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INTRODUCTION
•	 Treatment of ventilator-associated pneumonia (VAP) represents a major challenge.
•	 Mortality rates and the length of hospital stays are markedly higher among patients with VAP compared to other infections and 

an important factor that contributes to poor patient outcomes is a delay in the introduction of effective antimicrobial therapy.
•	 We evaluated the antimicrobial susceptibility of Pseudomonas aeruginosa causing VAP in United States (US) hospitals. 
•	 Susceptibility results from VAP isolates were compared to isolates from patients with non-ventilator-associated pneumonia (non-

VAP) and bloodstream infections (BSI).

METHODS
•	 A total of 7,576 P. aeruginosa isolates were consecutively collected from 85 US medical centers through the INFORM Program 

in 2021–2025.
•	 The organism collection included 793 isolates from VAP, 1,583 isolates from non-VAP, and 967 isolates from BSI.
•	 Isolates were susceptibility tested by CLSI broth microdilution in the monitoring laboratory (JMI Laboratories). 
•	 Multidrug-resistant (MDR) was defined as nonsusceptibility to ≥1 agent in ≥3 antimicrobial classes and difficult-to-treat (DTR) 

was defined as nonsusceptibility to all the following: piperacillin-tazobactam, ceftazidime, cefepime, aztreonam, meropenem, 
imipenem, ciprofloxacin, and levofloxacin. 

RESULTS
•	 The most active agents against P. aeruginosa from all three patient groups were ceftazidime-avibactam (CAZ-AVI; 95.8% to 

98.2% susceptible), ceftolozane-tazobactam (TOL-TAZ; 95.1% to 98.3% susceptible), and imipenem-relebactam (IMI-REL; 
97.0% to 98.9% susceptible) (Table 1).

•	 Susceptibility rates were generally lower among isolates from VAP compared to non-VAP and BSI, and lower among isolates 
from non-VAP compared to BSI (Table 1). 

•	 Highest differences in susceptibility between isolates from VAP and BSI were observed for meropenem (73.5% vs. 89.6%), 
imipenem (74.0% vs. 89.6%), piperacillin-tazobactam (70.6% vs. 85.0%), cefepime (79.3% vs. 92.0%), and ceftazidime (76.7% 
vs. 88.5%; Table 1). 

•	 The frequency of MDR and DTR isolates was markedly higher among VAP isolates (22.7% and 3.9% respectively) compared to 
non-VAP (14.8% and 1.4% respectively) and BSI (8.4% and 1.0% respectively; Figure 1). 

•	 Ceftazidime-avibactam, ceftolozane-tazobactam, and imipenem-relebactam retained good activity against MDR and DTR 
P. aeruginosa from VAP and non-VAP (Table 2).

•	 CAZ-AVI retained activity against 51.3% of TOL-TAZ-nonsusceptible and 62.5% of IMI-REL-nonsusceptible isolates (Table 3).
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CAZ-AVI, TOL-TAZ, and IMI-REL were highly active and exhibited similar coverage 
against a large contemporary collection of P. aeruginosa isolates from patients with 
VAP, non-VAP, and BSI. 

Cross-resistance among these β-lactamase inhibitor combinations varied markedly, 
indicating that all three should be tested in the clinical laboratory and available for 
clinical use.

CONCLUSIONS
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Table 3. Cross resistance rates among β-lactamase inhibitor combinations when testing P. aeruginosa 
isolates from VAP

Antimicrobial agent
% Susceptible by resistance phenotype (no. of isolates)

CAZ-AVI-NS (33) TOL-TAZ-NS (39) IMI-REL-NS (24)
CAZ-AVI 0.0 51.3 62.5
TOL-TAZ 42.4 0.0 50.0
IMI-REL 72.7 69.2 0.0
Abbreviations: CAZ-AVI, ceftazidime-avibactam; TOL-TAZ, ceftolozane-tazobactam; NS, nonsusceptible; IMI-REL, imipenem-relebactam.

Table 1. Antimicrobial susceptibility of P. aeruginosa

Antimicrobial agent

% Susceptible (no. of isolates tested)a

VAP (793) Non-VAP b (1,583) BSI (967)

Ceftazidime-avibactam 95.8 97.6 98.2

Ceftolozane-tazobactam 95.1 97.5 98.3

Imipenem-relebactam 97.0 98.6 98.9

Meropenem-vaborbactam c 89.5 c 94.8 c 96.7 c

Piperacillin-tazobactam 70.6 80.1 85.0

Ceftazidime 76.7 83.5 88.5

Cefepime 79.3 85.7 92.0

Meropenem 73.5 83.1 89.6

Imipenem 74.0 81.2 89.6

Levofloxacin 71.0 75.0 80.1

Tobramycin 89.0 89.8 96.7
Abbreviations: VAP, ventilator-associated pneumonia; BSI, bloodstream infections.
a Susceptibility per CLSI and/or US FDA criteria.
b Pneumonia excluding VAP.
c This compound is not approved for treatment of P. aeruginosa infections in the US. EUCAST breakpoint criteria were applied since neither CLSI nor US FDA publishes breakpoint criteria.

Figure 1. Frequency of MDR and DTR isolates
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Table 2. Antimicrobial susceptibility of MDR and DTR P. aeruginosa
Resistant subset / 
    Antimicrobial agent

% Susceptible (no. of isolates tested)a

VAP Non-VAP b BSI
MDR (180) (235) (81)

Ceftazidime-avibactam 81.7 84.7 79.0
Ceftolozane-tazobactam 78.3 84.3 80.0
Imipenem-relebactam 86.7 91.5 86.7
Tobramycin 70.6 58.7 70.4

DTR (31) (22) (10)
Ceftazidime-avibactam 71.0 72.7 40.0
Ceftolozane-tazobactam 71.0 72.7 60.0
Imipenem-relebactam 77.4 72.7 60.0
Tobramycin 71.0 36.4 40.0

Abbreviations: VAP, ventilator-associated pneumonia; BSI, bloodstream infections.
a Susceptibility per CLSI and/or US FDA criteria.
b Pneumonia excluding VAP.


