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A B S T R A C T

Objectives: The aim of this study was to investigate the blaNDM gene, pathogenic potential, and
antimicrobial resistance of clinical isolates of carbapenem-resistant Klebsiella pneumoniae isolated from
patients admitted to the University Hospital of Londrina between January 2014 and March 2017.
Methods: blaNDM-1 and virulence genes were investigated using conventional PCR methods Antimicrobial
susceptibility testing was performed by disk diffusion method according to the Clinical and Laboratory
Standards Institute guidelines of 2017. Clonal relationships of the New Delhi metallo-β-lactamase (NDM)-
positive isolates were determined by enterobacterial repetitive intergenic consensus (ERIC)-PCR and
multilocus sequence typing (MLST).
Results: A total of 825 K. pneumoniae were identified, with four isolates (Kp6408, Kp6410, Kp6411, and
Kp6715) presenting the blaNDM-1 gene. All NDM-1-producing isolates showed co-production of blaKPC-2
and blaTEM genes and also the virulence genes kfu, entB, mrkD, and fimH. Three isolates (Kp6408, Kp6410,
and Kp6715) were classified as multidrug-resistant (MDR) and one (Kp6411) as extensively drug-
resistant (XDR). ERIC-PCR analyses demonstrated that the isolates shared about 60% genetic similarity.
MLST revealed four different sequence types (STs), described for the first time in Brazil, with two novel
STs described in this study: ST3371 and ST3372.
Conclusion: This study reports the identification of NDM-1 associated with KPC and virulence genes in
four MDR K. pneumoniae with STs first described in Brazil.
© 2018 State University of Londrina. Published by Elsevier Ltd on behalf of International Society for

Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

The first description of New Delhi metallo-β-lactamase (NDM)
in Brazil was in 2013 in an isolate of Providencia rettgeri in the city
of Porto Alegre (southern region). In 2014, the first case of NDM in
Acinetobacter baumannii was reported in Londrina, in the state of
Paraná (Pillonetto et al., 2014); however, no further NDM-
producing bacteria were reported in this region after this case.
Taking this into consideration, a surveillance study was conducted
on clinical isolates of carbapenem-resistant Klebsiella pneumoniae
(CRKpn) isolated from patients admitted to the University Hospital
of Londrina between January 2014 and March 2017.
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Methods

From January 2014 to March 2017, 825 CRKpn isolates were
isolated from different patients admitted to the University Hospital
of Londrina. These isolates were identified using a Vitek 2
instrument (Vitek AMS; bioMérieux Vitek Systems, Hazelwood,
MO, USA).

Antimicrobial susceptibility testing was performed by disk
diffusion method as described in the Clinical and Laboratory
Standards Institute guidelines (CLSI, 2017) and by minimum
inhibitory concentration (MIC) for colistin using Vitek systems.
Thirty-eight different antibiotic disks (Oxoid, Basingstoke, UK)
were tested; these are listed in the footnotes to Table 1. Each
bacterial isolate was classified as multidrug-resistant (MDR),
extensively drug-resistant (XDR), or pandrug-resistant (PDR)
according to the definitions of Magiorakos et al. (2012). The
strains Escherichia coli ATCC 25922 and ATCC 35218 and
Pseudomonas aeruginosa ATCC 27853 were used as quality controls
for these experiments.
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Table 1
General data for the four NDM-1-producing Klebsiella pneumoniae isolates from this study.

Isolate Year Source Clinical
ward

Resistance profile (non-susceptible)a Resistance
classificationb

β-lactamase genes Virulence
genes

MLST

Kp6408 2016 Tissue Burn plastic
surgery

APS, AMC, CFC, CFL, CTL, CPM, CTX, CAZ, CRO, CRX, DOX, IPM, ERT,
LMX, MPM, NAL, NIT, PIT, SUL, TRI, TOB, SUT

MDR blaNDM-1, blaKPC,
blaTEM

kfu, entB,
mrkD, ycfM,
fimH

ST1773

Kp6410 2016 Urine Orthopedic AMI, AMC, APS, ATM, CPM, CTL, CRO, CAZ, CTX, CRX, CFL, CIP, ERT,
GEN, IPM, LMX, MPM, NAL, NIT, NOR, OFX, PIT, SUL, TRI, TOB, SUT

MDR blaNDM-1, blaKPC,
blaCTX-M-Gp1,
blaTEM, blaOXA-1-
like

kfu, entB,
mrkD, ybtS,
ycfM, fimH

ST3372

Kp6411 2016 Urine Emergency
room

AMI, AMC, APS, ATM, CFC, CFZ, CPM, CFM, CFO, CTL, CRO, CAZ,
CTX, CRX, CFL, CIP, CLO, DOR, DOX, ERT, GEN, IPM, LEV, LMX, MPM,
MIN, NAL, NIT, NOR, OFX, PIT, EST, SUL, TET, TAC, TRI, TOB, SUT

XDR blaNDM-1, blaKPC,
blaCTX-M-Gp1,
blaTEM, blaOXA-1-
like

kfu, entB,
mrkD, ybtS,
fimH

ST1067

Kp6715 2017 Blood Orthopedic AMC, ATM, APS, ATM, CFC, CFZ, CPM, CFM, CFO, CTL, CRO, CAZ,
CTX, CRX, CFL, CIP, CLO, DOX, ERT, IPM, LEV, LMX, MPM, MIN, NAL,
NIT, NOR, OFX, PIT, EST, SUL, TET, TAC, TRI, TOB, SUT

MDR blaNDM-1, blaKPC,
blaCTX-M-Gp9,
blaTEM, blaOXA-1-
like

kfu, entB,
mrkD, ycfM,
fimH

ST3371

NDM-1, New Delhi metallo-β-lactamase type 1; MLST, multilocus sequence type.
a AMI, amikacin; AMC, amoxicillin–clavulanate; APS, ampicillin–sulbactam; ATM, aztreonam; CAZ, ceftazidime; CFC, cefaclor; CFL, cephalothin; CFM, cefixime; CFO,

cefoxitin; CFZ, cefazolin; CIP, ciprofloxacin; CLO, chloramphenicol; CPM, cefepime, CRO, ceftriaxone; CRX, cefuroxime; CTL, ceftaroline; CTX, cefotaxime; DOR, doripenem;
DOX, doxycycline; ERT, ertapenem; EST, streptomycin; GEN, gentamicin; IPM, imipenem; LEV, levofloxacin; LMX, lomefloxacin; MIN, minocycline; MPM, meropenem; NAL,
nalidixic acid; NIT, nitrofurantoin; NOR, norfloxacin; OFX, ofloxacin; PIT, piperacillin–tazobactam; SUL, sulfonamide; SUT, trimethoprim–sulfamethoxazole; TAC, ticarcillin–
clavulanate; TET, tetracycline; TOB, tobramycin; TRI, trimethoprim.

b MDR, multidrug-resistant; XDR, extensively drug-resistant.

Figure 1. Dendrogram representing the genetic relationships among the four NDM-
1-producing Klebsiella pneumoniae studied. Clusters were determined using the
unweighted pair group method with arithmetic mean (UPGMA) and the Dice
similarity coefficient. Similarity (%) among patterns is represented by the numbers
next to the nodes. For each isolate, their respective sequence type (ST) is
represented.
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Genomic DNA from the isolates was extracted using the
QIAamp DNA Mini Kit (Qiagen, Redwood City, CA, USA). PCR
reactions were performed using specific primers described
previously for the detection of the following β-lactamase-encoding
genes: blaCTX-M-Gp1-2-8-9 group, blaVEB, blaGES, blaTEM,
blaKPC, blaVIM, blaOXA-48-like, blaOXA-58-like, blaIMP, blaSPM,

blaSIM, blaGIM, blaNDM-1, blaOXA-1-like, blaCMY, blaBEL (Clímaco et al.,
2013; Peirano et al., 2011; Dallenne et al., 2010; Ellington et al.,
2007). The following virulence genes were also screened for in all
K. pneumoniae isolates: allS, entB, fimH, iutA, kfu, magA, mrkD,
rmpA, ybtS, and ycfM (Gonçalves et al., 2017; El Fertas-aissani et al.,
2013).

For confirmation of the amplified genes, one of each amplicon
was randomly selected and assessed by sequencing. The nucleotide
sequences obtained were compared with those available in
GenBank (http://www.ncbi.nlm.nih.gov/Genbank) using the
BLAST algorithm (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The
sequences obtained were deposited in GenBank under accession
numbers MH818545–MH818548 and MH818571–MH818576.

Enterobacterial repetitive intergenic consensus (ERIC)-PCR was
performed as described previously by Versalovic et al. (1994). A
similarity dendrogramwas constructedusing BioNumerics version 5.1
software. Multilocus sequence typing (MLST) analyses were per-
formed according to the protocol available in the K. pneumoniae MLST
database (http://bigsdb.pasteur.fr/klebsiella/primers_used.html).

Results and discussion

Among the 825 CRKpn isolates obtained, the blaNDM gene was
found in 0.38% (4/825), blaVIM in 0.72% (6/825), and blaOXA in 0.72%
(6/825). The four isolates that presented the blaNDM gene were
Kp6408, Kp6410, Kp6411, and Kp6715 (Table 1). Subsequent
sequence analysis of the blaNDM gene identified the NDM-1 variant
in all of the aforementioned isolates. All NDM-1-producing K.
pneumoniae isolates also demonstrated co-production of the
blaKPC-2 and blaTEM genes. CTX-M and OXA-1 production was also
observed in three isolates (Kp6410, Kp6411, and Kp6715). The
virulence genes kfu and entB (siderophores), mrkD gene (type 3
fimbrial adhesin), and fimH gene (type 1 fimbrial adhesin) were
found in all isolates. The genes ybtS and ycfM (also siderophores)
were also found among the isolates (Table 1). K. pneumoniae that
produces both NDM-1 and K. pneumoniae carbapenemase type 2
(KPC-2) has been reported previously in a middle-aged patient
with a urinary tract infection admitted to an intensive care unit of a
tertiary care hospital in Chennai, India (Kumarasamy and
Kalyanasundaram, 2012) (Figure 1).

Three isolates (Kp6408, Kp6410, and Kp6715) were classified as
MDR and one (Kp6411) as XDR. Although Kp6411 did not
demonstrate susceptibility to any of the antimicrobials tested, it
was not classified as PDR because not all antibiotics recommended
by Magiorakos et al. (2012) were tested (Table 1). All isolates were
susceptible to colistin. A dendrogram based on ERIC-PCR finger-
print analysis grouped the isolates sharing a similarity of 59.8%.
Isolates Kp6408 and Kp6410 were genetically closest, sharing a
similarity of 95.7% (Figure 1). MLST revealed four different
sequence types (STs), which to the authors’ knowledge are
described in Brazil for the first time, with two novel STs identified
in this study: ST3371 (Kp6715) and ST3372 (Kp6410) (Table 1;
Figure 1). ST1076 belongs to the clonal group (CG) CG258/11, which
contains the STs 258 and 11, detected worldwide, and considered
the main international high-risk clones. The new STs were not
associated with CG258/11; ST3371 belongs to the CG107, a small
clonal group not connected to CG258/11, and ST3737 was not
associated with any CG.

This study reports the identification of NDM-1 associated with
carbapenemase-producing K. pneumoniae and virulence genes in
four MDR K. pneumoniae that have STs described for the first time
in Brazil, including two novel STs. The fact that these isolates were
encountered in a hospital is cause for concern for the public health
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sector. Immediately after the identification of these K. pneumoniae
isolates, the local infection control committee was notified so that
infection control measures could be implemented, which included
the isolation of the infected patients and surveillance cultures to
avoid dissemination of the strain in the hospital.

Financial support

This work was partially supported by the São Paulo Research
Foundation – FAPESP (grant number 2013/22581-5).

Ethical approval

The study was approved by the Research Ethics Committee of
the State University of Londrina (CAAE0015.0.268.000-11).

Conflict of interest

All authors report no conflicts of interest relevant to this article.

References

Clímaco EC, de Oliveira ML, Pitondo-Silva A, Oliveira MG, Medeiros M, Lincopan N,
et al. Clonal complexes 104, 109 and 113 playing a major role in the
dissemination of OXA-carbapenemase-producing Acinetobacter baumannii in
Southeast Brazil. Infect Genet Evol 2013;19:127–33.

Dallenne C, da Costa A, Decré D, Favier C, Arlet G. Development of a set of multiplex
PCR assays for the detection of genes encoding important β-lactamases in
Enterobacteriaceae. J Antimicrob Chemother 2010;65(3):490–5.

Ellington MJ, Kistler J, Livermore DM, Woodford N. Multiplex PCR for rapid detection
of genes encoding acquired metallo-β-lactamases. J Antimicrob Chemother
2007;59(2):321–2.

El Fertas-aissani R, Messai Y, Alouache S, Bakour R. Virulence profiles and antibiotic
susceptibility patterns of Klebsiella pneumoniae strains isolated from different
clinical specimens. Pathol Biol 2013;61(5):209–16.

Gonçalves GB, Furlan JPR, Vespero EC, Pelisson M, Stehling EG, Pitondo-Silva A.
Spread of multidrug-resistant high-risk Klebsiella pneumoniae clones in a
tertiary hospital from southern Brazil. Infect Genet Evol 2017;56(December):1–
7.

Kumarasamy K, Kalyanasundaram A. Emergence of Klebsiella pneumoniae isolate co-
producing NDM-1 with KPC-2 from India. J Antimicrob Chemother 2012;67
(January (1)):243–4.

Magiorakos A-P, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, 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):268–81.

Peirano G, Ahmed-Bentley J, Woodford N, Pitout JD. New Delhi metallo-β-lactamase
from traveler returning to Canada. Emerg Infect Dis 2011;17(February (2)):2424.

Pillonetto M, Arend L, Vespero EC, Pelisson M, Chagas TPG, Carvalho-Assef APDA,
et al. First report of NDM-1-producing Acinetobacter baumannii sequence type
25 in Brazil. Antimicrob Agents Chemother 2014;58(12):7592–4.

Versalovic J, Scheider M, Bruikn FJ, Lupski JR. Genomic fingerpriting of bacteria
causing repetitive sequence-based polymerase chain reaction. Methods Mol
Cell Biol 1994;5:25–40.

http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0005
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0005
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0005
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0005
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0010
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0010
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0010
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0015
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0015
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0015
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0020
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0020
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0020
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0025
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0025
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0025
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0025
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0030
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0030
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0030
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0035
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0035
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0035
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0035
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0040
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0040
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0045
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0045
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0045
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0050
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0050
http://refhub.elsevier.com/S1201-9712(18)34591-0/sbref0050

	New sequence type in multidrug-resistant Klebsiella pneumoniae harboring the blaNDM-1-encoding gene in Brazil
	Introduction
	Methods
	Results and discussion
	Financial support
	Ethical approval
	Conflict of interest
	References


