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P. aeruginosa: Multiple mechanisms of β-lactam resistance

Lister PD, et al. Clin Microbiol Rev 2009. PMID: 19822890.

1. Porin mutation: Drug can’t get in

2. Upregulation of AmpC 
β-lactamase to inactivate 
drug

3. Efflux 
pumps shoots 
drug out

4. Carbapenemases
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What’s different about carbapenemases that make them unique 
as a mechanism of resistance in P. aeruginosa?

1. Porin mutations
2. AmpC β-lactamases
3. Efflux pumps

Susceptible Pa Resistant Paβ-lactam 
exposure

Carbapenemase-produ
cing Pa

1. The patient’s first Pa infection can be pan-resistant 
(not from mutations after antibiotic exposure)

2. Carbapenemase genes typically harbored on 
plasmids that have genes that confer resistance to 
aminoglycosides, fluoroquinolones, etc.

3. More easily spread to other patients
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POP investigated the global epidemiology of carbapenemases 
in carbapenem-resistant P. aeruginosa
▪ Prospective Observational Pseudomonas Study
▪ Sample size: 1443 subjects (Dec 2018 – Nov 2019)

– 44 hospitals, 10 countries, 4 continents

Clinical 
data

Phenotype 
data 

(susceptibility)

Genotype 
data

Inclusion criteria:
• Hospitalized patients with CRPA isolated from 

blood, respiratory, urine or wound culture
• First eligible CRPA culture episode per patient
• Meropenem resistant by broth microdilution testing 

(MIC ≥8 µg/mL) at central lab 
• Whole-genome sequencing performed on isolate 

and confirmed to be P. aeruginosa
• 30-day outcome data available
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Carbapenemases are rare in the USA, but certain clonal groups have 
acquired carbapenemases in other regions

Reyes et al. Lancet Microbe. In Press.

KPC-2: CG 235

KPC-2 and VIM-2
CG 111

KPC-2: CG 463
(only in China)

NDM-1: CG 308
(Singapore)

IMP-1: CG 235

VIM-2: CG 111 
and CG 233 

Only a matter of 
time until a clonal 
group in the USA 
acquires a 
carbapenemase
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Other global studies have also identified the emergence of 
carbapenemases in P. aeruginosa in other regions

NDM
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Gill et al. Eur J Clin Microl Infect Dis 2021. PMID: 34291323. 
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Consequences of carbapenemases in Pa: increased resistance

Results from broth microdilution testing

More carbapenem resistant More resistant to other antibiotics
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Carbapenemases lead to resistance to new 
β-lactam/β-lactamase inhibitors in P. aeruginosa

Gill et al. Eur J Clin Microl Infect Dis 2021. PMID: 34291323. 

Global collection of CRPA isolates  CRPA isolates from Spain

Hernández-Garcίá et al. Antimicrob Agents Chemother 2022. PMID: 35007130. 
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Carbapenemases associated with increased mortality in CRPA

P=0.041 P=0.07

Methods of adjustments for confounders for 30-day mortality:
1. Inverse probability weighting: 7% absolute increase in mortality with CP-CRPA (95% CI: 1-14%)
2. Multivariate logistic regression: adjusted odds ratio of 2.1 (95% CI: 0.9 – 4.7) with CP-CRPA
3. Multivariate Cox proportional hazards model: adjusted hazard ratio of 1.4 (95% CI: 0.7-2.8) w/ CP-CRPA

Ex-USA CRPA isolates only



All Rights Reserved, Duke Medicine 2007

POP: Next Steps

1) Investigate reasons for increased mortality with CP-CRPA infections 
compared to non-CP-CRPA infections 
– Hypothesis: CP-CRPA infections associated with:

• Prolonged time until receipt of active therapy
• Use of polymyxins, aminoglycosides, and other agents that are less effective and more 

toxic than β-lactam agents
2) Comparison of outcomes of anti-pseudomonal β-lactams by MIC values -> 

provide clinical data to support breakpoints
3) Assessment of in vitro activity of new agents (e.g., ceftazidime-avibactam, 

ceftolozane-tazobactam, imipenem-relebactam) against POP isolates that 
underwent whole-genome sequencing
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Algorithm for treatment of DTR P. aeruginosa

Antibiotic MIC 
(µg/mL)

S/I/R

Ceftazidime >16 R

Cefepime >16 R

Piperacillin-t
azobactam

>64/4 R

Meropenem >8 R

Levofloxacin >4 R

Gentamicin >8 R

Tobramycin ≤1 S

Carbapenemase-produ
cing Pa rare in USA

Ceftolozane-tazobactam

Imipenem-relebactam

If prior exposure to 
TOL-TAZ or CAZ-AVI

Ceftazidime-avibactam
If KPC detected 

Cefiderocol
If MBL detected

• Polymyxins only as a last resort
• Aminoglycosides: short courses for UTIs 
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Cefepime-taniborbactam: Hope for MBL-producing Pa

14
Karlowsky et al. Antimicrob Agents Chemother 2022. PMID: 36541767.

β-lactamase inhibitor that inhibits class A, B (except IMP), C, and D enzymes
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CG111

CG463 with 
KPC-2 in China

CG235 with 
KPC-2 in 
Colombia

CG111 with 
KPC-2 and 

VIM-2 in 
Colombia

CG308 with 
NDM-1 in 
Singapore


