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Molecular characteristics of carbapenem-resistant Enterobacterales
harboring multiple carbapenemase genes in Asian countries

Yu Ri Kang'?, Doo Ryeon Chung'?#, Kyungmin Huh'-2, Jin Yang Baek?, Visanu Thamlikitkul®, Adiratha Boonyasiri3, Sook In Jung4, Kyung Hwa Park?,

Jennifer Perera®, Kushlani Jayatilleke®, Hyun Ah Kim’, Samanmalee Gunasekera®, Seok Joon Moon?, Chisook Moon?, Sonia Sia'?, Yu Mi Wi, Si-Ho

Kim'1, Wantin Sribenjalux'?, David Lye'3, Kalisvar Marimuthu'3, Seung Soon Lee'4, Jae-Hoon Song?, for the Asian Network for Surveillance of Resistant BC <LnC Y UN KWAR
Pathogens (ANSORP) investigators GUNIVERSIW

'Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea; 2Asia Pacific Foundation for Infectious Diseases, Seoul, Korea; 3Siriraj Hospital, Mahidol University, Bangkok, Thailand; 4*Chonnam
National University Hospital, Gwangju, Korea; ®University of Colombo, Colombo, Sri Lanka; 6Sri Jayewardenepura General Hospital, University of Sri Jayewardenepura, Nugegoda, Sri Lanka; ‘Keimyung University Dongsan ,\PFID

Medical Center, Daegu, Korea; 8National Cancer Institute, Maharagama, Sri Lanka; °Busan Paik Hospital, Inje University, Busan, Korea; °Antimicrobial Resistance Surveillance Reference Laboratory, Research Institute for FOR INFECTIOUS DISEASES

Tropical Medicine, Department of Health, Manila, Philippines; "Samsung Changwon Hospital, Sungkyunkwan University School of Medicine, Changwon, Korea; ?Khon Kaen University, Khon Kaen, Thailand; '3National Centre

for Infectious Diseases and Tan Tock Seng Hospital, Singapore; “Chuncheon Sacred Heart Hospital, Hallym University College of Medicine, Chuncheon, Korea Correspondence: iddrchung@gmail.com

ABSTRACT INTRODUCTION

Background: Carbapenem-resistant Enterobacterales (CRE) have emerged as a major global
public health concern, particularly when resistance is mediated by carbapenemase production.
Infections caused by carbapenemase-producing CRE are associated with limited therapeutic
options and poor clinical outcomes. While most previous studies have focused on isolates

= Carbapenem-resistant Enterobacterales (CRE) are a major cause of antimicrobial
resistance-associated mortality worldwide, with high mortality rates driven by
delayed detection and limited treatment options (sung-woon Kang, 2024).

producing a single carbapenemase, the phenotypic and molecular characteristics of CRE harboring = Continuous surveillance and multinational epidemiological monitoring of CRE are
multiple carbapenemase genes remain poorly understood. We investigated the phenotypic and essential to understand the global spread of antimicrobial resistance and to support
molecular. characteristics (?f carbgpenem—resstant Escherichia coli (CREC) and Kilebsiella effective infection prevention and control strategies (sunish Shah, 2026).

pneumoniae (CRKP) harboring multiple carbapenemase genes in healthcare-associated infections ] ] ] o

(HAIs) among high-risk populations in five Asian countries. = |n this study, we investigated the molecular characteristics of carbapenem-

resistant Escherichia coli and Klebsiella pneumoniae harboring multiple

Methods: CREC and CRKP clinical isolates collected from Asian countries between 2021 and 2023 . . .
carbapenemase genes across five Asian countries.

as part of a multicenter surveillance study of the Asian Network for Surveillance of Resistant

Pathogen (ANSORP). Antimicrobial susceptibility test was performed by the broth microdilution
method according to CLSI guidelines. Carbapenemase genes (blaNDM, blaKPC, blaOXA-48-like, MATERIALS AND METHODS
blaVIM, and blalMP) were detected by multiplex PCR and Multilocus sequence typing (MLST) was

performed for molecular epidemiological analysis. ¢ Bacterial isolates
Results: Among 27 CREC isolates, six (22.2%) harbored multiple carbapenemase genes, most 27 CREC and 163 CRKP isolates causing HAls collected from high-risk patients in 5 Asian
frequently the NDM-5/0XA-181 combination (n=5) and belonged to diverse sequence types countries as a part of prospective study.

including the high-risk clone ST410 (n=2). Among 163 CRKP isolates, 29 (17.8%) carried multiple 4 Detection of carbapenemase genes by PCR

carbapenemase genes, predominantly combinations of NDM and OXA-48-like enzymes; one isolate L
harbored three distinct carbapenemase genes. High-risk clones such as ST11, ST16, and ST147 dentification of carbapenemase genes (b/aKPC, H/aNDM, b/@MP. b/aVIM, and H/aOXA-48-

were identified and identical sequence types exhibited distinct carbapenemase gene combinations like) by PCR.

according to country. All 35 isolates with multiple carbapenemase genes showed extensively drug- ¢ Antimicrobial susceptibility testing (CLSI 2025)

resistant phenotypes, with susceptibility retained in only 17% of isolates to imipenem/relebactam 13 antimicrobial agents including ceftolozane/tazobactam, imipenem/relebactam,
and ceftazidime/avibactam. ceftazidime/avibactam, meropenem, imipenem, ertapenem, cefepime, ceftriaxone,
Conclusion: CRE harboring multiple carbapenemase genes were frequently associated with high- ceftazidime, piperacillin/tazobactam, amikacin, gentamicin, and ciprofloxacin.

risk clones and demonstrated marked heterogeneity in carbapenemase gene combinations across
countries, even within identical sequence types. These isolates exhibited extensively drug-resistant . . . , ,
phenotypes with very limited remaining therapeutic options. Our findings highlight the complexity of Multilocus sequencing typing (MLST) was performed for £ coli and K. pneumoniae

resistance mechanisms in CRE and underscore the importance of integrated molecular surveillance isolates using species—specific schemes (Achtman scheme for £ coli and Pasteur scheme
to inform treatment and containment strategies. for K. pneumoniae).

¢ Molecular typing by MLST

RESULTS
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Among 190 CRE isolates, 35 (18.4%) = NDM + OXA-like was the predominant combination (77.1%),
harbored multiple carbapenemase genes, mainly identified in Thailand and Sri Lanka.
had a single carbapenemase = All KPC + OXA-like isolates were from Korea.
gene, and 35 (18.4%) showed no * One isolates from Sri Lanka harbored KPC + NDM + OXA-like.
carbapenemase gene detected. = KPC + NDM combination was not detected.

_ MLST #isolates| Country (n)
® CR-KP was the predominant CRE species across the five Asian countries, with substantial ST131 6 Korea (6) 3 0 0 0 0 3
geographic variation in isolates distribution. Korea (2)
, , , , . ST410 6 gﬂiﬁa”i‘;z éz()” 0 1 1 0 3 1
€ Carbapenemase gene profiles were heterogeneous, with most isolates carrying a single Thaif;pnd“)
carbapenemase gene, while 18.4% harbored multiple carbapenemase genes. Sri Lanka (2)
ST405 4 Korea (1) 0) 1 0 0 1 2
® CR-KP isolates showed high antimicrobial resistance and diverse MLST-based clonal ST361 5 Sri Lanka (2) 0 1 0 0 1 0
distribution, highlighting the need for continuous molecular surveillance of CRE in Asia. ST2659 2 Sri Lanka (2) 0 0 1 0 1 0
ST450 1 Korea (1) 0 0 0 0 0 1
ST602 1 Thailand (1) 0 0 1 0 0 0
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