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Background: Carbapenem-resistant Klebsiella pneumoniae (CRKP), particularly strains co-producing KPC and NDM carbapene-
mases, poses a severe global health threat due to limited treatment options. Understanding the genetic drivers of resistance and
transmission is critical.

Methods: A multidrug-resistant CRKP strain, KP3T58, co-harboring blaxpc., and blayp,..s, was isolated from an ICU patient.
Whole-genome sequencing and comparative genomic analyses were performed. Plasmid transferability was assessed via conjugation
assays using E. coli EC600 as the recipient. Virulence phenotypes were evaluated through siderophore production (CAS assay),
capsule quantification (uronic acid), serum resistance, and Galleria mellonella infection models. Antimicrobial susceptibility was
determined (Vitek-2; CLSI/EUCAST standards).

Results: KP3T58 exhibited resistance to nearly all antibiotics except polymyxin. The strain’s multidrug-resistant (MDR) phenotype
resulted from a combination of chromosomal mutations and the multiple plasmid-borne resistance genes. Whole-genome analysis
identified three key plasmids: a conjugative plasmid pKP3T58 1 (IncFIB/FII/R type, carrying a large resistance gene cluster);
a conjugative plasmid pKP3T58 2 (Incll-I type, high-frequency transfer, carrying blayp,s.s); and a non-conjugative plasmid
pKP3T58 3 (IncFII type, carrying blaxpc.). Conjugation assays confirmed that pKP3T58 1 and pKP3T58 2 could transfer indivi-
dually or jointly to E. coli EC600, while pKP3T58 3 (retaining only a partial T4SS) could co-transfer to recipient cells with the
assistance of pKP3T58 2. MLST confirmed clonal persistence of the high-risk ST11 lineage within the patient. Phylogenetic analysis
revealed KP3T58’s clustering within a dominant epidemic ST11-KL64 subclade prevalent in China. Multiple virulence assays
(including siderophore production, capsule quantification, serum resistance, and Galleria mellonella infection models) demonstrated
that KP3T58 lacks a typical hypervirulent phenotype but retains a certain level of pathogenicity.

Conclusion: This study demonstrates clonal evolution of ST11 CRKP to co-produce KPC-2 and NDM-5 within a host, clustering
within a prevalent epidemic lineage. Critically, we provide experimental evidence that mobilizable plasmids retaining only a partial
T4SS can undergo horizontal transfer when assisted by conjugative plasmids, fundamentally expanding our understanding of
resistance dissemination. The convergence of high-risk epidemiology, MDR, and novel plasmid transfer mechanisms in strains like
KP3T58 necessitates enhanced surveillance and urgent molecular investigation into the transmission dynamics of these threats.
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Introduction
The emergence of carbapenem-resistant Klebsiella pneumoniae (CRKP) challenges clinical management and global public
health. The main issue is the extremely limited antibiotic treatment options, which makes CRKP infections difficult to treat

and threatens patient outcomes and the healthcare system.' Carbapenem resistance in K. pneumoniae mainly results from
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carbapenemases (B-lactamase enzymes), particularly Klebsiella pneumoniae carbapenemase (KPC; class A serine enzymes)
and New Delhi metallo-B-lactamase (NDM; metallo-B-lactamases requiring zinc).”> What is even more alarming is that
K. pneumoniae strains co-existing with b/laKPC and b/laNDM can obtain or spread extra antimicrobial resistance genes, such
as extended-spectrum f-lactamase (ESBL) genes, fluoroquinolone resistance genes, tetracycline resistance genes and
aminoglycoside resistance genes. This results in a high level of resistance to most of the routinely employed antibiotics,
creating serious obstacles for therapeutic treatment.’

Healthcare-associated infections remain a significant challenge, particularly due to the increasing prevalence of
multidrug-resistant (MDR) organisms. KPC-producing and NDM-producing K. preumoniae (KPC-Kp and NDM-Kp)
are undoubtedly concerning pathogens, characterized by limited treatment options, high mortality rates, and the capacity
to trigger outbreaks in healthcare settings.* A previous investigation of an NDM outbreak indicated that the losses caused
by ward closures, temporary admission restrictions, or delayed discharges due to such outbreaks were enormous.’

In this study, we identified a multidrug-resistant K. pneumoniae strain (KP3T58) isolated from a clinical patient,
exhibiting resistance to nearly all antibiotics except polymyxin. Whole-genome sequencing (WGS) revealed the coex-
istence of blaxpc., and blaypy.s alongside three critical plasmids. Through conjugation assays, we confirmed the
transferability of these high-risk genetic determinants and further investigated the virulence phenotype of KP3T5S.
This work comprehensively characterizes a clinical CRKP co-producing KPC and NDM, highlighting the urgent threat
posed by such dual-carbapenemase strains.

Materials and Methods

Bacterial Isolates and Case Report

A 70-year-old male was admitted to the intensive care unit (ICU) of The Second Affiliated Hospital of Xiamen Medical
College due to brainstem hemorrhage. Upon admission, chest CT findings indicated that the patient concurrently suffered
from chronic bronchitis and emphysema. During hospitalization at this tertiary care center, K. pneumoniae was detected
in the patient’s sputum. To control the infection, piperacillin — tazobactam was initiated at a dosage of 4.5 grams every
12 hours. However, after three weeks of treatment, sputum culture following bronchoscopy still yielded K. pneumoniae,
with the isolate showing intermediate susceptibility to piperacillin-tazobactam (MIC = 16 ug/mL). Therapy was
subsequently changed to ceftazidime (1 gram every 8 hours) and linezolid (0.6 gram every 8 hours) for one week.
Due to deteriorating pulmonary status, meropenem (2 grams every 8 hours) was administered. During meropenem
treatment, bronchoalveolar lavage fluid culture was positive for a CRKP isolate (KP3T58). This isolate exhibited
resistance to ceftazidime-avibactam, tigecycline, and carbapenems. The patient died of respiratory failure caused by
severe pulmonary infection three weeks after KP3T58 detection. Figure 1 summarizes the microbiological details,

timeline, and antibiotic regimens.
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Figure | The patient’s treatment and infection timeline.
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Antimicrobial Susceptibility Testing

Isolates were identified by matrix-assisted laser desorption ionization—time of flight mass spectrometry (MALDI-TOF
MS, BioM¢érieux, France). Antimicrobial susceptibility testing was performed using the Vitek-2 system (Vitek-AST-
N334/N335 cards), with ceftazidime-avibactam (CZA) susceptibility determined by broth microdilution. Tigecycline
breakpoints followed FDA criteria (susceptible <2 mg/L, intermediate 4 mg/L, resistant >8 mg/L); polymyxin break-
points followed EUCAST 2023 standards (https://www.eucast.org); all other breakpoints adhered to CLSI M100 guide-
lines. Escherichia coli ATCC 25922 served as the quality control strain.

Whole-Genome Sequencing and Bioinformatics Analysis

Genomic DNA from KP3T58 was extracted using the Qiagen DNA extraction Kit (Qiagen, Germany). Genome sequencing
was performed on the PacBio HiFi and Illumina NovaSeq 6000 platforms. Long-read data (third-generation sequencing) was
assembled using hifiasm (v0.19.5). The assembly was error-corrected using pilon (v1.24) and the clean short-read (second-
generation) sequencing data. We used Kleborate (https://github.com/katholt/Kleborate/) for multilocus sequence typing

(MLST) and serotype analysis.® ResFinder 4.6.0 was used to identify chromosomal mutations and acquired resistance
genes.” PlasmidFinder (v2.1) identified plasmid replication origins, resistance genes, and virulence factors.®
OriTfinder analyzed plasmid conjugative and mobilizable capabilities.” Additionally, VRprofile was used for analysis and
annotation of insertion sequences (ISs) and transposons (Tns).'°

Multilocus Sequence Typing (MLST)

MLST was performed on the first two K. pneumoniae isolates (KP3P34 and KP3R15) recovered from patient sputum
samples. PCR amplification and sequencing of seven housekeeping genes (gapA, infB, mdh, pgi, phoE, rpoB, and tonB)
were conducted as previously described.!" Allele numbers and sequence types (STs) were assigned using the Pasteur
Institute’s Klebsiella pneumoniac MLST database (http://bigsdb.pasteur.fr/klebsiella/).

Phylogenetic Analysis

Genomic sequences and metadata of 35 K. pneumoniae strains (34 public isolates from China co-
harboring b/aKPC and blaNDM, plus clinical strain KP3T58) were obtained from NCBI. Core genome SNP (cgSNP)
analysis was performed using Parsnp v1.2 with KP3T58 as the reference genome, and the resulting phylogenetic tree was
visualized and annotated via iTOL (https://itol.embl.de/).

Comparative Genomic Analyses
Sequence alignment was performed using BLASTn. For plasmid comparison, Proksee (https://proksee.ca/) was employed

used to generate circular maps comparing KP3T58 plasmids with other representative plasmids. The genetic environments
surrounding antibiotic resistance genes were investigated using Easyfig (version 2.25). Nucleotide sequences were aligned
using ClustalW in Jalview 2.11.4.0. Amino acid sequence alignment of Tet(A) was performed using ESPript 3.0.'?

Conjugation Assay
Conjugation assays assessed transfer of resistance plasmids from K. pneumoniae KP3T58 (donor) to E. coli EC600
(recipient). Donor and recipient strains, grown to logarithmic phase, were mixed (1:1 ratio), centrifuged (8,000g, 1 min),
and resuspended in 20 pL of 10 mM MgSO,. The mixture was spotted onto Luria-Bertani (LB) agar and incubated
overnight at 37°C. Serial dilutions were plated on LB agar supplemented with selective antibiotics: tetracycline (10 mg/L;
tet(A)), bleomycin (10 mg/L; ble), gentamicin (15 mg/L; rmtB), and for the recipient, rifampicin (600 mg/L).
Transconjugants were identified by MALDI-TOF MS. The presence of tet(A), rmtB, blaypa.s, and blaxpc.; in
transconjugants was confirmed by PCR using primers listed in Table 1. Conjugation frequency (CF) was calculated
as: CF = [Number of transconjugants (CFU/mL)] / [Number of donor cells (CFU/mL)].
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Table | Oligonucleotides for PCR

Name Sequence (5'-3")
blakpc.; F ATGTCACTGTATCGCCGTCT
blakpc.2 R TTACTGCCCGTTGACGCC
blanpm.s F | ATGGAATTGCCCAATATTATGCACCCG
blanpm.s R TCAGCGCAGCTTGTCGGC
qnrS| F GCGACTTTCGACGTGCTAAC
gnrSI R CGTGGCATAAATTGGCACCC
tet(A) F GTGAAACCCAACAGACCCCT
tet(A) R TCAGCGATCGGCTCGTTG
sull F AAATTTCGCGAGGGTTTCCG
sull R CGATCGAAATGCTGCGAGTC
rmtB F ATATGTCACCCCGGAATCGC
rmtB R CATCCTGCAGGGCAAAGGTA

Plasmid Stability Testing and Growth Assays

Plasmid stability in transconjugants was evaluated as described previously.'® Fitness was assessed by growth
curve analysis. Transconjugants and the recipient strain were cultured overnight in LB, diluted to an OD600 of
0.01, and incubated at 37°C for 24h. OD600 was measured every 30 minutes.'*

Serum Killing Assay

To evaluate the capacity of strains to withstand serum-mediated killing, a serum resistance assay was conducted
following previously published procedures.'> Briefly, mid-log phase bacterial cells at a concentration of colony-forming
units (CFU) per milliliter were combined with normal human serum, sourced from healthy human volunteers, in a 1:3
ratio. The mixture was then incubated at 37°C for 2 hours. Subsequently, after serial dilution, the bacteria were plated
onto LB agar and incubated overnight at 37°C to enumerate the viable bacteria. Informed consent was obtained from the
donors prior to using their serum.

Quantitative Siderophore Production Assay

To assess the capacity of bacterial supernatants to chelate iron, the researchers employed the chrome azurol S (CAS)
assay in accordance with the standardized procedures.'® Briefly, 1 pL of stationary-phase, iron-chelated cultures was
placed onto CAS plates. After incubation at 37°C for 48 hours, the formation of orange halos was used as an indicator to
detect siderophore production.

Capsule Quantification

To evaluate the mucoviscosity of K. pneumoniae KP3T58, uronic acid extraction and quantification were carried out
following a previously reported protocol.'> Specifically, an overnight culture in LB medium underwent dilution at a ratio
of 1:100 into fresh medium and was incubated at 37°C for 6 h. Then, 500 puL of the culture was combined with 100 pL of
1% Zwittergent 3—12 detergent. The mixture was heated at 50°C for 20 min and subsequently centrifuged at 13,000xg for
5 min. Next, 300 pL of the supernatant was mixed with 1.2 mL of absolute ethanol and centrifuged again at 13,000xg for
5 min. The obtained pellet was dried and resuspended in 200 pL of sterile water. Subsequently, 1.2 mL of tetraborate
solution (12.5 mM sodium tetraborate in sulfuric acid) was added. The solution was incubated at 100°C for 5 min,
followed by rapid cooling on ice for a minimum of 10 min. Finally, 20 pL of hydroxyphenyl reagent was added. After a 5
- minute incubation at room temperature, the optical density (OD) was measured at 520 nm.

G. Mellonella in vivo Infection Model
To assess the pathogenicity of K. pneumoniae strains KP3T58, Galleria mellonella infection assays were conducted
following established protocols.'” First, the caterpillars were stored at 4°C; those weighing between 150 and 200mg were
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then carefully selected. Two groups were established: a treatment group and a control group. The treatment group was
inoculated with 10 pL of a bacterial suspension at a concentration of 1 x 10° colony-forming units (CFU)/mL, while the
control group received 10 pL of normal saline.

Each treatment group consisted of at least 30 caterpillars, which were evenly divided into three Petri dishes. All
setups were kept at 37°C. Caterpillar survival rates were documented through daily observations over a three-day period.

Statistical Analysis

Data analyses were conducted using GraphPad Prism 8.0.2 software. The results were presented with a two-tailed non-
parametric Student’s #-test. For the survival data obtained from in vivo and in vitro experiments, the Log Rank test
(Mantel-Cox) was employed for analysis. P-values < 0.05 were considered significant.

Nucleotide Accession Number
The complete genome sequence of K. pneumoniae KP3T58 has been deposited in the GenBank database of the National
Center for Biotechnology Information (NCBI), with the accession number PRINA1206428.

Result
K. Pneumoniae KP3T58 Was a MDR Strain

K. pneumoniae KP3T58 exhibited high-level resistance to ceftazidime/avibactam and tigecycline, carbapenems (ertapenem,
meropenem, and imipenem), B-lactam inhibitors (amoxicillin/clavulanic acid,piperacillin/tazobactam, ticarcillin/clavulanic
acid, cefoperazone/sulbactam), B-lactam antimicrobials (cefuroxime, ceftazidime,ceftriaxone, cefepime, aztreonam), amino-
glycosides (amikacin, tobramycin), quinolones (ciprofloxacin, levofloxacin), tetracyclines (doxycycline, minocycline),
it exhibited susceptibility solely to colistin (Table 2).

Table 2 Antimicrobial Drug Susceptibility Profiles

Antibiotics MIC (mg/L)/Antimicrobial Susceptibility
Isolates Transconjugant Strains
KP3P34 KP3RI5 KP3T58 E. coli E. coli E. coli E. coli E. coli
EC600-pl EC600-p2 EC600-pl-p2 EC600-p2-p3 EC600
Ampicillin/sulbactam <2/S 16/1 232/R 4/S 232/R 232/R 232/R <2/S
Piperacillin/tazobactam <4/S 8/S 2128/R <4/S 2128/R 2128/R 2128/R <4/S
Cefuroxime 2/S 2/S 264/R 264/R 264/R 264/R 264/R 2/S
Cefuroxime axetil 2/S 2/S 264/R 264/R 264/R 264/R 264/R 2/8
Cefoxitin <4/ <4/ 264/R <4/S 264/R 264/R 264/R <4/S
Ceftazidime <I/s <I/s 264/R 0.5/S 264/R 264/R 264/R <I/S
Ceftriaxone <0.25/S <0.25/S 264/R 264/R 264/R 264/R 264/R <0.25/S
Cefoperazone/sulbactam <8/S <8/S 264/R <8/S 264/R 264/R 264/R <8/S
Cefepime <I/s <1/s 16/R 2/s 8 SDD 16/R 16/R <1/S
Ertapenem <0.5/S <0.5/S 28/R <0.12/S 28/R 28/R 28/R <0.5/S
Imipenem <I/s <I/S =16/R <0.25/S =16/R 8/R =|16/R <I/s
Amikacin <2/S <2/S 264/R 4/S 4/S 4/s 264/R <2/S
Levofloxacin <0.25/S 0.5/S 28/R <0.12/s <0.12/s 0.25/S 0.5/S <0.25/S
Tigecycline <0.5/S <0.5/S 28/R 2/S <0.5/S 2/S <0.5/S <0.5/S
Trimethoprim/sulfamethoxazole <20/S <20/S 2320/R 2320/R <20/S 2320/R <20/S <20/S
Ceftazidime/avibactam 0.25/4/S 0.25/4/S 64/4/R 0.25/4/S 64/4/R 64/4/R 64/4/R 0.25/4/S
Colistin <0.5/S <0.5/S <0.5/S <0.5/S <0.5/S <0.5/S <0.5/S <0.5/S

Abbreviations: MIC, minimum inhibitory concentration; S, susceptible; I, intermediate; R, resistant; SDD, susceptible dose-dependent; p1,pKP3T58_ 1;p2,pKP3T58_ 2;p3,
pKP3T58_ 3.
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Genomic Characteristics of K. Pneumoniae KP3T58

WGS analysis using Kleborate typed strain KP3T58 as sequence type ST11 and capsule type KL64. Hybrid assembly
with Circos revealed a circular chromosome of 5,534,638 bp (accession no. CP177330) with a GC content of 57.0%.
Strain KP3T58 carried 23 resistance determinants associated with its MDR phenotype (Table 3). Chromosomal resistance
genes included blagyvy.11, aadA2, and qacE. Notably, three point mutations were identified in the OmpK37 porin (I70M,
I128M, N230G), and seven mutations were detected in the transcriptional repressor AcrR (P161R, G164A, F1728S,
R173G, L195V, F1971, K201M), which regulates the OqxAB efflux pump. Virulome analysis showed that KP3T58
carried multiple virulence-associated factors, such as iron uptake systems (yersiniabactin and Ent siderophore), type 1
and type 3 fimbriae, capsule, and type 6 secretion systems (T6SS-I). However, the isolate lacked multiple virulence genes
involved in siderophore biosynthesis, including iucABCD, iroBCD, and rmpA.

Plasmid Characteristics of K. Pneumoniae KP3T58

Genomic analysis indicated that plasmid pKP3T58 1 (323,738 bp, CP177331), classified as an IncFIB(K)/IncFII
(pKP91)/IncR plasmid with a GC content of 52%. It carried multiple resistance genes, including tet(4),qnrS1,blactx.
M-14-Dlatem-1,blay ap.o,aph(37)-1b and aph(6)-1d (Table 3). OriTfinder analysis indicated that pKP3T58 1 was conjuga-
tive, as it contained a complete conjugative apparatus (oriT site, relaxase, type-4 secretion system (T4SS), and type-4
coupling protein (T4CP)).

The resistance gene blayp,..; was located on plasmid pKP3T58 2 (108,400 bp, CP177332), an IncI1-I type plasmid.
This plasmid also contained the su/l and ble drug-resistance genes. Bioinformatics analysis further confirmed
pKP3T58 2 as aconjugative plasmid.

Plasmid pKP3T58 3 (56,083 bp, CP177333), assigned to the IncFII type, exhibited a 52% GC content and contained
four resistance genes: blaxpc - », rmtB, blatgym . 1, and blactx - M - 65- In contrast to pKP3T58 1 and pKP3T58 2,

Table 3 Genomic Information of the K. Pneumoniae KP3T58

Characteristics KP3T58
Chromosome | pKP3T58_1 pKP3T58_2 | pKP3T58_3 | pKP3T58_4
Incapability group IncFIB/IncFll/IncR Incll-1 IncFll ColRNAI
Accession no. CP177330 CP177331 CP177332 CP177333 CP177334
GC content (%) 57 52 50 52 56
Mobile ability T4SS T4SS T4SS NO
T4CP T4CP
oriT oriT
Relaxase Relaxase
Resistant genes blasyy.1 blactx.M-14 blanpm-s blapc.o NO
aadA2 blatem. 1B sull rmtB
qacE bla, ap-» ble blatem. 1
tet(A) qacE blactx.m-65
qnrS|
aph(3”)-Ib
aph(é)-1d
sull
sul2
qacE / dfrAl | catA2
Virulence factors | yersiniabactin NO NO NO NO
Chromosomal mutations
acrR P161R,G164AFI172SR173G,LI95V,FI971,K20IM
ompk37 170M,1128M,N230G
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pKP3T58 3 lacked autonomous conjugative ability, due to an incomplete conjugation system, specifically the absence of
oriT, a relaxase, and T4CP.

Plasmid pKP3T58 4 (11,970 bp, CP177334), with a GC content of 56%, was devoid of resistance or virulence genes
and belonged to the ColRNALI type.

MLST Confirms STI 1 Clonal Persistence

MLST analysis assigned both carbapenem-susceptible isolates (KP3P34, KP3R15) and the carbapenem-resistant isolate
KP3T58 to ST11 (Pasteur scheme), confirming clonal persistence within the patient.

KP3T58 Clusters Within Dominant Epidemic ST | Clade

Phylogenetic analysis of 34 K. pneumoniae strains co-harboring blaKPC and blaNDM carbapenemase genes from
nationwide surveillance and the clinical isolate KP3T58 revealed that KP3T58 clustered within the dominant
epidemic ST11-KL64 clade, indicating it is a prevalent ST11-KL64 clone circulating in China (Figure 2).

Comparative Genomic and Linear Comparison

Comparative analysis showed that plasmid pKP3T58 1 had 80-84% coverage and 99.9—100% identity with punnamed1
(CP040176.1) of K. pneumoniae strain 2e from Chongqing, p82 1 (CP101547.1) of KP82 from Yunnan, and pKP309
(CP089881.1) of KP309 from Shanghai, all isolated from within China (Figure 3A).

Further analysis revealed pKP3T58 1 contained two large antibiotic resistance gene clusters.The blatgnm.ip gene,
together with other resistance genes (sul2,aph(3”)-1b,aph(6)-1d,blay ap.2,qnrSI), formed a 17,803-bp antimicrobial
resistance (AMR) region. The genomic context upstream of blargym.ip Was homologous to plasmid pF16KP0064-1
(CP052173.1) from Seoul, South Korea. A similar genetic environment for gnrS! was observed when comparing
pKP3T58 1 with the INK002 plasmid unnamed2 (NZ_CP061963.1) (Figure 3B). The presence of multiple insertion
sequences (ISs) and recombinase genes suggested this AMR region likely arose from successive insertion and recombi-
nation events. Furthermore, comparative analysis identified a point mutation (Leu294Val) in the tet(4) gene of
pKP3T58 1 (Figure 3C).

Comparative analysis of plasmid pKP3T58 2 revealed potential evolutionary pathways for antibiotic resistance gene
acquisition.pZYST1C2 (NZ_CP031615.1) from Heilongjiang, China, pKP11-2 (OW848878.1) from Catalan, Spain, and
pKP-NDM-5 (NZ_CP084746.1) from Zhejiang, China, respectively, exhibited 80-98% coverage and 99.9-100% identity
with pKP3T58 2 (Figure 3D).

ST KL Province & & & & & &F
FESFFES

9
g

S[,/J
g

ST KL Province
ST1049 [] KL15[ ] Beijing

hvKP12
BSIKPN-11
BSIKPN-9

[ s2667 [ KLa7 [ll] Guangdong

[] ks [ Henan

B «ue2 [l Hubei

[ kuea[ ] Jiangsu

[ Na [l shandong
[ vunnan
B zhejiang

[INa

INKPN26
KP2963

SM117
C2414
KSH203
INP886
234
kpn-hnayy
JLKP1009
ZY27320
NBS
NBOS
KP19-3088
ﬂ KP19-3023
KP18-2110-2
r KP424

KP2094
KP1078
KP1527

Figure 2 Phylogeny of 35 K. pneumoniae isolates co-harboring blaKPC and blaNDM based on core genome SNP analysis. The tree includes 34 public isolates from China and
the clinical strain KP3T58. Annotations indicate multilocus sequence typing (MLST; ST), capsular serotype (KL), Chinese provinces of origin, and distributions of
antimicrobial resistance genes and virulence genes.
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Figure 3 Comparative analysis of pKP3T58_ |, pKP3T58_ 2 and pKP3T58_ 3 with other reference plasmids. (A) Genome alignment was performed with pKP3T58_ |
(CP177331), plasmid unnamed| (CP040176.1), p82_I| (CP101547.1) and pKP309 (CP089881.1). (B) Alignment of the genetic environment surrounding blagm.g With
pF16KP0064-1(CP052173.1) and plasmid unnamed2(NZ_CP061963.1). (C) Nucleotide and amino acid sequence alignments between the tet(A) of pKP3T58_1| and the wild -
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Structural analysis of the blaxpc.> locus identified ISkpn27 and ISkpn6 flanking the gene upstream and downstream,
respectively. Notably, this resistance cassette was entirely embedded within an IS26-bounded region. A complete T4SS
was detected downstream of blagpc.,, containing essential conjugation genes such as trad, traB, traE, traK, and traM
(Figure 3E).

The Non-Conjugative Plasmid pKP3T58_3 Was Mobilized with the Assistance of
Conjugative Plasmid pKP3T58_2

Given the three key resistance plasmids and their potential for interbacterial transfer, we assessed the dissemination risk
of antimicrobial resistance associated with strain KP3T58. Conjugation assays demonstrated that conjugative plasmids
pKP3T58 1 and pKP3T58 2 could transfer individually or together to E. coli EC600. Notably, pKP3T58 2 exhibited an
exceptionally high conjugation frequency (1.1 x 1072 - 1.8 x 1072). Contrary to expectations, pKP3T58 3 (lacking
complete conjugative elements) was mobilized from KP3T58 to E. coli EC600 at a lower frequency (4.2 x 107¢ - 5.8 x
10-°) with the help of the conjugative helper plasmid pKP3T58 2. Antimicrobial susceptibility profiles of recipient cells
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and transconjugants are summarized in Table 1. PCR and agarose gel electrophoresis confirmed the presence of
resistance genes in all transconjugants.

Plasmid stability assays showed that all KP3T58-derived plasmids were stably maintained in transconjugants during
serial passages. Furthermore, E. coli EC600 harboring these drug-resistant plasmids showed no significant growth
defect, ensuring their persistent maintenance in bacterial populations.

In vitro and in vivo Virulence of KP3T58
Subsequently, we aimed to investigate whether KP3T58 possesses hypervirulent traits. For this
purpose, K. pneumoniae strain HS11286 (classical strain, ST11)'® served as the virulence-negative control, while
K. pneumoniae NTUH-K2044 (ST23, KL1)"” was used as the virulence-positive control.

Quantitative siderophore production assays revealed that KP3T58 produced significantly fewer siderophores (13 mm
halo diameter) than the positive control NTUH-K2044 (22 mm), comparable to the negative control HS11286 (12 mm)
(Figure 4A).
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%k %k %k
600 % %k %k

13mm 12mm 22mm
KP3T58 HS11286 NTUH-K2044

Uronic acid(pg/ml)
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Figure 4 The virulence phenotypes and levels of KP3T58. (A) Siderophores production determined by CAS agar plate. (B) The production of capsule measured based on
uronic acid levels. (C) The survival rate (%) evaluated by serum resistance assay. (D) The survival curves of G. mellonella infected by KP3T58, NTUH-K2044 and HSI1286.
Note:NS (normal saline). Unpaired two-sided Student’s t-tests were performed for uronic acid production and the survival rate in the serum resistance assay. ***P < 0.001;
P < 0.0001. A log - rank (Mantel-Cox) test was employed for the assessment of the survival curves. A significant difference (P<0.0001) was observed between these
groups.
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Capsule quantification via uronic acid measurement demonstrated that KP3T58 produced less uronic acid than
NTUH-K2044, but slightly more than HS11286 (Figure 4B). Similar trends were observed in serum resistance assays
(Figure 4C).

Pathogenicity assessment using the Galleria mellonella infection model showed that KP3T58-infected larvae
exhibited a 63% survival rate at 72 hours post-infection, significantly lower than the negative control HS11286 (96%),
but substantially higher than the positive control NTUH-K2044 (6%) (Figure 4D).

Discussion

Over the past decade, the global prevalence of MDR K. pneumoniae, particularly carbapenem-resistant variants (CRKP), has
escalated significantly, posing a critical public health challenge.>*' To elucidate the origin of such high-risk strains, we
investigated the clonal and epidemiological context of KP3T58. MLST analysis confirmed that both carbapenem-susceptible
isolates (KP3P34, KP3R15) and the carbapenem-resistant isolate KP3T58 from the same patient belong to ST11. This
suggests that resistance in KP3T58 likely evolved through acquired resistance mechanisms—such as plasmid acquisition or
horizontal gene transfer—rather than new clonal invasion. The ST11 clone demonstrated prolonged persistence within the
host, developing resistance under antibiotic pressure. Phylogenetic analysis of 35 K. pneumoniae strains co-harboring KPC
and NDM carbapenemases from nationwide surveillance further revealed that KP3T58 clustered within a predominant
epidemic subclade characterized by co-production of KPC and NDM carbapenemases in ST11-KL64 clones circulating in
China. This clustering pattern, combined with the prevalence of ST11-KL64 among dual-carbapenemase producers in the
national dataset, suggests that the ST11-KL64 lineage may serve as a key epidemiological vehicle for the acquisition and
dissemination of the KPC-NDM co-production phenotype in China. Its dominance positions KP3T58 within a high-risk
transmission network potentially driven by this successful clone.

KP3T58 exhibited near-pan-resistance to clinically used antibiotics, including ceftazidime-avibactam (CZA) and
tigecycline. CZA, a B-lactam/B-lactamase inhibitor combination effective against KPC-producing CRKP, is compromised
by NDM enzymes due to their zinc-dependent hydrolysis mechanism, which avibactam cannot inhibit.**** Critically,
unlike KPC-variant-mediated CZA resistance, NDM production does not restore carbapenem susceptibility. Moreover,
the stable CZA resistance phenotype in such strains may facilitate horizontal dissemination of resistance genes within
bacterial populations.

Plasmid pKP3T58 1, harboring three replicons (IncFIB, IncFII, and IncR), circumvented incompatibility through its
multi-replicon configuration, enabling stable coexistence with other plasmids. This large conjugative plasmid carried
multiple resistance genes, including gnrSi, tet(A), and diverse B-lactamases. The gnrSI! gene was embedded within
a complex AMR region (AIS3-ISKpnl9) alongside other determinants (IS5075-aph(3”)-1b-aph(6)-1d- blargy,.;-1S26-
bla; 4p.5). Comparative analysis with plasmids pF16KP0064-1 and pJNKO0O02 indicated that this region arose from
successive insertion and recombination events. Functionally, gnrS1 acquisition elevated levofloxacin MICs in transcon-
jugants, while chromosomal acrR mutations (mediating fluoroquinolone resistance via RND efflux pump dysregulation)
synergistically enhanced resistance.”> Although gnrSI alone confers low-level resistance, it expands the mutant selection
window, promoting high-level resistance emergence.”®?’

Tigecycline resistance in KP3T58 likely stems from efflux pump upregulation. While rpsJ mutations and ftet(4) variants

are established tigecycline resistance mechanisms,? !

comparative analysis excluded rpsJ alterations. However, we identi-
fied a Leu294Val substitution in tet(4), which—combined with RND efflux activity—may explain the reduced tigecycline
susceptibility in transconjugants. Prior studies corroborate that such mutations diminish tigecycline sensitivity and potentiate
MDR phenotypes.*

Conjugation assays revealed exceptionally high transfer efficiency of pKP3T58 2 (Incll-I), consistent with its
phylogenetic clustering within an epidemic subclade and suggesting conserved dissemination mechanisms.
Comparative genomics indicated high sequence similarity with plasmid pKP-NDM-5 from Zhejiang Province, implying
regional spread of this plasmid lineage. In East Asia, blagpc., frequently localizes to IncFII-type plasmids, creating an
ecological niche for co-dissemination with pKP3T58 2. Critically, KPC-NDM co-production confers elevated resistance

to carbapenems and CZA, demanding urgent surveillance of pKP3T58 2-like plasmids.
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The blaKPC gene resided on an IncFII-type plasmid, the primary vector for blaxpc. spread in ST11.** Structural analysis
revealed a unique genetic environment flanked by ISKpn27 and IS26, with a truncated ISKpn6 and an incomplete recombinase
gene upstream. Notably, no ATn3 homolog was detected downstream; instead, a complete T4SS was present. This architecture
—distinct from predominant Tn/72/ transposons in Chinese isolates—highlights how IS accumulation enhances plasticity
around blagpc.,, facilitating carbapenem resistance dissemination.>>3°

Previous studies define mobilizable plasmids as those incapable of autonomous transfer due to defective
conjugative machinery, yet capable of horizontal transfer via “hitchhiking” with helper conjugative plasmids.
Conventional knowledge dictates that such plasmids retain, at minimum, an oriT site to enable co-transfer. In our
conjugation assays, plasmid pKP3T58 3—containing only a partial T4SS—was successfully co-transferred with
the conjugative plasmid pKP3T58 2. This unconventional finding expands the mechanistic paradigm of plasmid
dissemination. Notably, mobilizable plasmids may possess greater dissemination potential and broader host ranges
than conjugative plasmids, potentially attributable to fewer protospacer sequences vulnerable to CRISPR-Cas
targeting.’”*® Consequently, the observed co-transfer of pKP3T58 3 raises significant concerns regarding the
accelerated dissemination of antimicrobial resistance genes.

Although KP3T58 lacked hallmark hypervirulence genes (iucABCD, iroBCD, rmpA) and assays confirmed atypical
hypervirulence, its yersiniabactin system poses substantial risks. This siderophore enhances respiratory colonization and
pneumonia development, potentially enabling acquisition of additional virulence determinants.***> While reports of carba-
penem-resistant hypervirulent K. pneumoniae (hv-CRKP) are increasing,'” most global CRKP infections remain opportu-
nistic healthcare-associated infections (HAIs).*' High-risk groups (neonates, elderly, immunocompromised) in ICUs—where
CRKP mortality reaches 48.9%**—are particularly vulnerable. Critically, the within-host evolution of resistance in ST11
underscores the need for decolonization protocols targeting susceptible carriers pre-resistance emergence. Antibiotic pressure
concurrently drives convergence of MDR and hypervirulence, exacerbating therapeutic challenges.*’

Conclusion

In summary, this study systematically characterized the resistome of the clinical isolate and conducted in-depth
genomic analysis of key resistance gene contexts. MLST analysis confirmed clonal persistence of the ST11 lineage
within the host, while phylogenetic positioning revealed KP3T58’s clustering within a dominant epidemic subclade
circulating in China. Critically, we experimentally demonstrated that mobilizable plasmids retaining only a T4SS
—despite lacking core conjugative machinery—can achieve horizontal transfer when assisted by conjugative
plasmids. This discovery fundamentally reshapes our understanding of plasmid dissemination mechanisms.
Given these novel insights into plasmid transmission, coupled with the high-risk epidemiological context of the
strain, and considering the potential role of the ST11-KL64 clone as a major disseminator of the KPC-NDM co-
production phenotype in China, we conclude that the spread of CRKP co-producing KPC and NDM carbapene-
mases demands enhanced surveillance. Targeted monitoring of this high-prevalence, genetically adaptable lincage
may be critical for understanding and interrupting the transmission dynamics of dual-carbapenemase resistance.

Ethics

The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics
Committee of the Second Affiliated Hospital of Xiamen Medical College (2025010). Written informed consent
was obtained from the deceased patient’s next-of-kin for the publication of this case report and associated data.

Author Contributions

All authors made a significant contribution to the work reported, whether in the conception, study design, execution,
acquisition of data, analysis, and interpretation, or in all these areas, took part in drafting, revising, or critically reviewing
the article; gave final approval of the version to be published; have agreed on the journal to which the article has been
submitted; and agree to be accountable for all aspects of the work.

Infection and Drug Resistance 2025:18 hetps: 3339



Xia et al

Funding
This work was supported by the Joint Special Fund for Applied Basic Research of Kunming Medical University
(No. 202201AY070001-182).

Disclosure
The authors report no conflicts of interest in this work.

References

1

oo

20.

21.

22

23.

24.

25.

26.
27.

. Emst CM, Braxton JR, Rodriguez-Osorio CA, et al. Adaptive evolution of virulence and persistence in carbapenem-resistant Klebsiella

pneumoniae. Nature Med. 2020;26(5):705-711. doi:10.1038/s41591-020-0825-4

. Kelly AM, Mathema B, Larson EL. Carbapenem-resistant Enterobacteriaceae in the community: a scoping review. Int J Antimicrob Agents.

2017;50(2):127-134. doi:10.1016/j.ijantimicag.2017.03.012

.Hu R, Li Q, Zhang F, Ding M, Liu J, Zhou Y. Characterisation of blaNDM-5 and blaKPC-2 co-occurrence in K64-ST11 carbapenem-resistant

Klebsiella pneumoniae. J Global Antimicrob Resist. 2021;27:63—66. doi:10.1016/j.jgar.2021.08.009

. Zhang P, Shi Q, Hu H, et al. Emergence of ceftazidime/avibactam resistance in carbapenem-resistant Klebsiella pneumoniae in China. Clin

Microbiol Infect. 2020;26(1):124.e1-124.e4. doi:10.1016/j.cmi.2019.08.020

. Mollers M, Lutgens SP, Schoffelen AF, Schneeberger PM, Suijkerbuijk AWM. Cost of nosocomial outbreak caused by NDM-I—containing

Klebsiella pneumoniae in the Netherlands, October 2015-January 2016. Emerg Infect Dis. 2017;23(9):1574-1576. doi:10.3201/eid2309.161710

. Smillie C, Garcillan-Barcia MP, Francia MV, Rocha EPC, de la Cruz F. Mobility of plasmids. Microbiol Mol Biol Rev. 2010;74(3):434-452.

doi:10.1128/mmbr.00020-10

. Florensa AF, Kaas RS, Clausen P, Aytan-Aktug D, Aarestrup FM. ResFinder - an open online resource for identification of antimicrobial resistance

genes in next-generation sequencing data and prediction of phenotypes from genotypes. Microb Genom. 2022;8(1). doi:10.1099/mgen.0.000748

. Carattoli A, Zankari E, Garcia-Fernandez A, et al. In silico detection and typing of plasmids using plasmidfinder and plasmid multilocus sequence

typing. Antimicrob Agents Chemother. 2014;58(7):3895-3903. doi:10.1128/aac.02412-14

.Li X, Xie Y, Liu M, et al. oriTfinder: a web-based tool for the identification of origin of transfers in DNA sequences of bacterial mobile genetic

elements. Nucleic Acids Res. 2018;46(W1):W229-W234. doi:10.1093/nar/gky352

. LiJ, Tai C, Deng Z, Zhong W, He Y, Ou H-Y. VRprofile: gene-cluster-detection-based profiling of virulence and antibiotic resistance traits encoded

within genome sequences of pathogenic bacteria. Briefings Bioinf. 2017. doi:10.1093/bib/bbw141

. Diancourt L, Passet V, Verhoef J, Grimont PA, Brisse S. Multilocus sequence typing of Klebsiella pneumoniae nosocomial isolates. J Clin

Microbiol. 2005;43(8):4178-4182. doi:10.1128/jcm.43.8.4178-4182.2005

. Robert X, Gouet P. Deciphering key features in protein structures with the new ENDscript server. Nucleic Acids Res. 2014;42(W1):W320-W324.

doi:10.1093/nar/gku3 16

. Johnson TJ, Danzeisen JL, Youmans B, et al. Separate F-type plasmids have shaped the evolution of the H30 subclone of Escherichia coli sequence

type 131. mSphere. 2016;1(4). doi:10.1128/mSphere.00121-16

.Liu D, Liu Z-S, Hu P, et al. Characterization of surface antigen protein 1 (SurAl) from Acinetobacter baumannii and its role in virulence and

fitness. Vet Microbiol. 2016;186:126—138. doi:10.1016/j.vetmic.2016.02.018

. Wang W, Tian D, Hu D, Chen W, Zhou Y, Jiang X. Different regulatory mechanisms of the capsule in hypervirulent Klebsiella pneumonia: “direct”

wecal variation vs. “indirect” rmpA regulation. Front Cell Infect Microbiol. 2023. doi:10.3389/fcimb.2023.1108818

. Tian D, Wang W, Li M, et al. Acquisition of the conjugative virulence plasmid from a CG23 hypervirulent Klebsiella pneumoniae strain enhances

bacterial virulence. Front Cell Infect Microbiol. 2021;11. doi:10.3389/fcimb.2021.752011

.Zhou Y, Wu X, Wu C, et al. Emergence of KPC-2 and NDM-5-coproducing hypervirulent carbapenem-resistant Klebsiella pneumoniae with

high-risk sequence types ST11 and ST15. mSphere. 2024;9(1):0061223. doi:10.1128/msphere.00612-23

. Liu P, Li P, Jiang X, et al. Complete genome sequence of Klebsiella pneumoniae subsp. pneumoniaec HS11286, a multidrug-resistant strain isolated

from human sputum. J Bacteriol. 2012;194(7):1841-1842. doi:10.1128/jb.00043-12

. Chou H-C, Lee C-Z, Ma L-C, Fang C-T, Chang S-C, Wang J-T. Isolation of a chromosomal region ofKlebsiella pneumoniacAssociated with

allantoin metabolism and liver infection. Infect Immun. 2004;72(7):3783-3792. doi:10.1128/iai.72.7.3783-3792.2004

Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: an international
expert proposal for interim standard definitions for acquired resistance. Clin Microbiol Infect. 2012;18(3):268-281. doi:10.1111/j.1469-
0691.2011.03570.x

Lan P, Jiang Y, Zhou J, Yu Y. A global perspective on the convergence of hypervirulence and carbapenem resistance in Klebsiella pneumoniae.
J Global Antimicrob Resist. 2021;25:26-34. doi:10.1016/j.jgar.2021.02.020

. Zhang J, Xu J, Shen S, et al. Comparison of three colloidal gold immunoassays and GeneXpert Carba-R for the detection of Klebsiella pneumoniae

bla(KPC-2) variants. J Clin Microbiol. 2024;62(7):¢0015424. doi:10.1128/jcm.00154-24

Antinori E, Unali I, Bertoncelli A, Mazzariol A. Klebsiella pneumoniae carbapenemase (KPC) producer resistant to ceftazidime—avibactam due to
a deletion in the blaKPC3 gene. Clin Microbiol Infect. 2020;26(7):946.e1-946.¢3. doi:10.1016/j.cmi.2020.02.007

Zhou P, Gao H, Li M, et al. Characterization of a novel KPC-2 variant, KPC-228, conferring resistance to ceftazidime-avibactam in an
ST11-KL64 hypervirulent Klebsiella pneumoniae. Int J Antimicrob Agents. 2024. doi:10.1016/j.ijantimicag.2024.107411

Su CC, Rutherford DJ, Yu EW. Characterization of the multidrug efflux regulator AcrR from Escherichia coli. Biochem Biophys Res Commun.
2007;361(1):85-90. doi:10.1016/j.bbrc.2007.06.175

Drlica K. The mutant selection window and antimicrobial resistance. J Antimicrob Chemother. 2003;52(1):11-17. doi:10.1093/jac/dkg269
Rodriguez-Martinez JM, Velasco C, Garcia I, Cano ME, Martinez-Martinez L, Pascual A. Mutant prevention concentrations of fluoroquinolones for
Enterobacteriaceae expressing the plasmid-carried quinolone resistance determinant qnrA 1. Antimicrob Agents Chemother. 2007;51(6):2236-2239.
doi:10.1128/aac.01444-06

3340 https: Infection and Drug Resistance 2025:18


https://doi.org/10.1038/s41591-020-0825-4
https://doi.org/10.1016/j.ijantimicag.2017.03.012
https://doi.org/10.1016/j.jgar.2021.08.009
https://doi.org/10.1016/j.cmi.2019.08.020
https://doi.org/10.3201/eid2309.161710
https://doi.org/10.1128/mmbr.00020-10
https://doi.org/10.1099/mgen.0.000748
https://doi.org/10.1128/aac.02412-14
https://doi.org/10.1093/nar/gky352
https://doi.org/10.1093/bib/bbw141
https://doi.org/10.1128/jcm.43.8.4178-4182.2005
https://doi.org/10.1093/nar/gku316
https://doi.org/10.1128/mSphere.00121-16
https://doi.org/10.1016/j.vetmic.2016.02.018
https://doi.org/10.3389/fcimb.2023.1108818
https://doi.org/10.3389/fcimb.2021.752011
https://doi.org/10.1128/msphere.00612-23
https://doi.org/10.1128/jb.00043-12
https://doi.org/10.1128/iai.72.7.3783-3792.2004
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1016/j.jgar.2021.02.020
https://doi.org/10.1128/jcm.00154-24
https://doi.org/10.1016/j.cmi.2020.02.007
https://doi.org/10.1016/j.ijantimicag.2024.107411
https://doi.org/10.1016/j.bbrc.2007.06.175
https://doi.org/10.1093/jac/dkg269
https://doi.org/10.1128/aac.01444-06

Xia et al

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lv L, Wan M, Wang C, et al. Emergence of a plasmid-encoded resistance-nodulation-division efflux pump conferring resistance to multiple drugs,
including tigecycline, in Klebsiella pneumoniae. mBio. 2020;11(2). doi:10.1128/mBi0.02930-19

Li R, Han Y, Zhou Y, et al. Tigecycline susceptibility and molecular resistance mechanisms among clinical Klebsiella pneumoniaeStrains isolated
during non-tigecycline treatment. Microb Drug Resist. 2017;23(2):139-146. doi:10.1089/mdr.2015.0258

He F, Shi Q, Fu 'Y, Xu J, Yu Y, Du X. Tigecycline resistance caused by rpsJ evolution in a 59-year-old male patient infected with KPC-producing
Klebsiella pneumoniae during tigecycline treatment. Infect Genet Evol. 2018;66:188-191. doi:10.1016/j.meegid.2018.09.025

Gu D, Lv H, Sun Q, Shu L, Zhang R. Emergence of tet(A) and blaKPC-2 co-carrying plasmid from a ST11 hypervirulent Klebsiella pneumoniae
isolate in patient’s gut. Int J Antimicrob Agents. 2018;52(2):307-308. doi:10.1016/j.ijjantimicag.2018.06.003

Akiyama T, Presedo J, Khan AA. The tetA gene decreases tigecycline sensitivity of Salmonella enterica isolates. Int J Antimicrob Agents. 2013;42
(2):133-140. doi:10.1016/j.ijantimicag.2013.04.017

Wei D-W, Wong N-K, Song Y, et al. IS26 veers genomic plasticity and genetic rearrangement toward carbapenem hyperresistance under sublethal
antibiotics. mBio. 2022;13(1):10.1128/mbio.03340-21.

Fu P, Tang Y, Li G, Yu L, Wang Y, Jiang X. Pandemic spread of bla((KPC-2)) among Klebsiella pneumoniae ST11 in China is associated with
horizontal transfer mediated by IncFll-like plasmids. /nt J Antimicrob Agents. 2019;54(2):117—-124. doi:10.1016/j.ijantimicag.2019.03.014

Feng Y, Liu L, McNally A, Zong Z. Coexistence of three bla(KPC-2) genes on an IncF/IncR plasmid in ST11 Klebsiella pneumoniae. J Glob
Antimicrob Resist. 2019;17:90-93. doi:10.1016/j.jgar.2018.11.017

Zeng L, Zhang J, Hu K, et al. Microbial characteristics and genomic analysis of an ST11 carbapenem-resistant Klebsiella pneumoniae strain
carrying bla (KPC-2) conjugative drug-resistant plasmid. Front Public Health. 2021;9:809753. doi:10.3389/fpubh.2021.809753

Transmission of nonconjugative virulence or resistance plasmids mediated by a self-transferable IncN3 plasmid from carbapenem-resistant
Klebsiella pneumoniae.

Zhang J, Xu Y, Wang M, et al. Mobilizable plasmids drive the spread of antimicrobial resistance genes and virulence genes in Klebsiella
pneumoniae. Genome Med. 2023;15(1). doi:10.1186/513073-023-01260-w

Bachman MA, Lenio S, Schmidt L, Oyler JE, Weiser JN, Hultgren SJ. Interaction of lipocalin 2, transferrin, and siderophores determines the
replicative niche of Klebsiella pneumoniae during pneumonia. mBio. 2012;3(6). doi:10.1128/mBi0.00224-11

Holt KE, Wertheim H, Zadoks RN, et al. Genomic analysis of diversity, population structure, virulence, and antimicrobial resistance in Klebsiella
pneumoniae, an urgent threat to public health. Proc Natl Acad Sci U S A. 2015;112(27):E3574-81. doi:10.1073/pnas.1501049112

Podschun R, Ullmann U. Klebsiella spp. as nosocomial pathogens: epidemiology, taxonomy, typing methods, and pathogenicity factors. Clin
Microbiol Rev. 1998;11(4):589-603. doi:10.1128/cmr.11.4.589

Xu L, Sun X, Ma X. Systematic review and meta-analysis of mortality of patients infected with carbapenem-resistant Klebsiella pneumoniae. Ann
Clinic Microbiol Antimicrob. 2017;16(1). doi:10.1186/s12941-017-0191-3

Hennequin C, Robin F. Correlation between antimicrobial resistance and virulence in Klebsiella pneumoniae. Eur J Clin Microbiol Infect Dis.
2015;35(3):333-341. doi:10.1007/s10096-015-2559-7

Infection and Drug Resistance DOVepI'eSS
Taylor & Francis Group

Publish your work in this journal

Infection and Drug Resistance is an international, peer-reviewed open-access journal that focuses on the optimal treatment of infection (bacterial,
fungal and viral) and the development and institution of preventive strategies to minimize the development and spread of resistance. The journal is
specifically concerned with the epidemiology of antibiotic resistance and the mechanisms of resistance development and diffusion in both hospitals and
the community. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

Infection and Drug Resistance 2025:18 E X in & 3341


https://doi.org/10.1128/mBio.02930-19
https://doi.org/10.1089/mdr.2015.0258
https://doi.org/10.1016/j.meegid.2018.09.025
https://doi.org/10.1016/j.ijantimicag.2018.06.003
https://doi.org/10.1016/j.ijantimicag.2013.04.017
https://doi.org/10.1016/j.ijantimicag.2019.03.014
https://doi.org/10.1016/j.jgar.2018.11.017
https://doi.org/10.3389/fpubh.2021.809753
https://doi.org/10.1186/s13073-023-01260-w
https://doi.org/10.1128/mBio.00224-11
https://doi.org/10.1073/pnas.1501049112
https://doi.org/10.1128/cmr.11.4.589
https://doi.org/10.1186/s12941-017-0191-3
https://doi.org/10.1007/s10096-015-2559-7
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Bacterial Isolates and Case Report
	Antimicrobial Susceptibility Testing
	Whole-Genome Sequencing and Bioinformatics Analysis
	Multilocus Sequence Typing (MLST)
	Phylogenetic Analysis
	Comparative Genomic Analyses
	Conjugation Assay
	Plasmid Stability Testing and Growth Assays
	Serum Killing Assay
	Quantitative Siderophore Production Assay
	Capsule Quantification
	G.Mellonella invivo Infection Model
	Statistical Analysis
	Nucleotide Accession Number

	Result
	K.Pneumoniae KP3T58 Was aMDR Strain
	Genomic Characteristics of K.Pneumoniae KP3T58
	Plasmid Characteristics of K.Pneumoniae KP3T58
	MLST Confirms ST11 Clonal Persistence
	KP3T58 Clusters Within Dominant Epidemic ST11 Clade
	Comparative Genomic and Linear Comparison
	The Non-Conjugative Plasmid pKP3T58_3 Was Mobilized with the Assistance of Conjugative Plasmid pKP3T58_2
	In vitro and invivo Virulence of KP3T58

	Discussion
	Conclusion
	Ethics
	Author Contributions
	Funding
	Disclosure

