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Introduction: Beta-lactam/beta-lactamase inhibitor combinations have been proposed as an alternative to carbapenems for the treatment of

infections caused by extended-spectrum beta-lactamase (ESBL)-producing Escherichia coli as an antimicrobial stewardship initiative. However,

in a recent randomized trial evaluating patients with bacteremia, presence of the narrow spectrum OXA-1 beta-lactamase enzyme among ESBL-

producing Enterobacterales was associated with higher piperacillin-tazobactam MICs, and in turn excess mortality among patients treated with

piperacillin-tazobactam relative to meropenem. The purpose of this study was to determine whether the in vitro activity of ceftolozane-

tazobactam versus ESBL-producing E. coli is similarly compromised by the presence of OXA-1.

Methods: E. coli clinical isolates were obtained from patients evaluated at hospitals across Canada (January 2011 to December 2018) as part of

an ongoing national surveillance study (CANWARD). ESBL production was confirmed using the Clinical and Laboratory Standards Institute

phenotypic method. Susceptibility testing was carried out using custom broth microdilution panels, and all isolates underwent whole genome

sequencing for beta-lactamase gene detection.

Results: In total, 485 ESBL-producing E. coli identified as part of the CANWARD study were included. The majority of isolates (91.3%; 443/485)

harbored a CTX-M ESBL enzyme. OXA-1 was present in 39.6% (192/485) of isolates. OXA-1 was detected in 62.5% (187/299) of isolates with

a CTX-M-15 ESBL enzyme versus only 2.7% (5/186) of isolates with other ESBL enzyme types. Ceftolozane-tazobactam MIC50 and MIC90

values were identical (0.25 µg/mL and 1 µg/mL, respectively) for the isolate subsets with and without OXA-1. Overall, 97.4% and 96.9% of

isolates with and without OXA-1 remained susceptible (≤2/4 µg/mL, CLSI breakpoint) to ceftolozane-tazobactam.

Conclusions: The presence of OXA-1 among ESBL-producing E. coli clinical isolates was not associated with an elevation in MIC values for

ceftolozane-tazobactam. These data support further evaluation of ceftolozane-tazobactam as an alternative to carbapenems for the treatment of

infections caused by ESBL-producing E. coli, as is being done with the MERINO-3 trial.

Escherichia coli is a common cause of urinary tract infections, intra-abdominal infections, and bacteremia. Of concern, E. coli isolates that

produce an extended-spectrum beta-lactamase (ESBL) enzyme are being recovered with increasing frequency from patients in Canada and

elsewhere in the world.1-3 ESBL-producing E. coli often demonstrate a multidrug-resistant phenotype, leaving clinicians with a limited range of

therapeutic options from which to choose.4 Carbapenems are typically regarded as the antimicrobials of choice for the treatment of serious

infections caused by ESBL-producing E. coli, but overuse of these agents has the potential to drive carbapenem resistance.5,6

Beta-lactam/beta-lactamase inhibitor combinations have been proposed as an alternative to carbapenems for the treatment of infections caused

by ESBL-producing E. coli as an antimicrobial stewardship initiative.5 However, in a recent randomized trial evaluating patients with bacteremia,

presence of the narrow spectrum OXA-1 beta-lactamase enzyme among ESBL-producing Enterobacterales was associated with higher

piperacillin-tazobactam MICs, and in turn excess mortality among those treated with piperacillin-tazobactam relative to meropenem.6,7

Ceftolozane-tazobactam is a novel beta-lactam/beta-lactamase inhibitor combination currently indicated for the treatment of complicated urinary

tract infections, complicated intra-abdominal infections, and nosocomial pneumonia.8,9 It is active in vitro versus a diverse range of Gram-

negative bacterial pathogens, including many E. coli isolates that harbor an ESBL enzyme.8 In a pooled analysis of randomized trial data,

ceftolozane-tazobactam demonstrated high clinical cure rates among patients with a urinary tract infection or intra-abdominal infection caused by

ESBL-producing Enterobacterales.10 The purpose of this study was to determine whether the in vitro activity of ceftolozane-tazobactam versus

ESBL-producing E. coli is compromised by the presence of OXA-1, similar to piperacillin-tazobactam.
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Bacterial isolates: E. coli clinical isolates were obtained from patients evaluated at hospitals across Canada (January 2011 to December 2018)

as part of an ongoing national surveillance study (CANWARD).11 CANWARD is a Public Health Agency of Canada-PHAC/Canadian Antimicrobial

Resistance Alliance (CARA) partnered surveillance study evaluating in vitro activities of antimicrobial agents against bacterial pathogens isolated

by clinical laboratories from patients attending tertiary care hospitals across Canada. On an annual basis, each center was asked to submit

clinical isolates (consecutive, one per patient/infection site) from blood, respiratory, urine, and wound infections. The medical centers submitted

clinically significant isolates, as defined by their local site criteria. Isolate identification was performed by the submitting site and confirmed at the

reference site as required (i.e., when morphological characteristics and antimicrobial susceptibility patterns did not fit the reported identification).

Isolates were shipped on Amies semi-solid transport media to the coordinating laboratory (Health Sciences Centre, Winnipeg, Canada),

subcultured onto appropriate media, and stocked in skim milk at -80°C until MIC testing was carried out.

Antimicrobial susceptibility testing: Following 2 subcultures from frozen stock, the in vitro activity of ceftolozane-tazobactam was determined

by broth microdilution in accordance with the Clinical and Laboratory Standards Institute (CLSI) guidelines.12 In-house-prepared 96-well broth

microdilution panels were used for antimicrobial susceptibility testing. MICs were interpreted according to current CLSI breakpoints.13 Putative

ESBL-producing E. coli were identified as isolates with a ceftriaxone and/or ceftazidime MIC of ≥1 µg/mL. ESBL-production was verified using the

CLSI phenotypic confirmatory disk test.13

Whole genome sequencing: All phenotypically confirmed ESBL-producing isolates were sequenced using the Illumina MiSeq platform. Quality

control was performed using the FastQC tool (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) and contigs were assembled using

SPAdes software.14 Beta-lactamase genes were identified using ResFinder 4.0 at an identity threshold of 90%.15 MLST alleles and sequence

types were identified by scanning assembled contigs against available PubMLST databases (https://github.com/tseemann/mlst).
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In total, 485 ESBL-producing E. coli were identified as part of the CANWARD study. The majority of isolates (91.3%; 443/485) harbored a CTX-M ESBL enzyme. CTX-M-15 (61.6%; 299/485), CTX-M-27

(17.5%; 85/485), and CTX-M-14 (9.7%; 47/485) were the most common variants identified. The narrow spectrum OXA-1 beta-lactamase enzyme was present in 39.6% (192/485) of isolates. OXA-1 was

detected in 62.5% (187/299) of isolates with a CTX-M-15 ESBL enzyme versus only 2.7% (5/186) of isolates with other ESBL enzyme types. The ceftolozane-tazobactam MIC50 and MIC90 values were identical

(0.25 µg/mL and 1 µg/mL, respectively) for the isolate subsets with and without OXA-1 (Table 1). Overall, 97.4% and 96.9% of isolates with and without OXA-1 remained susceptible (≤2/4 µg/mL, CLSI

breakpoint) to ceftolozane-tazobactam. In contrast, the piperacillin-tazobactam MIC50 and MIC90 values were 8 μg/mL and 32 μg/mL for isolates that possessed the OXA-1 enzyme versus 2 μg/mL and 8 μg/mL

for those that did not (Table 2). The ceftolozane-tazobactam MIC distribution for isolates with the CTX-M-15 enzyme stratified by OXA-1 status (present or absent) is presented in Table 3. The presence or

absence of TEM-1 also did not appear to influence the MIC distribution for ceftolozane-tazobactam (Table 4).

Table 1. Ceftolozane-tazobactam MIC distribution for ESBL-producing E. coli, stratified by the absence or presence of OXA-1

Number of Isolates (Cumulative Percentage of Isolates) at MIC (µg/mL)

Organism ≤1 2 4 8 16 32 64 128 256 ≥512 Total

ESBL-producing E. coli 485

OXA-1 Absent (n = 293) 83

(28.3)

115

(67.6)

63

(89.1)

13

(93.5)

8

(96.2)

2

(96.9)

2

(97.6)

0

(97.6)

5

(99.3)

2

(100.0)

293

OXA-1 Present (n = 192) 10

(5.2)

23

(17.2)

39

(37.5)

62

(69.8)

37

(89.1)

3

(90.6)

8

(94.9)

5

(97.4)

2

(98.4)

3

(100.0)

192

Table 2. Piperacillin-tazobactam MIC distribution for ESBL-producing E. coli, stratified by the absence or presence of OXA-1

Table 3. Ceftolozane-tazobactam MIC distribution for ESBL-producing E. coli (CTX-M-15 subset)

Number of Isolates (Cumulative Percentage of Isolates) at MIC (µg/mL)

Organism ≤0.12 0.25 0.5 1 2 4 8 16 32 64 ≥128 Total

ESBL-producing E. coli 485

OXA-1 Absent (n = 293) 43

(14.7)

114

(53.6)

85

(82.6)

31

(93.2)

11

(96.9)

2

(97.6)

2

(98.3)

1

(98.6)

2

(99.3)

0

(99.3)

2

(100.0)

293

OXA-1 Present (n = 192) 17

(8.9)

80

(50.5)

61

(82.3)

25

(95.3)

4

(97.4)

3

(99.0)

1

(99.5)

1

(100.0)

192

Number of Isolates (Cumulative Percentage of Isolates) at MIC (µg/mL)

Organism ≤0.12 0.25 0.5 1 2 4 8 16 32 64 ≥128 Total

E. coli (CTX-M-15 Positive) 299

OXA-1 Absent (n = 112) 7

(6.3)

36

(38.4)

41

(75.0)

15

(88.4)

8

(95.5)

1

(96.4)

2

(98.2)

0

(98.2)

0

(98.2)

0

(98.2)

2

(100.0)

112

OXA-1 Present (n = 187) 15

(8.0)

78

(49.7)

60

(81.8)

25

(95.2)

4

(97.3)

3

(98.9)

1

(99.5)

1

(100.0)

187

Number of Isolates (Cumulative Percentage of Isolates) at MIC (µg/mL)

Organism ≤0.12 0.25 0.5 1 2 4 8 16 32 64 ≥128 Total

ESBL-producing E. coli 485

TEM-1 Absent (n = 368) 47

(12.8)

147

(52.7)

110

(82.6)

43

(94.3)

10

(97.0)

3

(97.8)

3

(98.6)

1

(98.9)

2

(99.5)

0

(99.5)

2

(100.0)

368

TEM-1 Present (n = 117) 13

(11.1)

47

(51.3)

36

(82.1)

13

(93.2)

5

(97.4)

2

(99.1)

0

(99.1)

1

(100.0)

117

Table 4. Ceftolozane-tazobactam MIC distribution for ESBL-producing E. coli, stratified by the absence or presence of TEM-1

https://github.com/tseemann/mlst

