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Owing to concern that carbapenemase-producing strains among carbapenem-resistant Pseudomonas aeruginosa (CRPA)
isolates is on the rise, we investigated the genetic epidemiology and antimicrobial susceptibilities of clinical CRPA isolates
collected in four academic hospitals in Korea. Carbapenemase genes were detected in 46 of 63 CRPA isolates (73.0%)
collected between 2021 and 2024, and blayow ST773 was the most common genotype (27 isolates, 42.9%), followed

by blayow ST644 (9 isolates, 14.3%) and blaye ST235 (7 isolates, 11.1%). Overall susceptibility to ceftazidime/avibactam
was only 17.5%, and none of the carbapenemase-producing isolates were susceptible to it. All ST644 strains were also

resistant to aztreonam.
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Genetic epidemiology of CRPA in Korea

Pseudomonas aeruginosa is a non-fermenting Gram-
negative rod that causes a variety of diseases. Its tendency
to become resistant to antimicrobials makes it challenging
to treat [1]. Carbapenem-resistant P. aeruginosa (CRPA)

is in the high-risk pathogen category in the World Health
Organization priority pathogen list [2]. It is estimated

that 38,100 deaths are attributable to CRPA globally

[3]. The prevalence and type of carbapenemase gene
varies by region. In a global study, carbapenemase genes
were present in 22% (211/972) of CRPA isolates, ranging
from 2% in the United States (US) to 69% in South

and Central America [3]. blakpc> Was the most common
carbapenemase gene in South and Central America and
China, while blaypy+ was the most common in Australia and
Singapore. In an analysis by the Korea Global Antimicrobial
Resistance Surveillance System, carbapenemase genes
were detected in 30.5% (33/108) of CRPA isolates, and
blawp-s Was the most common carbapenemase, followed

by blayow1 [4]. However, recent reports on the genetic
epidemiology of CRPA isolates in Korea have raised
concerns about the spread of a high-risk clone harboring
blayoms [5, 6]. Updating the genetic epidemiology of

CRPA isolates is important for infection control and
prevention and for selecting newer antibiotics such as
ceftolozane/tazobactam and ceftazidime/avibactam for
treating CRPA because these agents are not active on
isolates carrying metallo-beta-lactamase. Hence, we have
investigated the carbapenemase genes and antimicrobial
susceptibilities of CRPA identified in Korea.

This multicenter study was conducted at four academic
hospitals in Seoul, Korea (Hospital A, Hospital D), Bucheon
(Hospital B), and Cheonan (Hospital C) between January
2021 and September 2024. To minimize disruption to

the routine workflow of the hospital laboratories, we
collected samples over a three-month period at each
hospital, which was selected based on their operational
capacity and cooperation. For the samples from Hospital
A, however, we utilized pre-existing specimens that

had been collected since 2021. CRPA was defined as P.
aeruginosa resistant to meropenem and/or imipenem.

P. aeruginosa was identified by standard methods, and
carbapenem resistance was defined as minimum inhibitory
concentration (MIC) >8 ug/mL using the results of
susceptibility testing by local clinical laboratories. To avoid
disrupting the workflow of the microbiology laboratory,
each hospital stored the CRPA isolates for a certain
period in a frozen medium (Cryo-Beads, bioMérieux,
Marcy-l'l-ftoile, France) and the collected isolates were
then sent to the Center for Antimicrobial Resistance
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and Microbial Genetics, University of Ulsan College of
Medicine. Susceptibility to meropenem, tobramycin,
colistin, and ceftazidime/avibactam was tested by the broth
microdilution method applying the standard criteria of

the Clinical and Laboratory Standards Institute (CLSI)

[7]. For other antimicrobial agents, we used the results of
automated susceptibility testing by each hospital, which
were also based on CLSI susceptibility criteria.

Collected CRPA isolates were polymerase chain reaction-
sequenced to identify blaypw, blawe blayw, and blages [8, 91.
Multilocus sequence typing (MLST) was performed for genes
specifying the following seven housekeeping enzymes:
acetyl coenzyme A synthetase, Shikimate dehydrogenase,
guanosine monophosphate synthetase, DNA mismatch
repair protein, NADH dehydrogenase | chain C, D,
phosphoenolpyruvate synthase, and anthranilate synthetase
component | at the Center for Genomic Epidemiology [101.

A total of 63 CRPA clinical isolates were collected, as
follows: 6 (9.5%) from Hospital A in 2021, 5 (7.9%) isolates
from Hospital A in 2022, 5 (7.9%) from Hospital A in

2023, 25 (39.7%) from Hospital D in 2023, 11 (17.5%) from
Hospital B in 2023, and 11 (17.5%) from Hospital C in 2024.
Twenty-seven of the isolates (42.9%) were obtained from
blood specimens; ST773 (29 isolates, 46.0%) was the most
common genotype, followed by ST644 (11 isolates, 17.5%),
ST235 (7 isolates, 11.1%), ST357 (4 isolates, 6.3%), ST155
(2 isolates, 3.2%), ST244 (2 isolates, 3.2%), and one
isolate (1.6%) each of ST253, ST313, ST319, ST352, ST378,
ST412, ST1601, and ST2596. Carbapenemase genes were
detected in 46 isolates (73.0%); blanpw (36 isolates, 57.1%)
was the most common, followed by blae (7 isolates, 11.1%),
blages (2 isolates, 3.2%) and blay (one isolate, 1.6%).

As shown in Table 1, the proportions of the ST types of
isolates varied by hospital. ST773 was the dominant strain
in Hospital A and Hospital D, but not in the other hospitals.
Only one isolate of ST644 was collected at Hospital B,

and none at Hospital D. By year, ST644 was the dominant
strain except in 2023, when it was ST773. ST773 strains
were mostly isolated from urine, and ST644 and ST235
strains were isolated from blood. blaypy Was detected in
93.1% (27/29) of the ST773 isolates and 81.8% (9/11) of

the ST644 isolates. All ST235 isolates carried blayp.

None of the isolates were susceptible to meropenem.
Overall susceptibility rates for aztreonam, ceftazidime,
cefepime, piperacillin/tazobactam, ciprofloxacin, and
tobramycin were 50.8%, 11.1%, 15.9%, 11.1%, 6.3%, and
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12.7%, respectively. Two isolates had MICs of 4 ug/ml for
colistin. The overall susceptibility rate for ceftazidime/
avibactam was only 17.5%. As shown in Table 2, none of

the blanom ST773, blayow ST644, or blawe ST235 isolates

were susceptible to ceftazidime, cefepime, ceftazidime/
avibactam, piperacillin/tazobactam, ciprofloxacin or
tobramycin. Interestingly, 88.9% of the blayow ST773 isolates
were susceptible to aztreonam, compared with none of

the ST644 isolates and only one ST235 isolate (14.3%).

Our findings show that blaypy ST773 and blayow ST644
have become the dominant strains in Korea, and 73.0% of
CRPA isolates harbored carbapenemase genes. The latter
were susceptible to hardly any antimicrobials, not even
ceftazidime/avibactam as a newer antimicrobial agent.
We encountered a significant number of ST644 isolates
resistant to aztreonam. These results provide important
data for updating infection control and treatment
strategies for CRPA in Korea.

The proportions of MLST types and the prevalences and
types of carbapenemase genes among the CRPA isolates
have been reported to vary by region and period. ST235,
ST, and ST175 have been reported as major high-risk
clones globally [11]. VIM-2 producing P. aeruginosa is
endemic in Europe, North America, South America,

Africa, and Asia (China, India) and other carbapenemases
identified among P. aeruginosa are less common [12]. Thus,
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among 148 CRPA isolates collected from 29 hospitals

in Korea in 2015, bla\yp-¢ was the most prevalent gene

(36 isolates, 24.3%), and all but two carbapenemase-
producing P. aeruginosa isolates were identified as ST235
[13]. In the national surveillance data on antimicrobial
resistance collected from 2017 to 2019, the prevalence

of carbapenemase genes in CRPA isolates was 30.5%
(33/108) and blap-¢-positive isolates (17 isolates, 51.5%)
were the most common, followed by blaypw+-positive
isolates (8 isolates, 24.2%), blases-positive isolates

(7 isolates, 21.2%), and blay->-positive isolate (1 isolate,
3.0%) [4]. However, in a study of 73 imipenem/relebactam-
resistant P. aeruginosa collected between 2018 and 2021,
45 (61.6%) isolates harboured a metallo-beta-lactamase
gene, including blaypy (N=30) and blaye (n=15) [5]. A study
of 24 carbapenemase-producing P. aeruginosa strains
from 9 hospitals and two nursing homes reported that
the blaypw+ST773 clone was emerging in Korea [6]. Overall,
our results indicate that the frequency of carbapenemase
producers among CRPA isolates is on the rise in Korea,
and that a major cause of this epidemiological change is
expansion of the blaypy ST773 clone.

The most worrying finding of our study is that clonal
spreading of ST644 was suspected in two hospitals,
severely limiting treatment options. The main
characteristics of ST644 isolates are the high proportion
carrying blaypy and their resistance to aztreonam. There

Table 1. Characteristics and carbapenemase genes of carbapenem-resistant Pseudomonas aeruginosa according to sequence type

Characteristic ST773 (n=29) ST644 (n=11) ST235 (n=7) Others? (n=16) Total (n=63)
Hospital
Hospital A 7 (24.1) 5 (45.5) 2 (28.6) 2 (12.5) 16 (25.4)
Hospital B 2 (6.9) 1(9.1) 2 (28.6) 6 (37.5) 1 (17.5)
Hospital C 3(10.3) 5 (45.5) 1(14.3) 2 (12.5) 1 (17.5)
Hospital D 17 (58.6) 0 2 (28.6) 6 (37.5) 25 (39.7)
Year
2021 2(6.9) 3(27.3) 1(14.3) 0 6 (9.5)
2022 1(3.4) 2 (18.2) 0 2 (12.5) 5(7.9)
2023 23 (79.3) 1(9.1) 5 (71.4) 12 (75.0) 41 (65.1)
2024 3(10.3) 5 (45.5) 1(14.3) 2 (12.5) 1 (17.5)
Specimen
Blood 10 (34.5) 7 (63.6) 4 (57.1) 6 (37.5) 27 (42.9)
Urine 16 (55.2) 4(36.4) 2 (28.6) 1(6.3) 23 (36.5)
Sputum 1(3.4) 0 1(14.3) 6 (37.5) 8 (12.7)
Others® 2 (6.9) 0 0 3(18.8) 5(7.9)
Carbapenemase gene
blanpu 27 (93.1) 9 (81.8) 0 0 36 (57.1)
blawe 0 0 7 (100) 0 7 (1.1)
blaces 0 0 0 2 (12.5) 2(3.2)
blayw 0 0 0 1(6.3) 1(1.6)

Data are presented as number (%) of isolates.

aFour isolates of ST357, two isolates of ST155, two isolates of ST244, and one isolate each of ST253, ST313, ST319, ST352, ST378, ST412,

ST1601, and ST2596.
®Three isolates from tissues and two from body fluids.

icjournal.org

https://doi.org/10.3947/ic.2025.0032 3/6



Genetic epidemiology of CRPA in Korea

carbapenemase genes

°
lc Infection &
Chemotherapy

Table 2. Antimicrobial susceptibility of carbapenem-resistant Pseudomonas aeruginosa according to major sequence type and

Antibiotic Number (%) of isolates at each MIC (ug/mL) Susceptibility
<0.25 0.5 1 2 4 8 16 32 64 >64 (%)
Aztreonam
blayout ST773 20 (740) 4(14.8) 2(7.4) 1(3.7) 88.9
blaypu~ ST773 0 2 (100) 0 0 100
blayou+ ST644 0 0 0 9 (100) 0
blayou- ST644 0 0 0 2 (100) 0
blayet ST235 0 1(14.3)  1(14.3) 5(71.4) 14.3
Ceftazidime
blaypy* ST773 0 0 0 0 0 27 (100) 0
blayow- ST773 1(50.0) 1(50.0) 0 0 0 0 100
blayput ST644 0 0 0 0 0 9 (100) 0
blaypy- ST644 0 0 0 0 0 2 (100) 0
blaypt ST235 0 0 0 0 0 7 (100) 0
Ceftazidime/avibactam?
blayowt+ ST773 0 0 0 0 27 (100) 0
blaypw- ST773 2 (100) 0 0 0 0 100
blaypu* ST644 0 0 0 0 9 (100) 0
blaypw- ST644 0 0 1(50.0) 0 1(50.0) 50
blayet+ ST235 0 0 0 0 7 (100) 0
Cefepime
blayon+ ST773 0 0 0 0 0 27 (100) 0
blaypy~ ST773 0 2 (100) 0 0 0 0 100
blayput ST644 0 0 0 0 0 9 (100) 0
blaypy- ST644 0 0 0 0 0 2 (100) 0
blayet+ ST235 0 0 0 0 0 7 (100) 0
Ciprofloxacin
blayout ST773 0 0 0 27 (100) 0
blayow- ST773 0 0 0 2 (100) 0
blayowt ST644 0 0 0 9 (100) 0
blaypy- ST644 0 0 0 2 (100) 0
blaye+ ST235 0 0 0 7 (100) 0
Colistin®
blaypy* ST773 1(3.7) 10(37.0) 15 (55.6) 0 1(3.7) 96.3
blayow- ST773 0 1(50.0) 1(50.0) 0 0 100
blayput ST644 0 5(55.6) 4 (44.4) 0 0 100
blanou- ST644 0 0 1(50.0) 0 1(50.0) 50
blayet+ ST235 0 2(28.6) 5 (71.4) 0 0 100
Meropenem
blayout ST773 0 1(3.7) 0 0 26 (96.3) 0
blaypu- ST773 1(50.0) 1(50.0) 0 0 0 0
blayout ST644 0 0 0 0 9 (100) 0
blayou- ST644 0 1(50.0) 0 0 1(50.0) 0
blayet+ ST235 0 0 0 0 7 (100) 0
Piperacillin/tazobactam
blayput ST773 0 0 0 0 27 (100) 0
blaypu~ ST773 2 (100) 0 0 0 0 100
blayput ST644 0 0 0 0 9 (100) 0
blaypy- ST644 0 0 0 2 (100) 0 0
blayet+ ST235 0 0 0 3(42.9) 4(57.0) 0
Tobramycin
blayow+ ST773 0 0 0 0 0 0 0 1(3.7) 26(96.3) 0
blayow- ST773 0 0 0 0 0 1(50.0) 1(50.0) 0 0 0
blayou+ ST644 0 0 0 0 0 0 1311.1) 8(88.9) 0 0
blayou- ST644 0 0 0 0 0 0 0 1(50.0) 1(50.0) 0
blayp+ ST235 0 0 0 0 0 0 0 2(28.6) 5(71.4) 0

2MIC values for ceftazidime/avibactam correspond to 2/4, 4/4, 8/4,16/4, and 32/4 instead of 2, 4, 8, 16, and 32.

°For convenience, all isolates were considered susceptible to colistin except isolates resistant to colistin.

MIC, minimal inhibitory concentration.
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seems to be no effective antimicrobial therapy left except
for colistin, and their susceptibility to cefiderocol should be
tested. The expansion of clone ST644 should be carefully
monitored, and further research into the mechanisms of
its resistance to aztreonam is also needed.

Our genetic epidemiologic findings suggest that

the carbapenemase test may be helpful in decisions about
antibiotics to use before the results for antimicrobial
susceptibility are available. Also, empirical treatment
using ceftazidime/avibactam without antimicrobial
susceptibility results may be risky for treating CRPA in
Korea. According to SMART global surveillance data,

the susceptibility of CRPA collected in the US to
ceftazidime/avibactam was 79.6% from 2019-2021 [14].
Ceftazidime/avibactam was added to the Korea National
Health Insurance reimbursement drug list in February
2024. Unfortunately, our data reveal that CRPA already
has pre-existing resistance to ceftazidime/avibactam
possibly driven by high-risk clonal spreading. It is crucial
to support new drug development for CRPA treatment,
facilitate the introduction of novel therapies, and
reintroduce aztreonam.

Our study has some limitations. First, CRPA isolates

were not collected systemically, so the dates on which
they were isolated and the proportions of the different
specimen types varied. This makes it difficult to conclude
whether the epidemiologic changes are occurring
throughout Korea. Second, virulence genes and resistance
mechanisms were not intensively evaluated. Third,

the absence of clinical data restricted additional analyses
on the effect of genetic epidemiolgy on outcomes.

In conclusion, high-risk strains harboring blaypy may

be becoming dominant among CRPA isolates in Korea,
and these strains are resistant to almost all antibiotics,
including ceftazidime/avibactam. The detection of

a significant number of ST644 isolates resistant to
aztreonam is a worrisome finding. Efforts should be made
to further investigate the association between genetic
characteristics and prognosis, resistance mechanisms for
the development of potential therapeutics.

ORCID iDs

Tark Kim
https://orcid.org/0000-0002-8829-4183
Yoon-Kyoung Hong
https://orcid.org/0000-0002-9480-1575

icjournal.org

https://doi.org/10.3947/ic.2025.0032

°
lc Infection &
Chemotherapy

Sunghee Park
https://orcid.org/0000-0003-2902-8341
Jongtak Jung
https://orcid.org/0000-0003-3497-0796
Oh-Hyun Cho
https://orcid.org/0000-0002-4630-1242
Hee Bong Shin
https://orcid.org/0000-0001-5602-5723
Tae Youn Choi
https://orcid.org/0000-0002-1950-8010
Young Jin Choi
https://orcid.org/0000-0002-8610-9810
Mi-Na Kim
https://orcid.org/0000-0002-4624-6925
Yong Pil Chong
https://orcid.org/0000-0003-1672-3185

Funding

This work was supported by a National Research Foundation
of Korea (NRF) grant funded by the Korea government(MSIT)
(No. RS-2023-00249744).

Ethics statement

This study, focusing solely on microorganisms and not
involving human clinical data or human-derived materials, was
confirmed by the Soonchunhyang University Bucheon Hospital
Institutional Review Board to be exempt from review.

Conflict of Interest

TK is associate editor of Infect Chemother; however, he did not
involve in the peer reviewer selection, evaluation, and decision
process of this article. Otherwise, no potential conflicts of
interest relevant to this article was reported.

Author Contributions

Conceptualization: TK. Data curation: YKH. Formal analysis:
YKH, TK. Funding acquisition: TK. Investigation: YKH.
Methodology: YPC, TK, YKH. Project administration: TK.
Resources: YPC, TK, SP, JJ, OHC, HBS, TYC, YJC, MNK.
Supervision: YPC. Writing - original draft: TK. Writing - review
& editing: YPC, SP, JJ, OHC, HBS, TYC, YJC, MNK.

REFERENCES

1. Langendonk RF, Neill DR, Fothergill JL. The building blocks
of antimicrobial resistance in Pseudomonas aeruginosa:
implications for current resistance-breaking therapies. Front Cell
Infect Microbiol 2021;11:665759.  PUBMED | CROSSREF

2. World Health Organization (WHO). WHO bacterial priority
pathogens list, 2024: bacterial pathogens of public health
importance, to quide research, development, and strategies to
prevent and control antimicrobial resistance. Geneva: WHO; 2024.

3. Antimicrobial Resistance Collaborators. Global burden of
bacterial antimicrobial resistance in 2019: a systematic analysis.
Lancet 2022;399:629-55. PUBMED | CROSSREF

4. Kim D, Yoon EJ, Hong JS, Choi MH, Kim HS, Kim YR, Kim YA,
Uh'Y, Shin KS, Shin JH, Park JS, Park KU, Won EJ, Kim SH, Shin
JH, Kim JW, Lee S, Jeong SH. Major bloodstream infection-
causing bacterial pathogens and their antimicrobial resistance
in South Korea, 2017-2019: phase | report from Kor-GLASS. Front
Microbiol 2022;12:799084. PUBMED | CROSSREF

5/6


https://orcid.org/0000-0002-8829-4183
https://orcid.org/0000-0002-8829-4183
https://orcid.org/0000-0002-9480-1575
https://orcid.org/0000-0002-9480-1575
https://orcid.org/0000-0003-2902-8341
https://orcid.org/0000-0003-2902-8341
https://orcid.org/0000-0003-3497-0796
https://orcid.org/0000-0003-3497-0796
https://orcid.org/0000-0002-4630-1242
https://orcid.org/0000-0002-4630-1242
https://orcid.org/0000-0001-5602-5723
https://orcid.org/0000-0001-5602-5723
https://orcid.org/0000-0002-1950-8010
https://orcid.org/0000-0002-1950-8010
https://orcid.org/0000-0002-8610-9810
https://orcid.org/0000-0002-8610-9810
https://orcid.org/0000-0002-4624-6925
https://orcid.org/0000-0002-4624-6925
https://orcid.org/0000-0003-1672-3185
https://orcid.org/0000-0003-1672-3185
http://www.ncbi.nlm.nih.gov/pubmed/33937104
https://doi.org/10.3389/fcimb.2021.665759
http://www.ncbi.nlm.nih.gov/pubmed/35065702
https://doi.org/10.1016/S0140-6736(21)02724-0
http://www.ncbi.nlm.nih.gov/pubmed/35069503
https://doi.org/10.3389/fmicb.2021.799084

icjournal.org

Genetic epidemiology of CRPA in Korea

Karlowsky JA, Wise MG, Chen WT, Siddiqui F, Young K, Motyl MR,
Sahm DF. Susceptibility of Gram-negative isolates collected in
South Korea to imipenem/relebactam and comparator agents-
SMART 2018-21. JAC Antimicrob Resist 2023;6:dlad149. PUBMED |
CROSSREF

Choi YJ, Kim YA, Junglim K, Jeong SH, Shin JH, Shin KS, Shin
JH, Kim YR, Kim HS, Uh Y, Ryoo NH. Emergence of NDM-
1-producing Pseudomonas aeruginosa sequence type 773
clone: shift of carbapenemase molecular epidemiology and
spread of 16S rRNA methylase genes in Korea. Ann Lab Med
2023;43:196-9. PUBMED | CROSSREF

Clinical and Laboratory Standards Institute (CLSI). Performance
standards for antimicrobial susceptibility testing. 33rd ed. CLSI
M100. Wayne, PA: CLSI; 2023.

Park CH. A comparative evaluation of two chromogenic media
for surveillance of carbapenem-resistant Enterobacterales with
non-carbapenemase-producing or carbapenemase-producing
strains other than blagpc: blaces-s, blaxow- Or blayu-. J Lab Med
2019;43:173-6. CROSSREF

Tanriverdi Cayci Y, Biyik I, Birinci A. VIM, NDM, IMP, GES, SPM,
GIM, SIM metallobetalactamases in carbapenem-resistant
Pseudomonas aeruginosa isolates from a Turkish university
hospital. J Arch Mil Med 2022;10:e118712.  CROSSREF

1n.

12.

https://doi.org/10.3947/ic.2025.0032

°
lc Infection &
Chemotherapy

Jolley KA, Bray JE, Maiden MCJ. Open-access bacterial
population genomics: BIGSdb software, the PubMLST.org
website and their applications. Wellcome Open Res 2018;3:124.
PUBMED | CROSSREF

Oliver A, Mulet X, Lépez-Causapé C, Juan C. The increasing
threat of Pseudomonas aeruginosa high-risk clones. Drug Resist
Updat 2015;21-22:41-59.  PUBMED | CROSSREF

Simner PJ, Pitout JDD, Dingle TC. Laboratory detection of
carbapenemases among Gram-negative organisms. Clin
Microbiol Rev 2024;37:e0005422. PUBMED | CROSSREF

Hong JS, Yoon EJ, Lee H, Jeong SH, Lee K. Clonal dissemination
of Pseudomonas aeruginosa sequence type 235 isolates
carrying blap-s and emergence of blages24 and blap+0 0N Novel
genomic islands PAGI-15 and -16 in South Korea. Antimicrob
Agents Chemother 2016;60:7216-23.  PUBMED | CROSSREF

Karlowsky JA, Lob SH, Bauer KA, Esterly J, Siddiqui F, Young
K, Motyl MR, Sahm DF. Activity of ceftolozane/tazobactam,
imipenem/relebactam and ceftazidime/avibactam against
clinical Gram-negative isolates-SMART United States 2019-21.
JAC Antimicrob Resist 2024;6:dlad152. PUBMED | CROSSREF

6/6


http://www.ncbi.nlm.nih.gov/pubmed/38161963
https://doi.org/10.1093/jacamr/dlad149
http://www.ncbi.nlm.nih.gov/pubmed/36281514
https://doi.org/10.3343/alm.2023.43.2.196
https://doi.org/10.1515/labmed-2018-0139
https://doi.org/10.5812/jamm-118712
http://www.ncbi.nlm.nih.gov/pubmed/30345391
https://doi.org/10.12688/wellcomeopenres.14826.1
http://www.ncbi.nlm.nih.gov/pubmed/26304792
https://doi.org/10.1016/j.drup.2015.08.002
http://www.ncbi.nlm.nih.gov/pubmed/39545731
https://doi.org/10.1128/cmr.00054-22
http://www.ncbi.nlm.nih.gov/pubmed/27671068
https://doi.org/10.1128/AAC.01601-16
http://www.ncbi.nlm.nih.gov/pubmed/38222461
https://doi.org/10.1093/jacamr/dlad152

	Genetic Epidemiology and Antimicrobial Susceptibilities of Carbapenem-Resistant Pseudomonas aeruginosa Isolates from a Multicenter Study in Korea

