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In the last two decades, carbapenems have been considered the last line of defence against multi-drug 

resistant (MDR-defined as concomitant resistance to ≥ 3 different antimicrobial classes) infections caused by 

Enterobacteriaceae (1). From this family, Escherichia coli (EC) remains the  leading pathogen causing 

infections in Canada (http://www.can-r.ca). EC  is associated with many infections including  urinary tract 

infections, bacteremia, pneumonia, meningitis, and diarrheal diseases. Traditional treatment includes the use 

of β-lactam antibiotics (penicillins, cephalosporins) with the main concern being the development  of resistance 

towards these agents with  production of extended-spectrum β-lactamases (ESBLs) and/or AmpC β-

lactamases by these organisms. Doripenem, a recently approved carbapenem, has been shown to have 

intrinsic stability to most β-lactamases including ESBLs and AmpCs. Its antimicrobial spectrum most closely 

resembles meropenem (MER) and imipenem (IPM) than ertapenem (ETP) (2). With the increase in use of 

carbapenems, the greatest concern is the development of carbapenem resistance  or reduced susceptibility 

(defined as an MIC of ETP ≥ 0.12 μg/ml). Carbapenem resistance can arise through the production of 

carbapenemases which include the  Klebsiella pneumoniae carbapenemases (KPCs), as well as ESBL and/or 

AmpC production coupled with porin modification (3).  Genes encoding KPCs are carried on plasmids and 

have  the ability to hydrolyze virtually all β-lactam antibiotics including carbapenems (3, 4). Plasmids may also 

carry other resistant determinants such as resistance to aminoglycosides, fluoroquinolones, tetracyclines, and 

trimethoprim sulfamethoxazole conferring a MDR profile.  For this reason, treatment can be very problematic 

and limited to only few agents such as tigecycline and colistin (1, 5). The purpose of this study was to 

determine the DOR susceptibilities of CRS-EC, ESBL-EC and AmpC-EC verses comparator antimicrobial 

agents.  

Background: DOR is a recently approved carbapenem. The purpose of this study was to determine the 

activity of DOR against CRS-EC, AmpC-EC and ESBL-EC.  

Methods: From 2007-2010 inclusive, a total of 4806 EC were collected from medical centres across Canada 

as part of a national surveillance program assessing antimicrobial resistance in Canadian hospitals. 

Susceptibility testing was performed using CLSI methods. PCR and sequencing of -lactamase genes was 

used to determine AmpC and ESBL genotypes. Isolates with an ertapenem MIC ≥0.12 µg/ml were defined as 

having reduced susceptibility to carbapenems (CRS) and were tested for KPC by PCR. SDS-PAGE and 

sequencing assessed OmpF and OmpC among CRS isolates. PFGE was used to determine genetic 

relatedness.   

Results: 

Activity of DOR and comparators:  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a: AMC, Amoxicillin/Clavulanic Acid; b: TZP, Piperacillin Tazobactam; c: n=3805; d: n=3788;  
e: n=3247; f: n=70; g: n=93 h: n=155; i: n=134; j: n=46 

Conclusions: DOR displayed potent in vitro activity against CRS-EC, AmpC-EC and ESBL-EC isolates and 

displayed comparable activity to meropenem. DOR represents a potential option for infections caused by 

CRS-EC, AmpC-EC and ESBL-EC isolates.      

 

• CRS-EC is emerging in Canada. One isolate was KPC positive by PCR. Many CRS-EC were also ESBL 

(54%) and AmpC-producers (39%). PFGE demonstrated polyclonal banding patterns suggesting that clonal 

spread is not occurring.  

• Doripenem displayed potent in vitro activity against CRS-, ESBL-, and AmpC-EC and showed comparable 

activity to meropenem. 

• Porin profiles for all CRS-EC isolates showed amino acid changes from wild type. ~30-35% of isolates  were 

shown to have at least 1 of OmpC or OmpF missing. The most common mutations were insertions, 

deletions, and nonsense mutations leading to premature termination.  

The CANWARD study was supported in part by Abbott, Astellas, AstraZeneca, Cerexa/Forest, Merck, Pfizer, 

Sepracor, The Medicines Company and Affinium. The authors would also like to thank the participating 

centres, investigators, and laboratory staff for their continued support and The Canadian Antimicrobial 

Resistance Alliance (CARA). 
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Bacterial Isolates: Isolates were selected from the Canadian Ward (CANWARD) surveillance study which is a 

national study based at Health Sciences Centre (HSC) in Winnipeg, MB, Canada. From January 2007 through 

November 2010, participating Canadian hospitals 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, respiratory, urine, and wound/IV 

infections. All isolates were identified at the originating centre using routine procedures performed at each site. 

A total of 7718, 5282, 5375, and 4868 isolates were collected for 2007, 2008, 2009, and 2010, respectively. Of 

these, 4807 were E. coli (EC). 

Susceptibility Testing: The in vitro activity of various antimicrobials were determined (CRS isolates tested in 

duplicate to confirm ETP results) by broth microdilution in accordance with CLSI guidelines (CLSI M07-A8. 

Vol.29 No.2.). The minimum inhibitory concentration (MIC) was determined using custom designed 96-well 

microtitre plates. 2010 CLSI breakpoints were used for interpretation excluding the ones mentioned following. 

Food and Drug Administration interpretation breakpoints were used for tigecycline (S: ≤2 µg/ml, I: 4 µg/ml, R: 

≥8 µg/ml) and colistin (S: ≤2 µg/ml, R: ≥4 µg/ml). Health Canada interpretation breakpoints were used for 

ceftobiprole (S: ≤1 μg/ml, I: 2 μg/ml, R: ≥4 μg/ml). Any EC with a ceftriaxone or ceftazidime MIC ≥1 μg/ml were 

further tested using disk diffusion methods described by CLSI to confirm ESBL phenotype (CLSI M100-S21. 

Vol.31 No.1.). Any EC with a cefoxitin MIC ≥32 µg/ml was identified as a putative AmpC-producer. Any EC with 

an ertapenem MIC ≥0.12 µg/ml was defined as carbapenem reduced susceptible. 

Characterization of ESBLs and AmpCs: Genotypic characterization of ESBLs was performed by PCR and 

sequencing of blaSHV, blaTEM, blaCTX-M, and blaOXA genes as previously described (6). All isolates with an MIC ≥ 

32 µg/ml were screened for genes encoding EBC (ACT-1/MIR-1-related genes), DHA (DHA-related genes), 

FOX (FOX-related genes) and CIT (CMY-2-related genes) phylogenetic groups of AmpC acquired enzymes 

using a previously described multiplex PCR (7). A BLAST search of the DNA sequence was conducted to 

determine specific genotypes.  

PCR for the amplification of the ampC promoter region was preformed as previously described on plasmidic 

AmpC negative isolates (8). 

Characterization of CRS-EC: Phenotypic characterization of CRS-EC was performed using Modified Hodge 

Test (MHT). Genotypic characterization of was performed by KPC PCR. 

Molecular Subtyping by PFGE: Genetic relationships of the ESBL-, AmpC-producing and CRS-EC were 

assessed by pulsed-field gel electrophoresis (PFGE) following digestion with XbaI as previously described (9). 

Outer Membrane Porin (OMP) Analysis of CRS-EC: Cells grown in nutrient broth overnight at 37ºC were 

sonicated and OMPs were analyzed using SDS-PAGE and sequencing of OmpF/C of EC (10, 11). 

 

Table 1. Antimicrobial profiles among total-EC, AmpC-EC, ESBL-EC, and CRS-EC from CANWARD 2007-2010  

Figure 1. Genetic relationship among CRS-EC from CANWARD 2007-2010 

QC/M., Quebec/Maritime; ONT, Ontario; BC/AB, British Columbia/Alberta; SK/MB, Saskatchewan/Manitoba  

Mechanism Year 

Figure 2. Resistance mechanisms among CRS-EC isolates  

(CANWARD 2007-2010) 

MIC50/MIC90 (µg/ml) 

Drug Total EC (n=4807) AmpC-EC (n=97) ESBL-EC (n=186) CRS-EC (n=57) 

AMCa 4/8c 16/>32 8/16 16/>32 

Cefepime ≤1/≤1d ≤1/≤1f 16/>32h 16/>32j 

Ceftazidime ≤0.5/1e 2/>32g 16/>32i >32/>32 

Ceftobiprole ≤1/≤1 ≤1/≤1 32/>32 18/>32 

Ceftriaxone ≤1/≤1 8/64 >64/>64 >64/>64 

Cefoxitin 4/8c >32/>32 8/32 32/>32 

Doripenem ≤0.12/≤0.12 ≤0.12/≤0.12 ≤0.12/≤0.12 ≤0.12/≤0.12 

Ertapenem ≤0.06/≤0.06c ≤0.06/0.25 ≤0.06/0.25 0.25/1 

Meropenem ≤0.12/≤0.12 ≤0.12/≤0.12 ≤0.12/≤0.12 ≤0.12/≤0.12 

TZPb 2/4 4/32 4/16 8/64 

  Total EC (n=4807)a AmpC-EC (n=97)b ESBL-EC (n=186)c CRS-EC (n=57)d 

  MIC 50/90 µg/ml   % S | I | R MIC 50/90 µg/ml   % S | I | R MIC 50/90 µg/ml   % S | I | R MIC 50/90 µg/ml   % S | I | R 

Drug 50 90   S I R 50 90   S I R 50 90   S I R 50 90   S I R 

Cefazolin 2 16 36 33.8 30.1 >128 >128 1 0 99 >128 >128 0 0 100 >128 >128 0 0 100 

Ceftazidime ≤0.5 1 95.6 0.6 3.8 2 >32 67.7 1.1 31.2 16 >32 36.6 9 54.5 >32 >32 15.8 3.5 80.7 

Ceftriaxone ≤1 ≤1 91.1 0.5 8.5 8 64 42.3 1 56.7 >64 >64 1.6 2.2 96.2 >64 >64 10.5 0 89.5 

Cefepime ≤1 ≤1 96.6 1.9 1.5 0.25 1 97.1 1.4 1.4 16 >32 49 27.7 23.2 16 >32 48.9 6.7 44.4 

Ceftobiprole ≤1 ≤1 95.9 0.2 3.9 0.12 1 91.8 3.1 5.2 32 >32 3.2 3.8 93 8 >32 38.6 5.3 56.1 

Cefoxitin 4 8 91.9 3.9 4.1 >32 >32 0 0 100 8 32 81.2 8.6 10.2 32 >32 15.8 19.3 64.9 

Doripenem ≤0.12 ≤0.12 100 0 0 ≤0.12 ≤0.12 100 0 0 ≤0.12 ≤0.12 100 0 0 ≤0.12 ≤0.12 100 0 0 

Ertapenem ≤0.06 ≤0.06 99.5 0.2 0.3 ≤0.06 0.25 93.8 2.1 4.1 ≤0.06 0.25 94.1 3.2 2.7 0.25 1 70.2 12.3 17.5 

Meropenem ≤0.12 ≤0.12 100 0 0 ≤0.12 ≤0.12 100 0 0 ≤0.12 ≤0.12 100 0 0 ≤0.12 ≤0.12 100 0 0 

Amoxicillin/Clav. 4 8 90.1 6.9 3 16 >32 34 24.7 41.2 8 16 67.7 27.4 4.8 16 >32 35.1 29.8 35.1 

Pipercillin/Tazo. 2 4 97.6 1.3 1.1 4 32 89.7 7.2 3.1 4 16 91.9 5.9 1.6 8 64 68.4 22.8 8.8 

Ciprofloxacin ≤0.06 >16 78.6 0.3 21.1 0.25 >16 56.7 2.1 41.2 >16 >16 12.4 0.5 87.1 >16 >16 28.1 1.8 70.2 

Levofloxacin ≤0.06 16 78.8 0.7 20.6 2 >32 50 2.9 47.1 16 32 12.9 1.3 85.8 16 >32 24.2 0 75.6 

Trimethoprim/Sulf. ≤0.12 >8 73.7 - 26.3 0.25 >8 66 - 34 >8 >8 28 - 72 1 >8 54.4 - 45.6 

Tigecycline 0.5 1 99.9 0.1 0 0.5 1 99 1 0 0.5 1 99.5 0.5 0 0.5 1 98.2 1.8 0 

Amikacin ≤2 4 99.6 0.3 0.2 2 4 97.9 0 2.1 4 16 95.7 3.8 0.5 2 16 91.2 5.3 3.5 

Gentamicin ≤0.5 2 90.9 0.3 8.8 0.5 32 81.4 0 18.6 16 >32 50.5 0.5 48.9 2 >32 59.6 0 40.4 

Colistin 0.5 0.5   99.4 - 0.6 0.25 0.5   100 - 0 0.5 1   98.9 - 1.1 0.5 1   98.2 - 1.8 

Dice (Opt:2.00%) (Tol 2.0%-2.0%) (H>0.0% S>0.0%) [0.0%-100.0%]
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Outer Membrane Porin Profiles 

E. coli 

Approximately 30-35% of isolates were shown to have at  

least 1 of OmpF or OmpC missing. Sequencing showed insertions,  

deletions, and nonsense mutations  causing premature termination. 

Table 2. Porin profiles of CRS-EC from CANWARD 2007-2010 
Isolate 

# 

Molecular mechanisms MIC (μg/ml)c OmpF 

(genetic 

lesion)b 

OmpC 

(genetic 

lesion)b 

ETP MEM DOR CRO CAZ FEP FOX AMC TZP 

76819 CTX-M-15, OXA-1 0.25 ≤0.06 ≤0.06 >64 32 32 4 16 4 A 

insPS 

NEG 

81687 CTX-M-15, OXA-1 0.25 0.12 0.12 >64 >32 >32 16 8 128 NEG TTGGG 

delPS 

82395 CTX-M-14, TEM-1 0.12 ≤0.06 ≤0.06 64 2 >32 32 4 4 GAAC 

insPS 

NEG 

84251 CMY-2 0.12 ≤0.06 ≤0.06 16 32 ≤0.25 >32 8 8 NS mut NEG 

85332 CTX-M-14, TEM-1 0.12 ≤0.06 ≤0.06 32 2 4 32 16 8 GAAC 

insPS 

NEG 

86230 Unknown 0.12 ≤0.06 ≤0.06 ≤0.25 1 ≤0.25 16 16 32 NEG AG 

(RRPM) 

90484 -18 (G to A), -1 (C to A), +58 

(C to T) 

0.12 ≤0.06 ≤0.06 0.5 8 - >32 >32 ≤1 NEG AG 

(RRPM) 


