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CONCLUSIONS

Extended-spectrum β-lactamases (ESBLs) are the most significant resistance determinants 
emerging and spreading worldwide among the Enterobacteriaceae.  They were first reported 
in 1983 and s ince then greater than 300 var ian ts o f ESBLs have been ident i f ied 
(http://www.lahey.org/Studies).  The majority of ESBLs are Ambler Class A TEM, SHV and 
CTX-M variants.  Until the late 1990’s, TEM and SHV were the predominant ESBL variants 
and were mainly associated with nosocomial infections caused by Klebsiella pneumoniae 
(1).  The epidemiology of ESBLs has undergone a rapid change over the last decade with 
the emergence and spread of CTX-M ESBLs.   CTX-M ESBLs are now the most prevalent 
genotype and are mainly associated with E. coli infections from both community and 
nosocomial infections(2).      
ESBLs are enzymes that compromise the eff icacy of β- lactam ant ibiot ics, except 
cephamycins and carbapenems, by hydrolysis of the β-lactam ring (1).  Antimicrobial therapy 
is frequently limited for the treatment of ESBL-producers as they are often multi-drug 
resistant. 
The purpose of this study was to assess the prevalence and resistance prof i les of 
ESBL-producing Enterobacteriaceae from patients in Canadian hospitals in 2007 & 2008.

Objective:  The purpose of this study was to assess the prevalence and resistance profiles 
of ESBL-ENT from patients in Canadian hospitals (CH) in 2007 & 2008.
Methods: Clinically significant isolates were collected from January 2007 to December 2008 
as part of the CANWARD surveillance study. Susceptibility testing was performed by broth 
microdilution.  Putative ESBL isolates were screened and confirmed following CLSI 
guidelines. PCR and DNA sequencing was used to detect resistance genes. Strains were 
typed using PFGE.
Results:

Resistance to fluoroquinolones, doxycycline, trimethoprim/sulfamethoxazole and gentamicin 
occurred in 82.5% and 58.8%, 75.9% and 70.6%, 71.3% and 70.6% and 54.6% and 52.9% 
of ESBL-EC and ESBL-KP, respectively. 83.3% of ESBL-EC, 76.5% of ESBL-KP and the 1 
ESBL-KO were identified as multidrug resistant (MDR; ≥ 3 antimicrobial classes). The 
majority (>98- 100%) of ESBL-ENT remained susceptible to colistin, tigecycline and the 
carbapenems. CTX-M type was the predominant ESBL (80.3%), with CTX-M-15 as the 
predominant genotype (65.2%). 89.8% ESBL-ENT carried several β-lactamase genes. 
Generally the ENT harboring ESBLs were determined to be genetically unrelated (< 80% 
similarity) however small clusters of genetically related ESBL-EC were observed. Patient 
demographics were similar among ESBL-ENT.
Conclusions: The prevalence of ESBL-ENT in CH is increasing. blaC T X - M - 1 5 is the 
predominant genotype and has become endemic among ESBL-ENT which were frequently 
MDR. The spread o f ESBL-ENT in CH is a combina t ion o f c lona l sp read and the 
dissemination of gentetically unrelated strains.

Bacterial Isolates:
Bacterial isolates were collected as part of the Canadian ward (CANWARD) 
surveillance study.  CANWARD is a laboratory based surveillance study coordinated 
by the Health Sciences Centre in Winnipeg, Canada. From January 2007 through 
December 2008, 12 sentinel Canadian hospitals (10 centres - 2008) submitted 
pathogens from patients attending hospital clinics, emergency rooms, medical and 
surgical wards, and intensive care units. Annually, each centre was asked to submit 
pathogens (consecutive, one per patient/infection site) from blood (360), respiratory 
(200), urine (100), and wound/IV (50) infections. 7881 and 5282 isolates were 
collected for 2007 and 2008, respectively. All isolates were identified at participating 
sites by routine procedures performed at each laboratory.  Isolates were shipped to 
the reference laboratory at the Winnipeg Health Sciences Centre on Amies charcoal 
swabs, subcultured onto blood agar, and stocked in skim milk at -80°C until MIC 
testing was carried out.  In this study, only the analysis of unique ESBL-producing 
Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca and Proteus mirabilis 
isolates will be reported.
Susceptibility Testing:
Following two subcultures from frozen stock, the in vitro activities of various 
antimicrobials were determined in duplicate by microbroth dilution in accordance 
with CLSI guidelines (M7-A7, 2006 and M100-S17, 2007).  Colistin MICs were 
determined using the E-test method.  Food and Drug Administration (FDA) 
interpretation breakpoints were used for tigecycline (S: ≤2 µg/mL, I: 4µg/mL and R: 
≥8 µg/mL) and colisitn (S:≤ 2µg/mL and R: ≥4µg/mL).  Strains concomitantly 
resistant to ≥ 3 different antimicrobial classes were defined as multi-drug resistant 
(MDR).   Any E. coli, K. penumoniae, K. oxytoca and P. mirabilis  with a ceftriaxone 
and/or a cef tazid ime MIC ≥ 1 µg/mL was ident i f ied as a putat ive ESBL and 
underwent further analysis.  The putative ESBL phenotype was confirmed by the 
disk confirmation method as described by CLSI.  E. coli ATCC 25922 and Klebsiella 
pneumoniae ATCC 700603 were the control strains used in this study. 
Characterization of ESBLs
Genotypic characterization of ESBLs was performed by PCR and sequencing of      
blaSHV, blaTEM, blaCTX-M, and blaOXA genes as previously described (3, 4).   A BLAST 
search of the DNA sequence was conducted to determine specific genotypes.
Molecular Typing by PFGE
Genetic relationships of the ESBL-producing E. coli and K. pneumoniae were 
assessed by pulsed-field gel electrophoresis (PFGE) following digestion with XbaI 
as previously described (3).
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1. The prevalence of ESBL-producing Enterobacteriaceae in hospital affiliated patients  
 across Canada is increasing.

2. The prevalence of ESBL-producing E. coli and K. pneumoniae is highest among  
 surgical and medical wards in Canadian hospitals and is most commonly isolated  
 from blood and urine specimen.
 
3. Multi-drug resistance was found to be associated with 83.3% of ESBL-producing     
 E. coli and 76.5% of ESBL-producing Klebsiella pneumoniae.

4. The majority (>98- 100%) of ESBL-ENT remained susceptible to the           
 carbapenems (ertapenem & meropenem), colistin (polymyxin E), and tigecycline. 

5. CTX-M was the predominant ESBL type (80.3%) with blaCTX-M-15 (65.2%) as the   
 predominant genotype among ESBL-producing Enterobacteriaceae.

6. Based on PFGE, the spread of ESBL-producing Enterobacteriaceae across Canada  
 is a combination of clonal spread and the dissemination genetically unrelated   
 strains.
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RESULTS

  Number (%) of 
Patients 

 

Parameter Value  E. coli  K.  pneumoniae 
  (n = 108)  (n = 17)  

         Sex Female 57 (52.8)  7 (41.2) 
 Male  51 (47.2)  10 (58.8)  

Age  ≤ 17  3 (2.8) 1 (5.9) 
 18 – 65 45 (41.7) 9 (52.9) 
 ≥ 66  60 (55.6) 7 (41.2) 

Patient Region a BC/AB (n = 2)*  30 (27.8) 4 (23.5) 
 SK/MB (n = 2)*  16 (14.8) 1 (5.9) 
 ONT (n = 4)*  46 (42.6) 8 (47.1) 
 QC/Marit (n = 4, 2)* 16 (14.8) 4 (23.5) 

Patient Type  In  
Out  

65 (60.2) 
43 (39.8) 

15 (88.2) 
2 (11.8) 

Hospital Ward  Outpatient Clinics  12 (11.1) 1 (5.9) 
 Emergency Rooms  28 (25.9) 1 (5.9) 
 Intensive Care Units        9  (8.3) 2 (11.8) 
 Medical Wards  48 (44.4) 10 (58.8) 
 Surgical Wards  11 (10.2) 3 (17.6) 

Specimen Type  Urine  39 (36.1) 6 (35.3) 
 Blood  62 (57.4) 7 (41.2) 
 Wound  2 (1.9) 2 (11.8) 
 Respiratory Tract  5 (4.6) 2 (11.8) 

 *: Number of participating hospitals per region. QC/Marit: 4 centres in 2007 and 2 in 2008

Table 1: Demographics of patients with infections due to 
ESBL-producing E. coli and K. pneumoniae in Canadian hospitals. 

Figure 1: Prevalence of ESBL-producing 
Enterobacteriaceae in Canadian hospitals.

CFZ: cefazolin, CTR: ceftriaxone, CPM: cefepime, FOX: cefoxitin, MER: meropenem, ERT: ertapenem,        
A/C: amoxicillin/clavulanic acid, PTZ: piperacillin/tazobactam, CIP: ciprofloxacin, LEV: levofloxacin,              

SXT: trimethoprim/sulfamethoxazole, DOX: doxycycline, TIG: tigecycline, GEN: gentamicin, AMK: amikacin,    
CL: colistin, FD: nitrofurantoin, MDR: multi-drug resistant

 % ESBL-           
E. coli                   
(EC) 

% ESBL- 
K. pneumoniae 

(KP) 

% ESBL-     
K. oxytoca 

(KO) 

% ESBL-        
P. mirabilis 

(PM) 
2007 3.4 (53/1702) 1.6 (7/457) 0 (0/119) 0 (0/100) 
2008 4.9 (55/1132) 3.2 (10/316) 0.8 (1/76) 0 (0/85) 
2007 & 2008 3.8 (108/2834) 2.2 (17/773) 0.5 (1/195) 0 (0/185) 
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Figure 3: PFGE dendrogram depicting the genetic                 
relationships among ESBL-producing E. coli.
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Figure 2: Prevalence of ESBL-producing 
Enterobacteriaceae by hospital ward.

Genotype* Organism Number of isolates 
CTX-M-2, SHV-11 K. pneumoniae 1 
CTX-M-3, TEM-1, OXA-1 E. coli 1 
CTX-M-14 E. coli 7 
CTX-M-14, TEM-1 E. coli 18 
CTX-M-14, TEM-1, SHV-11 K. pneumoniae 1 
CTX-M-15 E. coli 6 
CTX-M-15, TEM-1 E. coli 10 
CTX-M-15, OXA-1 E. coli 33 
CTX-M-15, SHV-1, OXA-1 K. pneumoniae 1 
CTX-M-15, SHV-28, OXA-1 K. pneumoniae 1 
CTX-M-15, TEM-1, OXA-1 E. coli 19 
CTX-M-15, TEM-1, SHV-5, OXA-1 K. pneumoniae 1 
CTX-M-15, TEM-1, SHV-11, OXA-1 K. pneumoniae 2 
CTX-M-15, TEM-1, SHV-1 K. pneumoniae 1 
CTX-M-15, TEM-1, SHV-11 K. pneumoniae 1 
CTX-M-24, TEM-1 E. coli 1 
CTX-M-27 E. coli 3 
CTX-M-27, TEM-1 E. coli 1 
CTX-M-65 E. coli 1 
SHV2a E. coli 3 
SHV2a K. pneumoniae 2 
SHV2a, OXA-1 K. pneumoniae 1 
SHV-12, TEM-1 K. pneumoniae 1 
TEM-12 E. coli 1 
Unknown E. coli 2 
Unknown, SHV-1 K. pneumoniae 4 
Unknown, TEM-1 E. coli 2 
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Figure 4: PFGE dendrogram depicting the genetic                 
relationships among ESBL-producing K. pneumoniae.
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Figure 5: Antimicrobial resistance profiles 
among ESBL-producing E. coli.

Figure 6: Antimicrobial resistance profiles 
among ESBL-producing K. pneumoniae.
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Table 2:  Distribution of β-lactamase genes among 
ESBL-producing E. coli and K. pneumoniae. 


