Diagnostic Microbiology and Infectious Disease 94 (2019) 410-412

journal homepage: www.elsevier.com/locate/diagmicrobio

Contents lists available at ScienceDirect

Diagnostic Microbiology and Infectious Disease

Emergence of a multidrug-resistant clinical isolate of Escherichia coli L))

ST8499 strain producing NDM-13 carbapenemase in the

Republic of Korea¥»x

Check for
updates

Jin Seok Kim **, Young-hee Jin ¢, Sang-Hun Park ¢, Sunghee Han ¢, Hee Soon Kim ¢, Joo-Hyun Park ¢, Yeji Gong ¢,
Ji-Hui An 2, Sun Wha Jung ®, Soojin Kim €, Junyoung Kim €, Dae Won Kim ¢, Chae-Kyu Hong ?, Jib-Ho Lee ?,

[I-young Kim ¢, Kweon Jung °

2 Infectious Diseases Team, Seoul Metropolitan Government Research Institute of Public Health and Environment, Gyeonggi-do, Republic of Korea

Y Environmental Health Division, Seoul Metropolitan Government, Seoul, Republic of Korea

¢ Division of Bacterial Diseases, Korea Centers for Diseases Control & Prevention, Chungcheongbuk-do, Republic of Korea
4 Division of Vaccine Research, Korea Centers for Diseases Control & Prevention, Chungcheongbuk-do, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:

Received 12 December 2018

Received in revised form 14 January 2019
Accepted 13 February 2019

Available online xxxx

Keywords:

NDM-13

E. coli ST8499
Multidrug resistance
Carbapenemase

CRE

We described a carbapenem-resistant Escherichia coli ST8499 strain producing New Delhi metallo-3-lactamase-
13 (NDM-13) from patient in Korea. The isolate exhibited multidrug resistance, but remained susceptible to co-
listin and tigecycline. The blanpy-13 gene was located on a 130-kb self-transmissible plasmid. This is the first re-
port of NDM-13 carbapenemase in Korea.

© 2019 Elsevier Inc. All rights reserved.

Carbapenems are considered the most effective treatment option for
severe infections caused by extended-spectrum beta-lactamase (ESBL)-
producing Enterobacteriaceae. Recently, carbapenem-resistant strains,
particularly carbapenemase-producing Enterobacteriaceae, have been
found worldwide and are a rising threat to public health (Queenan
and Bush, 2007). New Delhi metallo-B-lactamase (NDM), an ambler
class B, zinc-dependent carbapenemase, confers resistance to most 3-
lactams except a monobactam. Since the first description of an NDM-1
producer recovered from a Swedish patient in 2008 (Yong et al.,
2009), 21 NDM variants have been identified in multiple countries
(ftp://ftp.ncbi.nlm.nih.gov/pathogen/betalactamases/Allele.tab). How-
ever, NDM-13, which harbors two amino acid substitutions (Asp95Asn
and Met154Leu) resulting in higher catalytic efficiency for cefotaxime
compared with NDM-1 (Khan et al., 2017), has rarely been described,
except for recent reports from Nepal (Shrestha et al., 2015) and China
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(Lv et al.,, 2016). To our knowledge, this is the first report of NDM-13-
producing Enterobacteriaceae in Korea.

In July 2018, a carbapenem-resistant strain (SECR18-0956) was iso-
lated from rectal swab sample of a 57-year-old male patient with diabe-
tes and dementia upon intensive care unit (ICU) admission. The patient
had no travel history and had received no recent antibiotic therapy in
the last 6 months. He was discharged the following day; follow-up spec-
imens were not collected. Bacterial identification was performed using
Bruker Biotyper MALDI-TOF MS (Bruker Daltonics, Bremen, Germany)
and VITEK 2 (bioMérieux, Marcy I'Etoile, France). Antimicrobial suscep-
tibility testing was carried out by a broth microdilution using custom-
ized Sensititre plates (TREK Diagnostic Systems, Cleveland, OH, USA)
and by tigecycline E-test strip (bioMérieux). Minimum inhibitory con-
centrations (MICs) were interpreted according to CLSI guidelines, with
the exception of colistin and tigecycline, where EUCAST criteria were
used (Lee et al., 2018). The synergy test with an imipenem disc
(Oxoid, Basingstoke, UK) and EDTA was performed to confirm the pres-
ence of metallo-carbapenemase. PCR and subsequent sequencing were
used to detect genes encoding carbapenemase (blagpc, blaggs, blanpw,
blaIMp, blavn\/l, blaOXA,48, blaSIM, blasp[\/[, blasME and blaG[M), beta-
lactamases (blaTEM, blaDHA, blaSHv, blao)(A, blaCMY_H and blaCTx,M) and
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Table 1

MICs of antimicrobial agents for NDM-13-producing E. coli and transconjugant strains.
Antimicrobial agent(s) MICs, pg/mL

E. coli E. coli E. coli K12 ]53
(SECR18-0956) K12 53  (SECR18-0956-TC)

Ampicillin >64 4 >64
Piperacillin/Tazobactam >128/4 4/4 >128/4
Cefoxitin >64 8 >64
Cefepime >16 4 >16
Cefpodoxime >32 <=025 >32
Ceftazidime >128 <=0.25 >128
Cefotaxime >64 <=0.12 >64
Cefotaxime/clavulanate >128/4 <=0.12/4 >128/4
Imipenem 16 <=0.5 4
Meropenem 32 <=0.5 4
Ertapenem >32 <=025 8
Doripenem 32 <=0.5 4
Nalidixic acid >128 <=2 4
Ciprofloxacin >16 <=0.03 <=0.03
Tetracycline >128 4 32
Chloramphenicol >32 <=2 4
Trimethoprim/sulfamethoxazole >16/304 <=1/19 >16/304
Gentamicin >32 <=1 >32
Amikacin >64 <=1 >64
Tigecycline® 1.5 0.19 0.19
Colistin <=2 <=2 <=2

@ MICs were obtained by Etest.

plasmid-mediated quinolone resistance genes (qnrA, qnrB, gnrC, qnrD,
qnrS, aac(6')-Ib-cr, ogxAB and gepA) contributing to fluoroquinolone re-
sistance (Ciesielczuk et al., 2013; Lee et al., 2018). Conjugation was con-
ducted by broth mating using a sodium azide-resistant E. coli K12 ]53
strain, and transconjugants were selected on MacConkey agar contain-
ing imipenem (1 pg/ml) and sodium azide (200 pg/ml). The blanpm-13
gene in the transconjugant was confirmed by PCR and sequencing. Plas-
mids incompatibility types on parental and transconjugant strains were
determined by PCR-based replicon typing (Carattoli et al., 2005). Geno-
mic DNA of SECR18-0956 strain was extracted with a Qiagen DNeasy
Blood and Tissue kit (Qiagen, Hilden, Germany), prepared using a
Nextera XT library kit (Illumina, San Diego, CA, USA), and sequenced
on a Miseq platform (Illumina). Sequence reads were assembled de
novo using a CLC genomic workbench (CLC Bio, Arhus, Denmark) and
annotated with BLAST searches (http://blast.ncbi.nlm.nih.gov/). Multi-
locus sequence typing (MLST) and prediction of resistance genes was
performed using Enterobase (http://enterobase.warwick.ac.uk) and
ResFinder 3.0 (http://cge.cbs.dtu.dk/services/ResFinder/). The DNA se-
quence of genetic environment containing the blanpw-13 has been de-
posited in GenBank under accession no. MK157018.

The E. coli strain (SECR18-0956) belonged to phylogenetic group A
(Clermont et al., 2000) and a new sequence type, ST8499, assigned by
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the Enterobase database (allelic profile: adk-6, fumC-7, gyrB-5, icd-1,
mdh-8, purA-2, recA-2). ST8499 is a single-locus variant of the ST206
clonal complex that has been reported as NDM-5-producing E. coli in
China (Zheng et al., 2018). The isolate exhibited multidrug resistance to
carbapenems (doripenem, imipenem, meropenem and ertapenem),
piperacillin-tazobactam, cefotaxime, ciprofloxacin, tetracycline, chloram-
phenicol, trimethoprim-sulfamethoxazole, gentamicin and amikacin and
was susceptible only to colistin and tigecycline (Table 1). Metallo-p-
lactamase production was detected by the imipenem-EDTA disc synergy
test. PCR and sequencing identified that strain SECR18-0956 harbored
the blanpw-13 gene as well as the blatgy.1p and qnrS1 genes. ResFinder
3.0 detected additional genes mediating resistance to aminoglycosides
(rmtB, aadA>5, aph(3')-Ia, aph(3’)-Ib, aph(6’)-1d), penicol (floR), sulfon-
amide (sull, sul2), tetracycline (tetA), sulfamethoxazole (dfrA17) and a
single ParC mutation (A56T) contributing to fluoroquinolone resistance
(Hopkins et al., 2005). The carbapenem-resistance determinant in
SECR18-0956 was successfully transferred into the recipient strain. The
blaren.1, Was also detected in the transconjugant, while gnrS1 was not
transferred. Transconjugants were resistant to carbapenems, beta-
lactams, tetracycline, trimethoprim-sulfamethoxazole, gentamicin and
amikacin. The NDM-13-positive plasmid in the transconjugant strain
was assigned to the IncFIB incompatibility group and was approximately
130-kb in size (estimated by S1-nuclease restriction and subsequent
pulsed-field gel electrophoresis).

Sequencing analysis revealed a truncated ISAba125 upstream of the
blanpm-13 gene with the —35 promoter region for blaypy expression.
The genes bleyp, (mediating bleomycin resistance), trpF (encoding a
phosphoribosylanthranilate isomerase) and dsbC (encoding an oxidore-
ductase) were found in the downstream region (Fig. 1). The same genetic
structure of AISAba125-blanpw-13-bleyp-trpF-dsbC was observed in two
previously sequenced blaypp.13 E. coli strains IOMUT558 (ST101) from
Nepal and DC33 (ST5138) from China (GenBank accession nos.
LC012596 and KX094555, respectively). However, the blaxpy-13 gene is
found on different genetic backgrounds (on chromosome of IOMUT558,
IncX3 plasmid of DC33 and IncFIB plasmid of SECR18-0956). In addition,
the ~12 kb sequenced region in our isolate, including further downstream
genes, aadA>5, dhfrl and Intl, was nearly identical to that of a plasmid
pKBN10P04869A harboring the blanpv.s gene (GenBank accession no.
CP026474) of E. coli ST410 isolate from Korea in 2017, except for an intact
1S1294 insertion into ISAba125 observed in a SECR18-0956 strain.

The emergence of NDM-producing Enterobacteriaceae has become a
global public health challenge. The environmental structure of the bla-
~nom and plasmid replicon in our isolate SECR18-0956 was different
from those of other NDM-13-producers, implying that the blanpm-13
gene in this study might have emerged independently by nucleotide
mutations. Monitoring of NDM-variants on the self-transmissible plas-
mid is warranted for preventing the dissemination of carbapenemase-
producing Enterobacteriaceae.
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Fig. 1. Schematic presentation of genetic structures surrounding blanp.


http://blast.ncbi.nlm.nih.gov/
http://enterobase.warwick.ac.uk
http://cge.cbs.dtu.dk/services/ResFinder/

412 J.S. Kim et al. / Diagnostic Microbiology and Infectious Disease 94 (2019) 410412

References

Carattoli A, Bertini A, Villa L, Falbo V, Hopkins KL, Threlfall E]. Identification of plasmids by
PCR-based replicon typing. ] Microbiol Methods 2005;63(3):219-28.

Ciesielczuk H, Hornsey M, Choi V, Woodford N, Wareham DW. Development and evalua-
tion of a multiplex PCR for eight plasmid-mediated quinolone-resistance determi-
nants. ] Med Microbiol 2013;62(Pt 12):1823-7.

Clermont O, Bonacorsi S, Bingen E. Rapid and simple determination of the Escherichia coli
phylogenetic group. Appl Environ Microbiol 2000;66(10):4555-8.

Hopkins KL, Davies RH, Threlfall E]. Mechanisms of quinolone resistance in Escherichia coli
and Salmonella: recent developments. Int ] Antimicrob Agents 2005;25(5):358-73.

Khan AU, Maryam L, Zarrilli R. Structure, genetics and worldwide spread of New Delhi
Metallo-beta-lactamase (NDM): a threat to public health. BMC Microbiol 2017;17(1):101.

Lee H, Yoon EJ, Kim D, Jeong SH, Shin JH, Shin JH, et al. Establishment of the south Korean
national antimicrobial resistance surveillance system, Kor-GLASS, in 2016. Euro
Surveill 2018;23(42).

Lv ], Qi X, Zhang D, Zheng Z, Chen Y, Guo Y, et al. First report of complete sequence of a
blanpm-13-harboring plasmid from an Escherichia coli ST5138 clinical isolate. Front
Cell Infect Microbiol 2016;6:130.

Queenan AM, Bush K. Carbapenemases: the versatile beta-lactamases. Clin Microbiol Rev
2007;20(3):440-58.

Shrestha B, Tada T, Miyoshi-Akiyama T, Shimada K, Ohara H, Kirikae T, et al. Identifi-
cation of a novel NDM variant, NDM-13, from a multidrug-resistant Escherichia
coli clinical isolate in Nepal. Antimicrob Agents Chemother 2015;59(9):5847-50.

Yong D, Toleman MA, Giske CG, Cho HS, Sundman K, Lee K, et al. Characterization of a
new metallo-beta-lactamase gene, blaypy-1, and a novel erythromycin esterase
gene carried on a unique genetic structure in Klebsiella pneumoniae sequence type
14 from India. Antimicrob Agents Chemother 2009;53(12):5046-54.

Zheng B, Lv T, Xu H, Yu X, Chen Y, Li ], et al. Discovery and characterisation of an
Escherichia coli ST206 strain producing NDM-5 and MCR-1 from a patient with
acute diarrhoea in China. Int ] Antimicrob Agents 2018;51(2):273-5.


http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0005
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0005
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0010
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0010
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0010
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0015
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0015
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0020
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0020
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0025
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0025
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0030
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0030
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0030
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0035
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0035
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0035
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0035
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0040
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0040
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0045
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0045
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0045
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0050
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0050
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0050
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0050
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0050
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0055
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0055
http://refhub.elsevier.com/S0732-8893(18)30773-9/rf0055

	Emergence of a multidrug-�resistant clinical isolate of Escherichia coli ST8499 strain producing NDM-�13 carbapenemase in t...
	References


