFGE patterns may suggest a common origin of one SHV-12 harbouring

organism and one organism harbouring SHV-2a, since there were less than four

band differences between these isolates (135). However this is difficult to be

sure of since these organisms were both serovar Hadar and therefore should

cluster together by PFGE. Comparison of plasmid profiles of SHV-12 and SHV-

2a did not reveal similar RFLP types, suggesting that change of SHV-2a into

SHV-1 2 or vica versa probably did not occur within a similar plasmid. Previous

studies do however suggest the potential evolution or co-evolution of SHV-12

from SHV-2a is a possibility (67). This speculation is feasible since SHV-12
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differs from SHV-2a by a single amino acid substitution of E240K

(http://wwr,v.lahev.orq/Studies/). ln vitro transfer of one SHV-12 plasmid was

unsuccessful via electroporation. This is suggestive that perhaps this particular

SHV-12 gene was not located on a plasmid but instead was located on the

chromosome of that isolate. Further studies are required to determine this

hypothesis.

The CTX-M ESBLs are the most newly discovered Ambler class A

enzymes. The CTX-M's were first observed in an Argentinean Salmonella

Typhimurium isolate in the early 1990's (139). ln this study two b/acrx-n¡-r¿ ârìd

one b/acrx-¡¡-15 werê found on different plasmids among three different serovars

(Mbandaka, London, Enteritidis). These two types of ESBLs are frequently seen

among Canadian isolates of E. coliand K/ebsiel/a spp (88), but to our knowledge,

is the first time they have been reported in a Canadian Salmonel/a isolate.

Despite no previous reports of CTX-M-14 among Canadian Salmonella isolates,

it has been reported in a Salmonel/a London serovar in Korea (149). Recently,

CTX-M-15 has been found in the United Kingdom among Salmonella enterica

serovars Anatum, Enteritidis and Typhimurium. Despite these findings reports of

CTX-M-15 among Salmonella isolates have remained relatively rare in other

parts of the world (10). Other CTX-M variants such as CTX-M-1 , 2 and g have

also been reported in serovars Enteritidis and Typhimurium (15).

Seven isolates were found to have an unknown mechanism of resistance

even though they displayed the ESBL phenotype via disk diffusion. These

isolates could not be defined as harbouring TEM, SHV, or CTX-M, using PCR,
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however, IEF did reveal the presence of a Cmy-2 beta-lactamase. This is an

AmpC type beta-lactamase and differs from ESBLs in that they are not inhibited

by clavulanic acid and are resistant to cefoxitin in vitro (104). ln other words,

AmpC type beta-lactamases do not exhibit the clavulanic acid effect as seen with

classical ESBLs. The cmy-2 gene has been frequently found in previous

Salmonella isolates and has been found to mediate resistance to broad-spectrum

cephalosporins such as ceftriaxon e (28, 96, 146). Resistance to third generation

cephalosporins among Salmonella isolates is not uncommon and it is not

surprising that it is observed in this study. However, it is surprising that the seven

strains that harboured cmy-2 also exhibited the clavulanic acid effect typical of

classical ESBLs such as TEM, SHV or CTX-M. This led us to investigate

potential reasons for this observation. The potential of the Cmy-2 enzymes to

take on the ESBL phenotype seems unlikely since attempts to transfer the ESBL

phenotype were unsuccessful, yet the cmy-2 gene transferred. lt therefore

seems more likely that the genotypic explanation for the ESBL phenotype is of

chromosomal origin and not plasmidic. As well, sequence alignments of the cmy-

2 genes in the strains revealed no mutations that may account for an altered

substrate profile and ultimately contribute to the ESBL phenotype. Further

analysis io determine the genetic basis for the ESBL phenotype in these strains

should be investigated.

Finally, one of the seven undefined isolates did harbour a beta-lactamase

with a pl of about7.2. A pl of 7.2 is usually typical of a SHV-type ESBL and some

OXA enzymes also have a pl in that range (http://www.lahev.orq/Studies/). To

t22



date, there are limited reports of OXA enzymes in Salmonel/a species. For

instance, OXA-2 (pl 7.9) and OXA-30 has been reported in Salmonella serovar

Typhimurium (50, 90). lf this unknown ESBL is infact a SHV or OXA type ESBL

the reason for our primers not working remains unknown. Although two different

SHV primer sets were used, perhaps an altered sequence at the primer binding

site prevented adequate primer binding in the PCR.

Generation of transformants followed by antimicrobial susceptibility testing

enabled us to indirectly determine which resistance mechanisms were being

transferred on the plasmids that also harboured the ESBLs. ln some cases not

only was beta-lactam resistance transferred, but so was tetracycline,

trimethoprim/sulfamethoxazole, and aminoglycoside resistance. However, in

most cases plasmids did not confer a multidrug resistant phenotype. Similar

findings have also been found in Poland, from a plasmid isolated from

Salmonella Typhimurium that harboured blasnv-zu (7). ln this study, although the

appearance of multi-drug resistant plasmids in Salmonella is relatively rare in this

study, the possibility of such plasmids would make treating a patient very difficult.

ln particular, treatment would be difficult if resistance to fluoroquinolones was

found among these organisms since fluoroquinolones are prescribed for many

infections caused by Salmonel/a species (57). Fluoroquinolones can also be

ruled out as a treatment option in children since they are not recommended for

this age demographic because they damage growing bone (72). ln such cases,

third generation cephalosporins are typically used to treat Sa/monella infections

(57). No fluoroquinolone resistance was identified in this study. A serious
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infection caused by Salmonella harbouring an ESBL in children would severely

limit treatment options.

ln conclusion, this study documents the continuing emergence of ESBL-

producing Salmonella in Canada. Despite remaining relatively rare in Canada,

the observation that ESBLs are readily found on plasmids and can be transferred

among different serovars should raise concerns.

7.2 Longitudinal Study

ln long term care facilities, carriage of antimicrobial resistance, parlicularly

the prevalence of antimicrobial resistance has not been well studied (40,78).

Although the focal point of such studies were once on Gram positive organisms it

is not unreasonable to investigate Gram negative organisms since resistance

among these organisms are not uncommon (40, 128). ln the present study we

specifically investigated E. coli isolates harbouring ESBLs. lnfections and

colonizations by ESBL-producing bacteria are relatively common in LTCF's (143).

The molecular characterization of ESBLs in this study found two major types

circulating, CTX-M-1 4, (n=29) and CTX-M-15, (n=10), and a single SHV-5 was

also found. Further analysis revealed that not only was there only three types of

ESBLs circulating but there were two major clonal strains. lsolates harbouring

CTX-M-14 all had similar PFGE patterns and isolates harbouring CTX-M-15 all

had similar patterns suggesting that two major CTX-M outbreaks occurred in this

facility. The reporting of CTX-M-15 and CTX-M-14 outbreaks in this study is

somewhat new since outbreaks with these ESBLs appear to be limited in
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literature (65). lt should also be noted that in patients with numerous isolates

most often resulted in different PFGE patterns over time as well as different

antibiograms. These constantly changing organisms and their multidrug resistant

profiles may be due to a constant change in selective pressures of antibiotics.

Multidrug resistant E. colihave previously been reported in similar settings (87,

143).

Plasmid characterization of isolates harbouring CTX-M-15 revealed

indistinguishable and closely related plasmids among these isolates. lt should be

noted that these plasmids were significantly different than the CTX-M-15

plasmids found in the Salmonella study as well as CTX-M-15 isolates found in

previous isolates within our database. Plasmids which we were able to transfer

to susceptible recipient strains allowed indirect insight into non-beta-lactam

resistance genes that may also be located on the plasmids that harbour ESBLs.

The presence of multidrug resistant plasmids makes treating these organisms

more difficult. Multidrug resistant plasmids have been found in previous hospital

settings around the world (73, 142). Plasmids from isolates harbouring CTX-M-

14 could not be transformed by electroporation and for this reason are thought to

be located on the chromosome, although this would have to be proven.

Chromosomal location for ESBLs tend to be less common since ESBLs are most

often located on plamids, however, location on a chromosome is possible. Most

studies fail to address the actual location of an ESBL if it is not found on a

plasmid and instead assume it is located on the chromosome. lt is also possible
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that the plasmids for which the CTX-M-14 genes were located on were simply

non-conjugative plasmids.

lsolates harbouring CTX-M-14 were also found to contain an lS70 element

upstream of the actual blaç1y-¡¡-1a gene. This finding is characteristic of previous

CTX-M-14 outbreaks seen in western Canada (1 13) and may be a useful

diagnostic tool.

It was not surprising that patients for whom multiple isolates were recovered

were more likely to have had multiple courses of antibiotics. The constant

exposure to antibiotics most likely forces the organism to continuously acquire or

loose genes that will aid in its survival. Previous studies have documented that

prior antibiotic use is a significant factor in contributing to an ESBL-producing

organism (39,44,59, B3). ln addition, patients harbouring CTX-M-14 were more

likely to have had a gastrostomy. This procedure has previously been reported

as potential risk factors for acquiring ESBLs (32). Patients with CTX-lVl-14 were

also more likely to have been on the 6 west ward in the LTCF. What is more

interestíng is that there was a weak correlation with gastrostomy patients and the

6 west ward. One may speculate that perhaps all patients that unden¡yent a

gastrostomy were put on the 6 west ward. lf this was the case, it would be

difficult to determine if it was the procedure, the surgeon doing the procedure or

the location that contributed to the spread of the CTX-M-14 clone. Multivariant

analysis may have helped sort this out, however a larger sample size would be

needed in order for the results to be reliable. Ultimately, these results are very

much exploratory due to the small sample size. ln the future a larger study would
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be needed to confirm any findings in this study. Ultimately, identification of risk

factors for ESBl-producing organisms is the first step in developing an ef[ective

strategy to reduce the spread of this type of resistance in LTCFs.

7.3 NAUT¡CA-QR Study

More quinolone resistant E. coliharbouring ESBLs were found isolated from

four Canadian sites compared to 17 American sites. This may suggest that these

resistant organisms are more prevalent in Canada. Patient demographic

information revealed that more fluoroquinolone resistant isolates that harboured

ESBLs were isolated from females than males. This is not surprising since

urinary tract infections are tend to be more common in females (27). As well,

most isolates were found in patients older than 22, which is the typical age

demographic of many UTI's (27).

The CTX-M type ESBLs preferentially hydrolyse cefotaxime and were

initially isolated in the late 1980's from strains in Europe (1 1). ln the past, the

CTX-M ESBLs were predominantly found in South America and Eastern Europe

(36) however, recently they have become more frequent in North America and

Western Europe (2, 15,85). Over the years ín Canada, CTX-M-14 and CTX-M-

15 ESBLs have been prominent whereas in the United States TEM-type ESBLs

have been most prevalent (BB, 84, 1 16). This may be partially explained by the

overuse of cefotaxime which is preferentially hydrolyzed by CTX-Mtype ESBLs

therefore aids in selecting for these type of beta-lactamases.
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ln this study we found that35.7% of quinolone resistant E. coliharboured

an ESBL. However, the number of ESBLs may be underestimated in this study

because potential ESBL-producers were selected on the basis of resistance to

the third generation cephalosporin cefdinir and not the CLSI recommended drugs

for screening ESBLS. Disc diffusion conformation with cefotaxime (CTX) alone

and in combination with clavulanic acid was 100% successful in detecting CTX-

M{ype ESBLs whereas ceftazidime and cefpodoxime were not. This was not

surprising since CTX-M beta-lactamases preferentially hydrolyze cefotaxime over

other cephalosporins.

PFGE analysis revealed that fingerprints were significantly different

suggesting that the distribution of CTX-M-14 or CTX-M-15 was not due to clonal

spread within or between sites. There was only one example of indistinguishable

PFGE fingerprint patterns found from isolates in two diflerent regions of the

United States, one in the east and one in the west. Although they both

harboured CTX-M-'l5, their resistance patterns differed by TMP/SMX. One may

speculate that slightly different plasmid backbones for which the CTX-M-15 was

found upon or the acquisition of the gene than encodes TMP/SMX may in part

explain this observation. However, plasmid fingerprinting would need to be

completed.

One beta-lactamase with a single amino acid difference from CTX-M-14,

labelled CTX-M-24 (http://www.lahev.orq/studies/) was found in Canada. Like

many isolates carrying CTX-M-14, resistance to TMP/SMX was also found.

Although reports of CTX-M-24 are somewhat infrequent compared to other CTX-
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M-types, recent reports suggest it is frequently found in Asia. The CTX-1V1-24

gene has recently been found among E. coliand K. pneumoniae from China

(145). Not only has CTX-M-24 been found in E. coli and K. pneumoniae, it has

been reported in Enterobacter species in Hong Kong (54).

Another recent CTX-M-type ESBL is b/a61¡-¡a-zs. A single CTX-M-25 was

reported and identified from the United States in this study. A previous Canadian

study grouped this gene with CTX-M-26 as it shares g9% homology amino acid

identity (86). Similar to CTX-M-15, CTX-M-2S has significant ceftazidime

hydrolytic activity, but reduced affinities for penicillins (86). The CTX-I.A-2í ESBL

was also resistant to TMP/SMX.

The SHV enzymes, named after the "sulfhydryl variable" active site, are

most commonly associated with K. pneumoniae but have also been found in E

coli, Salmonella spp. and P. aeruginosa (19, 105, 121). The first beta-lactamase

capable of hydrolyzing broad spectrum beta-lactams was SHV-2, which was

found in K. pneumoniae in the early 1980's (19, 1 21). Our study only found three

SHV{ype ESBLs, all of which were SHV-12. lt was interesting that all three

isolates displayed low level (s B mg/L) resistance to the 2nd generation

cephalosporin, cefdinir, whereas all CTX-M ESBLs were found in high level (> 16

mg/L) cefdinir resistant organisms. Perhaps SHV-12 is not able to hydrolyse

cefdinir as efficiently as the CTX-M genes. Clonal spread of any of these

organisms harbouring b/asHv was not a concern since fingerprints generated by

PFGE were not related. Similar to the isolates harbouring blactx-t¡, isolates

harbouring blasnv-'tzwere also resistant to TMP/SMX.
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ln 1989, TEM-3 was the first TEM-type beta-lactamase to display the

ESBL phenotype (19). Previously, many ESBL outbreaks in the United States

have been due to TEM-12,TElVl-lO and TEM-26 (20). However, in this study

only one TEMtype beta-lactamase was found. lnterestingly, the beta-lactamase

found was TEM-1, which is not an ESBL. Although no significant promoter

mutations were observed that could mimic the ESBL phenotype, co-existence of

TEM-1 with decreased porin expression may account for the reduced

susceptibility to cephalosporins and hence a false ESBL phenotype (76, 144).

One isolate identified from the southern United States could not be

identified as TEM, SHV or CTX-M with the primers used even though

phenotypically it was identified as an ESBL producer. This was one of the few

isolates resistant to nitrofurantoin and susceptible to TMP/SMX. This observation

along with the unique PFGE pattern should be furlher investigated.

Of the 165 potential ESBLs screened in this study all 59 (35.7o/o)

confirmed ESBL producers were resistant to quinolones. CTX-M-15 and to a

lesser extent CTX-M-14 appear to be associated with fluoroquinolone resistance

as opposed to other ESBL genotypes. Most isolates were also found to be

resistant to TMP-SMX (59%), which severely limits treatment options. The

increasing reports of ESBLs world wide and its frequent association with non-

beta-lactam resistance not only limits current treatment options but may result in

the permanent loss of certain antimicrobials for treatment of serious illnesses.
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I Conclusions

The three studies presented here have shown very different results among

ESBL-producing bacteria. For instance SHV{ype ESBLs were frequently seen

among Salmonella isolates, whereas the CTX-M-types were seen more among

E. coliisolates. ln addition, it is interesting that plasmids harbouring ESBLs in E.

colifrom the LCTF were multidrug resistant, whereas Salmonella plasmids were

not. The different settings these organisms were found in and the different

selective pressures they may have been exposed to may play a role in these

differences. Regardless, the multidrug resistant nature of ESBL-producing E. coli

and the increasing emergence of ESBLs in Canadian Sa/monella isolates are

growing concerns. Since isolates harbouring ESBLs are often multidrug

resistant, treatment options become very limited. This therapeutic dilemma along

with the increasing prevalence of ESBLs are both important reasons to

continually screen for ESBLs and develop an understanding on how to treat

infections caused by ESBL-producing organisms.
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