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Abstract: Klebsiella quasipneumoniae isolate SBH035 was recovered from a patient in Jiangsu Province, China. The isolate showed
resistance to ampicillin, cefazolin, cefotaxime, meropenem, ceftazidime—avibactam, and fosfomycin. The carbapenemase-encoding
gene blaypnm.7 Was identified, and whole genome sequencing analysis indicated that blaypy.7 Was located in an IncX3 plasmid with a
conserved structure of [S26-AcutA-tat-trpF-bleygy -blanpm.7-1SAbal25-1S3000-ATn2. To date, this is the first identification of a
blanpwm.7-harboring IncX3 plasmid in ST196 K. quasipneumoniae from a patient in China. Greater attention to controlling the
dissemination of IncX3 plasmids is needed owing to potential horizontal transfer via mobile genetic elements.
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Plain Language Summary
® We observed carbapenem resistance in ST196 Klebsiella quasipneumoniae.
® The blanpm.7 gene was located in a conjugative IncX3 plasmid associated with a commonly observed core structure.
® The blanpm.7 gene can confer ceftazidime—avibactam resistance.

Carbapenemase-producing Enterobacterales, especially New Delhi metallo-p-lactamase (NDM) enzyme-producing
strains, has become an increasing threat to public health. Since blaypy.; Was first reported in 2009, 40 NDM allelic
variants have been identified so far (https://www.ncbi.nlm.nih.gov/pathogens/refgene/#; last accessed March 2, 2022). As
a member of the Klebsiella pneumoniae complex, K. quasipneumoniae has also become a cause for concern. To date,
blaxpa.1," blanpm.s,>* blagpcs,™® and blaxpc.;® have been identified in K. quasipneumoniae and IncX3, IncX5,
IncX6, and IncF are the main plasmids accounting for carbapenem resistance. ST196 K. quasipneumoniae has rarely
been reported but can be present in health care centers worldwide, possibly leading to hospital-acquired infections.’

In 2013, blanpm-7 Was identified for the first time in Escherichia coli from a patient who had traveled to Burma and
was hospitalized in France.® Owing to Asp-130-Asn and Met-154-Leu substitutions, NDM-7 has greater carbapenem-
hydrolyzing activity than NDM-1.° Subsequently, plasmid-mediated blanpy. has been found in different species such as
K. pneumoniae,'® Enterobacter cloacae,'" E. acrogenes,'* and Citrobacter freundii.'> Here, we report the first detection
of K. quasipneumoniae harboring blaypn.7 isolated from a patient in Jiangsu Province, China.

K. quasipneumoniae isolate SBH035 was recovered from a urine sample collected from a 67-year-old male patient in
a tertiary hospital of Jiangsu Province in July 2018. Species identification was performed using the VITEK® MS system
(bioMérieux, Marcy-1’Etoile, France). Antibiotic susceptibility testing against 17 antibiotics was performed using the
agar dilution method or broth microdilution method (limited to colistin and tigecycline). The results were interpreted
according to guidelines of the Clinical and Laboratory Standards Institute or European Committee on Antimicrobial
Susceptibility Testing. The isolate was resistant to ampicillin, cefazolin, cefotaxime, meropenem, ceftazidime—avibactam,
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and fosfomycin but was susceptible to streptomycin, gentamicin, amikacin, tetracycline, tigecycline, chloramphenicol,
florfenicol, nalidixic acid, ciprofloxacin, trimethoprim/sulfamethoxazole, and colistin (Table S1). Carbapenemase-encod-
ing genes were further detected, as previously described,'® and the blanpn.7 gene was identified.

Whole genome sequencing of SBH035 was performed using the Illumina NovaSeq platform (Illumina Inc., San
Diego, CA, USA). The reads were assembled using SPAdes v. 3.10.0 and 85 contigs (>200 base pairs; bp) were obtained
(GenBank accession no. PRINA823891). The Center for Genomic Epidemiology pipeline (https://cge.cbs.dtu.dk/) was
used to identify sequence type (ST), antimicrobial resistance genes, mutations, and plasmid replicon type. K. quasip-
neumoniae strain SHB035 was identified as ST196 and contained several resistance genes conferring resistance to
fosfomycin (fosA4), quinolone (ogxAB), and B-lactam (blanpm.7, blaokp-a-s)-

Ten published genomes of ST196 K. quasipneumoniae were downloaded, and the phylogenetic tree was generated
using Parsnp (core genome SNP tree).'”> The results showed that the SBH035 isolate in our study was clustered in one
separate clade, and isolates from the United States (US) and Qatar were clustered into respective clades. All Qatar strains
contained blanpm.1, and one US strain (CAV1947, from hospital wastewater) co-harbored blaxpc.» and blagpc.s3; only
SBHO035 contained blanpwm.7 (Figure 1).

The complete plasmid sequence harboring blaypnm.7 was assembled using PCR and Sanger sequencing (Table S2) and
designated pYUSBHO35 (GenBank accession no. LC716358). pYUSBHO035 was 46,461 bp in size, with an average GC
content of 46.65% and was identified as IncX3 plasmid. BLASTn analysis showed that pYUSBHO035 was identical or
highly similar to other NDM-7-producing IncX3 plasmids (99.9-100% identity and 100% coverage) as well as IncX3
plasmids harboring other blanpy alleles, for example, pHN6DS3 (blanpm-s, MN276078), pHD6415-NDM (blanpm-33,
MZ004933), pNDM-20 (blanpm.20, MF458176), and pM216_ X3 (blanpm.g, AP018146) (Figure S1). In pYUSBHO035,
blanpy.7 Was located in a region with various insertion sequence (IS) elements (IS26, IS5, 1ISAbal25 and 1S3000). The
blanpm.7 gene was embedded in an 8906-bp structure, [S26-AcutA-tat-trpF-bleyigy -blanpm.7-1SAbal25-1S3000-ATn2,
in which ISAbal25 was interrupted by IS5, and 4-bp direct repeats (5’-CTAA-3’; DRs) were generated. This blanpm.7
segment was inserted into umuD flanked by 3-bp DRs (5’-TGT-3") (Figure 2). This genetic context was also found in
other blanpyv-carrying IncX3 plasmids, except that 925 bp of the 5’-end of IS4bal5 was absent in a blanpy.7-bearing
plasmid pHZW25-P4 (CP025215) from K. pneumoniae in China (Figure 2).

The plasmid pYUSBHO035 could be successfully transferred to the recipient E. coli C600 and the blanpy-carrying
transconjugant displayed resistance to ampicillin, cefazolin, cefotaxime, meropenem, and ceftazidime—avibactam
(Table S1). The blanpm.7-carrying plasmid pYUSBHO035 was a self-transmissible plasmid, which could transfer
carbapenem resistance to E. coli. IncX3 plasmids are efficient vectors for blanpy transmission between different species.

K. quasipneumoniae was initially considered a commensal intestinal colonizer, but recent studies have proven that it
is an etiologic agent in potentially fatal infections. Plasmid-mediated carbapenem resistance has also been observed
among K. quasipneumoniae clinical isolate strains, which may complicate treatment regimens. Until now, blaxpc.,
blaxpc.s, blakpc.o, blaoxa-1s1. blages.s, blanmp-1, and blayup.s have been reported in K. quasipneumoniae, and the
plasmids involved mainly include IncX3, IncXS5, IncX6, and IncF (Table S3).

To the best of our knowledge, this is the first identification of a blaypwm.7-harboring IncX3 plasmid in ST196 K.
quasipneumoniae from a patient in China. Greater attention to controlling the dissemination of IncX3 plasmids is needed
owing to potential horizontal transfer via mobile genetic elements.
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Figure | Phylogenetic tree based on core genome and drug resistance genes of ST196 Klebsiella quasipneumoniae. Antimicrobial resistance genes are shown in purple solid
circles.

4454 https: Infection and Drug Resistance 2022:15

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=374119.docx
https://cge.cbs.dtu.dk/
https://www.dovepress.com/get_supplementary_file.php?f=374119.docx
https://www.dovepress.com/get_supplementary_file.php?f=374119.docx
https://www.dovepress.com/get_supplementary_file.php?f=374119.docx
https://www.dovepress.com/get_supplementary_file.php?f=374119.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Sun et al

500 bp
TGT
pEC50-NDM7 craa CTAA B
pHNAH671 A IS5
cutA
pYUSBH035 AumuD wwF |~
pKpN01-NDM7 1SAbal25 < 153000 ATo2) Aumub
pJN14NDM?7 bleyg,
pHN6DS3 X3 rer CTAA CTAA TGT
pYZPW131 IS5

AcutA 1

pWP8-S18-CRE-02_4 tat trpF blaypy.s
pNDM-T16 »H_ " ISAbal25 < 183000 ATO2N A D
pNDM-5_A0917122  AumuD bleypy

pNDMS5_090011

pNDM_MGR194 TGT CTAA CTAA TGT
pK516_NDMS5 —p
pHD6415-NDM 1SAbal25 < 1S3000 AT2 N A umub
TGT CTAA CTAA TGT
IS5
AcutA
AumuD tat rpF blaxpyia 1
pNDM-20 Visasatzs| 153000 ATO2Y A ymub
bleys:.
TGT CTAA CTAA TGT
IS5
AcutA
AumupD tat upF blaxpwia
pM216_X3 @ ¢ \ISAbal2s < 1S3000 ATn2) Asmud
eMBL ]
TGT CTAA CTAA TGT
IS5
AcutA
AumuD tat trpF blaxgpy.g l ‘AumuD
pHZW25-P4 @ < 1S3000 ATn2j
ble
Y AISAbal2s

Figure 2 Genetic environment of multidrug resistance region in pYUSBHO035 and homologous plasmids.

Patient Consent and Ethics Statement
The patient provided informed consent for the case details to be published. This study was approved by Jiangsu Key
Laboratory of Zoonosis and Clinical Medical College, Yangzhou University.

Acknowledgments
We thank Liwen Bianji (Edanz) for editing the language of a draft of this manuscript.

Funding

This work was supported in part by the fifth phase of the “333 project” scientific research project in Jiangsu Province
(BRA2020002) and the Priority Academic Program Development of Jiangsu Higher Education Institution (PAPD) and
Postgraduate Research & Practice Innovation Program of Jiangsu Province (SJCX21 1597).

Infection and Drug Resistance 2022:15 htps: 4455

Dove:


https://www.dovepress.com
https://www.dovepress.com

Sun et al Dove

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

References

1. Faccone D, Martino F, Albornoz E, et al. Plasmid carrying mcr-9 from an extensively drug-resistant NDM-1-producing Klebsiella quasipneumo-
niae subsp. quasipneumoniae clinical isolate. Infect Genet Evol. 2020;81:104273. doi:10.1016/j.meegid.2020.104273
2. Ramsamy Y, Mlisana KP, Amoako DG, et al. Mobile genetic elements-mediated Enterobacterales-associated carbapenemase antibiotic resistance
genes propagation between the environment and humans: a One Health South African study. Sci Total Environ. 2022;806(Pt3):150641. doi:10.1016/
j-scitotenv.2021.150641
3. Brinkac LM, White R, D’Souza R, et al. Emergence of New Delhi Metallo-B-Lactamase (NDM-5) in Klebsiella quasipneumoniae from Neonates in
a Nigerian Hospital. mSphere. 2019;4(2):¢00685—e00718. doi:10.1128/mSphere.00685-18
4.Ma Z, Liu J, Yang J, et al. Emergence of blanpy-carrying IncX3 plasmid in Klebsiella pneumoniae and Klebsiella quasipneumoniae from duck
farms in Guangdong Province, China. J Glob Antimicrob Resist. 2020;22:703—705. doi:10.1016/j.jgar.2020.07.001
5. Reyes J, Cardenas P, Tamayo R, et al. Characterization of blaxpc.,-Harboring Klebsiella pneumoniae isolates and mobile genetic elements from
outbreaks in a hospital in Ecuador. Microb Drug Resist. 2021;27(6):752-759. doi:10.1089/mdr.2019.0433
6. Mathers AJ, Crook D, Vaughan A, et al. Klebsiella quasipneumoniae provides a window into carbapenemase gene transfer, plasmid rearrange-
ments, and patient interactions with the hospital environment. Antimicrob Agents Chemother. 2019;63(6):02513—-02518. doi:10.1128/
AAC.02513-18
7. Tsui CKM, Abid FB, McElheny CL, et al. Genomic epidemiology revealed the emergence and worldwide dissemination of ST383 carbapenem-
resistant hypervirulent Klebsiella pneumoniae and hospital acquired infections of ST196 Klebsiella quasipneumoniae in Qatar. bioRxiv. 2022.
doi:10.1101/2022.06.02.494628
. Cuzon G, Bonnin RA, Nordmann P. First identification of novel NDM carbapenemase, NDM-7, in Escherichia coli in France. PLoS One. 2013;8
(4):¢61322. doi:10.1371/journal.pone.0061322
9. Gottig S, Hamprecht AG, Christ S, et al. Detection of NDM-7 in Germany, a new variant of the New Delhi metallo-B-lactamase with increased
carbapenemase activity. J Antimicrob Chemother. 2013;68(8):1737-1740. doi:10.1093/jac/dkt088
10. Lee CS, Vasoo S, Hu F, et al. Klebsiella pneumoniae ST147 coproducing NDM-7 carbapenemase and RmtF 16S rRNA methyltransferase in
Minnesota. J Clin Microbiol. 2014;52(11):4109—4110. doi:10.1128/JCM.01404-14
11. Moussounda M, Diene SM, Dos Santos S, et al. Emergence of bla NDM-7-Producing Enterobacteriaceae in Gabon, 2016. Emerg Infect Dis.
2017;23(2):356-358. doi:10.3201/eid2302.161182
12. Ahmad N, Ali SM, Khan AU. Detection of New Delhi Metallo-p-Lactamase variants NDM-4, NDM-5, and NDM-7 in Enterobacter aerogenes
isolated from a Neonatal Intensive Care Unit of a North India hospital: a First Report. Microb Drug Resist. 2018;24(2):161-165. doi:10.1089/
mdr.2017.0038
13. Parvez S, Khan AU. Hospital sewage water: a reservoir for variants of New Delhi metallo-p-lactamase (NDM)- and extended-spectrum B-lactamase
(ESBL)-producing Enterobacteriaceae. Int J Antimicrob Agents. 2018;51(1):82—88. doi:10.1016/j.ijantimicag.2017.08.032
14. Poirel L, Walsh TR, Cuvillier V, et al. Multiplex PCR for detection of acquired carbapenemase genes. Diagn Microbiol Infect Dis. 2011;70:119—
123. doi:10.1016/j.diagmicrobio.2010.12.002
15. Treangen TJ, Ondov BD, Koren S, et al. The Harvest suite for rapid core-genome alignment and visualization of thousands of intraspecific
microbial genomes. Genome Biol. 2014;15(11):524. doi:10.1186/s13059-014-0524-x

oo

Infection and Drug Resistance Dove

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

4456 0y in g Do Infection and Drug Resistance 2022:15


https://doi.org/10.1016/j.meegid.2020.104273
https://doi.org/10.1016/j.scitotenv.2021.150641
https://doi.org/10.1016/j.scitotenv.2021.150641
https://doi.org/10.1128/mSphere.00685-18
https://doi.org/10.1016/j.jgar.2020.07.001
https://doi.org/10.1089/mdr.2019.0433
https://doi.org/10.1128/AAC.02513-18
https://doi.org/10.1128/AAC.02513-18
https://doi.org/10.1101/2022.06.02.494628
https://doi.org/10.1371/journal.pone.0061322
https://doi.org/10.1093/jac/dkt088
https://doi.org/10.1128/JCM.01404-14
https://doi.org/10.3201/eid2302.161182
https://doi.org/10.1089/mdr.2017.0038
https://doi.org/10.1089/mdr.2017.0038
https://doi.org/10.1016/j.ijantimicag.2017.08.032
https://doi.org/10.1016/j.diagmicrobio.2010.12.002
https://doi.org/10.1186/s13059-014-0524-x
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
https://www.dovepress.com
https://www.dovepress.com

	Plain Language Summary
	Patient Consent and Ethics Statement
	Acknowledgments
	Funding
	Disclosure
	References

