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ABSTRACT

Objective. To characterize carbapenemase-producing Klebsiella pneumoniae isolated from patients treated
at a hospital in Cumaná, Sucre, Venezuela.
Methods. This was a retrospective study conducted at the general hospital in Cumaná where 58 K. pneumoniae strains were analyzed for resistance to antimicrobials, specifically carbapenems, in January – June
2015. Production of metallo-β-lactamases and serine carbapenemases was determined by the double-disc
synergy test, using EDTA-sodium mercaptoacetic acid and 3-aminophenyl boronic acid discs, respectively.
Multiplex-PCR was used to detect genes coding for carbapenemases. Molecular typing using ERIC-PCR
determined the presence of clones.
Results. Four strains of K. pneumoniae resistant to carbapenems were identified. Phenotypic methods for
detection of metallo-β-lactamases and serine carbapenemases were positive, and PCR demonstrated the
co-presence of blaNDM and blaKPC genes in all four strains. ERIC-PCR identified two clones circulating in the
hospital.
Conclusions. Infection control strategies are needed at the central hospital in Cumaná and its surrounding
areas to prevent the spread of these pathogens, especially given the high levels of migration from Venezuela
to other countries in South America.
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In recent years, enterobacteria capable of producing enzymes
that confer resistance to β-lactam antibiotics, including carbapenems, have appeared and dispersed worldwide (1),
diminishing the therapeutic arsenal. Most of these enzymes,
generically called carbapenemases, belong to three of four
classes defined by Ambler's molecular classification (2): Class
A, predominantly Klebsiella pneumoniae carbapenemase (KPC);
Class B, metallo-β-lactamases (MBL) dependent on zinc, including IMiPenemase (IMP), New Delhi MBL (NDM), and Verona
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Integron-encoded MBL (VIM); and Class D, mostly oxacillinases (OXA).
The enterobacteria producing these enzymes have become
an emerging clinical and public health problem, continuously
evolving with a high rate of intra- and interhospital dissemination, which makes treatment and control difficult (3, 4).
Mortality rates in cases of carbapenemases-producing Klebsiella
pneumoniae (CPKP) infection are high, ranging from 18% – 60%,
with the highest rates in patients with bacteremia (5 – 7).
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Inadequate empirical antibiotic treatment increases the likelihood of a poor clinical outcome, whereas multi-drug therapy
and control or elimination of the source of infection are associated with better patient survival (5).
KPC was first reported and described in 2001 in K. pneumoniae in North Carolina, United States (8). Rapid dissemination
of strains of CPKP dramatically changed the global epidemiological context. Although KPC is presently reported mostly
in K. pneumoniae, it has also been described in other bacterial
species, such as Escherichia coli, Serratia marcescens, Citrobacter
spp., Enterobacter spp., Pseudomonas aeruginosa, P. putida, and
Acinetobacter spp. (4).
Since 2008, the spread of microorganisms has been documented
worldwide due to NDM, an MBL that causes resistance to all
β-lactam antibiotics except aztreonam. The first NDM was identified in strains of K. pneumoniae and E. coli isolated from a Swedish
patient who had visited India and Pakistan (9, 10). Due to the
spread of microorganisms with NDM-like resistance mechanisms
among numerous bacterial species and geographic regions, the
Pan American Health Organization / World Health Organization
(PAHO / WHO) has underscored the importance of strengthening surveillance and establishing control strategies (11).
Carbapenemase-producing Enterobacteriaceae strains with
extensive resistance and pan-resistance are currently one of
the greatest threats to the general population, and especially to
patient health. Quantifying the number of existing cases and the
extent of clonal dissemination across various geographic locations is necessary for control strategies. The present research
aimed to characterize carbapenemase-producing Klebsiella
pneumoniae isolated from patients treated at the central hospital
in Cumaná, Sucre, Venezuela.

MATERIALS AND METHODS
All carbapenems-resistant K. pneumoniae strains isolated in
January – June 2015 were collected by bacteriology laboratory
staff from samples of hospitalized patients receiving long-term
treatment at the Antonio Patricio de Alcalá University Hospital
(HUAPA). HUAPA is the main hospital for Cumaná city, in the
state of Sucre, Venezuela; it is also the state reference center.

Bacteriological diagnostics
The viability and purity of the strains were verified following
conventional procedures and established identification procedures for enterobacteria (12). Antimicrobial susceptibility was
performed using the disc diffusion method (13). In accordance
with guidelines established by the Clinical and Laboratory Standard Institute (14), the following categories of antimicrobials
were tested using Oxoid products (Oxoid Ltd., ThermoFisher
Scientific Inc., Waltham, MA, United States): aztreonam (30 μg),
ceftazidime (30 μg), ceftriaxone (30 μg), cefepime (30 μg), imipenem (IMP; 10 μg), meropenem (MEM; 10 μg), amoxicillin/
clavulanic acid (30 μg), ampicillin/sulbactam (20 μg), piperacillin/tazobactam (10 μg), amikacin (30 μg), ciprofloxacin (5 μg),
and sulfamethoxazole-trimethoprim (1.25 μg / 23.75 μg).

Phenotypic detection of carbapenemases
For detection of MBL, the double disc synergy test (DDST)
was used as described by Lee and colleagues (15) with IMP
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(10 µg), MEM (10 µg), and sodium ethylenediaminetetraaceticmercaptoacetic acid (750 µg EDTA / 2 mg SMA) discs. The
EDTA-SMA disc was placed in the center of the plate, at a
distance of 15 mm from the IMP and MEM discs. A test was
considered to be positive for production of an MBL when the
increase in the inhibition halo was visible between the β-lactam
and the EDTA-SMA discs.
For detection of serine carbapenemases, DDST was used as
proposed by Pasteran and colleagues (16) with IMP (10 µg),
MEM (10 µg), and 3-aminophenyl boronic acid (APB 300 µg)
discs. The APB disc was placed in the center of the plate and on
both sides, at a distance of 15 mm from the IMP and MEM discs.
The plates were incubated at 35 °C, in aerobiosis for 18 hrs,
and a test was considered to be positive for the production of a
serine carbapenemases when an increase of the inhibition halo
was visible between the β-lactam (MEM and/or IMP) and the
APB discs.

Molecular characterization of the strains
The strains showing production of carbapenemases were
preserved in Luria Bertani agar and transferred to the molecular genetics laboratory at the Instituto de Investigaciones en
Biomedicina y Ciencias Aplicadas de la Universidad de Oriente for
molecular study. DNA was extracted from pure cultures of
K. pneumoniae strains using the Wizard® Genomic DNA Purification kit (Promega Corporation, Madison, WI, United States),
following the manufacturer's specifications.
Multiplex polymerase chain reaction (PCR) was used according to the protocol described by Poirel and colleagues (17) to
detect blaVIM, blaNDM, and blaKPC genes coding for VIM, NDM,
and KPC carbapenemases, respectively.
For the molecular characterization, Enterobacteria Repetitive
Intergenic Consensus sequences (ERIC)-PCR was used in the
strains carrying carbapenemases genes, according to the protocol published by Versalovic and colleagues (18).
The visualization of the amplification products of the carbapenemases genes was carried out by electrophoresis in 2%
agarose gels, stained with GelRed (10 000 X) in 1X TBE buffer
for 30 minutes at 100 volts, while ERIC-PCR, was carried out
in 3% agarose gels run for 3 hrs at 50 volts. To estimate the size
of the resulting DNA fragments, a 100 bp molecular weight
marker was used. The resulting bands were detected by transillumination with ultraviolet light, and photographed.

Quality control
The certified strains used for quality control of the antimicrobial tests were E. coli ATCC® 25922™ (American Type Culture
Collection, Manassas, Virginia, United States) and P. aeruginosa
ATCC 27853™ were used for quality control of the antimicrobial tests. For the multiplex PCR, a strain from clinical origin:
E. coli 1159-15HUAPA producing NDM and KPC was used as a
positive control. E. coli ATCC® 25922™ was used as a negative
control.

Data analysis
The antimicrobial susceptibility profiles of the K. pneumoniae strains and carbapenemases detection were determined by
descriptive statistics. To analyze the banding patterns obtained
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by ERIC-PCR, dendrograms were constructed using BioNumerics version 7.5 software (19), based on the Dice similarity
coefficient and the Unweighted Pair-Group Method with Arithmetic mean matrix (20).
Ethics. Patient and isolate information were handled according to the bioethics and biosafety standards established by the
Bioethics and Biosafety Commission of the Instituto de Investigaciones en Biomedicina y Ciencias Aplicadas de la Universidad de
Oriente, Cumaná, Sucre, Venezuela.

RESULTS
The study obtained a total of 58 isolates of K. pneumoniae, of
which 4 exhibited carbapenem resistance. As shown in Table 1,
these 4 strains were isolated from four patients from 14 – 30
years of age who presented with healthcare-associated infections (HAIs) while being treated in the hospital’s Intensive
Care Unit (ICU; 2nd floor), Surgical Unit (8th floor), or Medical/Surgical Unit (7th floor). These strains were characterized
by presenting resistance to all antimicrobial agents tested,
with the exception of Kp1, which was also susceptible to
sulfamethoxazole-trimethoprim (Table 1).
The phenotypic method, DDST, was positive for both metallo-β-lactamases and serine carbapenemases in all 4 strains.
Simultaneous detection of blaNDM and blaKPC genes was evident
by multiplex PCR, observing amplified fragments of 621 bp and
798 bp for these genes, respectively (Figure 1-A). Presence of the
blaVIM gene was not detected.
Gram staining of the skin and soft tissue samples (isolates
Kp2 and Kp3) indicated the presence of polymorphonuclear
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leukocytes, a clear indication of an infectious process. In
addition, strains Kp2 and Kp3 were isolated in pure cultures,
making it highly likely that these strains were causing infection.
Molecular typing by ERIC-PCR showed that strains Kp2,
Kp3, and Kp4 had an indistinguishable banding pattern (100%
similarity), corresponding to one clone (clone b); whereas strain
Kp1 (clone a) showed < 60% similarity to clone b (Figure 1-B
and 1-C).

DISCUSSION
The dissemination of carbapenem-resistant K. pneumoniae in
the hospital environment is the main cause of treatment failure
and increased morbidity and mortality rates among patients in
developing countries (7). In this study, the four patients with
NDM + KPC K. pneumoniae strains had a common characteristic: current or previous admission to the ICU—described as
a risk factor for acquiring multidrug resistant bacteria due to
the unit’s high number of invasive procedures and prolonged
use of broad-spectrum antimicrobials (21, 22). In addition,
K. pneumoniae is considered an important cause of acquired
infections in ICUs. In several investigations, admission or
pre-admission to the ICU have been associated with colonization or infection by carbapenems-resistant K. pneumoniae
(23 – 24). Although advanced age is considered a risk factor
for acquiring carbapenem-resistant enterobacteria (23), in the
present study none of the patients were elderly. NDM + KPC
K. pneumoniae have been found to cause infections regardless
of patient age in other studies (25). However, two patients
had underlying diseases (systemic lupus erythematosus and
diabetes mellitus) that compromise immunity and favor the

TABLE 1. Clinical and epidemiological data of patients from whom NDM-KPC-producing K. pneumoniae strains (Kp1 – 4) were
isolated in January – June 2015 at the main hospital in Cumaná, Sucre, Venezuela
Strain Patient age Patient
(years)
gender

Unit

Admittance date Isolation date

Clinical diagnosis

Antimicrobial
treatment

Type of sample Resistance

Kp1

30

F

ICU

31 March 2015

29 April 2015

• Hypertensive crisis
• Hemorrhagic stroke
• Systemic lupus
erythematosus
• Chronic kidney
disease on
hemodialysis

Piperacillintazobactam

Central venous AMC, CAZ, CRO, Death
catheter tip
FEP, IPM, MEM, 30 April 2015
TZP, SAM, ATM,
CIP, NAL

Kp2

20

M

Surgical
30 April 2015
(ICU 26
April 2015)

18 May 2015

• Wound by firearm
in the gluteus
penetrating the
abdominal cavity.

Metronidazole, Secretion from
meropenem,
abdominal
Piperacillinwound
tazobactam,
ciprofloxacin

AMC, CAZ, CRO, Improvement,
FEP, IPM, MEM, medical
TZP, SAM, ATM, discharge
CIP, SXT, NAL

Kp3

14

F

Medical/
Surgical
(ICU 12
December
2014)

21 May 2015

3 June 2015

• Abscessed cellulitis
in intergluteal region
• Type I Diabetes
Mellitus
• Mycotic vaginitis

Secretion from
Oxacillin,
metronidazole, ulcer on the
amikacin,
gluteus
clindamycin,
ciprofloxacin,
fluconazole

AMC, CAZ, CRO, Improvement,
FEP, IPM, MEM, medical
TZP, SAM, ATM, discharge
CIP, SXT, NAL

Kp4

26

M

ICU

1 June 2015

10 June 2015

• Severe traumatism
Ceftazidime,
skull-encephalic
vancomycin
• Wound by firearm in
abdominal region
• Peritonitis
• Intubated, mechanical
ventilation

Bronchial
secretion

Clinical
outcome

AMC, CAZ, CRO, Improvement,
FEP, IPM, MEM, medical
TZP, SAM, ATM, discharge
CIP, SXT, NAL

Note: Abbreviations = Intensive care unit (ICU), amoxicillin-clavulanic acid (AMC), ceftazidime (CAZ), ceftriaxone (CRO), cefepime (FEP), imipenem (IPM), meropenem (MEM), piperacillin-tazobactam (TZP), ampicillin-sulbactam (SAM),
aztreonam (ATM), ciproﬂoxacin (CIP), sulfamethoxazole-trimethoprim (SXT), nalidixic acid (NAL).
Source: Prepared by the authors from the study results.
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FIGURE 1. Molecular characterization of K. pneumoniae strains
(Kp1 - 4) isolated in January – June 2015 from the main hospital
in Cumaná, Sucre, Venezuela
M C+ Kp1 Kp2 Kp3 Kp4 M Kp1 Kp2 Kp3 Kp4
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A. Amplified products of the blaKPC gene (798 pb) and blaNDM (621 pb), with molecular weight
marker 100 pb (M) and E. coli 1159-15HUAPA as positive control (C+)
B. Molecular pattern by ERIC-PCR, with molecular weight marker 100 pb (M)
C. Dendrogram constructed using BioNumerics 7.5, with similarity scale on the right
Source: Prepared by the authors from the study results.

establishment/development of infections and death by these
multidrug resistant bacteria (26).
Mortality rates in patients with carbapenemase-producing
K. pneumoniae infections are reported to be high (5), but in this
study, only one of the four patients died. In Latin America, a
64% mortality rate from blood infections has been attributed
to carbapenemase-producing enterobacteria (27). Khajuria and
colleagues (25) indicate that mortality from this pathogen is
dependent on a variety of factors such as underlying disease,
nutritional status, and medical treatment, which explains the
discrepancies in mortality rates observed by different studies.
Nevertheless, the three patients who recovered did not receive
the recommended antimicrobial treatment for carbapenemaseproducing K. pneumoniae: continuous intervenous infusion of
a high dose of one carbapenem (usually meropenem) in combination with a non-β-lactam, such as colistin, tigecycline, or
fosfomycin (28).
The association of blaNDM with another carbapenem resistance
gene, such as blaKPC, is worrisome and demonstrates the rapid
evolution of the bacteria to acquire different resistant genes in
the hospital setting (26). Similar reports of co-producing NDM +
KPC have been made in India in K. pneumoniae (29), China in
Citrobacter freundii (30), and Brazil in Enterobacter hormachei,
Providencia rettgeri, and E. coli (31). In Venezuela, according
to our literature review, there are no previous reports of isolates with simultaneous presence of these resistant genes, only
co-production of KPC + VIM (32, 33). However, there are previous reports of NDM-producing E. coli (34) and K. pneumoniae
(35). More specifically, there is a history of isolation of E. coli
with blaNDM in Cumaná (36) and of K. pneumoniae with blaKPC in
its general hospital (37).
Similarities in the dissemination and spectrum of antimicrobial resistance for blaNDM and blaKPC genes (both confer resistance
to virtually all β-lactams) imply that these genes are found in
similar mobile genetic elements (29). The blaNDM and blaKPC
genes generally have been reported in conjugative plasmids
(9), allowing the transfer and rapid spread of these genes and
other resistance determinants of plasmid localization. When
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microorganisms with both genes coexist in the hospital environment, it is highly likely that they end up in the same host, as
was found in the present study.
The four strains were also resistant to ciprofloxacin,
sulfamethoxazole-trimethoprim, and amikacin. Other reports
have shown that plasmids carrying the carbapenem-resistant
genes also contain a variety of determinants of resistance to
other antimicrobials, including genes encoding β-lactamases,
quinolone resistance, and 16S RNA methylases that confer
resistance to aminoglycosides (26). So, a specific antibiotic
drug could be selected, not only for its resistance to the molecule being used, but also to other antimicrobials; nevertheless,
copresence of carbapenemases makes selecting the best treatment for these patients very difficult. In countries with high
incidence of carbapenemase-producing enterobacteria, resistance to last-line antimicrobials, such as colistin and tigecycline,
has been observed (38).
In any hospital, the dissemination of carbapenem-resistant
K. pneumoniae is complex and may involve the same clone or
different unrelated isolates spreading among patients (37). The
ERIC-PCR tests in this study showed the presence of a single
clone circulating in three hospital units during May – June 2015.
It should be noted that the first isolation of NDM + KPC K. pneumoniae, although not related to this clone, was isolated in the
ICU and, as previously stated, the common factor among the
patients was their stay in this unit. So, it could be inferred that
dissemination occurred from the ICU to the two other units,
and not vice-versa. These results concur with another genotyping study of carbapenem-resistant K. pneumoniae, which used
pulsed field electrophoresis and found clone dissemination
in 2009 and 2013 in the ICU of the same hospital (37). Other
researchers worldwide have also reported the spread of a clone
of NDM-1-producing K. pneumoniae in ICUs (25), confirming
that hospitalization in the ICU is a determining risk factor for
the acquisition and dissemination of these pathogens.
Limitations. Due to financial limitations and accessibility to
sequencing centers, we could not determine the clonal group
to which these species belong. It has been reported, however,
that the clonal type ST258 is associated with the rapid spread
of blaKPC-carrying K. pneumoniae; however, to date there are no
reports of ST258 strains carrying the blaNDM gene (41, 42). Also,
strains with blaKPC not belonging to ST258 (43) have been isolated, meaning that this clone could belong to ST258 or any
other clone. In addition, since colistin and tigecycline are not
available for treatment nor testing in Venezuela, the study did
not consider resistance to these last-line options.

Conclusions
The present study is the first report of K. pneumoniae with
simultaneous presence of blaNDM and blaKPC genes in Venezuela.
The emergence of bacteria associated with these genes demonstrates the ability of these microorganisms to rapidly evolve, to
acquire plasmids carrying multiple resistance genes, to persist
in the hospital environment, and to spread successfully (38).
These attributes make antimicrobial therapy extremely complex, especially in Venezuela where current therapeutic options
are limited by economic and political crises.
High levels of migration from Venezuela to other countries
gives the results of this study particular importance for all of
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South America (39). Infection control measures, such as hand
washing and routine detection of rectal or perianal colonization
in admitted patients (40), are urgently needed in the general hospital of Cumaná to prevent the spread of these microorganisms.
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Características de las cepas de Klebsiella pneumoniae que producen dos
carbapenemasas en un brote en Venezuela: un estudio retrospectivo
RESUMEN

Objetivo. Caracterizar la Klebsiella pneumoniae productora de carbapenemasa aislada de pacientes tratados en un hospital de Cumaná (Sucre, Venezuela).
Métodos. Se hizo un estudio retrospectivo en el hospital central de Cumaná, donde se analizaron 58 cepas
de k. pneumoniae para estudiar la resistencia a los antimicrobianos, específicamente a los fármacos carbapenémicos, entre enero y junio del 2015. La producción de metalo-β-lactamasas y carbapenemasas de
serina se determinó mediante la prueba de sinergia de doble disco, usando discos de EDTA SMA de sodio
y de ácido borónico 3 aminofenil, respectivamente. Se usó la PCR múltiple para detectar la codificación de
genes correspondiente a las carbapenemasas. Se determinó la presencia de clones por tipificación molecular
mediante la técnica de ERIC PCR.
Resultados. Se detectaron cuatro cepas de K. pneumoniae resistentes a los fármacos carbapenémicos. Los
métodos fenotípicos para la detección de metalo-β-lactamasas y carbapenemasas de serina fueron positivos
y se demostró mediante la PCR la copresencia de los genes blaNDM y blaKPC en las cuatro cepas. Por medio de
la técnica ERIC-PCR se detectaron dos clones que circulaban en el hospital.
Conclusiones. Es necesario adoptar estrategias de control de infecciones en el hospital central en Cumaná
y las zonas circundantes para prevenir la propagación de estos agentes patógenos, especialmente dados los
niveles altos de migración de Venezuela a otros países de América del Sur.
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Características de cepas de Klebsiella pneumoniae produtoras de duas
carbapenemases em um surto na Venezuela: um estudo retrospectivo
RESUMO

Objetivo. Caracterizar cepas de Klebsiella pneumoniae produtoras de carbapenemases isoladas de pacientes tratados em um hospital em Cumaná, Sucre, na Venezuela.
Métodos. Realizamos um estudo retrospectivo no hospital geral de Cumaná, onde 58 cepas de K. pneumoniae foram analisadas para verificar a resistência a antimicrobianos, especificamente carbapenens, entre
janeiro e junho de 2015. A produção de metalo-β-lactamases e serino-carbapenemases foi determinada pelo
teste de sinergia de disco duplo, usando discos de EDTA sódico-ácido mercaptoacético e ácido 3-aminofenil
borônico, respectivamente. Utilizamos a PCR multiplex para detectar os genes codificadores de carbapenemases. A tipagem molecular por ERIC-PCR determinou a presença de clones.
Resultados. Foram identificadas quatro cepas de K. pneumoniae resistentes a carbapenens. Os métodos
fenotípicos para a detecção de metalo-β-lactamases e serino-carbapenemases foram positivos, e a PCR
demonstrou a co-presença dos genes blaNDM e blaKPC em todas as quatro cepas. A ERIC-PCR identificou dois
clones que circulavam no hospital.
Conclusões. São necessárias estratégias de controle de infecções no hospital central de Cumaná e seus arredores para prevenir a disseminação destes patógenos, especialmente devido aos altos níveis de migração da
Venezuela para outros países da América do Sul.

Palavras-chave

Klebsiella pneumoniae; Enterobacteriáceas resistentes a carbapenêmicos; tipagem molecular; Venezuela.
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