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Pseudomonas aeruginosa clinical isolates demonstrating difficult-to-treat resistance (DTR) and multidrug-resistant
(MDR) phenotypes were evaluated by broth microdilution. Susceptibility was lower for all antimicrobials versus
DTR relative to MDR isolates. Ceftazidime-avibactam, ceftolozane-tazobactam, and imipenem-relebactam sus-
ceptibility was 35.9%, 64.5%, and 47.0% for DTR isolates and 60.5%, 80.6%, and 71.5% for MDR isolates.

Pseudomonas aeruginosa is an important nosocomial pathogen [1,2].
Some investigators have reported an association between multidrug
resistance among P. aeruginosa and adverse patient outcomes, including
increased mortality [3-5]. However, interpreting the significance of a
multidrug-resistant (MDR) phenotype is complicated by various defini-
tions applied in both clinical and surveillance studies [6]. In 2012,
Magiorakos et al.,, proposed that P. aeruginosa isolates be considered
MDR if they test not susceptible to one or more antimicrobials from at
least three of eight antimicrobial classes [6]. While this definition pro-
vided a standardized way to categorize isolates as MDR, a major limi-
tation was that all eight antimicrobial classes were given equal weight,
even though some classes are much less preferred by clinicians due to
toxicity and/or suboptimal efficacy (e.g., aminoglycosides, polymyxins)
[7,8]. The MDR definition has also not been modified despite several
changes to breakpoints by the Clinical and Laboratory Standards Insti-
tute (CLSI) including removal of gentamicin breakpoints, and elimina-
tion of the susceptible breakpoint for colistin [9].

Recognizing these limitations, in 2018 Kadri et al., introduced the
concept of a “difficult-to-treat” resistance (DTR) phenotype, defined as
isolates testing intermediate or resistant to all reported carbapenems,
beta-lactams, and fluoroquinolones [10]. The primary purpose of this
study is to compare the antimicrobial susceptibility profile of DTR
P. aeruginosa with MDR P. aeruginosa, using clinical isolates obtained

from patients at Canadian hospitals. A secondary objective of this study
is to evaluate the impact of a recent change to the CLSI tobramycin
breakpoints on the susceptibility of DTR and MDR isolates.

P. aeruginosa clinical isolates were obtained from patients evaluated
at hospitals across Canada (January 2016 to December 2021) as part of
CANWARD, an ongoing, national, Health Canada partnered antimicro-
bial resistance surveillance study [1]. Tertiary-care medical centres
submitted pathogens from patients attending hospital clinics, emer-
gency rooms, medical and surgical wards, and intensive care units to a
coordinating laboratory (Health Sciences Centre, Winnipeg, Canada).
All isolates were deemed clinically significant based on local site
criteria. Isolates were shipped on Amies semi-solid transport media to
the coordinating laboratory (Health Sciences Centre, Winnipeg, Can-
ada), sub-cultured onto appropriate media, and stocked in skim milk at
-80°C until MIC testing was performed. Isolate identification was per-
formed 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).

Following two subcultures from frozen stock, susceptibility testing
was carried out by broth microdilution in accordance with the CLSI
guidelines using custom broth microdilution panels [11]. MICs were
interpreted according to current (2023) CLSI breakpoints with the
exception of tobramycin (interpreted using both the 2022 and 2023
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Table 1
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In vitro activity of common antipseudomonal antimicrobials versus DRT and MDR P. aeruginosa clinical isolates.

DTR P. aeruginosa (n = 166)

MDR P. aeruginosa (n = 495)

Antimicrobial MICsg (ug/mL) MICgyg (ug/mL) Range (pg/mL) % Susceptible MICs (ug/mL) MICyq (ug/mL) Range (ug/mL) % Susceptible
Ceftazidime >32 >32 16 - >32 0 >32 >32 1->32 12.7
Cefepime 32 >64 16 - >64 0 16 64 2->64 24.4
Ciprofloxacin 4 >16 1->16 0 2 16 <0.06 - >16 28.7
Colistin 1 2 0.12-16 - 1 2 <0.06 - >16 -
Imipenem 32 >32 4->32 0 16 32 0.25 - >32 16.6
Meropenem 16 >32 4->32 0 8 32 <0.03 - >32 26.9
Piperacillin-tazobactam 256 512 32->512 0 64 512 <1->512 17.4
Tobramycin (2022) 1 32 <0.5 - >64 77.1 1 32 <0.5 - >64 80.6
Tobramycin (2023) 1 32 <0.5 - >64 55.4 1 32 <0.5 - >64 59.4
Ceftazidime-avibactam * 16 >16 1->16 359 8 >16 0.12->16 60.5
Ceftolozane-tazobactam 4 64 1 >64 64.5 2 8 <0.12 - >64 80.6
Imipenem-relebactam 4 8 0.25 - >32 47.0 2 8 0.12 - >32 71.5

DTR isolates: not susceptible (intermediate or resistant) to all of the following antimicrobials: imipenem, meropenem, piperacillin-tazobactam, ceftazidime, cefepime,

and ciprofloxacin.

MDR isolates: not susceptible (intermediate or resistant) at least one antimicrobial from three or more of the following categories: antipseudomonal carbapenems
(imipenem, meropenem), antipseudomonal cephalosporins (ceftazidime, cefepime), antipseudomonal penicillins (piperacillin-tazobactam), aminoglycosides

(tobramycin 2023 breakpoints), fluoroquinolones (ciprofloxacin).

" Susceptibility of ceftazidime-avibactam was only determined for 142 DTR isolates and 428 MDR isolates.

breakpoints) [9,12]. DTR isolates were defined as those testing not
susceptible to all of the following antimicrobials: imipenem, mer-
openem, piperacillin-tazobactam, ceftazidime, cefepime, and cipro-
floxacin [10]. MDR isolates were defined as those testing not susceptible
to at least one antimicrobial from three or more of the following cate-
gories: antipseudomonal carbapenems (imipenem, meropenem), anti-
pseudomonal cephalosporins (ceftazidime, cefepime), antipseudomonal
penicillins (piperacillin-tazobactam), aminoglycosides (tobramycin),
and fluoroquinolones (ciprofloxacin) [6]. The MDR definition was
evaluated with both the 2022 and 2023 CLSI breakpoints for tobramy-
cin. Newer beta-lactam-beta-lactamase inhibitor combinations (ceftazi-
dime-avibactam, ceftolozane-tazobactam, and imipenem/relebactam)
were not included in either definition, such that the in vitro activity of
these agents could be determined versus the isolate subsets they will
most likely be used to treat in clinical practice.

Of 1912 P. aeruginosa isolates recovered as a part of CANWARD, 166
(8.7%) and 495 (25.9%) demonstrated a DTR and MDR phenotype,
respectively. The distribution of DTR P. aeruginosa isolates by specimen
source was as follows: 88.6% respiratory, 7.2% wound, 3.0% blood, and
1.2% urine. The majority of DTR P. aeruginosa isolates (80.7%) were
obtained from inpatients (ICU, medical wards, surgical wards), with
only 19.3% recovered from outpatients (emergency rooms, clinics). The
distribution of MDR P. aeruginosa isolates by specimen source was:
84.2% respiratory, 8.7% wound, 4.2% blood, and 2.8% urine. Similar to
DTR P. aeruginosa, MDR isolates were predominantly recovered from
hospital inpatients.

The antimicrobial susceptibility profile of DTR and MDR
P. aeruginosa isolates is presented in Table 1. The MDR isolates were
comprised of 53 distinct phenotypes (Supplemental Table 1). Related to
the more heterogeneous definition of resistance for MDR isolates, a
small proportion of these remained susceptible to ceftazidime, cefepime,
ciprofloxacin, imipenem, meropenem, and piperacillin-tazobactam. In
contrast, DTR isolates were not susceptible to any of these antimicro-
bials. For MDR isolates, susceptibility to tobramycin was 80.6% and
59.4% using the 2022 and 2023 CLSI susceptibility breakpoints,
respectively. For DTR isolates, susceptibility to tobramycin was 77.1%
and 55.4% applying the 2022 and 2023 breakpoints. The proportion of
P. aeruginosa isolates meeting the definition of MDR was minimally
altered by the recent change in the CLSI susceptibility breakpoint for
tobramycin; 24.7% using the 2022 breakpoint versus 25.9% applying
the 2023 breakpoint. As aminoglycosides are not included in the DTR
definition, the recent change to the tobramycin susceptibility breakpoint
had no impact on the number of DTR isolates.

DTR P. aeruginosa isolates were less susceptible to newer beta-
lactam-beta-lactamase inhibitor combinations that MDR isolates.
Among the three newer beta-lactam-beta-lactamase inhibitor combina-
tions evaluated, ceftolozane-tazobactam demonstrated the greatest in
vitro activity versus both DTR and MDR subsets, followed by imipenem-
relebactam, and then ceftazidime-avibactam. The proportion of DTR
and MDR isolates testing susceptible to ceftolozane-tazobactam was
64.5% and 80.6%, respectively. The proportion of DTR and MDR isolates
testing susceptible to imipenem-relebactam was 47.0% and 71.5%,
respectively. Finally, the proportion of DTR and MDR isolates testing
susceptible to ceftazidime-avibactam was 35.9% and 60.5% respec-
tively. As a limitation of this analysis, it should be noted that suscepti-
bility to ceftazidime-avibactam was not determined for a small number
of DTR and MDR isolates.

Kadri et al. provide support for the clinical relevance of a DTR
phenotype [10]. These investigators performed a retrospective cohort
analysis evaluating treatment outcomes for patients with Gram-negative
bacteremia in the setting of resistance to first-line antimicrobials. They
demonstrated that a DTR phenotype was associated with decreased
patient survival [10]. The association between a DTR phenotype and
increased mortality in the setting of bacteremia was also reported by
Hubh et al. in a second retrospective study [13].

In summary, the DTR phenotype defines a more homogeneous group
of P. aeruginosa clinical isolates with exceptionally limited treatment
options. This definition is not impacted by recent changes to amino-
glycoside breakpoints made by CLSI, including the elimination of
breakpoints for gentamicin and the lowering of breakpoints for tobra-
mycin, in contrast to the definition of MDR. Broad application of the
DTR definition among surveillance studies would allow for better
comparison of clinically relevant resistance among P. aeruginosa in
different geographic locations. Further, this definition allows clinicians
to more precisely estimate the potential clinical utility of newer beta-
lactam-beta-lactamase inhibitor combinations by determining the in
vitro activity of these antimicrobials against the subset of isolates for
which they would most likely be employed.
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