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M

ultiresistance in Gram-negative bacilli (GNB) and the spread
of resistance determinants have been great problems in the
worldwide treatment of bacterial infections and are recognized as
a public health problem (1). In South America, carbapenem-resistant Enterobacteriaceae (CRE) show relevant occurrence, and
Klebsiella pneumoniae carbapenemase (KPC) producers seem to
be the main problem (2). Recently, New Delhi metallo-betalactamase (NDM) producers have been detected in South America
(3), including in Brazil (4), which worries the scientific and health
communities. In Brazil, São Paulo metallo-beta-lactamase (SPM)producing Pseudomonas aeruginosa strains are endemic carbapenem-resistant bacteria (5). In addition, since 2006, KPC-producing K. pneumoniae has caused outbreaks and has become one of
the more prevalent multiresistant bacteria in Brazil (6). K. pneumoniae is an opportunistic pathogen that is highly adapted to
the hospital environment and is associated mainly with pneumonia, bloodstream infections, and urinary tract infections
(UTI). Little is known about the virulence potential of KPC
producers, and K. pneumoniae is a concern (7, 8). This bacterial
species shows pathogenic mechanisms involved, for instance, in
escape from phagocytosis and biofilm formation. Of special concern, hypervirulent (mainly hypermucoviscous) K. pneumoniae
strains have emerged and are capable of causing severe infections
in healthy and ambulatory individuals (9–11). The K. pneumoniae
clonal complex 258/11 (CC258/11) and the sequence type 258
(ST258) and ST11 have been detected worldwide as the main,
international high-risk clones (HiRC) (12, 13) because they (i)
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harbor epidemic/transmissible plasmids from incompatibility
group FII (IncFII), IncN, IncA/C, and IncL/M (14) and (ii) are
associated with carbapenemase production, e.g., KPC and
OXA-48 (13, 15). The association of genetic determinants of resistance with virulence is a problem in the treatment of infections.
For instance, bacteria with multiresistance and the ability to colonize create an opportunity for the selection of highly resistant
and persistent bacterial pathogens (16, 17). This study reports the
early expansion, evolution, and characterization of a multiresistant K. pneumoniae clone that has been increasingly isolated from
inpatients in a hospital from Brazil.
MATERIALS AND METHODS
Bacterial isolates. From December 2012 to February 2013, seven carbapenem-resistant, quinolone-resistant, and polymyxin B-susceptible or -re-
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In this study, we report the early expansion, evolution, and characterization of a multiresistant Klebsiella pneumoniae clone that
was isolated with increasing frequency from inpatients in a tertiary-care university hospital in Brazil. Seven carbapenem- and
quinolone-resistant and polymyxin B-susceptible or -resistant K. pneumoniae isolates isolated between December 2012 and February 2013 were investigated. Beta-lactamase- and plasmid-mediated quinolone resistance (PMQR)-encoding genes and the genetic environment were investigated using PCR, sequencing, and restriction fragment length polymorphism (RFLP). Clonal relatedness was established using XbaI–pulsed-field gel electrophoresis (PFGE), multilocus sequence typing (MLST), and
phylogenetic group characterization. Plasmid analyses included PCR-based replicon typing (PBRT) and hybridization of the
S1-PFGE product, plasmid MLST, and conjugation experiments. Virulence potential was assessed by PCR by searching for 10
virulence factor-encoding genes (ureA, fimH, kfuBC, uge, wabG, magA, mrkD, allS, rmpA, and cf29a) and by phenotypic tests to
analyze the hypermucoviscous phenotype. The genetic context of a multidrug-resistant and extensively drug-resistant K. pneumoniae ST11-KpI clone harboring IncFIIk-Tn4401a-blaKPC-2, qnrS1, and blaCTX-M-2 was found. Moreover, three isolates displayed high resistance to polymyxin B (MICs ⴝ 32, 32, and 128 mg/liter) as well as mucous and hypermucoviscous phenotypes.
These bacteria also harbored ureA, fimH, uge, wabG, and mrkD, which code for virulence factors associated with binding, biofilm formation, and the ability to colonize and escape from phagocytosis. Our study describes the association of important coresistance and virulence factors in the K. pneumoniae ST11 international high-risk clone, which makes this pathogen successful at
infections and points to the quick expansion and evolution of this multiresistant and virulent clone, leading to a pandrug-resistant phenotype and persistent bacteria in a Brazilian hospital.

Expansion of a Virulent and XDR K. pneumoniae ST11 Clone

TABLE 1 Patient data and phenotypic and genotypic characteristics of the QnrS1- and KPC-2-producing K. pneumoniae ST11-KpI clone
Isolate data
Antimicrobial susceptibilitya MIC
Plasmid analysesc
(mg/liter)

Patient data
Isolate/patient Genderg/age
code
(yrs)
Subjacent disease

Hospital ward

Clinical
sample

Outcome Pulsotype AMI FOS TETb TGC PB

RP01

F/23

Encephalomyelitis

Neurology

Urine

Alive

RP04

M/70

Psoriasis, arthritis,
Parkinson’s disease

RP29
RP59
RP60

F/75
d,e

M/36
M/64
F/66

RP66

M/55

FIIk

12

4

32

FIIk, FIA

4
4

2
12

8

4

3

4

16

4

12

4

Tracheal
Death
secretion

A

3

4

12

Blood

Death

A

3

4

Hematology
Blood
General medical, Blood
cardiology

Death
Alive

A
A

3
3

Geriatrics

Venous
catheter

Alive

A

Vascular,
intensive care
unit

Urine

Death

A1f

FIIk, FIA

1
1

100, 388,
450
32
100, 388
ⱕ0.5 100, 388

FIIk
FIIk

2

6

128

100, 388

FIIk

12

1

ⱕ0.5 100, 388

FIIk

a
Antimicrobial testing and interpretation were performed according to the CLSI criteria of 2012, except for polymyxin B (criteria for colistin were used) and tigecycline, in which
the EUCAST criteria of 2012 were applied. MICs in boldface represent resistant or intermediate results. AMI, amikacin (susceptible [S] ⱕ 16, intermediate [I] ⫽ 32, resistant [R] ⱖ
64); FOS, fosfomycin (S ⱕ 64, I ⫽ 128, R ⱖ 256); TET, tetracycline (S ⱕ 4, I ⫽ 8, R ⱖ 16); TGC, tigecycline (S ⱕ 1, R ⬎ 2); PB, polymyxin B (S ⱕ 2, R ⬎ 2). For all isolates, MICs
of >256 (resistant to), piperacillin-tazobactam, cefotaxime, ceftazidime, cefoxitin, cefepime, aztreonam, gentamicin, and chloramphenicol; MIC of >32 (resistant to),
trimethoprim-sulfamethoxazole, nalidixic acid, ciprofloxacin, levofloxacin, moxifloxacin, ertapenem, imipenem, meropenem, and doripenem.
b
Intermediate MICs were considered as nonsusceptible.
c
Underlining indicates size and Inc group of the plasmid carrying the blaKPC-2 gene.
d
Hypermucoviscous phenotype.
e
RP59 and RP62 did not harbor the blaCTX-M-2 gene.
f
Pulsotypes were defined by capital letter A. Subtype (A1) was designated by number 1, indicating the number of bands that differed from the index isolate (RP01).
g
F, female; M, male.

sistant K. pneumoniae strains were isolated from a tertiary-care university
hospital in Ribeirão Preto, São Paulo, Brazil. The isolates were selected
during a routine surveillance project conducted in the clinical microbiology laboratory at the hospital to screen for multiresistant Enterobacteriaceae, based on the antimicrobial susceptibility profile (18). Initially, bacteria were identified, and antimicrobial susceptibility was tested using the
Vitek2 system (bioMérieux). All K. pneumoniae isolates were from inpatient clinical samples (Table 1) and were designated RP01, RP04, RP29,
RP59, RP60, RP62, and RP66. This study was authorized by the research
ethics committee, CEP/FCFRP 100/2011. K. pneumoniae ST258-KpA harboring IncFII-Tn4401a-blaKPC-2, K. pneumoniae ST437-KpD harboring
IncN-Tn4401b-blaKPC-2 (19), Escherichia coli ATCC 25922, and azideresistant E. coli J53 (20) were used as control strains for the experiments.
Control strains for incompatibility groups from plasmids were also used
(21).
Determination of the MICs. The MICs of antimicrobials tested against
the studied bacteria were evaluated using Etest strips (bioMérieux) according
to the manufacturer’s instructions. The beta-lactam antimicrobials piperacillin-tazobactam, cefotaxime, ceftazidime, cefoxitin, cefepime, aztreonam, ertapenem, imipenem, meropenem, and doripenem and the non-beta-lactam
antimicrobials gentamicin, amikacin, chloramphenicol, trimethoprim-sulfamethoxazole, nalidixic acid, ciprofloxacin, levofloxacin, moxifloxacin, tetracycline, and tigecycline were evaluated. In addition, the MIC values were
determined using the agar dilution method and criteria applied for E. coli
isolated from the urinary tract. For these antimicrobials, the interpretation of susceptibility profiles was performed using breakpoints recommended by the Clinical and Laboratory Standards Institute (CLSI) in
2012. Moreover, polymyxin B MIC values were determined using the
broth dilution method and then realized and interpreted according to the
recommendation of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) in 2012.
Investigation of resistance genes and genetic environment. The
beta-lactamase-encoding genes were investigated using PCR and se-
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quencing, with searching for blaKPC, blaGES, blaSPM, blaIMP, blaVIM,
blaNDM, blaOXA-48, blaOXA-58, and blaOXA-23 (coding for carbapenemases)
(22, 23), blaCTX-M, blaTEM, blaSHV, and blaBES (coding for extended-spectrum beta-lactamases [ESBLs]) (20), and blaCMY (coding for AmpC) (24).
Moreover, plasmid-mediated quinolone resistance (PMQR) was verified
by PCR and sequencing based on the presence of the qnrA, qnrB, qnrS,
qepA, and aac(6=)-Ib-cr genes (25). The investigation of the genetic environment of the blaKPC genes was performed as previously described (26,
27) by searching for the classical transposon Tn4401 using the long-PCR
approach. In addition, the tnpR-tnpA, ISKpn7-blaKPC, and blaKPC-ISKpn6
amplicons, which were obtained using long-PCR of Tn4401, were analyzed by restriction fragment length polymorphism (RFLP) after enzymatic restriction using the PstI, BamHI, and HindIII enzymes according
to the manufacturer’s instructions. The generated Tn4401-RFLPs were
compared among the studied isolates and compared to control strains.
Plasmid analyses and conjugation experiments. Plasmids were
searched following the PCR-based replicon typing (PBRT) scheme (21)
targeting replicons of the major Inc plasmids occurring in Enterobacteriaceae. Besides S1-nuclease digestion followed by pulsed-field gel electrophoresis (S1-PFGE), Southern blotting and hybridization with specific
probes were performed to search for the blaKPC-2 gene in plasmid as well as
to identify the incompatibility group of the plasmid (detected in the PBRT
scheme) carrying blaKPC-2. In addition, the S1-PFGE approach was able to
determine number and size of the plasmid content from studied K. pneumoniae isolates. Conjugation experiments to transfer genes coding for
beta-lactamases and PMQR harbored in conjugative or cotransferred
plasmids were performed by liquid-medium mating (20) using azideresistant E. coli J53 (which is lactose fermentation positive and plasmidfree). Transconjugants were selected using sodium azide (100 mg/liter)
and ceftazidime (2 mg/liter) for beta-lactamase-encoding genes or nalidixic acid (6 mg/liter) for PMQR-encoding genes. Transconjugants were
analyzed by PCR with searching for blaKPC and the PMQR genetic determinants. Moreover, the IncFII-like plasmids from the transconjugants
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RP62e

Acute myeloid leukemia
Chronic arterial disease,
diabetes mellitus,
renal insufficiency
Chronic arterial disease,
diabetes mellitus,
renal insufficiency
Aortic aneurysm
(surgery)

1

ⱕ0.5 100, 388,
450
ⱕ0.5 100, 388

A

Dermatology,
intensive care
unit
Acute myeloid leukemia Hematology

Approx sizes Inc group(s)/
(kb)
pMLST
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RESULTS

Patient data and clinical outcome. The patients were primarily
elderly (median age of 55 years, range of 23 to 75 years) and severely ill, with multiple underlying diseases (Table 1). All had
prolonged length of stay (median of 68 days, range of 30 to 217
days) and had been submitted to multiple invasive procedures,
such as central venous catheterization, mechanical ventilation,
and urinary catheterization. Four of the seven patients also had
nosocomial infections due to bacterial species other than carbapenem and quinolone-resistant K. pneumoniae. Moreover, multiple antimicrobials were used in the course of their hospital stay.
Antimicrobial resistance profile and resistance genetic context. Three isolates displayed resistance to polymyxin B (K. pneumoniae RP29, -59, and -62, with MICs of 32, 32, and 128 g/ml,
respectively), whereas other bacteria were polymyxin B susceptible (RP01, -04, -60, and -66). Moreover, a heteroresistance phenomena, characterized here as pinpoint bacterial colonies within
an antimicrobial inhibition zone, was observed for at least one
cephalosporin, cephamycin, or carbapenem (for all isolates), and
antimicrobial susceptibility was observed only to amikacin
and fosfomycin (for all isolates) and tetracycline (RP59 and -62)
and tigecycline (RP04, -59, -60, and -66) (Table 1).
The blaKPC-2, blaTEM-1, blaSHV-1, blaOXA-9, and qnrS1 genes
were detected in all isolates. In addition, blaCTX-M-2 (except for
RP59 and -62) was found. The investigation of the genetic environment of KPC-2-encoding genes demonstrated that blaKPC-2
was located on transposon Tn4401 variant “a.”
Transferability characteristics. Tn4401a-blaKPC-2 was harbored on an ⬃100-kb IncFII plasmid. blaKPC-2 was transferred to
a recipient strain, yielding transconjugant bacteria that were resistant to all beta-lactam antimicrobials and maintained susceptibility to all non-beta-lactam antimicrobials. Nevertheless, blaCTX-M-2
and qnrS1 were not transferred to a recipient strain, and no
transconjugant resistance to tigecycline or polymyxin was recovered. Moreover, the IncFII-like plasmids were determined by
pMLST as FIIk, which is a virulence plasmid from K. pneumoniae
(Table 1).
Bacterial clone and virulence potential. The XbaI-PFGE pulsotypes A and A1, which are the same sequence type, ST11, and the
phylogenetic group KpI were found (Table 1).
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Five virulence-encoding genes were detected (ureA, fimH, uge,
wabG, and mrkD) in all isolates. Furthermore, superior mucosity
was observed in RP29, and a hypermucoviscous phenotype was
detected in the RP59 bacteria; however, these facts were observed
after initial isolation of the bacterium, and, thereafter, these characteristics decreased.
DISCUSSION

The fact that different susceptibility profiles were displayed by
bacteria belonging to the same clone (ST11; KpA and KpA1 pulsotypes) is intriguing; however, mutations, altered permeability,
and regulation of gene expression could be factors responsible for
this phenomena. It is worrying that K. pneumoniae RP29 displayed an extensively drug resistance (XDR) phenotype (18) because it is a dangerous and potentially pandrug-resistant (PDR)
pathogen. Moreover, the other studied bacteria also presented a
multidrug resistance (MDR) phenotype (18).
The heteroresistance phenomena (31–33) that was observed in
the studied isolates and mainly in transconjugants may be explained by genetic factors associated with carbapenem resistance
(34) and/or the role that alterations in porin expression play in the
resistance level and in MIC values (35), which is becoming a problem for microbiological diagnostic laboratories and physician initiatives. The IncFIIk-Tn4401a-blaKPC-2 genetic context was able to
be transferred to recipient bacteria, showing that the blaKPC-2 genetic determinant of resistance to carbapenems may be easily disseminated and representing a danger due to its presence in virulence plasmids that can be present alone or coreside and be
compatible with other FII-positive resistance plasmids within the
same bacterial cell. Furthermore, Tn4401 is the most common
genetic environment that supports blaKPC genes, which may also
be easily recombined with diverse incompatibility groups of plasmids in Enterobacteriaceae and nonfermenting Gram-negative bacilli (36, 37). However, different platforms also support blaKPC
worldwide (34, 38, 39), including in Brazil (19, 27). Tn4401 variants “a” and “c” were related (19, 40), and the “b” variant has been
described as predominant in K. pneumoniae (41) and in other
genera and species (19, 42) from Brazil. The Tn4401 variant “a”
has been detected since 2007 (19) in hospitals and seems to be the
single genetic environment/variant that supports blaKPC-2 in this
health care center.
The absence of transconjugant bacteria resistant to tigecycline
or polymyxin B indicates chromosome-encoded resistance, which
is also suggested by the different MIC values for tigecycline and
polymyxin B and by the plasmid content of the isolates. High MIC
values were found to polymyxin B (Table 1), and the resistance
mechanism has been described in K. pneumoniae, mainly as an
increased production of capsule polysaccharide of the bacterial
outer membrane (blocking the target site of antimicrobial action).
However, bacteria may develop polymyxin resistance due to a
mechanism that involves modification of the bacterial outer
membrane, mainly through alteration of the lipopolysaccharide
moiety, in the course of antimicrobial therapy (43, 44). Furthermore, the hypermucoviscous phenotype, which is related to the
virulence phenotype (30) and resistance to polymyxins (44), was
detected in RP59. However, this characteristic is generally present
in magA⫹ and enables the overproduction of the exopolysaccharide web, and rmpA⫹ acts as a regulator of the mucous phenotype
(9, 30), but these genes were not found in this study. Thereby, this
hypermucoviscous phenotype could be regulated by other genetic
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were typed according to protocols for multilocus sequence typing of plasmids (pMLST) (http://pubmlst.org/plasmid). In addition, to investigate
the transferability of resistance to tigecycline and polymyxins, the
transconjugants were also searched using tigecycline (0.1 mg/liter) and
polymyxin B (0.4 mg/liter). Plasmid analyses were also used in the
transconjugant strain to confirm the results.
Bacterial clonal relatedness. Bacterial clonal relatedness was established by XbaI genome enzymatic macrorestriction followed by PFGE
using the CHEF DRIII PFGE system (Bio-Rad), and the results were analyzed using the Tenover criteria (28). MLST was also performed according to the K. pneumoniae MLST website (http://www.pasteur.fr/recherche
/genopole/PF8/mlst/Kpneumoniae.html) to determine phylogenetic
relationships. In addition, phylogenetic group characterization was performed (29).
Investigation of virulence context. For virulence investigation, PCR
assays were performed to search for 10 virulence factor-encoding genes
(ureA, fimH, kfuBC, uge, wabG, magA, mrkD, allS, rmpA, and cf29a) that
have been associated with the virulence phenotype in K. pneumoniae (9).
In addition, the hypermucoviscous phenotype was tested by evaluating
the formation of a viscous string (positive test, ⬎0.5 cm in length) that was
stretched using an inoculation loop (30).
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national dissemination of NDM producers toward the endemicity
of this clone in Brazil.
The management of clinical infections due to multiresistant
KPC-producing K. pneumoniae remains a challenge. Although the
isolates of this study display susceptibility to amikacin and fosfomycin (Table 1), the pharmacokinetics (PK) and pharmacodynamics (PD) of these drugs make individual usage unlikely for the
successful treatment of severe infections other than those restricted to the inferior urinary tract. Because of this, the combination of two to three drugs, including amikacin, tigecycline, as well
as polymyxins and meropenem, could be utilized after optimization of the use of these drugs based on the newest PK/PD perspectives (59–62). The virulence context found in these bacteria also
represents a problem for medical treatment. Multiresistant KPC2-producing K. pneumoniae strains were isolated from clinical
samples related to UTIs, bloodstream infections, or pneumonia
(Table 1), which are diseases that are certainly benefited by virulence mechanisms that contribute to the clinical outcomes of
morbidity and mortality of patients infected with these bacteria.
Moreover, these virulence factors improve the conditions for bacterial intestinal colonization and persistence in these patients and
in the hospital.
The association of multiple resistance determinants in bacteria
has been broadly reported; however, to our knowledge, no description of coresistance of blaKPC-2, blaCTX-M-2, and qnrS1 in K.
pneumoniae has been reported.
A virulent and multiresistant K. pneumoniae ST11 clone has
emerged and quickly expanded in the studied hospital as well as
neighboring regional health care centers. ST11 corresponds to a
successful HiRC, and the coresistance (KPC-2, CTX-M-2, and
QnrS1) plus high polymyxin resistance and virulence factors that
were found could be a problem. This fact seems to lead to a PDR
phenotype and persistent bacteria in Brazilian hospitals.
ACKNOWLEDGMENTS
We thank the staff of the Laboratory of Microbiology of the Hospital das
Clínicas of the Faculty of Medicine of Ribeirão Preto, University of São
Paulo (HC-FMRP-USP), for technical support. We thank Alessandra
Carattoli for kindly providing control strains for incompatibility groups
from plasmids. We thank the designers and curators of the K. pneumoniae
MLST database. The clonal data are publicly available at http://www
.pasteur.fr/mlst.
We have no conflicts to report.
This study was funded by research grant 2012/14740-3, São Paulo
Research Foundation (FAPESP). L. N. Andrade was supported by a postdoctoral fellowship, grant 2011/08892-2, São Paulo Research Foundation
(FAPESP).

REFERENCES
1. Bush K, Courvalin P, Dantas G, Davies J, Eisenstein B, Huovinen P,
Jacoby GA, Kishony R, Kreiswirth BN, Kutter E, Lerner SA, Levy S,
Lewis K, Lomovskaya O, Miller JH, Mobashery S, Piddock LJ, Projan S,
Thomas CM, Tomasz A, Tulkens PM, Walsh TR, Watson JD, Witkowski J, Witte W, Wright G, Yeh P, Zgurskaya HI. 2011. Tackling
antibiotic resistance. Nat. Rev. Microbiol. 9:894 – 896. http://dx.doi.org
/10.1038/nrmicro2693.
2. Maya JJ, Ruiz SJ, Blanco VM, Gotuzzo E, Guzman-Blanco M, Labarca
J, Salles M, Quinn JP, Villegas MV. 2013. Current status of carbapenemases in Latin America. Expert Rev. Anti Infect. Ther. 11:657– 667. http:
//dx.doi.org/10.1586/14787210.2013.811924.
3. Escobar Perez JA, Olarte Escobar NM, Castro-Cardozo B, Valderrama
Marquez IA, Garzon Aguilar MI, Martinez de la Barrera L, Barrero
Barreto ER, Marquez-Ortiz RA, Moncada Guayazan MV, Vanegas

jcm.asm.org 2533

Downloaded from http://jcm.asm.org/ on January 25, 2021 by guest

mechanisms, and the control of gene expression could play an
important role in this characteristic. Polymyxin resistance is a
nonfrequent phenotype in Enterobacteriaceae. Nonetheless, this
resistance has been increasingly reported in K. pneumoniae and
seems to be a great problem in Italy (45) and the United States
(46), because it is generally associated with KPC producers and the
ST258 clone.
Concerning the detected genes that code for virulence factors,
ureA is related to the urease operon, which is involved in urea
metabolism and required for efficient bacterial gastrointestinal
colonization. fimH encodes adhesin and influences the expression
of type 1 fimbriae, which mediates binding, invasion, biofilm formation, and the ability to colonize during a UTI. uge contributes
to the expression of smooth lipopolysaccharide (LPS) with O antigen molecules and capsule polysaccharide (K antigen) on the cell
surface, yielding the ability to produce a UTI and virulence during
sepsis and pneumonia. wabG is involved in the cell attachment of
capsular polysaccharide, which contributes to the biosynthesis of
the core LPS and encapsulated cell, resulting in virulence. mrkD
encodes the type 3 fimbriae adhesin, which facilitates adhesion to
the basement membranes of several human tissues (9). This virulence context was also detected in Canada in KPC-2-producing K.
pneumoniae strains that were imported from Greece (47). These
virulence factors could promote and partly explain the epidemiological success of ST11. Unfortunately, these advantageous traits
have not been researched extensively, and few reports regarding
the pathogenic potential and virulence factors of KPC-producing
K. pneumoniae have been published (8, 47–49), reflecting a lack of
knowledge of the epidemiologic scenario and prospects for medical prognosis.
In the period of 2007 to 2011, there was a prevalence of KPC2-producing K. pneumoniae ST258 causing outbreaks in the studied hospital, and only one K. pneumoniae ST11 isolate was detected from a colonized inpatient. Within this period, the genetic
context corresponding to IncFII-Tn4401a-blaKPC2 was also detected; however, the clones were fully susceptible to polymyxin B
(19), and PMQR clones were not detected. The use of polymyxins
has increased in the last 10 years due to carbapenem-resistant
bacteria, leading to the use of this antimicrobial category as a
last-therapy option to treat patients with infections by these bacteria. Not surprisingly, in late 2011, polymyxin B-resistant K.
pneumoniae emerged as pathogens implicated in serious infections in the studied hospital. Furthermore, when comparing the
K. pneumoniae ST11 strain isolated in 2009 with the seven K.
pneumoniae ST11 studied here, significant differences were observed between the detected XbaI-PFGE pulsotypes and those that
acquired the qnrS1 gene; however, the same virulence factors were
found (data not shown). Other polymyxin B-resistant KPC-2producing K. pneumoniae ST11 isolates have been increasingly
isolated in this hospital as well as in other hospitals from the same
region (data not shown). K. pneumoniae ST11 is broadly associated with the dissemination of blaKPC, is dominant in China (50),
has become endemic in Taiwan (51), and seems to be the prevalent
KPC-2-producing K. pneumoniae clone in Brazil (41, 52, 53).
Moreover, K. pneumoniae ST11 has been associated with outbreaks and dissemination of other carbapenemases, such as
OXA-48 (54, 55) and NDM (56, 57). In Brazil, the blaNDM genes
were initially related to non-K. pneumoniae species (4, 58), and we
believe that the meeting of these genes with ST11 could cause the

Andrade et al.

4.

5.

6.
7.

9.

10.
11.
12.
13.

14.
15.
16.
17.

18.

19.

20.

21.

2534

jcm.asm.org

22. Queenan AM, Bush K. 2007. Carbapenemases: the versatile betalactamases. Clin. Microbiol. Rev. 20:440 – 458. http://dx.doi.org/10.1128
/CMR.00001-07.
23. Nordmann P, Poirel L, Carrer A, Toleman MA, Walsh TR. 2011. How
to detect NDM-1 producers. J. Clin. Microbiol. 49:718 –721. http://dx.doi
.org/10.1128/JCM.01773-10.
24. D’Andrea MM, Nucleo E, Luzzaro F, Giani T, Migliavacca R, Vailati F,
Kroumova V, Pagani L, Rossolini GM. 2006. CMY-16, a novel acquired
AmpC-type beta-lactamase of the CMY/LAT lineage in multifocal monophyletic isolates of Proteus mirabilis from northern Italy. Antimicrob.
Agents Chemother. 50:618 – 624. http://dx.doi.org/10.1128/AAC.50.2
.618-624.2006.
25. Tamang MD, Nam HM, Chae MH, Kim SR, Gurung M, Jang GC, Jung
SC, Lim SK. 2012. Prevalence of plasmid-mediated quinolone resistance
determinants among Escherichia coli isolated from food animals in Korea.
Foodborne Pathog. Dis. 9:1057–1063. http://dx.doi.org/10.1089/fpd.2012
.1225.
26. Curiao T, Canton R, Garcillan-Barcia MP, de la Cruz F, Baquero F,
Coque TM. 2011. Association of composite IS26-sul3 elements with
highly transmissible IncI1 plasmids in extended-spectrum-betalactamase-producing Escherichia coli clones from humans. Antimicrob.
Agents Chemother. 55:2451–2457. http://dx.doi.org/10.1128/AAC.01448
-10.
27. Ribeiro VB, Andrade LN, Linhares AR, Barin J, Darini AL, Zavascki AP,
Barth AL. 2013. Molecular characterization of Klebsiella pneumoniae carbapenemase-producing isolates in southern Brazil. J. Med. Microbiol. 62:
1721–1727. http://dx.doi.org/10.1099/jmm.0.062141-0.
28. Tenover FC. 2001. Development and spread of bacterial resistance to
antimicrobial agents: an overview. Clin. Infect. Dis 33(Suppl 3):S108 –
S115.
29. Brisse S, van Himbergen T, Kusters K, Verhoef J. 2004. Development of
a rapid identification method for Klebsiella pneumoniae phylogenetic
groups and analysis of 420 clinical isolates. Clin. Microbiol. Infect. 10:
942–945. http://dx.doi.org/10.1111/j.1469-0691.2004.00973.x.
30. Fang CT, Chuang YP, Shun CT, Chang SC, Wang JT. 2004. A novel
virulence gene in Klebsiella pneumoniae strains causing primary liver abscess and septic metastatic complications. J. Exp. Med. 199:697–705. http:
//dx.doi.org/10.1084/jem.20030857.
31. Tenover FC, Kalsi RK, Williams PP, Carey RB, Stocker S, Lonsway D,
Rasheed JK, Biddle JW, McGowan JE, Jr, Hanna B. 2006. Carbapenem
resistance in Klebsiella pneumoniae not detected by automated susceptibility testing. Emerg. Infect. Dis. 12:1209 –1213. http://dx.doi.org/10.3201
/eid1208.060291.
32. Falagas ME, Makris GC, Dimopoulos G, Matthaiou DK. 2008. Heteroresistance: a concern of increasing clinical significance? Clin. Microbiol.
Infect. 14:101–104.
33. Tato M, Morosini M, Garcia L, Alberti S, Coque MT, Canton R. 2010.
Carbapenem heteroresistance in VIM-1-producing Klebsiella pneumoniae
isolates belonging to the same clone: consequences for routine susceptibility testing. J. Clin. Microbiol. 48:4089 – 4093. http://dx.doi.org/10.1128
/JCM.01130-10.
34. Kitchel B, Rasheed JK, Endimiani A, Hujer AM, Anderson KF, Bonomo
RA, Patel JB. 2010. Genetic factors associated with elevated carbapenem
resistance in KPC-producing Klebsiella pneumoniae. Antimicrob. Agents
Chemother. 54:4201– 4207. http://dx.doi.org/10.1128/AAC.00008-10.
35. Yigit H, Queenan AM, Anderson GJ, Domenech-Sanchez A, Biddle JW,
Steward CD, Alberti S, Bush K, Tenover FC. 2001. Novel carbapenemhydrolyzing beta-lactamase, KPC-1, from a carbapenem-resistant strain
of Klebsiella pneumoniae. Antimicrob. Agents Chemother. 45:1151–1161.
http://dx.doi.org/10.1128/AAC.45.4.1151-1161.2001.
36. Naas T, Cuzon G, Villegas MV, Lartigue MF, Quinn JP, Nordmann P.
2008. Genetic structures at the origin of acquisition of the beta-lactamase
bla KPC gene. Antimicrob. Agents Chemother. 52:1257–1263. http://dx
.doi.org/10.1128/AAC.01451-07.
37. Cuzon G, Naas T, Truong H, Villegas MV, Wisell KT, Carmeli Y, Gales
AC, Venezia SN, Quinn JP, Nordmann P. 2010. Worldwide diversity of
Klebsiella pneumoniae that produce beta-lactamase blaKPC-2 gene.
Emerg. Infect. Dis. 16:1349 –1356. http://dx.doi.org/10.3201/eid1609
.091389.
38. Shen P, Wei Z, Jiang Y, Du X, Ji S, Yu Y, Li L. 2009. Novel genetic
environment of the carbapenem-hydrolyzing beta-lactamase KPC-2
among Enterobacteriaceae in China. Antimicrob. Agents Chemother. 53:
4333– 4338. http://dx.doi.org/10.1128/AAC.00260-09.

Journal of Clinical Microbiology

Downloaded from http://jcm.asm.org/ on January 25, 2021 by guest

8.

Gomez N. 2013. Outbreak of NDM-1-producing Klebsiella pneumoniae
in a neonatal unit in Colombia. Antimicrob. Agents Chemother. 57:1957–
1960. http://dx.doi.org/10.1128/AAC.01447-12.
Carvalho-Assef AP, Pereira PS, Albano RM, Beriao GC, Chagas TP,
Timm LN, Da Silva RC, Falci DR, Asensi MD. 2013. Isolation of
NDM-producing Providencia rettgeri in Brazil. J. Antimicrob. Chemother.
68:2956 –2957. http://dx.doi.org/10.1093/jac/dkt298.
Andrade LN, Woodford N, Darini AL. 2014. International gatherings
and potential for global dissemination of Sao Paulo metallo-betalactamase (SPM) from Brazil. Int. J. Antimicrob. Agents 43:196 –197. http:
//dx.doi.org/10.1016/j.ijantimicag.2013.10.006.
Rossi F. 2011. The challenges of antimicrobial resistance in Brazil. Clin.
Infect. Dis. 52:1138 –1143. http://dx.doi.org/10.1093/cid/cir120.
Liu Y, Li XY, Wan LG, Jiang WY, Yang JH, Li FQ. 2013. Virulence and
transferability of resistance determinants in a novel Klebsiella pneumoniae
sequence type 1137 in China. Microb. Drug Resist. 20:150 –155. http://dx
.doi.org/10.1089/mdr.2013.0107.
Siu LK, Lin JC, Gomez E, Eng Chiang RT. 2012. Virulence and plasmid
transferability of KPC Klebsiella pneumoniae at the Veterans Affairs
Healthcare System of New Jersey. Microb. Drug Resist. 18:380 –384. http:
//dx.doi.org/10.1089/mdr.2011.0241.
Brisse S, Fevre C, Passet V, Issenhuth-Jeanjean S, Tournebize R, Diancourt L, Grimont P. 2009. Virulent clones of Klebsiella pneumoniae:
identification and evolutionary scenario based on genomic and phenotypic characterization. PLoS One 4:e4982. http://dx.doi.org/10.1371
/journal.pone.0004982.
Shon AS, Russo TA. 2012. Hypervirulent Klebsiella pneumoniae: the next
superbug? Future Microbiol. 7:669 – 671. http://dx.doi.org/10.2217/fmb
.12.43.
Shon AS, Bajwa RP, Russo TA. 2013. Hypervirulent (hypermucoviscous)
Klebsiella pneumoniae: a new and dangerous breed. Virulence 4:107–118.
http://dx.doi.org/10.4161/viru.22718.
Baquero F, Coque TM. 2011. Multilevel population genetics in antibiotic
resistance. FEMS Microbiol. Rev. 35:705–706. http://dx.doi.org/10.1111/j
.1574-6976.2011.00293.x.
Woodford N, Turton JF, Livermore DM. 2011. Multiresistant Gramnegative bacteria: the role of high-risk clones in the dissemination of antibiotic resistance. FEMS Microbiol. Rev. 35:736 –755. http://dx.doi.org
/10.1111/j.1574-6976.2011.00268.x.
Carattoli A. 2013. Plasmids and the spread of resistance. Int. J. Med.
Microbiol. 303:298 –304. http://dx.doi.org/10.1016/j.ijmm.2013.02.001.
Bush K, Jacoby GA. 2010. Updated functional classification of betalactamases. Antimicrob. Agents Chemother. 54:969 –976. http://dx.doi
.org/10.1128/AAC.01009-09.
Canton R, Ruiz-Garbajosa P. 2011. Coresistance: an opportunity for the
bacteria and resistance genes. Curr. Opin. Pharmacol. 11:477– 485. http:
//dx.doi.org/10.1016/j.coph.2011.07.007.
Li W, Sun G, Yu Y, Li N, Chen M, Jin R, Jiao Y, Wu H. 2014. Increasing
occurrence of antimicrobial-resistant hypervirulent (hypermucoviscous)
Klebsiella pneumoniae isolates in China. Clin. Infect. Dis. 58:225–232.
http://dx.doi.org/10.1093/cid/cit675.
Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske
CG, Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, Paterson DL, Rice LB, Stelling J, Struelens MJ, Vatopoulos A, Weber JT,
Monnet DL. 2012. Multidrug-resistant, extensively drug-resistant and
pandrug-resistant bacteria: an international expert proposal for interim
standard definitions for acquired resistance. Clin. Microbiol. Infect. 18:
268 –281. http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x.
Andrade LN, Curiao T, Ferreira JC, Longo JM, Climaco EC, Martinez
R, Bellissimo-Rodrigues F, Basile-Filho A, Evaristo MA, Del Peloso PF,
Ribeiro VB, Barth AL, Paula MC, Baquero F, Canton R, Darini AL,
Coque TM. 2011. Dissemination of blaKPC-2 by the spread of Klebsiella
pneumoniae clonal complex 258 clones (ST258, ST11, ST437) and plasmids (IncFII, IncN, IncL/M) among Enterobacteriaceae species in Brazil.
Antimicrob. Agents Chemother. 55:3579 –3583. http://dx.doi.org/10
.1128/AAC.01783-10.
Andrade LN, Minarini LA, Pitondo-Silva A, Climaco EC, Palazzo IC,
Medeiros MI, Darini AL. 2010. Determinants of beta-lactam resistance in
meningitis-causing Enterobacteriaceae in Brazil. Can. J. Microbiol. 56:
399 – 407. http://dx.doi.org/10.1139/W10-020.
Carattoli A, Bertini A, Villa L, Falbo V, Hopkins KL, Threlfall EJ. 2005.
Identification of plasmids by PCR-based replicon typing. J. Microbiol.
Methods 63:219 –228. http://dx.doi.org/10.1016/j.mimet.2005.03.018.

Expansion of a Virulent and XDR K. pneumoniae ST11 Clone

July 2014 Volume 52 Number 7

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

of clonal complex 258 KPC-2-producing Klebsiella pneumoniae in Latin
American hospitals: report of the SENTRY Antimicrobial Surveillance
Program. Antimicrob. Agents Chemother. 56:1668 –1671. http://dx.doi
.org/10.1128/AAC.05942-11.
Nicoletti AG, Fehlberg LCC, Picao RC, Machado AD, Gales AC. 2012.
Clonal complex 258, the most frequently found multilocus sequence type
complex in KPC-2-producing Klebsiella pneumoniae isolated in Brazilian
hospitals. Antimicrob. Agents Chemother. 56:4563– 4564.
Voulgari E, Zarkotou O, Ranellou K, Karageorgopoulos DE, Vrioni G,
Mamali V, Themeli-Digalaki K, Tsakris A. 2012. Outbreak of OXA-48
carbapenemase-producing Klebsiella pneumoniae in Greece involving an
ST11 clone. J. Antimicrob. Chemother. 68:84 – 88. http://dx.doi.org/10
.1093/jac/dks356.
Oteo J, Saez D, Bautista V, Fernandez-Romero S, Hernandez-Molina
JM, Perez-Vazquez M, Aracil B, Campos J. 2013. Carbapenemaseproducing enterobacteriaceae in Spain in 2012. Antimicrob. Agents Chemother. 57:6344 – 6347. http://dx.doi.org/10.1128/AAC.01513-13.
Williamson DA, Sidjabat HE, Freeman JT, Roberts SA, Silvey A, Woodhouse R, Mowat E, Dyet K, Paterson DL, Blackmore T, Burns A,
Heffernan H. 2012. Identification and molecular characterization of New
Delhi metallo-beta-lactamase-1 (NDM-1)- and NDM-6-producing Enterobacteriaceae from New Zealand hospitals. Int. J. Antimicrob. Agents
39:529 –533. http://dx.doi.org/10.1016/j.ijantimicag.2012.02.017.
Giske CG, Froding I, Hasan CM, Turlej-Rogacka A, Toleman M,
Livermore D, Woodford N, Walsh TR. 2012. Diverse sequence types of
Klebsiella pneumoniae contribute to the dissemination of blaNDM-1 in India, Sweden, and the United Kingdom. Antimicrob. Agents Chemother.
56:2735–2738. http://dx.doi.org/10.1128/AAC.06142-11.
Carvalho-Assef AP, Pereira PS, Albano RM, Beriao GC, Tavares CP,
Chagas TP, Marques EA, Timm LN, Da Silva RC, Falci DR, Asensi MD.
2014. Detection of NDM-1-, CTX-M-15-, and qnrB4-producing Enterobacter hormaechei isolates in Brazil. Antimicrob. Agents Chemother. 58:
2475–2476. http://dx.doi.org/10.1128/AAC.02804-13.
Mouton JW, Ambrose PG, Canton R, Drusano GL, Harbarth S,
MacGowan A, Theuretzbacher U, Turnidge J. 2011. Conserving antibiotics for the future: new ways to use old and new drugs from a pharmacokinetic and pharmacodynamic perspective. Drug Resist. Updat. 14:107–
117. http://dx.doi.org/10.1016/j.drup.2011.02.005.
Daikos GL, Tsaousi S, Tzouvelekis LS, Anyfantis I, Psichogiou M,
Argyropoulou A, Stefanou I, Sypsa V, Miriagou V, Nepka M, Georgiadou S, Markogiannakis A, Goukos D, Skoutelis A. 2014. Carbapenemase-producing Klebsiella pneumoniae bloodstream infections: lowering
mortality by antibiotic combination schemes and the role of carbapenems.
Antimicrob. Agents Chemother. 58:2322–2328. http://dx.doi.org/10.1128
/AAC.02166-13.
Pontikis K, Karaiskos I, Bastani S, Dimopoulos G, Kalogirou M, Katsiari M, Oikonomou A, Poulakou G, Roilides E, Giamarellou H. 2014.
Outcomes of critically ill intensive care unit patients treated with fosfomycin for infections due to pandrug-resistant and extensively drug-resistant
carbapenemase-producing Gram-negative bacteria. Int. J. Antimicrob.
Agents 43:52–59. http://dx.doi.org/10.1016/j.ijantimicag.2013.09.010.
Tumbarello M, Viale P, Viscoli C, Trecarichi EM, Tumietto F, Marchese A, Spanu T, Ambretti S, Ginocchio F, Cristini F, Losito AR,
Tedeschi S, Cauda R, Bassetti M. 2012. Predictors of mortality in bloodstream infections caused by Klebsiella pneumoniae carbapenemaseproducing K. pneumoniae: importance of combination therapy. Clin. Infect. Dis. 55:943–950. http://dx.doi.org/10.1093/cid/cis588.

jcm.asm.org 2535

Downloaded from http://jcm.asm.org/ on January 25, 2021 by guest

39. Chen L, Chavda KD, Mediavilla JR, Jacobs MR, Levi MH, Bonomo RA,
Kreiswirth BN. 2012. Partial excision of blaKPC from Tn4401 in carbapenem-resistant Klebsiella pneumoniae. Antimicrob. Agents Chemother.
56:1635–1638. http://dx.doi.org/10.1128/AAC.06182-11.
40. Almeida AC, de Sa Cavalcanti FL, Vilela MA, Gales AC, de Morais MA,
Jr, Camargo de Morais MM. 2012. Escherichia coli ST502 and Klebsiella
pneumoniae ST11 sharing an IncW plasmid harbouring the bla(KPC-2)
gene in an intensive care unit patient. Int. J. Antimicrobial Agents 40:374 –
376. http://dx.doi.org/10.1016/j.ijantimicag.2012.05.022.
41. Pereira PS, de Araujo CF, Seki LM, Zahner V, Carvalho-Assef AP,
Asensi MD. 2012. Update of the molecular epidemiology of KPC-2producing Klebsiella pneumoniae in Brazil: spread of clonal complex 11
(ST11, ST437 and ST340). J. Antimicrob. Chemother. 68:312–316. http:
//dx.doi.org/10.1093/jac/dks396.
42. Almeida AC, Cavalcanti FL, Martins WM, Vilela MA, Gales AC, Morais
MA, Jr, Morais MM. 2013. First description of KPC-2-producing Klebsiella oxytoca in Brazil. Antimicrob. Agents Chemother. 57:4077– 4078.
http://dx.doi.org/10.1128/AAC.02376-12.
43. Llobet E, Campos MA, Gimenez P, Moranta D, Bengoechea JA. 2011.
Analysis of the networks controlling the antimicrobial-peptidedependent induction of Klebsiella pneumoniae virulence factors. Infect.
Immun. 79:3718 –3732. http://dx.doi.org/10.1128/IAI.05226-11.
44. Falagas ME, Rafailidis PI, Matthaiou DK. 2010. Resistance to polymyxins: mechanisms, frequency and treatment options. Drug Resist. Updat.
13:132–138. http://dx.doi.org/10.1016/j.drup.2010.05.002.
45. Mammina C, Bonura C, Di Bernardo F, Aleo A, Fasciana T, Sodano C,
Saporito MA, Verde MS, Tetamo R, Palma DM. 2012. Ongoing spread
of colistin-resistant Klebsiella pneumoniae in different wards of an acute
general hospital, Italy, June to December 2011. Euro Surveill. 17(33):
pii⫽20248. http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId
⫽20248.
46. Bogdanovich T, Adams-Haduch JM, Tian GB, Nguyen MH, Kwak EJ,
Muto CA, Doi Y. 2011. Colistin-resistant, Klebsiella pneumoniae carbapenemase (KPC)-producing Klebsiella pneumoniae belonging to the international epidemic clone ST258. Clin. Infect. Dis. 53:373–376. http://dx
.doi.org/10.1093/cid/cir401.
47. Chan WW, Peirano G, Smyth DJ, Pitout JD. 2013. The characteristics
of Klebsiella pneumoniae that produce KPC-2 imported from Greece.
Diagn. Microbiol. Infect. Dis. 75:317–319. http://dx.doi.org/10.1016/j
.diagmicrobio.2012.12.003.
48. Bachman MA, Oyler JE, Burns SH, Caza M, Lepine F, Dozois CM,
Weiser JN. 2011. Klebsiella pneumoniae yersiniabactin promotes respiratory tract infection through evasion of lipocalin 2. Infect. Immun. 79:
3309 –3316. http://dx.doi.org/10.1128/IAI.05114-11.
49. Ramos PI, Picao RC, Vespero EC, Pelisson M, Zuleta LF, Almeida LG,
Gerber AL, Vasconcelos AT, Gales AC, Nicolas MF. 2012. Pyrosequencing-based analysis reveals a novel capsular gene cluster in a KPCproducing Klebsiella pneumoniae clinical isolate identified in Brazil. BMC
Microbiol. 12:173. http://dx.doi.org/10.1186/1471-2180-12-173.
50. Qi Y, Wei Z, Ji S, Du X, Shen P, Yu Y. 2011. ST11, the dominant clone
of KPC-producing Klebsiella pneumoniae in China. J. Antimicrob. Chemother. 66:307–312. http://dx.doi.org/10.1093/jac/dkq431.
51. Chiu SK, Wu TL, Chuang YC, Lin JC, Fung CP, Lu PL, Wang JT, Wang
LS, Siu LK, Yeh KM. 2013. National surveillance study on carbapenem
non-susceptible Klebsiella pneumoniae in Taiwan: the emergence and
rapid dissemination of KPC-2 carbapenemase. PLoS One 8:e69428. http:
//dx.doi.org/10.1371/journal.pone.0069428.
52. Castanheira M, Costello AJ, Deshpande LM, Jones RN. 2012. Expansion

