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Background: Emergence of blaKPC and blaNDM co-harboring Klebsiella pneumoniae has escalated the threat of Carbapenem-resistant 
Klebsiella pneumoniae (CRKP) to healthcare. It remains unknown the prevalence and molecular characteristics of CRKP co-producing 
KPC and NDMs carbapenemases in Henan.
Methods and Results: Twenty-seven CRKP strains isolated from different times were selected randomly in affiliated cancer hospital 
of Zhengzhou University from January 2019 to January 2021, among which one KPC-2 and NDM-5 positive CRKP named K9 was 
isolated from an abdominal pus sample of a 63-year-old male patient with leukemia. Sequencing of K9 determined that K9 belonged to 
ST11-KL47, which is resistant to antibiotics such as meropenem, ceftazidime-avibactam and tetracycline. K9 carried two different 
plasmids that contained blaNDM−5 and blaKPC−2. Both plasmids were shown to be novel hybrid plasmids and IS26 played an important 
role in generation of two plasmids. Gene blaKPC-2 was flanked by the NTEKPC-Ib-like genetic structure (IS26-ΔTn3-ISKpn8-blaKPC-2- 
ISKpn6-IS26) and was located on a conjugative IncFII/R/N type hybrid plasmid.
Conclusion: The resistance gene blaNDM−5 located on a region organized as IS26-blaNDM–5-ble-trpF-dsbD-ISCR1-sul1-aadA2- 
dfrA12-IntI1-IS26 was carried by a phage-plasmid. We described a clinical CRKP co-producing KPC-2 and NDM-5 and emphasized 
an urgent need to control their further spread.
Keywords: carbapenem-resistant Klebsiella pneumoniae, KPC-2, NDM-5, beta-lactamases, hybrid plasmid, IS26

Introduction
Carbapenem-resistant Klebsiella pneumoniae (CRKP) poses a serious threat to human health,1,2 which can cause serious 
infections in debilitated or immunocompromised patients, leading to prolonged hospital stay and increased mortality 
rates. According to the data from the China Antimicrobial Resistance Surveillance System (CARSS), the national 
average isolation rate of CRKP is increasing rapidly from 6.4% in 2014 to 10.9% in 2020. Notably, an extremely high 
incidence of CRKP was observed in Henan province in 2020 (30.2%), ranking first in China (http://www.carss.cn/Report/ 
Details?aId=808). The main resistance mechanism of CRKP is the production of carbapenemases.3 K. pneumoniae 
carbapenemases (KPC) and New Delhi β-lactamases (NDMs) are the two common types of carbapenemases produced by 
CRKP, and KPC-2 is the most widely distributed KPC variant which is able to hydrolyze all β-lactam antibiotics but can 
be inhibited by avibactam, a new approved diazabicyclooctane non-β-lactam β-lactamase inhibitor for use in combination 
with ceftazidime.4 However, as metallo-β-lactamase belonged to class B1 β-lactamases, NDMs cannot be inhibited by 
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avibactam. It is worth noting that the recent emergence of CRKP co-producing KPC-2 and NDMs in different regions of 
China will seriously threaten the application of regimen of ceftazidime/avibactam in clinical treatment.5–8 As the 
province with the highest isolation rate of CRKP in China, the prevalence and molecular characteristics of CRKP co- 
producing KPC and NDMs carbapenemases in Henan are still largely unknown.

Herein, we genetically characterized a KPC-2 and NDM-5 positive CRKP named K9 in Henan province. Unlike 
previously reported NDMs and KPC-2 co-producing CRKP strains that carried blaNDMs-harboring plasmids belonged to 
IncX3, N2, HI1B types and blaKPC-2-harboring plasmids mainly belonged to IncFII type,5–7 the blaNDM-5 and blaKPC-2 

gene in K9 were carried by an untypeable phage-plasmid and an IncFII/R/N hybrid plasmid, respectively, indicating 
a different evaluation pathway in the generation of K9 co-producing two different types of carbapenemases.

Materials and Methods
Bacterial Isolates, Identification, and Antimicrobial Susceptibility Testing
A total of 27 non-repeating CRKP strains were recovered from clinical specimens in the Affiliated Cancer Hospital of 
Zhengzhou University from January 2019 to January 2021. All isolates were identified by matrix-assisted laser 
desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) (Auto Bioengineering Co., Ltd. 
Zhengzhou, China) and the BD Phoenix™ M-50 instrument (BD Diagnostic Systems, Sparks, MD, USA). Minimal 
inhibitory concentrations (MICs) were initially determined by broth microdilution method using a BD Phoenix™ M-50 
instrument, and MICs of imipenem, meropenem, ciprofloxacin, levofloxacin and tigecycline were validated using E-test 
strips (Auto Bioengineering Co., Ltd. Zhengzhou, China). The tigecycline breakpoint was determined using the FDA 
standard (susceptible, ≤2 mg/L; intermediate, 4 mg/L; resistant, ≥8 mg/L), the polymyxin breakpoint using the EU 2021 
drug sensitivity test standard (https://www.eucast.org), and the remaining breakpoints were set according to the CLSI 
M100.9 Escherichia coli ATCC25922 was served as a quality control strain in the susceptibility testing assay.

Beta-Lactamase Phenotype and Carbapenemase Genes
Enzyme inhibitor enhancement tests were performed to confirm carbapenemase phenotype.10 This method was per
formed following the standard diffusion method.10 On Mueller–Hinton agar, one disc of meropenem alone and three 
discs of meropenem containing 400 µg of PBA, 292 µg of EDTA or both were used to differentiate class A and class 
B carbapenemase. The results were interpreted as previously described.10 Enzyme immunochromatographic assay (NG- 
Test® CARBA 5 kit, Fosun Long March Medical Science Co., Ltd., Shanghai, China) was used to detect NDM, KPC, 
VIM, IMP, or OXA-48 carbapenemases. NDM and KPC variants and other beta-lactamase were confirmed by PCR with 
primers in Table S1 and the related literature. PCR amplification products were sequenced on both strands (BGI, 
Shenzhen, China) and were compared using BLAST (https://blast.ncbi.nlm.nih.gov/Blast).

Plasmid Conjugation Experiments
Conjugation assay was conducted to evaluate the transferability of plasmids by using the method described previously.11 

CRKP K9, coproducing KPC-2 and NDM-5, served as the donor strain and E. coli J53 was used as the recipient strain. 
The donor and recipient were mixed in a ratio of 10:1 and incubated statically in an LB broth at 35°C for 24 
h. Transconjugants were selected by LB agar plates supplemented with 2 μg/mL meropenem, 100 μg/mL sodium 
azide and (or not) 76 μg/mL sulfamethoxazole. The presence of the blaKPC-2 or blaNDM-5 genes was identified by PCR 
amplification and the forms of plasmid DNA contained by the donor and recipient strains were analyzed by agarose gel 
electrophoresis (0.5% agarose in Tris-acetate EDTA buffer).

WGS and Gene Environment Analysis
The strain genome was sequenced using a PacBio RS II platform and Illumina HiSeq 4000 platform at the Beijing 
Genomics Institute (BGI, Shenzhen, China). Four SMRT cells (Zero-ModeWaveguide arrays of sequencing) were used 
by the PacBio platform to generate the long-subreads set. Sequencing data were assembled with FalconV0.3.0 and 
Proovread 2.12 software, quality control was performed with FastQC0.11.9 software, and the assembled data were 
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Table 1 Clinical Information of 27 CRKP Strains Along with Partial Susceptibility Profiles and Carbapenemase Phenotype and Genotype

Strains Date of 
Specimen

Sample Type or 
Origin

Sex Age Clinical Diagnosis Ward EIA EIE MIC (μg/mL)

PB CZA TGC SXT AMK GEN CHL TE MEM

K5 Feb-20 Sputum M 50 Multiple myeloma HM KPC A ≤0.5 ≤8/4 ≥8 >2/38 >32 >8 >16 NA >8
K6 Dec-21 Ascites M 52 Acute myeloid 

leukemia

HM KPC A ≤0.5 NA ≤2 >2/38 >32 >8 >16 >8 8

K7 Jan-20 Hydrothorax F 13 Acute lymphoblastic 
leukemia

HM KPC A ≤0.5 ≤8/4 ≤2 ≤0.5/9.5 ≤8 ≤2 8 4 >8

K9 Jan-21 Abdominal pus M 63 Leukemia HM KPC 
+NDM

A 
+B

1 ≥ 16/ 
4

≤2 >2/38 ≤8 ≤2 8 >8 >8

K10 Feb-21 Ascites M 63 Pancreatic tail cancer ICU KPC A ≤0.5 ≤8/4 ≤2 ≤0.5/9.5 ≤8 ≤2 16 4 >8

K11 May-20 Sputum M 65 Rectal cancer ICU KPC A ≤0.5 ≤8/4 4 >2/38 >32 >8 >16 >8 >8
K12 May-21 Ascites M 65 Rectal cancer ICU KPC A ≤0.5 ≤8/4 ≤2 >2/38 ≤8 ≤2 >16 4 >8

K13 May-19 Sputum M 65 Colon Cancer ICU KPC A ≤0.5 ≤8/4 ≤2 >2/38 >32 >8 >16 >8 >8

K14 May-19 Sputum F 62 Esophageal cancer TS KPC A ≤0.5 ≤8/4 ≤2 ≤0.5/9.5 >32 >8 >16 NA >8
K15 May-21 Rectal F 62 Esophageal cancer ICU KPC A ≤0.5 NA NA ≤0.5/9.5 ≤8 ≤2 ≤4 4 >8

K16 May-20 Sputum F 81 Intestinal fistulas ICU KPC A ≤0.5 ≤8/4 4 >2/38 >32 >8 >16 >8 >8

K17 May-20 Rectal F 62 Esophageal cancer ICU KPC A ≤0.5 ≤8/4 4 >2/38 >32 >8 >16 >8 >8
K19 Jun-19 Blood F 73 Cervical and waist 

syndrome

GS KPC A ≤0.5 ≤8/4 NA >2/38 >32 >8 >16 >8 >8

K21 Jun-19 Sputum M 66 Liver Cancer HS KPC A ≤0.5 ≤8/4 ≥8 >2/38 ≤8 ≤2 ≤4 >8 >8
K22 Jul-20 Rectal M 44 Non-Hodgkins 

lymphoma

HM KPC A ≤0.5 ≤8/4 ≤2 ≤0.5/9.5 >32 >8 16 >8 8

K24 Aug-19 Blood M 66 Multiple myeloma ICU KPC A ≤0.5 ≤8/4 ≤2 >2/38 >32 >8 8 4 >8
K25 Aug-19 Rectal M 46 Small intestinal 

stromal tumor

ICU KPC A ≤0.5 ≤8/4 ≤2 ≤0.5/9.5 >32 >8 >16 4 >8

K27 Aug-19 Rectal M 68 Intestinal fistulas ICU KPC A ≤0.5 ≤8/4 4 >2/38 ≤8 ≤2 16 >8 >8
K28 Sep-21 Sputum M 47 Multiple myeloma HM KPC A ≤0.5 ≤8/4 ≤2 >2/38 ≤8 ≤2 >16 4 >8

K29 Sep-21 Blood M 70 Cancer IT KPC A ≤0.5 ≤8/4 ≤2 ≤0.5/9.5 ≤8 ≤2 ≤4 4 >8

K30 Oct-19 Rectal F 60 Acute myeloid 
leukemia

HM KPC A ≤0.5 ≤8/4 ≤2 ≤0.5/9.5 >32 >8 >16 4 >8

K31 Dec-21 Sputum M 86 Gastric Cancer ICU KPC A ≤0.5 ≤8/4 ≤2 >2/38 >32 >8 >16 NA >8

K34 Jan-21 Blood F 54 Acute myeloid 
leukemia

HM KPC A ≤0.5 ≤8/4 ≤2 >2/38 >32 >8 >16 NA >8

K35 Jan-19 Blood F 50 Waist syndrome ICU KPC A ≤0.5 ≤8/4 ≤2 >2/38 >32 >8 >16 NA >8

K161 Jan-20 Sputum M 50 Multiple myeloma HM KPC A ≤0.5 ≤8/4 4 >2/38 >32 >8 >16 NA >8
K162 Feb-20 Sputum M 50 Multiple myeloma HM KPC A NA ≤8/4 ≥8 >2/38 >32 >8 >16 NA >8

K163 Feb-20 BALF M 50 Multiple myeloma HM KPC A ≤0.5 ≤8/4 ≥8 >2/38 >32 >8 >16 NA >8

Abbreviations: M, male; F, female; TS, thoracic surgery; HS, Hepatobiliary surgery; IT, immunotherapy; HM, hematological malignancies; GS, general surgery; ICU, intensive care unit; EIA, enzyme immunochromatographic assay; EIE, 
enzyme inhibitor enhancement experiment; A, class A carbapenemases; B, class B carbapenemases; PB, Polymyxin B; CZA, ceftazidime- Avibactam; TGC, tigecycline; SXT, trimethoprim/sulfamethoxazole; AMK, amikacin; CHL, 
chloramphenicol; GEN, gentamicin; TE, tetracycline; MEM, meropenem.
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submitted to GenBank (https://www.ncbi.nlm.nih.gov/genbank/) to obtain sequence numbers and annotation information. 
MLST typing, drug resistance genes, and plasmid typing were obtained by searching against the database BacWGSTdb 
(http://bacdb.cn/BacWGSTdb/index.php). The MLST typing and serotype prediction were also confirmed by the 
Kleborate tool (https://github.com/katholt/Kleborate).12 Easyfig 2.2.3 software was used to align genomic and open 
reading frame sequences,13 and the BRIG v0.95 software was used to generate plasmid circle figures.14

Results and Discussion
Identification of a KPC-2 and NDM-5 Co-Producing Strain K9 Among 27 CRKP 
Isolates
Susceptibility testing showed that almost all strains were resistant to β-lactam antimicrobial agents including imipenem 
and aztreonam, but remained susceptible to polymyxin (Table 1). Furthermore, the enzyme inhibitor enhancement 
experiment indicated that all the strains produced class A carbapenemases (Table 1 and Figure S1). Notably, only one 
KPC and NDM co-producing K. pneumoniae isolate, namely K9, was selected according to the enzyme immunochro
matographic assay results. This isolate was recovered from an abdominal pus sample of a 63-year-old male patient in the 
hematological malignancies of Affiliated Cancer Hospital of Zhengzhou University in 2021 (Table 1).

According to the WGS result, K9 was assigned to ST11 and KL47 based on the analysis of software Kleborate, and 
found to harbor one chromosome of 5,531,197 bp (CP074116) and three plasmids namely pKPN-hnqyy-ndm 
(CP074117), pKPN-hnqyy-kpc (CP074118), and pKPN-hnqyy-3 (CP074119) of 123,557 bp, 116,047 bp, and 10,060 
bp, respectively. Associated with the multidrug-resistant (MDR) phenotype, a total of thirteen resistance determinants 
were identified in strain K9 (Table 2). These chromosomal and plasmid-carried determinants conferred resistance to β- 
lactams (blaSHV-182, blaNDM-5, blaCTX-M-65 and blaKPC-2), aminoglycosides (aadA2), quinolones (oqxAB), fosfomycin 
(fosA) and trimethoprim-sulfamethoxazole (qacE, sul1 and dfrA12). The blaKPC-2 and blaNDM-5 genes were found to be 
present on two distinct plasmids (Table 2). Virulome analysis showed that strain K9 carried a large number of virulence- 
associated factors, such as type 1 and type 3 fimbriae, capsule, iron uptake (Ent siderophore and yersiniabactin), type 6 
secretion systems (T6SS-I, T6SS-II, T6SS-III) and lipopolysaccharide (LPS) biosynthetic locus (rfb) located on the 
chromosome. While, no typical pLVPK-like virulence plasmid carrying rmpA/A2 or iuc locus was detected in K9.15 

Conjugative assay revealed that only the blaKPC-2 positive plasmid pKPN-hnqyy-kpc was successfully transferred to 
E. coli J53 at a frequency of 5.7×10−1 per donor cell (Figure S2).

Characterization of the Hybrid IncFII/R/N Type blaKPC-2-Bearing Plasmid
Plasmid pKPN-hnqyy-kpc has an average GC content of 52.94% and harbors 144 predicted open reading frames (ORFs). 
It is a multi-replicon plasmid possessing three plasmid replicons including IncFII, IncR, and IncN. A BLASTN search of 
this hybrid plasmid against the NCBI nucleotide database revealed that pKPN-hnqyy-kpc displayed 60% query coverage 
and 100% nucleotide identity to plasmid p69-2 (CP025458) from K. pneumoniae, 54% query coverage and 99.99% 
nucleotide identity to plasmid pJX2-2 (CP064248) from K. pneumoniae and 39% query coverage and 99.63% nucleotide 
identity to plasmid pL22-2 (CP031259) from K. pneumoniae (Figure 1). In plasmid pKPN-hnqyy-kpc, a total of 8 copies 
of IS26 were dispersed among the p69-2-like region, and the observation of an 8 bp target duplication repeats 

Table 2 Resistome of K. pneumoniae K9

Characteristics Chromosome pKPN-hnqyy-ndm pKPN-hnqyy-kpc pKPN- 
hnqyy-3

Size (bp) 5,531,197 123,557 116,047 10,060
G +C (%) 57.30 52.83 52.94 55.06

No. of predicted ORFs 5317 122 144 13

Resistance genes or chromosomal mutations 
associated with resistance

fosA, aadA2, oqxA, oqxB, 
sul, blaSHV-182

aadA2, dfrA12, sul, 
blaNDM-5, qacE

blaCTX-M-65, blaKPC-2 -

Plasmid type - Untypable plasmid FII, R, N ColRNAI
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(TAGGGGAA) flanked p69-2-like region and pL22-2-like region indicated that this plasmid might be formed by the 
fusion of plasmids pL22-2 (IncN) and p69-2 (IncFII-IncR) mediated by IS26 elements. This observation provided more 
direct evidence for the important role of IS26 in the formation of hybrid blaKPC-bearing plasmids. It has been 
documented that the conjugative IncFII/R type plasmids were one of the key vectors mediating the transmission of 
blaKPC.15 However, IncFII/R/N type blaKPC-bearing plasmids were rarely reported to cointegrate with IncN type plasmid. 
Genetic comparative analysis between pKPN-hnqyy-kpc and a reported IncFII/R/N type blaKPC-bearing plasmid, namely 
pKPC-TVGHCRE225 (CP023725), showed only 62% query coverage and 99.75% nucleotide identity, and the blaCTX- 

M-65 gene and a gene cluster of type IV secretion system were absent in pKPC-TVGHCRE225, indicating the formation 
of the two plasmids might be underwent different evolutionary processes.

Tn3-based transposon-Tn4401 and non-Tn4401 elements (NTEKPC) were regarded as two most common blaKPC- 
containing mobile elements. Unlike Tn4401 structure that was mainly detected in KPC-producing strains from France, 

Figure 1 Circular alignment of plasmid pKPN-hnqyy-kpc with other four plasmids. Positions and transcriptional directions of the ORFs are indicated by arrows. Different 
ORFs are colored as follows: green, IS transposon; blue, plasmid replicon; pink, beta-lactamase; red: other backbone open reading frames (ORFs). The two “ ” are the 
target sites of 8-bp duplication sequences (TAGGGGAA).
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Greece and America, NTEKPC elements were relatively prevalent among clinical strains in China, Singapore, and 
Brazil.16 NTEKPCs were divided into three groups (NTEKPC-I, NTEKPC-II, and NTEKPC-III) based on the absence 
or presence of blaTEM, and NTEKPC-I and NTEKPC-II might have been evolved from Tn4401 by genetic 
recombination.15 In plasmid pKPN-hnqyy-kpc, a 10,215-bp non-Tn4401 element highly homologous to the NTEKPC-Ib 

in plasmid pKPC-LKEc (KC788405),17 with the structure of IS26-ΔTn3-ISKpn8-blaKPC-2-ISKpn6-IS26 (Figure 2) was 
located downstream of gene encoding DEAD/DEAH box helicase. Compared with NTEKPC-Ib in pKPC-LKEc, the tnpA 
of Tn1721 was truncated by IS26 in pKPN-hnqyy-kpc. The observations that IS26 was involved in the formation of 
recombinant plasmid and insertion in NTEKPC-Ib element indicating IS26 promoted the evolution and variation of 
plasmid and resistance transmission unit, which needs to pay more attention.18

Characterization of a Novel Hybrid blaNDM-5-Carrying Plasmid
Plasmid pKPN-hnqyy-ndm was 123,557 bp in length, which belonged to an untypable group by BIGSdb (GC content of 
52.83%) (http://bigsdb.readthedocs.io) and harbored 126 predicted open reading frames. Unlike well-reported IncX3 and 
IncFII type blaNDM-carrying plasmids, this untypable plasmid only shared 34% query coverage and 99.49% nucleotide 
identity with IncFII plasmid pYJ6-NDM5 (AP023236) from an E. coli strain (Figure 3). In addition, plasmid pKPN- 
hnqyy-ndm contained an 80 kb fragment originated from typical phage-like plasmids, which shared 61% query coverage 
and 98.97% nucleotide identity with Klebsiella phage 020009 (CP038007) and 64% query coverage and 99.26% 
nucleotide identity with plasmid pJX2-3 (CP064249) from a carbapenem-resistant hypervirulent K. pneumoniae (CR- 
hvKP) strain. Low homology to reported blaNDM-positive plasmids and characterization of phage-derived fragment 
suggested that pKPN-hnqyy-ndm was a novel cointegrated plasmid.

Similar to the hybrid plasmid pKPN-hnqyy-kpc, pKPN-hnqyy-ndm could be divided into two genetically and 
physically distinct modules: a ~43-kb composite transposon carrying resistance determinants (blaNDM-5, aadA2, 
dfrA12, sul, and qacE) and a ~80-kb skeleton region essentially homologous to phage-like plasmids. The ~43 kb 
pYJ6-NDM5-like plasmid-derived module which was flanked by two IS26 elements in opposite orientation contained 
genes responsible for plasmid maintenance and stability including parM (plasmid partition), sok-hok (postsegregation 
killing), and psiAB (plasmid SOS inhibition protein), a tra region and a multidrug resistance region organized as IS26- 
blaNDM–5-ble-trpF-dsbD-ISCR1-sul1-aadA2-dfrA12-IntI1-IS26 (Figures 3 and 4). The ~80-kb phage-derived module 
contained genes encoding phage associated proteins including phage tail assembly protein JIKLM, head-tail adaptor 
proteins, phage major capsid protein, phage portal protein, and phage DNA packaging protein A.

Phages have been reported to be involved in the evolution of plasmids and mediate their spread.19 Phage-plasmids 
(PPs), which are known to be both plasmids and phages, have been reported to promote the spread of antibiotic resistance 

Figure 2 Gene core genetic environments of blaKPC-2. The gray level between different sequences represents similarity. Arrows represent different open reading frames and 
the direction of arrows represents the direction of transcription. The scale of identity is shown on the left.
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genes (ARGs) by infection and lysogenic conversion.19,20 A bioinformatics analysis showed that PPs are mainly 
prevalent in Escherichia and Klebsiella species, and β-lactamase encoding genes such as blaCTX-M-55, blaOXA-48, blaTEM, 

and blaNDM carried by PPs were only detected in E. coli strains. These PPs are mainly belonging to Phage P1-like and 
Phage P7-like types.20 Notably, the phage-plasmid pKPN-hnqyy-ndm in our study with a novel phage backbone showed 
very low homology with those reported PPs. To the best of our knowledge, this is the first report on clinical 
K. pneumoniae isolate carrying blaNDM-5-positive phage-plasmid. While, whether plasmid pKPN-hnqyy-ndm has the 
ability to lytic capacities or transfer blaNDM requires further investigation.

Figure 3 Circular alignment of plasmid pKPN-hnqyy-ndm with other six plasmids. Positions and transcriptional directions of the ORFs are indicated by arrows. Different 
ORFs are colored as follows: green, IS transposon; pink, genes related to drug resistance; red: other backbone ORFs.
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CRKP isolates co-producing KPC and NDM have been reported in different countries such as India, Pakistan, and 
China.5–8,21,22 In these isolates, the blaKPC-2 gene was mainly carried by IncFII, IncFII/IncR and IncFIA/IncFII type 
plasmids, with sizes ranging from 97-kb to 175-kb. While, the blaNDM gene was mainly detected in IncX3, IncN, and 
IncHI1B type plasmids. It is worth noting that two recent reports revealed either blaNDM or blaKPC gene was identified in 
cointegrated plasmids in KPC and NDM co-producing CRKP.5,22 Moreover, our study found that both blaNDM and 
blaKPC carrying plasmids were hybrid plasmids, indicating further evolution of these prevalent plasmids with single 
replicon. IS26 which has been reported to contribute to the generation of hybrid plasmid co-harboring blaKPC-2 and 
virulence factors might play an important role in generation of blaNDM, blaKPC-bearing MDR cointegrate plasmids in K9. 
Based on the unique structure of the two carbapenemase-encoding hybrid plasmids, we speculated the evolutionary paths 
of NDM and KPC plasmids in K9 were differed significantly from those previously reported.

Conclusion
Here, we describe the genetic characteristics of CRKP strain K9 co-harbouring blaNDM-5 and blaKPC-2 with capsular serotype 
KL47 belonging to ST11. The strain carried multiple resistance and virulence genes. The blaKPC-2 gene located on a hybrid 
plasmid and was present in a NTEKPC-Ib-like structure. The blaNDM-5 gene was located on the non-conjugative plasmid- 
phage complexes and was present in a tandem resistance gene cassette with the IS26 transposable element at both ends. 
Notably, IS26 played an important role in generation of blaKPC-2-harboring plasmid and blaNDM-5-harboring plasmid. And we 
provided a direct evidence in the formation of the blaKPC-2-harboring IncFII/R/N plasmids. The KPC-NDM co-producing 
CRKP as an emerging and growing threat in the hospital and the community which should be further monitored.

Data Sharing Statement
The datasets presented in this study can be found in online repositories. The complete chromosome genome sequence of 
CRKP strains K9 was deposited in GenBank with accession numbers CP074116. The complete sequences of blaNDM-5- 
harboring plasmid and blaKPC-2-harboring plasmid were submitted to GenBank under accession numbers CP074117 and 
CP074118, respectively.
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from the individual(s) for the publication of any potentially identifiable images or data included in this article.
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Figure 4 Gene core genetic environments of blaNDM-5. The gray level between different sequences represents similarity. Arrows represent different open reading frames 
and the direction of arrows represents the direction of transcription. The scale of identity is shown on the left.
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