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a b s  t  r a  c  t

Introduction: Klebsiella pneumoniae  carbapenemase (KPC)-producing  bacteria  are  amongst  the  most

important  causative  agents of nosocomial  infections  worldwide.  Isolates  of this  bacterium have  been

identified  in Venezuela  but  little  is known  about their  local  spread. The aim of this  study  was to perform

the  molecular  characterization  of KPC-producing  strains  isolated  from  2012  to 2013 in a public hospital

in  Caracas,  Venezuela.

Methods: Twenty-two  K. pneumoniae  clinical isolates  phenotypically  classified  as  KPC producing  were

subjected  to PCR screening for  the  presence of blaKPC genes and  their location  within  transposon  Tn4401.

The  blaKPC PCR product was sequenced  to identify  the  KPC  alleles.  Genotypic  analysis  was performed

by  means  of repetitive extragenic palindromic PCR (rep-PCR)  and  Multi  Locus  Sequence Typing  (MLST).

Finally,  conjugation  and  electroporation  assays  were  used  to determine  whether  the  blaKPC genes  were

found  in plasmids.

Results: All isolates  contained  the  blaKPC-2 variant,  and  21 of the 22  were  associated  with  the  Tn4401b

isoform.  The strains  were  distributed  in 8 sequence types  (ST), three of which  were  new. Conjugation

and  electroporation  assays  indicated  that  95.5% (n  =  21/22) of the  isolates  contained the  blaKPC gene  in

plasmids.

Conclusions:  This study on circulating  bacterial  strains  and the  identification  of KPC  alleles  may  help  to

understand  the  routes of dissemination  and  control  their  spread  within  this  hospital.

©  2017 Elsevier España,  S.L.U. and  Sociedad Española  de  Enfermedades Infecciosas  y  Microbiologı́a

Clı́nica.  All  rights  reserved.
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Introducción:  Klebsiella  pneumoniae  productora de  carbapenemasas  tipo KPC  es uno  de los principales

agentes  causantes de infecciones  nosocomiales  a nivel  mundial.  En Venezuela  se  han  identificado aislados

de  esta bacteria,  sin embargo,  se conoce  poco sobre su  dispersión. El objetivo  de  este  estudio  fue  realizar la

caracterización  molecular  de  aislados  de  K. pneumoniae  productores de  KPC  provenientes  de  un hospital

público  en  Caracas, Venezuela, durante los años 2012  y  2013.

Métodos: Se  analizaron  22 aislados  de K. pneumoniae  clasificados fenotípicamente  como productores de

KPC,  se les  realizó  la  detección del  gen blaKPC así como  su  ubicación  en  el transposón  Tn4401  mediante

PCR.  El  producto  de  PCR  del gen blaKPC se secuenció  para identificar  los  alelos circulantes.  El análi-

sis  genotípico  se realizó empleando  las  técnicas  de amplificación  por  PCR de  las secuencias  repetidas

∗ Corresponding author.

E-mail address: aura.falco00@usc.edu.co (A.D. Falco Restrepo).

http://dx.doi.org/10.1016/j.eimc.2017.01.010

0213-005X/© 2017 Elsevier España, S.L.U. and Sociedad Española de Enfermedades Infecciosas y  Microbiologı́a  Clı́nica. All rights reserved.2529-993X

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eimce.2017.01.037&domain=pdf


412 A.D. Falco Restrepo et al. / Enferm Infecc Microbiol Clin. 2017;35(7):411–416

extragénicas  palindrómicas  (rep-PCR)  y  la secuenciación de  múltiples  loci (MLST).  Mediante ensayos de

conjugación  o electroporación,  se determinó  si los genes  blaKPC se encontraban  en  plásmidos.

Resultados:  Los  22 aislados  contenían  una  variante  del  gen blaKPC-2 pero  21  de  ellos  estaban asociados  a

la isoforma Tn4401b y  se distribuyeron en  8  secuencias  tipo (ST),  siendo tres  de ellas nuevas. Los ensayos

de  conjugación  y  electroporación  indicaron  que el  95,5%  (n  =  21/22) de  los  aislados  portaban  al gen  blaKPC

en  plásmidos.

Conclusión: El  estudio  de  aislados  clínicos  circulantes  así como  la identificación de  los alelos del  gen blaKPC

podría  ayudar  a conocer las  rutas  de  diseminación  y a  controlar su  propagación  en  este  hospital.

© 2017  Elsevier España, S.L.U. y  Sociedad  Española  de  Enfermedades Infecciosas y Microbiologı́a  Clı́nica.

Todos  los derechos  reservados.

Introduction

Carbapenemase-producing Klebsiella pneumoniae (KPC) strains

are increasingly reported worldwide.1 Bacteria producing these

enzymes are generally susceptible only to  a  few remaining antibi-

otics and are associated with high mortality, especially in patients

with bloodstream infections.2 In addition to being resistant to all

�-lactams available, KPC carbapenemases have a  high capacity to

spread, as the KPC genes are contained within transposons such

as Tn4401, which are carried on transferable plasmids.3,4 Although

an alarming dispersion of carbapenem-resistant K.  pneumoniae has

been reported in the hospitals of several Venezuelan cities,5 the

epidemiology and clinical impact of Venezuelan KPC-producing

K. pneumoniae have not been described. The aim of this study was

to characterize the predominant resistant clones circulating in  a

tertiary-care public hospital located in the Capital District of Cara-

cas. Twenty two KPC-producing K. pneumoniae strains isolated from

clinical specimens during the years 2012 and 2013 were studied to

determine their evolutionary relatedness, identify their KPC alleles

and the Tn4401 flanking regions and document the presence of

blaKPC-carrying plasmids.

Methods

Hospital settings

“Dr. Domingo Luciani” is  a large tertiary-care public hospital

belonging to the Venezuelan Institute of Social Security that has

769 beds (727 inpatient and 42 intensive care), with a  surgical pre-

ponderance. It is the principal public hospital in the eastern part of

Caracas, the capital of Venezuela.

Study population

A  cross-sectional study was conducted that included

carbapenem-resistant K. pneumoniae strains isolated from January

2012 to December 2013. Molecular analyses were performed on

the first clinical bacterial isolate recovered from a patient during

their hospitalization. A total of 22 isolates were obtained, of which

16  were isolated in 2012 and 6 were isolated in 2013. Clinical

and epidemiological information was obtained from the medi-

cal records for each patient and made irreversibly anonymous.

This  research had the approval of the Bioethics Committees of

the Hospital and the Instituto Venezolano de Investigaciones

Científicas.

Bacterial strains and antibiotic susceptibility testing

The study included twenty two K. pneumoniae isolates with

intermediate or full resistant to  carbapenems, according to CLSI

2012 cutoffs concentrations.6 The cut-off points for carbapenem

sensitivity were Minimal Inhibitory Concentrations of ≤1 �g/ml

for meropenem and imipenem, and ≤0.5 �g/ml for ertapenem.

The species identification of isolates and determination of  their

antibiotic susceptibilities were performed with the automated

MicroScan System (Siemens Healthcare Diagnostics Inc., CA, USA)

in the hospital’s clinical laboratory. All strains were tested

for sensitivity to amikacin, gentamicin, imipenem, meropenem,

ciprofloxacin, levofloxacin, tetracycline, tigecycline and trimetho-

prim/sulfamethoxazole. The modified Hodge Test was  used to

detect phenotypic carbapenemase production.7 For this test, the

negative control was Escherichia coli ATCC 25922 and the positive

control was  a  KPC – producing Klebsiella pneumoniae obtained from

a previous study.8

Detection of genes encoding carbapenemases

Polymerase chain reaction (PCR) was  performed with the

primers listed in  Table S1 to screen for the carbapenemase genes

blaKPC,9 blaIMP, blaVIM, blaNDM and blaOXA-48.10 After PCR amplifica-

tion the fragments were sequenced with the corresponding primers

in the forward and reverse directions by Macrogen, Korea, and

the results were compared with sequences available in the Lahey

database (www.lahey.org/Studies/) and GenBank®,  using the Basic

Local Alignment Search Tool (BLAST) (www.ncbi.nlm.gov/blast/).

Genetic environment of blaKPC gene

The genetic environment of the blaKPC gene was  determined by

PCR, using previously described primers11 specific for the Tn4401

transposon (Table S1).

Molecular genotyping

The genetic relationships between the carbapenem-resistant

isolates were determined by repetitive element palindromic-

PCR (rep-PCR) and Multi-Locus Sequence Typing (MLST). rep-PCR

was performed using previously described primers REP1 and

REP2.12 PCR fingerprinting was  analyzed with the BioNumer-

ics software package version 7.5 (Applied Maths NV/Inc.) using

the Dice binary coefficient and Unweighted Pair Group Method

(UPGM) arithmetic average with settings of 1% tolerance and 1%

optimization to create dendrograms. The positions of bands on

each gel were normalized using the 100-bp DNA ladder (New

England Biolabs
®

Inc.) as an external reference standard. MLST

was performed as described by Diancourt et al.13 (Table S1).

After PCR amplification, the fragments were sequenced with the

corresponding primers in the forward and reverse directions by

Macrogen, Korea. Allele numbers and sequence types (STs) were

assigned by the Klebsiella pneumoniae MLST web  site  (http://www.

pasteur.fr/recherche/genopole/PF8/mlst/Kpneumoniae.html).
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Table 1

Antibiotic susceptibility in KPC-producing K.  pneumoniae isolates and clinical characteristics of patients from whom carbapenem-resistant K.  pneumoniae isolates were

obtained.

Isolate Year IMP  MEM  ETP AK GN CIP LEX SXT TE  TYG Gender Patient

type

Infection site Hospitalization area

HDL1 2012 4 8  >4 ≤16 >8 >2 >4 >2/38 ≤4 ≤2  M P Skin and soft tissue Pediatrics

HDL2  2012 8 >8 >4 32 >8 ≤1 ≤2 >2/38 ≤4 ≤2  F  P Pneumonia Pediatrics

HDL3  2012 8 >8 >4 ≤16 >8 >2 >4 >2/38 ≤4 ≤2  F  P Cerebrospinal fluid Pediatrics

HDL4  2012 >8 >8 >4 ≤16 ≤4 ≤1 ≤2 ≤2/38 ≤4 ≤2  F  A Skin and soft tissue Surgery

HDL5  2012 >8 >8 >4 16 >8 >2 >4 >2/38 ≤4 ≤2  F  A Skin and soft tissue Surgery

HDL6  2012 >8 >8 >4 ≤16 >8 >2 >4 >2/38 -  -  M A UTI Internal medicine

HDL7  2012 8 >8 >4 ≤16 ≤4 >2 >4 >2/38 ≤4 ≤2  F  P Skin and soft tissue Surgery

HDL9  2012 >8 >8 >4 ≤16 ≤4 >2 >4 >2/38 ≤4 ≤2  M A Intra-abdominal Surgery

HDL10  2012 >8 >8 >4 32 >8 - -  >2/38 -  -  F  P Cerebrospinal fluid Pediatrics

HDL11  2012 >8 >8 >4 ≤16 >8 >2 4 >2/38 ≤4 ≤2  M P Catheter-associated UTI Pediatrics

HDL12  2012 >8 >8 >4 >32 >8 >2 >4 >2/38 >8 ≤2  F  A Surgical site Surgery

HDL13  2012 >8 >8 >4 ≤16 ≤4 >2 >4 ≤2/38 ≤4 ≤2  M A Pneumonia Intensive care

HDL14 2012 >8 >8 >4 ≤16 ≤4 >2 >4 ≤2/38 ≤4 ≤2  M A Pneumonia Intensive care

HDL15 2012 >8 >8 >4 >32 >8 >2 >4 >2/38 >8 ≤2  M P Skin and soft tissue Surgery

HDL17  2012 >8 >8 >4 >32 >8 >2 >4 >2/38 >8 ≤2  M A Catheter-related

bloodstream

Internal medicine

HDL20  2012 >8 >8 >4 ≤8 ≤4 >2 >4 >2/38 ≤4 ≤2  M P Pneumonia Pediatrics

HDL23  2013 >8 >8 >4 ≤16 8 >2 ≤2 >2/38 ≤4 ≤2  M P Cerebrospinal fluid Pediatrics

HDL24  2013 >8 >8 >8 ≤16 >8 >2 4 ≤2/38 >8 ≤2  M A Intra-abdominal Surgery

HDL25  2013 8 8  >4 >32 >8 >2 >4 ≤2/38 >8 ≤2  M A Intra-abdominal Internal medicine

HDL26  2013 2 8  >4 ≤16 ≤4 2 ≤2 >2/38 ≤4 ≤2  M P Pneumonia Intensive care

HDL27 2013 >8 >8 >8 >32 ≤4 >2 >4 >2/38 ≤4 ≤2  M A Pneumonia Intensive care

HDL31 2013 >8 >8 >4 ≤16 ≤4 ≤1 ≤2 >2/38 ≤4 ≤2  F  A Intra-abdominal Surgery

IMP: imipenem, MEM:  meropenem, ETP: ertapenem, AK: amikacin, GN: gentamicin, CIP:  Ciprofloxacin, LEX: levofloxacin, SXT: trimethoprim-sulfamethoxazole, TE:  tetracy-

cline,  TGC: tigecycline, (−): no  data, (−): not detected, M: male, F: female, A: adult, P:  pediatric, UTI, urinary tract infection.

Plasmid analysis

Conjugation experiments were performed to determine

whether the carbapenemase resistance of the K. pneumoniae iso-

lates was attributable to the carriage of blaKPC genes on plasmids.

The recipient cells were Escherichia coli strain J-53 (F−,  met−

pro−, AziR). For the isolates from which transconjugants were not

obtained, plasmid DNA was extracted by  the Kieser extraction

method14 and electroporated with a  Bio-Rad Gene Pulser
®

into

Escherichia coli XL1-Blue (F′, proAB, lacIqZ�M15,  TcR) recipient cells.

Transconjugants were selected on LB agar plates supplemented

with ampicillin (100 �g/ml) and sodium azide (200 �g/ml), while

transformants were selected on LB agar plates supplemented with

ampicillin (100 �g/ml). The presence of the blaKPC gene was  con-

firmed by PCR.

Results

Clinical and epidemiological characteristics

We analyzed 22 carbapenem-resistant K. pneumoniae strains

isolated from the clinical specimens of an equal number of inpa-

tients in a public hospital in  Caracas, Venezuela. The patients’

clinical characteristics are summarized in  Table 1.  Of the 22 total

patients, 12 (54.5%) were adults and 14 (63.6%) were male. All infec-

tions were health care associated, with 8 (36.4%) from the surgical

unit. The most common sites of infections were intra-abdominal,

pneumonia, skin and soft tissue, with 5 patients each (22.7%), fol-

lowed by catheter-related bloodstream and cerebrospinal fluid,

with 2 patients each (9.2%) (Table 1).

Antibiotic susceptibility testing of K. pneumoniae isolates

All carbapenemase-producing K. pneumoniae isolates were

resistant to ertapenem and meropenem while 21 (95.5%)

were resistant to imipenem (Table 1). All isolates were positive

with the Hodge Test, indicating the presence of a  carbapene-

mase. The percentages of isolates resistant to  the non-�-lactam

drugs were as follows: gentamicin, 54.5% (n = 12/22); amikacin,

22.7% (n =  5/22); ciprofloxacin, 81% (n =  17/21); levofloxacin, 66.6%

(n =  14/21); trimethoprim-sulfamethoxazole, 72.3% (n =  17/22) and

tetracycline, 20% (n =  5/20), while 100% were susceptible to tigecy-

cline (Table 1).

Detection of genes encoding carbapenemases

The blaKPC-2 gene was detected in  all isolates. None of  the isolates

harbored blaVIM, blaIMP, blaOXA-48 or blaNDM genes encoding others

carbapenemases.

Genetic environment of blaKPC gene

In 21 of the 22 isolates (95.5%) from which blaKPC-2 gene was

amplified, the Tn4401 primers produced the 703-bp PCR product

associated with Tn4401 variant ‘b’.11 The ISKpn6 and tnpA genes

were amplified and were also found in  21 of the 22 isolates. The

inverted repeat sequences of the region flanking Tn4401 were not

amplified with the specific primers described by Naas et al.4,15

There was only one isolate, HDL4, from which neither ISKpn6 nor

the tnpA gene nor the nonconserved region of Tn4401 could be

amplified.

Molecular genotyping of KPC-producing K. pneumoniae isolates

The rep-PCR studies revealed that KPC-2-producing K. pneu-

moniae isolates belonged to several different genetic backgrounds

(Fig. 1). MLST genotyping yielded 8 different sequence types: ST11

(45.5%, n =  10), ST15 (4.5%; n = 1), ST17 (4.5%; n =  1), ST833 (4.5%;

n =  1), ST1271 (18.9%; n =  4), and three novel sequence types that

were deposited in the K. pneumoniae MLST database and assigned

the designations ST1857 (4.5%; n =  1), ST1859 (9.1%; n =  2), and

ST1860 (9.1%, n =  2)  (Fig. 1). The allelic profile of ST1857 is  17-19-

39-20-125-4-305 and included a new tonB allele, while STs 1859

and 1860 have new alleles combinations (18-22-26-108-98-37-

227 and 18-22-18-61-32-13-50, respectively), indicating that they

are not  SLV of a previously described Sequence Type.
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Fig. 1. Genetic relationship of 22 isolates of blaKPC-2-harboring K. pneumoniae (Bionumerics software package version 7.5, Applied Maths NV/Inc.). The  list  on  the right contains

the  results from analysis of blaKPC , MLST and the nonconserved region of the Tn4401 element. ND: no determine.

Plasmid analysis

Nine of the 22  K. pneumoniae isolates (40.9%) transferred

�-lactam resistance to E. coli recipients in  the conjugation assay.

Plasmid DNA was isolated from the remaining 13 K.  pneumoniae

isolates and used to electroporated the E. coli recipient strain, XL1-

Blue. Transformants were obtained with plasmid DNA from 12 of

the 13 (92.3%), confirming that the blaKPC genes were located on

plasmids. Both electroporation and conjugation experiments were

unsuccessful for one isolate (HDL11), despite repeated attempts.

The presence of the blaKPC gene was confirmed by  PCR in all trans-

formants and transconjugants.

Discussion

Carbapenems have been the treatment of choice for infections

caused by ESBL-producing Enterobacteriaceae, but an undesir-

able consequence has been the selection of carbapenem-resistant

strains.16 Although carbapenem resistance in the Enterobacteri-

aceae is still unusual in Venezuela, KPCs are carried on mobile

genetic elements and are  easily disseminated, so the rapid detec-

tion of KPC-carrying bacteria is essential for effective therapeutic

options and control measures.17 The present study integrated clin-

ical and molecular data on K.  pneumoniae strains isolated in one

large public hospital in Venezuela, and determined the presence

of different circulating genotypes and KPC alleles in  order to help

identify and control routes of dissemination. The majority of the

22 carbapenem-resistant K. pneumoniae strains were isolated from

the pediatric and surgical services areas and they varied in  their

antibiotic sensitive or resistance profiles.

The blaKPC gene could be amplified from all isolates and

although there have been twenty-three variants of the KPC

enzyme reported (KPC-2 through KPC-24) (http://www.lahey.org/

studies/other.asp#table1), sequencing of the blaKPC genes ampli-

fied from our isolates showed that all possessed the KPC-2 allele

variant, one of the most extensively distributed worldwide,2,18

including in the South American countries of Colombia,19,20

Brazil21,22 and Argentina.23,24 There have been three previous

reports of KPC-producing enterobacteria isolated in Venezuela.

A KPC-2-producing Enterobacter cloacae isolated from tracheal

secretions of a cancer patient in a private hospital in Caracas25 and a

KPC-2-producing Klebsiella oxytoca found in a pediatric patient with

pneumonia in the intensive care unit at Los Andes University Hospi-

tal, Mérida, Venezuela.17 Finally, in  a cross sectional study, Marcano

et al.5 analyzed enterobacteria from eight hospitals in Caracas iso-

lated between October 15, 2009 and January 15, 2010, and found

that 1.9% was K.  pneumoniae with a KPC producing phenotype,5 but

the alleles of KPC genes were not identified.

The blaKPC gene is generally associated with a Tn3-based trans-

poson, Tn4401, composed of a transposase gene, a  resolvase gene,

the blaKPC gene and two insertion sequences (ISKpn6 and ISKpn7).

Six isoforms (a–e) of Tn4401 have been described, which differ

by polymorphisms located upstream of the blaKPC gene.26 We

found the blaKPC-2 gene associated with Tn4401 variant “b” in all

isolates tested except HDL4. The “b” isoform has been observed

in the USA,18 Colombia,11 and Brazil.3 Similar to the report by

Pereira et al.,3 the inverted repeat sequences of the flanking regions

were not amplified in our isolates, suggesting that their insertion

sites may  be different from that of K. pneumoniae YC described

by Naas et al.4 In the HDL4 isolate PCR did not  amplify either

ISKpn6, the tnpA gene, or the nonconserved region of Tn4401, sug-

gesting that the genetic environment of the blaKPC-2 gene in this

isolate is  different from that of the other strains isolated from

this hospital. A distinct genetic background of the blaKPC-2 gene

has been identified in  China, where it was  found to be carried

on plasmid pKP048. This  plasmid contains the integration struc-

ture of a Tn3-based transposon and partial Tn4401 segment, with

the gene order Tn3-transposase, Tn3-resolvase, ISKpn8, the blaKPC-2

gene and the ISKpn6-like element.27 Genotyping with rep-PCR

showed that there were several K.  pneumoniae genotypes circu-

lating in the hospital, which was  confirmed by MLST. The 22

blaKPC-2-harboring K. pneumoniae isolates belonged to  8  different

sequence types, with 45% (n =  10/22) belonging to ST11, part of  the

Clonal Complex CC258 that  has been reported in  many countries

worldwide,11 including China,28 Korea,29 Hungary,30 Poland,31

Brazil,3,32 Spain,33 and United Kingdom.34 The second most com-

mon ST in our study, ST1271, found in 4 (18.9%) of our isolates,

was previously reported in Cuba.35 This is particularly interest-

ing because there are many Cuban medical personnel working in

Venezuela. ST15 (4.5%; n =  1), belonging to GC15, has been found
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in France, Italy, Spain and Israel,36 South Korea, Malaysia, Singa-

pore and Thailand,37 Portugal,38 Hungary39 and China.40 ST833

(4.5%; n = 1) has been reported in Israel36 and in  Trieste, Italy41

and also is part of the Clonal Complex CC258. Interestingly, the

KPC-2-producing Klebsiella pneumoniae ST833 strain was  isolated

in the Trieste Pediatric Hospital from the blood culture of a  three

year old patient transferred from a  Venezuelan hospital to undergo

marrow transplantation. In our  on-going epidemiological study of

KPC-producing K. pneumoniae in  Venezuela, we have also found

isolates belonging to  ST833 in two other Venezuelan states: Zulia

(in press) and Anzoátegui.8 ST17 has been found in  China42 and

Canada.43 It will be interesting to  determine whether the novel

sequence type we found – ST1857 (4.5%; n =  1), ST1859 (9.1%; n = 2),

ST1860 (9.1%, n =  2) – are widely distributed within Venezuela or

merely locally restricted genotypes.

Plasmid analysis of the carbapenemase resistant K. pneumoniae

isolates indicated that nine (40.9%) contained the blaKPC-2 gene

on plasmids that were readily transferable by  conjugation, while

in twelve others a resistance conferring plasmid could only be

transferred by electroporation. We  were unable to transfer car-

bapenem resistance from strain HD11, with either conjugation or

electroporation, although PCR and sequencing confirmed that it

contained a blaKPC-2 gene. Perhaps the blaKPC gene in this strain is

located on chromosome of this isolate, as described for Acinetobac-

ter baumannii44 and Pseudomonas aeruginosa45 strains, but further

studies are needed to confirm this possibility.

Antimicrobial resistance in  Klebsiella pneumoniae is now a seri-

ous problem in many Venezuelan hospitals and requires urgent

control measures, including strict  adherence to hand hygiene and

healthcare workers wearing gowns and gloves by when they enter

rooms with patients having K. pneumonia-related illnesses. Health-

care facilities also must follow strict cleaning procedures to prevent

the spread of K. pneumoniae. We  hope that the molecular epidemi-

ology provided by this study can aid to  control the dissemination

of the strains involved, but  constant vigilance and on-going moni-

toring of resistant strains is essential for reducing their presence.

Conclusions

In one large public hospital in Caracas, Venezuela, 22 car-

bapenem resistant K. pneumoniae containing the blaKPC-2 gene were

isolated over a period of two years. These isolates were distributed

into several different genotypes but 50% of them belong to  CC258,

most commonly as the widely distributed ST11, but three novel

STs were also identified. This study underscores the need for col-

laborative institutional, local, national, and regional surveillance of

KPC-producing K. pneumoniae to assist diagnosis and guide antimi-

crobial stewardship and infection control efforts.

Funding

This work was supported by research grants from Instituto

Venezolano de Investigaciones Científicas (Number 1237), Caracas,

Venezuela.

Conflict of interest

The authors declare that they have no conflicts of interest.

Acknowledgments

We thank the team of curators of the Institut Pasteur MLST and

whole genome MLST databases for curating the data and making

them publicly available at http://bigsdb.web.pasteur.fr/.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in

the online version, at doi:10.1016/j.eimc.2017.01.010.

References

1. Nordmann P. Carbapenemase-producing Enterobacteriaceae: overview of a
major public health challenge. Med  Mal  Infect. 2014;44:51–6.

2. Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ,  Daikos GL,  Cormican M,
et  al. Clinical epidemiology of the global expansion of Klebsiella pneumoniae
carbapenemases. Lancet Infect Dis. 2013;13:785–96.

3. Pereira PS, de Araujo CF, Seki LM,  Zahner V, Carvalho-Assef AP, Asensi MD.
Update of the molecular epidemiology of KPC-2-producing Klebsiella pneumo-
niae  in Brazil: spread of clonal complex 11 (ST11, ST437 and ST340). J Antimicrob
Chemother. 2013;68:312–6.

4. Naas T, Cuzon G,  Villegas MV,  Lartigue MF,  Quinn JP, Nordmann P. Genetic struc-
tures  at the origin of acquisition of the beta-lactamase bla KPC gene. Antimicrob
Agents Chemother. 2008;52:1257–63.

5. Marcano D,  De Jesus A, Hernandez L, Torres L. Frequency of enzymes associated
with reduced sensitivity to beta-lactam antibiotics in enterobacteria isolates,
Caracas, Venezuela. Rev Panam Salud Publica. 2011;30:529–34.

6. CLSI. Performance standards for antimicrobial susceptibility testing. 22nd
International Supplement M100-S22. CLSI; Clinical and Laboratory Standards
Institute: Wayne, PA; 2012. p.  52–61.

7. Anderson KF,  Lonsway DR, Rasheed JK, Biddle J, Jensen B, McDougal LK, et al.
Evaluation of methods to  identify the Klebsiella pneumoniae carbapenemase in
Enterobacteriaceae. J  Clin Microbiol. 2007;45:2723–5.

8. Falco A, Ramos Y,  Franco E, Guzman A, Takiff H. A cluster of KPC-2 and VIM-2-
producing Klebsiella pneumoniae ST833 isolates from the pediatric service of a
Venezuelan Hospital. BMC  Infect Dis. 2016;16:595.

9. Bradford PA, Bratu S, Urban C, Visalli M,  Mariano N, Landman D, et al. Emergence
of carbapenem-resistant Klebsiella species possessing the class A carbapenem-
hydrolyzing KPC-2 and inhibitor-resistant TEM-30 beta-lactamases in New York
City.  Clin Infect Dis. 2004;39:55–60.

10.  Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multiplex PCR for detection of
acquired carbapenemase genes. Diagn Microbiol Infect Dis. 2011;70:119–23.

11. Cuzon G, Naas T, Truong H, Villegas MV,  Wisell KT, Carmeli Y, et  al. Worldwide
diversity of Klebsiella pneumoniae that produce beta-lactamase blaKPC-2 gene.
Emerg Infect Dis. 2010;16:1349–56.

12. Versalovic J, Koeuth T, Lupski JR.  Distribution of repetitive DNA sequences in
eubacteria and application to fingerprinting of bacterial genomes. Nucleic Acids
Res. 1991;19:6823–31.

13. Diancourt L, Passet V,  Verhoef J,  Grimont PA, Brisse S.  Multilocus sequence typing
of Klebsiella pneumoniae nosocomial isolates. J  Clin Microbiol. 2005;43:4178–82.

14. Kieser T. Factors affecting the isolation of CCC DNA from Streptomyces lividans
and Escherichia coli. Plasmid. 1984;12:19–36.

15. Pereira CA, Marra AR, Camargo LF, Pignatari AC, Sukiennik T, Behar PR, et al.
Nosocomial bloodstream infections in Brazilian pediatric patients: microbiol-
ogy,  epidemiology, and clinical features. PLoS One. 2013;8:e68144.

16. Guzman-Blanco M,  Labarca JA, Villegas MV,  Gotuzzo E.  Extended spectrum beta-
lactamase producers among nosocomial Enterobacteriaceae in Latin America.
Braz J  Infect Dis. 2014;18:421–33.

17. Labrador I,  Araque M. First description of KPC-2-producing Klebsiella oxytoca
isolated from a pediatric patient with nosocomial pneumonia in Venezuela. Case
Rep  Infect Dis. 2014;2014:434987.

18. Kitchel B, Rasheed JK, Patel JB, Srinivasan A, Navon-Venezia S, Carmeli Y, et  al.
Molecular epidemiology of KPC-producing Klebsiella pneumoniae isolates in the
United States: clonal expansion of multilocus sequence type 258. Antimicrob
Agents Chemother. 2009;53:3365–70.

19. Mojica MF, Correa A, Vargas DA,  Maya JJ, Montealegre MC,  Rojas LJ, et al. Molec-
ular correlates of the spread of KPC-producing Enterobacteriaceae in Colombia.
Int J  Antimicrob Agents. 2012;40:277–9.

20.  Lopez JA, Correa A, Navon-Venezia S, Correa AL, Torres JA, Briceno DF,  et al.
Intercontinental spread from Israel to  Colombia of a  KPC-3-producing Klebsiella
pneumoniae strain. Clin Microbiol Infect. 2011;17:52–6.

21. Monteiro J, Santos AF, Asensi MD,  Peirano G, Gales AC. First report of KPC-2-
producing Klebsiella pneumoniae strains in Brazil. Antimicrob Agents Chemother.
2009;53:333–4.

22. Chagas TP, Seki LM,  da Silva DM,  Asensi MD.  Occurrence of KPC-2-producing
Klebsiella pneumoniae strains in hospital wastewater. J  Hosp Infect. 2011;77:281.

23. Pasteran FG, Otaegui L, Guerriero L,  Radice G, Maggiora R, Rapoport M,  et al.
Klebsiella pneumoniae Carbapenemase-2, Buenos Aires, Argentina. Emerg Infect
Dis. 2008;14:1178–80.

24. Gomez SA, Pasteran FG, Faccone D, Tijet N, Rapoport M,  Lucero C, et al. Clonal
dissemination of Klebsiella pneumoniae ST258 harbouring KPC-2 in Argentina.
Clin  Microbiol Infect. 2011;17:1520–4.

25. Martinez D, Marcano D,  Rodulfo H, Salgado N, Cuaical N,  Rodriguez L, et al. KPC
and VIM producing Enterobacter cloacae strain from a hospital in northeastern
Venezuela. Invest Clin. 2015;56:182–7.

26. Bryant KA, Van Schooneveld TC, Thapa I, Bastola D, Williams LO, Safranek TJ, et al.
KPC-4 Is encoded within a truncated Tn4401 in an  IncL/M plasmid, pNE1280,
isolated from Enterobacter cloacae and Serratia marcescens. Antimicrob Agents
Chemother. 2013;57:37–41.



416 A.D. Falco Restrepo et al. / Enferm Infecc Microbiol Clin. 2017;35(7):411–416

27. Shen P, Wei  Z, Jiang Y, Du X, Ji S, Yu  Y, et  al. Novel genetic environment of the
carbapenem-hydrolyzing beta-lactamase KPC-2 among Enterobacteriaceae in
China. Antimicrob Agents Chemother. 2009;53:4333–8.

28. Qi Y, Wei  Z, Ji S, Du X, Shen P, Yu Y. ST11, the dominant clone of KPC-producing
Klebsiella pneumoniae in China. J  Antimicrob Chemother. 2011;66:307–12.

29. Ko KS, Lee JY, Baek JY, Suh JY, Lee MY, Choi JY, et al. Predominance of
an  ST11 extended-spectrum beta-lactamase-producing Klebsiella pneumoniae
clone causing bacteraemia and urinary tract infections in Korea. J  Med  Microbiol.
2010;59 Pt 7:822–8.

30. Toth A, Damjanova I,  Puskas E, Janvari L, Farkas M,  Dobak A, et al. Emergence
of  a colistin-resistant KPC-2-producing Klebsiella pneumoniae ST258 clone in
Hungary. Eur J Clin Microbiol Infect Dis. 2010;29:765–9.

31. Baraniak A, Izdebski R, Herda M,  Fiett J, Hryniewicz W,  Gniadkowski M,  et al.
Emergence of Klebsiella pneumoniae ST258 with KPC-2 in Poland. Antimicrob
Agents Chemother. 2009;53:4565–7.

32. Andrade LN, Curiao T, Ferreira JC,  Longo JM,  Climaco EC, Martinez R, et al.
Dissemination of blaKPC-2 by  the spread of Klebsiella pneumoniae clonal com-
plex  258 clones (ST258, ST11, ST437) and plasmids (IncFII, IncN, IncL/M)
among  Enterobacteriaceae species in Brazil. Antimicrob Agents Chemother.
2011;55:3579–83.

33. Pena I, Picazo JJ, Rodriguez-Avial C, Rodriguez-Avial I.  Carbapenemase-
producing Enterobacteriaceae in  a  tertiary hospital in Madrid, Spain: high
percentage of colistin resistance among VIM-1-producing Klebsiella pneumoniae
ST11 isolates. Int J Antimicrob Agents. 2014;43:460–4.

34. Virgincar N, Iyer S, Stacey A, Maharjan S, Pike R, Perry C,  et al. Klebsiella pneu-
moniae producing KPC carbapenemase in a  district general hospital in the UK.
J  Hosp Infect. 2011;78:293–6.

35. Quinones D, Hart M, Espinosa F, Garcia S, Carmona Y, Ghosh S, et al. Emergence of
Klebsiella pneumoniae clinical isolates producing KPC-2 carbapenemase in Cuba.
New Microbes New Infect. 2014;2:123–6.

36. Baraniak A, Izdebski R, Fiett J, Sadowy E, Adler A, Kazma M,  et al. Comparative
population analysis of Klebsiella pneumoniae strains with extended-spectrum
beta-lactamases colonizing patients in rehabilitation centers in four countries.
Antimicrob Agents Chemother. 2013;57:1992–7.

37. Lee MY, Ko KS, Kang CI,  Chung DR,  Peck KR, Song JH. High prevalence
of  CTX-M-15-producing Klebsiella pneumoniae isolates in Asian countries:
diverse clones and clonal dissemination. Int J  Antimicrob Agents. 2011;38:
160–3.

38. Rodrigues C,  Machado E, Ramos H, Peixe L,  Novais A.  Expansion of ESBL-
producing Klebsiella pneumoniae in hospitalized patients: a  successful story of
international clones (ST15, ST147, ST336) and epidemic plasmids (IncR, IncFIIK).
Int J  Med  Microbiol. 2014;304:1100–8.

39. Toth A, Kocsis B, Damjanova I,  Kristof K, Janvari L, Paszti J, et al. Fitness
cost associated with resistance to fluoroquinolones is  diverse across clones of
Klebsiella pneumoniae and may  select for CTX-M-15 type extended-spectrum
beta-lactamase. Eur J  Clin Microbiol Infect Dis. 2014;33:837–43.

40. Wang Q,  Li B, Tsang AK, Yi Y, Woo  PC,  Liu CH. Genotypic analysis of Kleb-
siella  pneumoniae isolates in a  Beijing Hospital reveals high genetic diversity
and clonal population structure of drug-resistant isolates. PLoS One. 2013;8:
e57091.

41. Garbari L, Busetti M,  Dolzani L, Petix V, Knezevich A, Bressan R, et  al. pKBuS13, a
KPC-2 encoding plasmid from Klebsiella pneumoniae Sequence Type 833,  carry-
ing Tn4401b inserted into a Xer site-specific recombination locus. Antimicrob
Agents Chemother. 2015;59:5226–31.

42. Jin Y, Shao C, Li J, Fan H, Bai Y, Wang Y. Outbreak of multidrug resistant NDM-
1-producing Klebsiella pneumoniae from a neonatal unit in Shandong Province,
China. PLoS One. 2015;10:1–11.

43. Peirano G, Sang JH, Pitondo-Silva A, Laupland KB, Pitout JD. Molecu-
lar  epidemiology of extended-spectrum-beta-lactamase-producing Klebsiella
pneumoniae over a 10 year period in Calgary, Canada. J  Antimicrob Chemother.
2012;67:1114–20.

44. Martinez T,  Vazquez GJ, Aquino EE, Martinez I, Robledo IE. ISEcp1-mediated
transposition of blaKPC into the chromosome of a clinical isolate of Acine-
tobacter baumannii from Puerto Rico. J Med  Microbiol. 2014;63 Pt 12:
1644–8.

45. Correa A, Montealegre MC,  Mojica MF,  Maya JJ, Rojas LJ, De la Cadena EP, et al.
First report of a Pseudomonas aeruginosa isolate coharboring KPC and VIM car-
bapenemases. Antimicrob Agents Chemother. 2012;56:5422–3.


	Molecular characterization of KPC-producing Klebsiella pneumoniaeisolated from patients in a Public Hospital in Caracas, Venezuela

