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Highlights: 

 We evaluated a practical laboratory method of testing for clinically significant 

synergy between CAZ/AVI+ATM in NDM producing Enterobacterales using an E-test/disc 

method. 

 Using broth dilution method, 33/43 (77%) isolates were ATM resistant (median [range] 

MIC=56 [16 – 512] mg/L).  

 Addition of CAZ/AVI restored the ATM breakpoint (MIC <4mg/L) in 29/33 (89%) of resistant 

isolates using broth dilution. 

 The E-test/disc method correlated with findings from broth dilution in 35/43 (81%) of cases. 

 E-test/disc sensitivity was 77% and specificity 85%. Positive predictive value was 

92% and negative predictive value 61%.  
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Abstract 

Background: In response to infection with New Delhi Metallo-beta-lactamase (NDM) producing 

Enterobacterales , combination antimicrobial therapy with ceftazidime/avibactam (CAZ/AVI) plus 

aztreonam (ATM) has been explored. This study evaluated a practical laboratory method of 

testing for clinically significant synergy between CAZ/AVI+ATM in NDM producing 

Enterobacterales.  

Methods: Minimum inhibitory concentration (MIC) of clinical NDM producing isolates were 

determined for ATM alone and CAZ/AVI+ATM using broth dilution. Restoration of ATM 

breakpoint following the addition of CAZ/AVI was explored. A CAZ/AVI E-test/ATM disc method 

was compared to broth dilution.  

Results: Of 43 isolates, 33/43 (77%) isolates were ATM resistant (median [range] MIC=56 [16 – 

512] mg/L). Addition of CAZ/AVI restored the ATM breakpoint (MIC <4mg/L) in 29/33 (89%) of 

resistant isolates. Overall, the E-test/disc method correlated with findings from broth dilution in 

35/43 (81%) of cases. E-test/disc sensitivity was 77% and specificity 85%. Positive predictive 

value was 92% and negative predictive value 61%. 

Conclusion: CAZ/AVI+ATM demonstrated significant synergy in most ATM resistant NDM 

producing Enterobacterales. The E-test/disc method is a quick, reproducible, and reliable 

method of testing for clinically relevant synergy in the microbiology laboratory.    

 

Keywords:: Ceftazidime-avibactam, Aztreonam, Synergy, New Dehli Metallo-beta-lactamase, 

Combination treatment 
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Introduction 

Enterobacterales expressing Class B metallo-beta-lactamase (MBL) enzymes pose a significant 

therapeutic challenge1,2. MBLs, such as the New Delhi MBL (NDM), are being detected at an 

increasing rate in clinical isolates in many areas of the world1,2. MBLs are often plasmid 

mediated and are acquired alongside other extended-spectrum beta-lactamase (ESBL) and 

non-beta-lactamase resistance mechanisms. Therefore, presence of MBLs tend to confer 

resistance to nearly all beta-lactam antibiotics, including the carbapenems2,3. Furthermore, 

isolates often tend to be resistant to fluoroquinolones and aminoglycosides, limiting therapeutic 

options to agents with high rates of toxicity and variable pharmacokinetics (PK), such as colistin 

2,3.  

 

A potential solution to MBL producing Enterobacterales is the development of combination 

therapy. The monobactam aztreonam (ATM) is resistant to hydrolysis by MBLs, but susceptible 

to hydrolysis by serine Class A, C, and D ESBL’s. In contrast, ceftazidime-avibactam (CAZ-

AVI), a third-generation cephalosporin combined with a beta-lactamase inhibitor, has broad 

activity against serine beta-lactamases, but is hydrolysed by MBLs. The combination of ATM 

with CAZ-AVI has been demonstrated to have a synergistic effect against MBLs in-vitro with 

supporting clinical trials demonstrating in-vivo efficacy of ATM-AVI4–10.  

 

To support the clinical use of CAZ/AVI+ATM, practical laboratory methods to identify patients 

who may benefit from combination treatment are required. Potential methods of screening for in-

vitro synergy between CAZ-AVI and ATM for MBL producing Enterobacterales have been 

proposed including broth dilution, antimicrobial gradient strip (E-test) and disc diffusion 

methods4–6,9–12. Whilst a synergistic effect, often defined as a four-fold reduction in observed 

minimum inhibitory concentration (MIC), is reported; this fails to determine whether this 

combination can be applied in clinical practice. The interpretation of MIC requires the application 
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of breakpoints that consider antimicrobial pharmacokinetics and pharmacodynamics (PK-PD) 

and other host factors that may influence the outcome from treatment.  

 

We aimed to develop a practical laboratory method to screen for clinically relevant synergy 

between CAZ-AVI+ATM in NDM producing isolates using an E-test/disc method compared to 

gold standard broth dilution.  

 

Materials and methods 

Bacterial isolates: 

At Imperial College Healthcare NHS Trust, London, UK carbapenemase producing organisms 

from clinical and screening isolates are categorised and stored for future use (Ethics Number 

21/HH/6538). All isolates from October to December 2020 were reviewed with NDM-type 

producing Enterobacterales selected. In total, 61 isolates were identified with 43 included 

following removal of duplicates and missing samples.  

  

Susceptibility testing: 

Isolates had antimicrobial susceptibility determined using EUCAST recommended disc diffusion, 

Phoenix identification methods (BD Phoenix), and antimicrobial gradient strip (E-test, 

bioMerieux, France) methods. Phenotypic ESBL was confirmed using ceftazidime (10ug) and 

cefpodoxime (10ug) discs with and without clavulanic acid as per EUCAST guidance13. 

Presence of NDM-type carbapenemase was confirmed using NG-Test Carba5 (NG biotech, 

France). 

 

Broth microdilution and synergy testing: 

Broth microdilution using Muller Hinton Broth (Thermofisher Scientific) was performed using 

described methods14. MIC was determined for ATM (Bristol-Myers Squibb Pharmaceuticals Ltd) 
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alone and in the presence of CAZ/AVI (Pfizer). ATM was tested at concentrations of 0.5-

256mg/L. CAZ/AVI was used in its clinical formulation with the concentration fixed in each well 

at 4mg/L for the AVI component and 16mg/L for the CAZ component. Only ATM concentration 

was varied in the CAZ/AVI+ATM wells. Microtiter plates were incubated at 37oC and read at 18-

hours. Plates were read manually, with MIC defined as the first non-turbid well observed. 

Synergy was defined using two methods; 1) a four-fold decrease in MIC between ATM alone 

and CAZ/AVI+ATM, and 2) clinical synergy with MIC below the ATM breakpoint as per EUCAST 

definitions (susceptible, S ≤ 1mg/L; susceptible with optimised dosing (intermediate) 1-4mg/L, 

resistant, R > 4mg/L)15.   

   

Modified E-test / disc diffusion method: 

CAZ/AVI+ATM synergy were determined using the CAZ/AVI E-test/ATM disc diffusion method. 

Innocula with turbidities of 0.5 McFarland, determined using spectrophotometry (range 0.08-

0.13), were plated on Muller Hinton agar (Thermo Scientific, UK). A CAZ/AVI E-test with fixed 

AVI concentration at 4mg/L were placed on the agar plate. An ATM disc (30ug; Thermo 

Scientific, UK) was placed at 15mm from centre of the strip to centre of the disc. It was placed at 

the level of the CAZ/AVI breakpoint (8mg/L). To test reproducibility of the method, triplicate 

plates were set up for 11/43 (25%) isolates. 

 

Plates were incubated and read at 16-18 hours. Two approaches to defining synergy were 

explored. First, a quantitative approach with the zone radius on both sides of the disc measured 

and converted into an estimated disc diameter for ATM alone or CAZ/AVI+ATM. Zone 

diameters were compared to EUCAST zone size for ATM with synergy defined as restoration of 

an estimated zone diameter consistent with reported breakpoints. Second, a qualitative 

approach was taken with an inverse-D defined as demonstration of synergy. This qualitative 

approach was extrapolated as the inverse observation of inducible clindamycin resistance that 
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is often screened for as part of routine antimicrobial susceptibility testing in the laboratory. 

Figure 1 demonstrates the E-test/disc set up with defined observations based on the presence 

and absence of synergy. 

 

Statistical methods 

All data were reported descriptively. Sensitivity, specificity, positive predictive value, and 

negative predictive value of the E-test/disc method were determined using a 2x2 table with broth 

dilution taken as the gold standard. S and I breakpoints were classified as susceptible as they 

indicate that treatment would be appropriate according to breakpoints for ATM.  

 

Results 

Of 43 confirmed NDM producing isolates in the study, Escherichia coli (15/43; 35%), 

Enterobacter cloacae (16/43; 37%), and Klebsiella species (8/43; 19%) predominated. Table 1 

describes the isolate characteristics. ESBL phenotype were present in 36/43 (84%) with the 

remaining 7/43 (16%) demonstrating AmpC phenotype. Meropenem resistance (MIC > 8mg/L) 

was observed in 19/43 (44%) isolates, with 19/43 (44%) classified as intermediate (MIC 2–

8mg/L).  

 

Aztreonam susceptibility testing 

For ATM (single drug) susceptibility testing, 6/43 (14%) isolates were classified as susceptible 

(observed median [range] MIC = 0.5 [0.25-0.5]mg/L), 4/43 (9%) intermediate (median [range] 

MIC = 3 [2-4]mg/L) and 33/43 (77%) resistant (median [range] MIC = 56 [16 – 512 mg/L). Using 

the quantitative E-test/disc method, 13/43 (30%, median radius [range] = 18 [14-19]mm) 

isolates were classified as ATM susceptible and 1/43 (2%, radius = 12mm) intermediate. For the 

29/43 (67%) ATM resistant isolates the median [range] disc radius was 6.5 [0-10]mm. 
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Aztreonam/ceftazidime-avibactam synergy testing by broth microdilution 

Using broth dilution, synergy was observed with the addition of CAZ/AVI to ATM in 32/43 (74%) 

isolates. Addition of CAZ/AVI to ATM did not affect the MIC of isolates that were already ATM 

susceptible. All four ATM intermediate isolates were classified as susceptible with addition of 

CAZ/AVI (median [range] MIC = 0.25 [0.25]mg/L). Among the 33 ATM resistant isolates, 22/33 

(67%) were susceptible with addition of CAZ/AVI (median [range] MIC = 0.25 [0.25-1]mg/L), 

7/33 (21%) were classified as intermediate (median [range] MIC = 2 [2-4]mg/L), and 3/33 (9%) 

remained ATM resistant (median [range] MIC = 16 [16-512]mg/L).  

 

Aztreonam/ceftazidime-avibactam synergy testing by disc/E-test 

CAV/AVI+ATM radius classified all 14/43 (33%) ATM susceptible/intermediate isolates as 

susceptible (median radius [range] = 18 [15-26]mm). Of the 29/43 ATM resistant isolates, 27/29 

(93%, median radius [range] = 15 [13-20]mm) were classified as susceptible. One (3%) was 

classified as intermediate (radius = 11mm) and one (3%) remained resistant (radius = 10mm).   

 

Method comparison 

Table 1 provides a comparison of broth dilution to the E-test/disc methods. For ATM, the disc 

radius measurement demonstrated 33/43 (77%) concordance in breakpoint estimates (S/I/R) for 

ATM alone. Of the 10 discordant results, 4/10 (40%) were either ATM intermediate or 

susceptible using broth and E-test/disc methods. For CAZ/AVI+ATM all 32/43 isolates that were 

susceptible on broth dilution correlated with E-test/disc radius estimation. The 7/43 isolates 

classified as intermediate on broth dilution were susceptible on disc radius estimation. Of the 

4/43 CAZ/AVI+ATM resistant isolates, 1/4 (25%) was resistant, 1/4 (25%) intermediate, and 2/4 

(50%) susceptible.  
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Using the E-test/disc qualitative method, synergy was demonstrated in 23/43 (53%) isolates. No 

synergy were demonstrated in 16/43 (37%) isolates. The remaining 4/43 (9%) isolates appeared 

to demonstrate CAZ/AVI sensitivity with three of these also demonstrating synergy with ATM. 

On comparison with broth synergy there was concordance in results in 35/43 (81%) tests. 

Compared to broth dilution, the E-test/disc qualitative method has a sensitivity of 77% and 

specificity of 85%. Positive predictive value was 92% with the negative predictive value 61%.  

 

Discussion 

We demonstrate a rapid, practical laboratory method of screening for clinically relevant synergy 

between CAZ/AVI+ATM in NDM producing Enterobacterales using an E-test/disc methodology. 

For ATM resistant isolates, clinically relevant synergy with restoration of ATM breakpoint (MIC ≤ 

4mg/L) was observed in 29/33 (88%) of resistant isolates following combination with CAZ/AVI. 

Good correlation was observed between broth dilution and E-test/disc method, suggesting that 

the E-test/disc method looking for the inverse-D sign is an appropriate screening tool synergy 

between these two agents.  

 

Rapid molecular diagnostics can provide information on the presence of resistance genotypes, 

such as NDM gene detection, but fail to support the delivery of targeted antimicrobial therapy16. 

Targeted therapy relies on the rapid determination of in-vitro antimicrobial susceptibility to 

describe the organism phenotype. To date, methods have been proposed to demonstrate in-

vitro synergy for CAZ/AVI+ATM in MBL producing Enterobacterales. However, many of these 

have failed to correlate the demonstration of synergy with clinical breakpoints for ATM. One 

study recently compared the use of disc stacking, gradient strip stacking, and gradient strip 

crossing in 10 MBL producing Enterobacterales comparing them using CLSI breakpoints12. The 

study demonstrated good overall performance of gradient strip based synergy testing with 82-

94% categorical agreement using these methods. Disc stacking demonstrated worse agreement 
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of 43%12. Our results using the inverse-D method demonstrate similar categorical agreement for 

the demonstration of clinically relevant synergy with 81% agreement to broth dilution using 

EUCAST derived breakpoints in a large sample of 43 real-world isolates. The consideration of 

organism breakpoint is of increasing importance when considering treatment of NDM producing 

infections17. Breakpoints take into account in-vitro measures (or correlates) of MIC, the 

likelihood of achieving therapeutic drug concentrations within the patient, and clinical evidence 

of outcomes from the treatment of infection18. To date, evidence suggests that ATM in 

combination with AVI can be successful in the management of NDM producing 

Enterobacterales infection, but uncertainty remains in terms of optimal dosing strategies, PK-PD 

targets for combination therapy, and therefore when this combination should be 

considered3,7,10,19. Development of practical laboratory screening tools for synergy may help 

bridge this gap.  

 

This study had several limitations. Only Enterobacterales producing NDM were included. No 

clear breakpoints for ATM/AVI or CAZ/AVI+ATM are defined. We inferred organism 

susceptibility based on the ATM breakpoints alone15. Whilst this is likely a conservative 

approach, it means that an area of technical uncertainty remains. We used clinical isolates that 

had not undergone full genotypic profiling. However, the use of real-world laboratory methods of 

phenotyping mirrors how this test will be used in clinical practice.  

 

In conclusion, CAZ/AVI+ATM restored the breakpoint for ATM resistant NDM producing isolates 

included within this study. The E-test/disc method provides a rapid, practical laboratory 

approach for real-world screening for CAZ/AVI+ATM synergy and may support its targeted use 

in patients with NDM producing Enterobacterales infection.   

Acknowledgements  

The authors would like to acknowledge the following organisations / individuals for their support: 

                  



11 
 

1. Staff and services at North West London Pathology, Charing Cross Hospital for their support with the identification 

and collection of clinical and screening isolates.  

2. Dr Andrew Edwards & Dr Jesus Rodriguez Manzano, Imperial College London for providing support with 

consumables for the project.  

3. The National Institute for Health Research Health Protection Research Unit (NIHR HPRU) in Healthcare 

Associated Infection and Antimicrobial Resistance at Imperial College London in partnership with Public Health 

England and the NIHR Imperial Patient Safety Translational Research Centre.  

4. The Department of Health and Social Care funded Centre for Antimicrobial Optimisation (CAMO), Imperial College 

London, provides state-of-the-art research facilities and consolidates multidisciplinary academic excellence, clinical 

expertise, Imperial’s NIHR/Wellcome funded Clinical Research Facility (CRF), and partnerships with the NHS to 

support and deliver innovative research on antimicrobial optimisation and precision prescribing.   

5. FD is supported by the MRC Clinical Academic Research Partnership (CARP) Fellowship. 

The views expressed in this publication are those of the authors and not necessarily those of the NHS, the National 

Institute for Health Research or the UK Department of Health.  

 

Declarations 

Funding: No specific funding was provided for this study. 

Competing Interests: TMR has consulted for/ received speaker fees from Sandoz (2020), bioMerieux (2021-2022), 

& Roche diagnostics (2021).  

LSPM has consulted for/received speaker fees from bioMerieux (2013-2022), Eumedica (2016-2022), Pfizer (2018-

2022), Umovis Lab (2020-2021), Profile Pharma (2018), Shionogi (2020-2022), Kent Pharma (2021), Sumitovant 

(2021-2022), DNAelectronics (2015-18), Dairy Crest (2017–2018), and received research grants from the National 

Institute for Health Research (2013-2019), CW+ Charity (2018-2022), LifeArc (2020-2022), and Leo Pharma (2016). 

All other authors have no potential conflicts of interest to declare.  

Ethical Approval: Ethical approval for the collection and use of bacterial products was obtained under regional 

ethics committee reference number 21/HH/6538. 

 

Contribution statement 

TMR, XG, HD, and FD planned and designed the study. FD obtained ethical approval as required for the study. TMR, 

IBT, and RM identified clinical samples and undertook all experiments described within the study. AM, LSPM, MA, & 

MG supported with organisation and equipment / reagent procurement. TMR undertook primary data analysis and 

                  



12 
 

drafted the initial version of the manuscript. All authors contributed significantly to the revision of the manuscript prior 

to submission for publication. All authors agreed for submission of the manuscript in its current format.  

 

Availability of data and materials: 

The datasets used and/or analysed during the current study are available from the corresponding author on 

reasonable request where not presented in the manuscript, 

 

 

 

References 

1. Walsh TR. The emergence and implications of metallo-β-lactamases in Gram-negative 

bacteria. Clin Microbiol Infect 2005; 11: 2–9.  

2. Khan AU, Maryam L, Zarrilli R. Structure, Genetics and Worldwide Spread of New Delhi 

Metallo-β-lactamase (NDM): a threat to public health. BMC Microbiol 2017; 17: 101.  

3. Tan X, Kim HS, Baugh K, et al. Therapeutic Options for Metallo-β-Lactamase-Producing 

Enterobacterales. Infect Drug Resist 2021; 14: 125–42.  

4. Wenzler E, Deraedt MF, Harrington AT, Danizger LH. Synergistic activity of ceftazidime-

avibactam and aztreonam against serine and metallo-β-lactamase-producing gram-negative 

pathogens. Diagn Microbiol Infect Dis 2017; 88: 352–4.  

5. Avery LM, Nicolau DP. Assessing the in vitro activity of ceftazidime/avibactam and aztreonam 

among carbapenemase-producing Enterobacteriaceae: Defining the zone of hope. Int J 

Antimicrob Agents 2018; 52: 688–91.  

6. Monogue ML, Abbo LM, Rosa R, et al. In Vitro Discordance with In Vivo Activity: Humanized 

Exposures of Ceftazidime-Avibactam, Aztreonam, and Tigecycline Alone and in Combination 

against New Delhi Metallo-β-Lactamase-Producing Klebsiella pneumoniae in a Murine Lung 

Infection Model. Antimicrob Agents Chemother 2017; 61:e00486-17.  

7. MacGowan A, Tomaselli S, Noel A, Bowker K. The pharmacodynamics of avibactam in 

                  



13 
 

combination with ceftaroline or ceftazidime against β -lactamase-producing Enterobacteriaceae 

studied in an in vitro model of infection. J Antimicrob Chemother 2017: 72:762-769. 

8. Yasmin M, Fouts DE, Jacobs MR, et al. Monitoring Ceftazidime-Avibactam and Aztreonam 

Concentrations in the Treatment of a Bloodstream Infection Caused by a Multidrug-Resistant 

Enterobacter sp. Carrying Both Klebsiella pneumoniae Carbapenemase–4 and New Delhi 

Metallo-β-Lactamase–1. Clin Infect Dis 2020; 71: 1095–8.  

9. Sahu C, Pal S, Patel SS, Singh S, Gurjar M, Ghoshal U. Phenotypic synergy testing of 

ceftazidime–avibactam with aztreonam in a university hospital having high number of 

metallobetalactamase producing bacteria. Infect Dis (Auckl) 2020; 52: 801–7.  

10. Bhatnagar A, Boyd S, Sabour S, et al. Aztreonam-Avibactam Susceptibility Testing Program 

for Metallo-beta-lactamase-producing Enterobacterales in the Antibiotic Resistance Laboratory 

Network, March 2019–December 2020. Antimicrob Agents Chemother 2021;65:e0048621 

11. Marshall S, Hujer AM, Rojas LJ, et al. Can Ceftazidime-Avibactam and Aztreonam 

Overcome β-Lactam Resistance Conferred by Metallo-β-Lactamases in Enterobacteriaceae? 

Antimicrob Agents Chemother 2017; 61:e02243-16. 

12. Khan A, Erickson SG, Pettaway C, Arias CA, Miller WR, Bhatti MM. Evaluation of 

Susceptibility Testing Methods for Aztreonam and Ceftazidime-Avibactam Combination Therapy 

on Extensively Drug-Resistant Gram-Negative Organisms. Antimicrob Agents Chemother 2021; 

65: e0084621.  

13. Skov R, Kahlmeter G. The European Committee on Antimicrobial Susceptibility Testing. 

EUCAST guidelines for detection of resistance mechanisms and specific resistances of clinical 

and/or epidemiological importance. 2013. http://www.eucast.org/resistance_mechanisms/. 2013: 

1–40. 

14. Wiegand I, Hilpert K, Hancock REW. Agar and broth dilution methods to determine the 

minimal inhibitory concentration (MIC) of antimicrobial substances. Nat Protoc 2008; 3: 163–75.  

15. European Committee on Antimicrobial Susceptibility Testing. Breakpoint tables for 

                  



14 
 

interpretation of MICs and zone diameters European Committee on Antimicrobial Susceptibility 

Testing Breakpoint tables for interpretation of MICs and zone diameters. 2016. Available at: 

http://www.eucast.org. 

16. Miller MB, Atrzadeh F, Burnham CAD, et al. Clinical Utility of Advanced Microbiology Testing 

Tools. J Clin Microbiol 2019; 57: e00495-19 

17. Boyd SE, Livermore DM, Hooper DC, Hope WW. Metallo-β-Lactamases: Structure, 

Function, Epidemiology, Treatment Options, and the Development Pipeline. Antimicrob Agents 

Chemother 2020; 64: e00397-20 

18. Mouton JW, Brown DFJ, Apfalter P, et al. The role of pharmacokinetics/pharmacodynamics 

in setting clinical MIC breakpoints: The EUCAST approach. Clin Microbiol Infect 2012; 18: E37–

45. 

19. Cornely OA, Cisneros JM, Torre-Cisneros J, et al. Pharmacokinetics and safety of 

aztreonam/avibactam for the treatment of complicated intra-abdominal infections in hospitalized 

adults: results from the REJUVENATE study. J Antimicrob Chemother 2020; 75: 618–27.  

                  



15 
 

Table 1. Characteristics of clinical and screening NDM producing isolates obtained between October and December 2020 used within the study 

Sp. 
Broth ATM  
MIC (mg/L) 

Broth ATM  
S/I/R 

Broth CA-ATM  
MIC (mg/L) 

$
 

Broth CA-ATM  
S/I/R 

$
 

ATM disc  
radius (mm) 

ATM S/I/R 
CA-ATM disc  
radius (mm) 

CA-ATM  
S/I/R 

Reverse-D 

ECLO 0.25 S 0.25 S 12 I 15 S No Synergy 

CFRE 512 R 512 R 7.5* R 15* S Synergy 

ECOL 512 R 2 I 5* R 15* S Synergy 

ECLO 512 R 1 S 6.5* R 15* S Synergy 

ECOL 512 R 0.25 S 16 S 20 S No Synergy 

KPNE 0.25 S 0.25 S 16 
S 26 

S 
No Synergy 
CAZ-AVI S 

ECLO 32 R 16 R 10* R 15* S 
Synergy 

CAZ-AVI S 

ECLO 32 R 0.5 S 5* R 15* S 
Synergy 

CAZ-AVI S 

KPNE 16 R 0.5 S 5* R 15* S 
Synergy 

CAZ-AVI S 

KPNE 0.5 S 0.5 S 19 S 20 S No Synergy 

ECOL 75 R 16 R 8* R 11* I No Synergy 

ECOL 512 R 1 S 18 S 15 S No Synergy 

ECOL 512 R 2 I 5 R 14 S Synergy 

KPNE 512 R 2 I 6.5* R 15* S Synergy 

ECOL 512 R 16 R 0 R 10* R No Synergy 

ECLO 16 R 0.25 S 8 R 15 S Synergy 

CFRE 16 R 0.25 S 15 S 18 S No Synergy 

ECLO 32 R 0.25 S 4 R 13 S Synergy 

KOXY 2 I 0.25 S 19 S 18 S No Synergy 

ECLO 512 R 2 I 8 R 18 S Synergy 

ECOL 512 R 1 S 4.5* R 15* S Synergy 

ECOL 2 I 0.25 S 18 S 23 S No Synergy 

ECLO 36 R 1 S 14 S 15 S No Synergy 

ECLO 250 R 4 I 18 S 15 S No Synergy 
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ABAU 32 R 0.25 S 3 R 15 S Synergy 

KPNE 250 R 0.25 S 6 R 19 S Synergy 

ECLO 0.25 S 0.25 S 18 S 16 S No Synergy 

ECOL 16 R 0.25 S 9 R 15 S Synergy 

ECOL 256 R 4 I 0 R 15 S Synergy 

ECOL 0.25 S 0.25 S 18 S 22 S No Synergy 

KPNE 0.25 S 0.25 S 18 S 18 S No Synergy 

ECOL 125 R 0.25 S 9 R 19 S Synergy 

KPNE 32 R 0.25 S 9 R 20 S Synergy 

ECOL 512 R 4 I 4 R 14 S Synergy B/L 

ECLO 0.25 R 0.25 S 4 R 18 S Synergy 

CFRE 75 R 0.25 S 7 R 18 S Synergy 

ECLO 75 R 0.25 S 9 R 19 S No Synergy 

ECLO 75 R 0.25 S 9 R 18 S Synergy 

ECLO 75 R 0.25 S 10 R 16 S Synergy 

ECLO 4 I 0.25 S 19 S 16 S No Synergy 

ECLO 36 R 0.25 S 10 R 15 S Synergy 

ECOL 4 I 0.25 S 10 R 15 S Synergy 

ECOL 512 R 0.25 S 5* R 15* S Synergy 

 

Legend: ECOL = Escherichia coli, ECLO = Enterobacter cloacae, KPNE = Klebsiella pneumoniae, CFRE = Citrobacter freundii, ABAU = Acinetobacter baumanii, 

KOXY = Klebsiella oxytoca, R = resistant, I = Intermediate / Susceptible with optimal dosing, S = susceptible, * = triplicate repeat (average radius), 
$
 = fixed 

concentration of ceftazidime/avibactam (C/A) at 16mg/4mg throughout with variable aztreonam (ATM) concentration from 0.5 – 256mg/L. 
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Figure 1. Example of ceftazidime/avibactam E-test – aztreonam disc method used within this study.   

  

 

 

                  


