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ABSTRACT

Introduction: The increasing incidence of multi-resistant microorganisms has been considered a public health problem. One of the
routines included in hospital practice is the screening of colonized and/or infected patients. Objective: The aim of this study was to
evaluate the genetic variability and clonal relationships of extended-spectrum beta-lactamase (ESBL)-producing K. preumoniae, from
surveillance cultures, at an intensive care unit, in Rio de Janeiro, Brazil. Material and methods: Seventy K. preumoniae isolates were
obtained from rectal swabs (March 2013 to March 2014). Antimicrobial susceptibility was assessed by VITEK 2 System. Resistant genes
blag,,bla., . bla, ,bla. bl bl . bl bla  andbla were investigated by polymerase chain reaction (PCR); genetic
diversity, by Enterobacterial Repetitive Intergenic Consensus-PCR (ERIC-PCR). Results: Strains showed high resistance rates to cefepime
(94%), ceftazidime (96%), ertapenem (61%), imipenem (54%) meropenem (43%) and ciprofloxacin (69%). The most prevalent genes
were bla, (69%), bla,, (63%),bla ,  (60%), bla,,, (57%), bla. . (47%),bla,, . (16%). Genes bla,, bla, , and bla were not
detected. Twenty nine profiles of resistance genes were observed, with 23% carrying at least five genes. A great genetic diversity (68 ERIC
profiles) was also observed among the strains. Conclusion: Although no clonal relationship was observed within the isolates, this study
revealed alarming data on the antimicrobial resistance deficiently monitored for preventive purposes in Brazil. Our data allow us to
conclude that the inclusion of surveillance cultures in health facilities is a recommended strategy aiming particularly at preventing the

spread of resistance genes in the hospital environment and, consequently, reducing morbidity and mortality.
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INTRODUCTION The increased incidence of  multidrug-resistant
microorganisms is considered one of the main factors influencing
the treatment of these infections. At intensive care units (ICU),
high indices of bacterial resistance are observed, especially due
to excessive use of antibiotic agents. Understanding the resistance
profile of hospital microbiota against antibiotics is fundamental
for prevention and control of nosocomial infections®.

Healthcare-associated infections (HAISs) are a serious problem
of public health and exert great impact on morbidity, mortality,
length of hospital stay, and costs of diagnostic and therapeutic
procedures. There are also effects on patients, their families and
the community in general, such as the withdrawal from social life
and work, with the resulting social, psychological and economical Bacteria can develop resistance to antibacterial drugs by
burden™?. means of some mechanisms already well disclosed in the literature,
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such as alteration in the target site (penicillin-binding proteins
[PBPs]), efflux pump, decreased expression of porins (outer-
membrane proteins [OMPs]) and beta-lactamase production®®.
The production of extended-spectrum beta-lactamases (ESBLs)
is the main resistance mechanism among bacteria of the
Klebsiella genus. They are able to hydrolyze broad-spectrum beta-
lactams, such as third- and fourth-generation cephalosporins,
monobactams, but not cephamycins and carbapenems, such
as, for example, temoneira enzyme 3 (TEM-3) and sulphydryl
variable 2 (SHV-2). TEM-2 and SHV-1 are not ESBLs, because
they hydrolyze just penicillins and first- and second-generation
cephalosporins®®.

The prevalence of ESBL in Klebsiella pneumoniae is
increasing worldwide”. Global data show that the frequency
of ESBL-producing K pneumoniae was 44% in South
America, 33% in Europe, 22% in Asia and 12% in the United
States"”. Nowadays, the major concerns, however, are the K.
pneumoniae carbapenemase (KPC)-producing strains, once
these enzymes are responsible for resistance to all available
beta-lactam antibiotics"?.

The frequencies of the genes responsible for the production of
ESBL and carbapenemases vary among themselves and among the
bacterial species. These variations make each region have its own
characteristics"”. Resistance is acquired by vertical/horizontal
bla, and bla

transfer of genes such as bla frequently

CTX-M NDM?

associated with plasmids™ 1,

One of the routines included in hospital practice is the
screening of patients from several inpatient units (ICU, wards)
for colonization and/or infection, by collecting materials such as
nasal, oral and rectal swabs at admission and during treatment.
This measure is called surveillance culture, and it is aimed at
avoiding dissemination of these agents">'. The screening
specimens of primary surveillance that have been recommended
by the Centers for Disease Control and Prevention (CDC) and by
the European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) are stools or the rectal swab®.

OBJECTIVES

The objective of the present study was to investigate
antimicrobial susceptibility profiles and to research the frequencies
of genes responsible for responsible for ESBL and carbapenemases-
producing K preumoniae based on active surveillance cultures
at an ICU, besides assessing the genetic diversity of these isolates

285

Detection of antimicrobial resistance genes in beta-lactamase- and carbapenemase-producing Klebsiella pneumoniae by patient surveillance cultures at an intensive care unit in Rio de Janeiro, Brazil

to verify the presence of cross contamination among patients and
possible epidemiological implications.

MATERIAL AND METHODS

Study site and population

Samples of rectal material were collected with sterile swabs
from 1,474 adult and pediatric inpatients of the ICU of a federal
hospital in Rio de Janeiro, from March 2013 to March 2014 for
surveillance cultures.

The study was approved by the Research Ethics Committee of
Fundagco Oswaldo Cruz (Fiocruz) (346.653).

Sample processing

The swabs were streaked on CHROMagar ESBL (Paris, France);
the plates, incubated at 36°C + 1°C for 24/48 hours. Bacterial
isolates that presented metallic blue or pink colonies, suggestive
of ESBL-producing enterobacteria, were selected and streaked on
MacConkey agar.

Phenotypic identification/antimicrobial
susceptibility profile (antibiogram)

Identification and antimicrobial susceptibility testing (AST)
were performed by the VITEK® 2 system (BioMérieux). The GN
Test Kit cards were used for identification, and AST-239 and AST-
105 cards, for antibiogram, according to the manufacturer’s
instructions.

Molecular identification to confirm the
K. pneumoniae species

The genomic deoxyribonucleic acid (DNA) was extracted using
the DNeasy Blood & Tissue Handbook (QIAGEN®), according to
instructions by the manufacturer. The identity of K preumoniae
isolates was confirmed by means of amplification of 16S-23S
intergenic region of the ribosomal ribonucleic acid (rRNA)
genes'"”. Amplification conditions were: an initial denaturation
cycle at 95°C for 5 minutes, followed by 30 cycles of 95°C for 1
minute, annealing temperature of 56°C and 72°C for 2 minutes,
and a final extension cycle at 72° for 10 minutes. The fragments
were analyzed by gel electrophoresis of 1.5% agarose in buffer Tris
borate ethylenediaminetetraacetic acid (EDTA)-0.5% for 1 hour,
at 60 V with ethidium bromide (3 mg/ml). The gel was analyzed
using the ImageQuant 300 Imager (GE).



Detection of resistance genes

The following resistance genes were investigated: bla
bldoxmg’ blﬂTEM’ blﬂsw blﬂmxms’ bldox,\fl and blﬂnnm’
detected in enterobacteria, and also genes bla, , and bla,,,, which
despite being rarely found in enterobacteria, are reported to occur

in K pneumoniae™ ™.

KpC?

frequently

The mixture for the polymerase chain reaction (PCR) had its
final volume of 25 pl, containing 1x PCR Master Mix (Promega);
15 pmol of each starter; around 20 ng of template DNA and Gibco®
water. The cycle conditions consisted of an initial step at 95°C for 5
minutes and 35 amplification cycles at 95°C for 1 minute, adequate
annealing temperature (Table 1) during 1 minute, and 72°C for 1
minute and a final elongation at 72°C for 6 minutes. Amplification
was carried out in an Eppendorf Mastercycler EP thermal cycler. PCR
products were visualized on a 2% agarose gel (Sigma-Aldrich), in 1x
Tris-acetate-EDTA buffer, stained with 0.3 ng/ml ethidium bromide.
The molecular weight standard 100 bp DNA Ladder (Invitrogen)
was used. Analysis was performed with the ImageQuant 300 (GE).
K pnewmoniae INCQS 00628 (ATCC BAA 1705) (bla,, positive),
INCQS 00629 (ATCC BAA 1706) (bla,, negative), INCQS 00532
(ATCC 700603) (ESBL positive), INCQS P4475 (bla,, positive),
E. coli INCQS 00325 (ATCC 35218) (ESBL positive) and INCQS
00033 (ATCC 25922) (ESBL negative) were used as reference.

Sequencing and identity analysis

PCR products were purified using the QIAquick® PCR
Purification Kit (QIAGEN), according to the manufacturer, and
subjected to sequencing with the Big Dye Terminator Kit by capillary
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electrophoresis in an ABI 3730 DNA Analyzer (Applied Biosystems,
Foster City, CA, USA) (Platform PDTIS/Fiocruz). Chromatograms
were converted to FASTA format through software Sequencher
5.0 (Gene Codes Corporation, Ann Arbor, MI). Similarity between
nucleotide sequences were determined using the using the Basic
Local Alignment Search Tool (BLASTn) (http://www.ncbi.nlm.
nih.gov/Blast/), at GenBank (National Center for Biotechnology
Information [NCBI]).

Clonal characterization of isolates

Enterobacterial repetitive intergenic consensus PCR (ERIC_
PCR) is a used for typing the isolates using (ERIC-PCR), using
ERIC-2  (5-AAGTAAGTGACTGGGGTGAGCG-3")  and
amplification conditions according to the previously described
protocol®. Amplification products were analyzed as described
before; and the band patterns, with the BioNumerics software
version 6.6 (Applied Maths, Kortrijk, Belgium). The dendrogram
was built using the Dice index and the unweighted pair-group
method using arithmetic averages (UP-GMA)®.

primer

RESULTS

Identification of isolates

Among the 1,474 samples of collected rectal material, 318
were selected that presented color suggestive of ESBL production
on CHROMagar. Among these, 75 presented metallic blue color;
and 48, pink color. The metallic blue isolates were phenotypically

TABLE 1 — Detection of beta-lactamase genes by PCR

Gene Sequence (5’-3’) Annealing (°C) Fragment (pb) Reference
bla,., TGTCACTGTATCGCCGTC CTCAGTGCTCTACAGAAAACC 55 863 Yigit e/ al. (2001)
blay, . TGTTTTTGGTGGCATCGAT GTAAMRATGCTTGGTTCGC 58 177 Monteiro ez al. (2012)®
blﬂs”m ATTTGTCGCTTCTTTACTCGC TTTATGGCGTTACCTTTGACC 55 1080 Jemina et al. (2008) %"

bla .. GGTTAAAAAATCACTGCGTC TTGGTGACGATTTTAGCCGC 54 863 Barguiga e/ al. (2011)®
bla,, | ATAAAATTCTTGAAGACGAAA GACAGTTACCAATGCTTAATCA 55 1051 Barguiga ef al. (2011)®
bla, GAAGGCGTTTATGTTCATAC GTACGTTTCAAGAGTGATGC 58 587 Pitout e/ al. ( 2005)®

bla,,, GTTTGGTCGCATATCGCAAC AATGCGCAGCACCAGGATAG 58 389 Pitout ef al. ( 2005)*
bl“ox " CGCAAATGGCACCAGATTCAAC TCCTGCACCAGTTTTCCCATACAG 60 464 Mulvey et al. (2011)©@"
bla GGTGCATGCCCGGTGAAATC ATGCTGGCCTTGGGGAACG 58 660 Mulvey ez al. (2011) @

NDM-1

PCR: polymerase chain reaction.
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identified as K. preumoniae, suggestive of ESBL production. The
48 pink isolates, suggestive of Hscherichia coli, were not included
in this work. Among the 75 isolates phenotypically identified as
K pneumoniae, 70 were confirmed as K. preumoniae by PCR.

Antimicrobial susceptibility

The K pneumoniae isolates presented high percentages of
antimicrobial resistance. In relation to carbapenems, resistance
was observed to ertapenem, 61% (43/70); to imipenem, 54%
(38/70); and to meropenem, 43% (30/70) (Figure 1).

Detection of beta-lactamase genes

The genes bla,,, bla ,,  and bla,, . were found in 56%
(39/70), 60% (42/70) and 16% (11/70) of the studied isolates,
respectively. The genes bla., , blay, and bla,, .
detected. The genes bla

bla . and bla . were not found
(Figure 2); two isolates did not present the investigated genes.

were also

VIM? IMP NDM

Seventeen percent (12/70) of the isolates presented just one
investigated gene; 22% (15/70), two genes; 17% (12/70), three
genes; 19% (13/70), four genes; 20% (14/70), five genes; and
3% (2/70), six investigated resistance genes. In relation to the
studied genes, 29 resistance profiles were observed (Table 2).

Typing of K. pneumoniae strains

Sixty-eight isolates exhibiting at least one resistance gene
were subjected to ERIC-PCR. Genetic polymorphism was verified
among the isolates, with 68 genotypes. However, strains with
percent identity above 90% (KP15 and KP29; KP12 and KP46;
KP31 and KP28; KP27 and KP45) were found (Figure 3).

Resistance (%)

Antibiotics

FIGURE 1 — Antimicrobial resistance in isolates of ESBL-producing K. pneumoniae

ESBL: extended-spectrum beta-laclamases.

Detection of antimicrobial resistance genes in beta-lactamase- and carbapenemase-producing Klebsiella pneumoniae by patient surveillance cultures at an intensive care unit in Rio de Janeiro, Brazil

TABLE 2 — Resistance profile of K. pneumoniae isolates according

to the detected genes
Reps;(s)tglr; ce Resistance genotype isolrz]ttés(;f(%)
I No gene 2(2.9%)
I blag,, 3 (43%)
111 bla,, 2 (2.9%)
v bla,., 6 (8.6%)
v bla,,,,, 1(14%)
VI bla,. ,andbla, 2 (2.9%)
VII bla,, andblag, 7 (10%)
VIl bla,,and bla, 1 (14%)
IX bla TFMlandeaOXA " 3 (4.3%)
X bla,,, andbla, 1 (1.4%)
XI bla,  andbla 1 (1.4%)
XII bla,. ,bla.,, andbla, 2 (2.9%)
XIIT bla,. ,blag, andbla, 1 (1.4%)
XIV bla,., bla, andbla, . 1(1.4%)
XV bla,. ,bla,,, andbla,, 1(1.4%)
XVI bla, ,bla . and blamm 1 (1.4%)
XVII blag, ,bla. .. andbla, 1 (1.4%)
XVIII bla, ,blag, andbla,, . 1 (1.4%)
XIX bla, ,blay, andbla, 2 (2.9%)
XX blay, ,bla, . andbla 2 (2.9%)
XXI bla, . bla., ,blay, andbla, 2(2.9%)
XXII bla, ,blag, ,bla, andbla, 2 (2.9%)
XXIII bla, . blag, ,bla FTXszmdblclm1 2 (2.9%)
XXIV blag,. ,bla, bla. . andbla, 3 (4.3%)
XXV blag, ,bla, . bla andlolﬂoXA " 2(2.9%)
XXVI bla.,, ,blag, ,bla Cm“)and bla,, 2 (2.9%)
XXVII bla, ,bla, bl bla.. . andbla, 13 (18.6)
XXVIIT blﬂThM pblag, bla, . bla, andbla, 1 (1.4%)
XXIX a,. ., bla, blag, bla_ . blag, andbla,  22.9%)
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FIGURE 2 — Antibiotic resistance genes detected in ESBL-producing K. pneumoniae

ESBL: extended-spectrum bela-lactamases.
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FIGURE % — Molecular typing of K. pneumoniae isolated by ERIC-PCR. The dendogram was built with the Bionumerics software 6.6 (Applied Maths) based on the Dice similarity coefficient
and by means of the UP-GMA™”

ERIC-PCR: Enterobacterial Repetitive Intergenic Consensus-Polymerase Chain Reaction; UP-GMA: unweighted pair-group method with arithmetic averages; NI: not informed; F: female; M: male.
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DISCUSSION

Monitoring ICU patients is very important because, despite
comprising a small subgroup of hospitalized individuals (5%-
10%), they present average risk for infection 5 to 10 times higher
than inpatients of other sectors®”3". In Brazil, the prevalence of
isolated ESBL-producing K pneumoniae is approximately 50%,
with potential to cause severe morbidity and mortality®".

In the current study, the K preumonia isolates presented
high resistance percentages to third- and fourth-generation
cephalosporins and to carbapenems. The same was verified
in a study based on surveillance cultures from ICU inpatients
(69 perianal specimens), in which 37% of the K. prneumoniae
isolates presented resistance to carbapenems®?. Elevated
indices of resistance were also observed, but in clinical
isolates of the Klebsiella-Enterobacter group (58%), in Minas
Gerais®.

The production of beta-lactamase enzymes in enterobacteria
has been detected in several parts of the world, as in Trinidad
and Tobago, where clinical isolates of K preumoniae presented
genes bla,,, (843%), blag, (345%) and bla  (58.8%);
and in Iran, with blagy,, (87.5%), bla,,, (12.4%) and bla,
(24.8%) 3, These genes were simultaneously found in £. coli
(6%) and K preumoniae (28.5%) from clinical cultures in
Iran®. The dissemination of bla,, genes has been described
in several European countries and in the Asian region of the
Pacific Ocean® . In South America, KPC strains have been
reported in several countries, such as Argentina®, Colombia“”
and Brazil“*. The presence of bla,,,. in K. pneumoniae in five
Brazilian states — Rio de Janeiro, Espirito Santo, Minas Gerais,
Goids and Pernambuco (2006-2009) —, was revealed in studies
of the surveillance network on bacterial resistance in hospital
infection®.

It is worth emphasizing the importance of surveillance
cultures in the programs of HAIs control. The comparative
analysis between the number of surveillance cultures and clinical
cultures demonstrated that the presence of KPC enzyme was more
frequently observed in surveillance cultures. Besides, cultures
grown at patients” admission and weekly (58%) were superior to
those conducted just at admission (15%) 2.

In Rio de Janeiro, a study at the ICU of Instituto Nacional de
Cardiologia demonstrated that the most frequent species in active
surveillance were E. coli (21.95%) and K. pneumoniae (34.1%).
The presence of beta-lactamases was revealed in 58% of the rectal
swab isolates, encoded by genes bla. ., (54%), AmpC (50%),
bla, . (25%) and bla (29%)“. Our results exhibited high

SHY CTX-M1

289

Detection of antimicrobial resistance genes in beta-lactamase- and carbapenemase-producing Klebsiella pneumoniae by patient surveillance cultures at an intensive care unit in Rio de Janeiro, Brazil

(60%), and 16% of
were similarly

percentages of genes bla,,
bla_, .. The genotypes bla_ , bla_ and bla

OXA-48" KPC? NDM 0?(1\-48
detected from surveillance cultures, in Canada.

(56%) and bla,,

Our data also reveal that 8.6% (6/70) of isolates presented
resistance to carbapenems, and absence of genes bla,, and
bla,,, .. According to Poulou e/ al. (2013), this resistance
may probably be associated with other mechanisms, such as loss
or alteration of outer-membrane porins. An outbreak caused by
a clonal lineage of K pneumoniae CTX-M-15 was described at
an ICU in Greece. This lineage presented resistance to ertapenem,
attributed to the interruption of the OmpK35 gene and to the
presence of a porin variant, OmpK36“?,

Genes bla,, and bla,,, prevalent in non-glucose-fermenting
Gram-negative bacteria, such as Pseudomonas aeruginosa™”,
were not detected in the present study, although IMP-producing
members of the Enterobacteriaceae family have been identified,
mainly in China, Japan, and Australia; and VIM-producing ones in
Italy and Greece. Recently, the coexistence of ESBL-producing
K. pneumoniae lineages and other carbapenemases has been
described in Colombia (KPC-2/VIM-24)“ Ttaly (KPC-2/VIM-1)“),
and China (KPC-2/IMP) ", among others.

In the present investigation, strains of K pneumoniae were
detected with up to six genes responsible for beta-lactamase
production. Similar results were observed in 24 strains of ESBL-
producing K. preumoniae, in Recife, Brazil, where 46% carried
three resistance genes. This accumulation of genes may cause
limitations to the therapeutical options available for treatment of
infections caused by K. preumoniae and E. coli®.

In relation to molecular typing, our results demonstrated
low epidemiological relationship among isolates, different
antimicrobial susceptibility patterns and resistance gene profiles.
A study by Cabral e/ al. (2012)%% also revealed great diversity
among strains of K pneumoniae, presenting similarities up to
60% in 18 isolates analyzed. Yet, six strains presented the same
band pattern by ERIC-PCR, indicating clonal dissemination in the
hospital where the research was conducted®”.

The high levels of genetic diversity revealed here suggests the
absence of cross contamination among ICU inpatients. However, it
is necessary to highlight that our study presents some limitations
(absence of data on collection periodicity at admission and/or
during hospitalization). In spite of the low clonal relationship,
the presence of ESBL and KPC-producing K preumoniae may
represent high potential for dissemination of resistance among
patients. It is noteworthy that colonization with potential
pathogens is almost always a prerequisite for the development of
nosocomial infections"®.



CONCLUSION

Although no significant epidemiological relationship was
demonstrated, the main contribution of this studywas the disclosure
of alarming data on the presence of K pneumoniae, carrying
genes responsible for ESBL and carbapenemase production during
preventive monitoring, a still limited approach in Brazilian
health services. Controls based exclusively in clinical cultures
may not detect most patients who harbor resistant organisms.
The inclusion of surveillance cultures is a recommended strategy,
aimed principally at preventing the dissemination of resistance
genes in hospital environments, and, consequently, at reducing
morbidity and mortality. The data generated in this study
indicate the importance of adopting measures of continuous
prevention to control the spread of ESBL- and carbapenemase-
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producing microorganisms in hospital settings and in the
community. Measures such as active surveillance, rational use
of antimicrobials, isolation precautions, hand hygiene, and
education for health personnel are fundamental for the success of
HAT prevention and control programs.
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RESUMO

Introdugdo: O aumento da incidéncia de microrganismos multirresistentes é considerado um dos principais problemas de satide
Diiblica. Uma das rotinas incluidas na prdtica hospitalar é a busca de pacientes colonizados e/ou infectados. Objetivo: Avaliar
a variabilidade genética e as relagoes clonais de X. pneumoniae produtoras de betalactamases de espectro estendido (ESBL) em
culturas de vigilancia de unidade de terapia intensiva (UTI) no Rio de Janeiro, Brasil. Materiais e métodos: Setenta isolados
obtidos a partir de swab retal, (mar¢o/2013 a marco/2014). O perfil de suscetibilidade a antibidticos foi avaliado pelo sistema
VITEK 2. Foram pesquisados os genes de resisiéncia: bla, , bla, bla bla, bla . bla, _bla bla ebla, pelareagio
em cadeia da polimerase (PCR). A diversidade genética foi avaliada por Enterobacterial Repetitive Intergenic Consensus-PCR (ERIC-
PCR). Resultados: Foram detectados altos percentuais de resisténcia a cefepime (94%), ceflazidima (96%), ertapenem (61%),
imipenem (54%) meropenem (43%) e ciprofloxacino (69%). Os genes prevalentes foram. bla,,, (69%), bla,, (63%), bla,, ,(60%),
bla,, (57%), bla,,, . - (47%), bla . (16%). Os genesbla, , bla, ebla, ndoforam detectados. Foram observados 29 perfis em
relagio aos genes de resisténcia, com 23% apresentando pelo menos cinco genes. Uma grande diversidade genélica (68 perfis)
Joi observada entre as cepas. Conclusdo: Embora ndo lenha sido observada relagdo clonal entre os isolados, este estudo revelou
dados alarmantes quanto a resisténcia microbiana em monitoramento preventivo, abordagem ainda pouco adotada no Brasil.
Nossos dados permitem concluir que a inclusao de culturas de vigilancia nas unidades de satide é uma estratégia recomendada,
visando principalmente a prevengio da disseminacdo dos genes de resisténcia no ambiente hospitalar e, consequentemente,

redugdo da morbimortalidade.

Unitermos: infeccdo hospitalar; monitoramento epidemiologico; Klebsiella pneumoniae; betalactamases; tipagem molecular.

Lab [Internet]. 2011 Fev; 47(1): 25-31. Available at: http;//www.scielo.br/
scielo.php?pid=S51676-24442011000100003&script=sci_arttext.

3. Paim RSP, Lorenzini E. Perfil de resisténcia antimicrobiana de uma

REFERENCES

1. Oliveira AC, Cardoso CS, Mascarenhas D. Precaugdes de contato em
unidade de terapia intensiva: fatores facilitadores e dificultadores para
adesdo dos profissionais. Rev Esc Enferm USP [Internet]. 2010 Mar;
44(1): 161-5. Available at: http;//wwwscielo.br/scielo.php?pid=S0080-
62342010000100025&script:sci_arttext.

2. Meyer G, Picoli SU. Fendtipos de [-lactamases em Klebsiella
pneumoniae de hospital de emergéncia de Porto Alegre. J Bras Patol Med

290

instituico hospitalar de médio porte da regido nordeste do Rio Grande
do Sul. 11 Congresso de Pesquisa e Extensdo da FSG; 2014 Maio 27-29;
Caxias do Sul, RS, Brasil.

4. Drawz SM, Bonomo RA. Three decades of B-lactamase inhibitors. Clin
Microbiol Rev. 2010 Jan; 23(1): 160-201. PubMed PMID: 20065329.

5. Bush K; Jacoby AG. Updated functional classification of B-lactamases.
Antimicrob Agents Chemother. 2010 Mar; 54(3): 969-76.



6. Garcia CS, Gandara MP, Garcia FJC. Betalactamasas de espectro
extendido en enterobacterias distintas de Escherichia coli y Klebsiella.
Enferm Infecc Microbiol Clin. 2010; 28(Supl 1): 12-8.

7. Ardanuy C, Lifiares ], Dominguez MA, Hernindez-Allés S,
Benedi V], Martinez-Martinez L. Outer membrane profiles of clonally
related Klebsiella pneumoniae isolates from clinical samples and
activities of cephalosporins and carbapenems. Antimicrob Agents
Chemother. 1998 Mar; 42(7): 1636-40. PubMed PMID: 9660996.

8. Dienstmannl R, Picoli SU, Meyer G, Schenkel T, Steyer J. Avaliacio
fenotipica da enzima Klebsiella pneumoniae carbapenemase (KPC) em
Enterobacteriaceae de ambiente hospitalar. ] Bras Patol Med Lab. 2010
Fev; 46(1): 23-7.

9. Giirntke S, Kohler C, Steinmetz I, et al. Molecular epidemiology of
extended-spectrum B-lactamase (ESBL)-positive Klebsiella pneumoniae
from bloodstream infections and risk factors for mortality. J Infect
Chemother. 2014; 20(12): 817-9. PubMed PMID: 25224765.

10. Ejaz H, Ul-Haq I, Mahmood S, Zafar A, Javed MM. Detection of
extended-spectrum B-lactamases in Klebsiella pneumoniae: comparison
of phenotypic characterization methods. Pak J Med Sci. 2013 May-Jun;
29(3): 768-72. PubMed PMID: 3809290.

11. Naas T, Cuzon G, Villegas MV, Lartigue ME, Quinn JP, Nordmann P.
Genetic structures at the origin of acquisition of the B-lactamase bla,
gene. Antimicrob Agents Chemother. 2008 Apr; 52(4): 1257-63. PubMed
PMID: 18227185.

12. Bayram A, Balci I. Patterns of antimicrobial resistance in a surgical
intensive care unit of a university hospital in Turkey. BMC Infect Dis
[Internet]. 2006 out; 6: 155. Available at: http;//www.biomedcentral.com/
content/pdf/1471-2334-6-155.pdf.

13. Stalder T, Barraud O, Casellas M, Dagot C, Ploy MC. Integron
involvement in environmental spread of antibiotic resistance. Front
Microbiol. 2012 Apr 9; 3: 119.

14. Elgorriaga-Tslas E, Guggiana-Nilo P, Dominguez-Yévenes M, et al.
Prevalence of plasmid-mediated quinolone resistance determinant aac
(6")-Ib-cr among ESBL producing enterobacteria isolates from Chilean
hospitals. Enferm Infecc Microbiol Clin. 2012 Oct; 30(8): 466-8. PubMed
PMID: 22542083.

15. Vrioni G, Daniil I, Voulgari E, et al. Comparative evaluation of a
prototype chromogenic medium (ChromID CARBA) for detecting
carbapenemase-producing Enterobacteriaceae in surveillance rectal
swabs. ] Clin Microbiol. 2012; 50(6): 1841-6. PubMed PMID: 22461675.

16. Agéncia Nacional de Vigilncia Sanitdria (Brasil). Nota técnica n.
01/2013: medidas de prevencéo e controle de infecgdes por enterobactérias
multiresistentes. Brasilia; 2013.

17. Centers for Disease Control and Prevention Health Alert
Network. 2013. CDC Health Advisory: new carbapenem-resistant
Enterobacteriaceae warrant additional action by healthcare providers.
CDC Health Alert Network, Atlanta, GA. Available at: http://www.bt.cdc.
gov/HAN/han00341asp.

18. Schechner V, Kotlovsky T, Kazma M, et al. Asymptomatic rectal
carriage of bla . producing carbapenem-resistant Enterobacteriaceae:
who is prone to become clinically infected? Clin Microbiol Infect. 2013;

19(5): 451-6. PubMed PMID: 22563800.

291

Detection of antimicrobial resistance genes in beta-lactamase- and carbapenemase-producing Klebsiella pneumoniae by patient surveillance cultures at an intensive care unit in Rio de Janeiro, Brazil

19. Liu Y, Liu C, Zheng W, et al. PCR detection of Klebsiella pneumoniae
in infant formula based on 163-23S internal transcribed spacer. Int ] Food
Microbiol. 2008; 125(3): 230-5. PubMed PMID: 1857924.

20. Steinmann J, Kaase M, Gatermann S, et al. Outbreak due to a Klebsiella
pneumoniae strain harbouring KPC-2 and VIM-1 in a German university
hospital, July 2010 to January 2011. Euro Surveill. 2011 Aug 18; 16(33).

21. Liu Y, Wan LG, Deng Q, Cao XW, Yu Y, Xu QF First description of
NDM-1-, KPC-2-, VIM-2- and IMP-4-producing Klebsiella pneumoniae
strains in a single Chinese teaching hospital. Epidemiol Infect. 2015 Jan;
143(2): 376-84.

22. Yigit H, Queenan AM, Anderson GJ, et al. Novel carbapenem-
hydrolyzing beta-lactamase, KPC-1, from a carbapenem-resistant strain
of Klebsiella pneumoniae. Antimicrob Agents Chemother. 2001; 45(4):
1151-61. PubMed PMID: 11257029.

23. Monteiro J, Santos AF, Asensi MD, Peirano G. First report of KPC-2-
producing Klebsiella pneumoniae strains in Brazil. Antimicrob Agents
Chemother. 2009 Jan; 53(1): 333-4.

24. Jemima SA, Verghese S. Multiplex PCR for bla(CTX-M) & bla(SHV)
in the extended spectrum B-lactamase (ESBL) producing gram-negative
isolates. Indian ] Med Res [Internet]. 2008 Set; 128(3): 313-7. Available
at: http://medind.nic.in/iby/t08/19/ibyt08i9p313.pdf.

25. Barguigua A, El Otmani E Talmi M, et al. Prevalence and genotypic
analysis of plasmid mediated B-lactamases among urinary Klebsiella
pneumoniae isolates in Moroccan community. J Antibiot (Tokyo). 2013;
66(1): 11-6. PubMed PMID: 23093031.

26. Pitout JD, Laupland KB. Extended-spectrum {3-lactamase-producing
Enterobacteriaceae: an emerging public-health concern. Lancet Infect
Dis. 2008 Mar; 8(3): 159-66. PubMed PMID: 18291338.

27. Mulvey MR, Grant JM, Plewes K, Roscoe D, Boyd DA. New Delhi metallo-
B-lactamase in Klebsiella pneumoniae and Escherichia coli, Canada.
Emerg Infect Dis. 2011 Jan; 17(1): 103-6. PubMed PMID: 21192866.

28. Versalovic J, Koeuth T, Lupski JR. Distribution of repetitive DNA
sequences in eubacteria and application to fingerprinting of bacterial
genomes. Nucleic Acids Res. 1991 Dec; 19(24): 6823-31. PubMed PMID:
329316.

29. Van Belkum A, Tassios PT, Dijkshoorn L, et al. Guidelines for the
validation and application of typing methods for use in bacterial
epidemiology. Clin Microbiol Infect Dis. 2007; 13(3): 1-46. PubMed
PMID: 17716294.

30. Barros ML, Bento CNJ, Caetano AJ, et al. Prevaléncia de micro-
organismo e sensibilidade antimicrobiana de infeccdes hospitalares em
unidade de terapia intensiva de hospital ptiblico no Brasil. Rev Ciénc Farm
Bésica Apl [Internet]. 2012; 33(3): 429-35. Available at: http;//serv-bib.
fcfar.unesp.br/seer/index.php/Cien_Farm/article/viewFile/2211/1267.

31. Perna SGDT, Puiatti MA, Perna DH, Pereira NMM, Couri MG,
Ferreira CMD. Prevaléncia de infeccdo hospitalar pela bactéria do género
Klebsiella em uma unidade de terapia intensiva. Rev Soc Bras Clin Med
[Internet]. 2015 Abr-Jun; 13(2): 119-23. Available at: http://files.bvs.br/
upload/$/1679-1010/2015/v13n2/a4740.pdf.

32. Calfee D, Jenkins SG. Use of active surveillance cultures to detect
asymptomatic  colonization with ~carbapenem-resistant  Klebsiella
pneumoniae in intensive care unit patients. Infect Control Hosp
Epidemiol. 2008 Oct; 29(10): 966-8. PubMed PMID: 18754738.



33. Carvalho R, Filho GPP. Epidemiologically relevant antimicrobial
resistance phenotypes in pathogens isolated from critically ill patients in
a Brazilian Universitary Hospital. Braz ] Microbiol [Internet]. 2015 dez;
39(4): 623-30. Available at: http://www.scielo.br/pdf/bjm/v39n4/arq05.
pdf.

34. Akpaka PE, Legall B, Padman J. Molecular detection and epidemiology
of extended-spectrum beta-lactamase genes prevalent in clinical isolates
of Klebsiella pneumoniae and E coli from Trinidad and Tobago. West
Indian Med J. 2010; 59(6): 591-6. PubMed PMID: 21702229.

35. Ghafourian S, Sadeghifard N, Sekawi Z, et al. Antimicrobial pattern
and clonal dissemination of extended-spectrum [3-lactamase producing
Klebsiella spp. isolates. Am J Infect Dis. 2010; 6(4): 110-21.

36. Moosavian M, Deiham B. Distribution of TEM, SHV and CTX-M genes
among ESBL-producing Enterobacteriaceae isolates in Iran. African
J Microbiol [Internet]. 2012 Jul; 6(26): 5433-9. Available at: http://
www.academicjournals.org/article/article1380879634_Moosavian%20
and%20Deiham.pdf.

37. Munoz-Price LS, Poirel L, Bonomo RA, et al. Clinical epidemiology of
the global expansion of Klebsiella pneumoniae carbapenemases. Lancet
Infect Dis. 2013 Sep; 13(9): 785-96.

38.Nordmann P, Poirel L. The difficult-to-control spread of carbapenemase
producers among Enterobacteriaceae worldwide. Clin Microbiol Infect.
2014 Sep; 20(9): 821-30.

39. Pasteran FG, Otaegui L, Guerriero L, et al. Klebsiella pneumoniae
carbapenemase-2, Buenos Aires, Argentina. Emerg Infect Dis. 2008 Jul;
14(7): 1178-80.

40. Rojas 1], Mojica ME, Blanco VM, et al. Emergence of Klebsiella
pneumoniae coharboring KPC and VIM carbapenemases in Colombia.
Antimicrob Antimicrob Agents Chemother. 2013 Feb; 57(2): 1101-2.

41. Peirano G, Seki LM, Val Passos VL, Pinto MC, Guerra LR, Asensi MD.
Carbapenem-hydrolysing B-lactamase KPC-2 in Klebsiella pneumoniae
isolated in Rio de Janeiro, Brazil. ] Antimicrob Chemother. 2009 Feb;
63(2): 265-8.

CORRESPONDING AUTHOR

Claudia Flores; Célia Maria C. P. A. Romao; Kayo Bianco; Catia Chaia de Miranda; Angela Breves; Ana Paula S. Souza; Rosana Maria R. Santos; Bianca O. Fonseca; Ivano de Filippis; Maysa M. Clementino

42. Fehlberg LG, Carvalho AM, Campana EH, Gontijo-Filho PP, Gales AC.
Emergence of Klebsiella pneumoniae-producing KPC-2 carbapenemase
in Parafba, Northeastern Brazil. Braz ] Infect Dis. 2012; 16(6): 577-80.

43. Seki LM, Pereira PS, Souza MP, et al. Molecular epidemiology of KPC-
2-producing Klebsiella pneumoniae isolates in Brazil: the predominance
of sequence type 437. Diagn Microbiol Infect Dis. 2011 Jun; 70(2): 274-7.
PubMed PMID: 21397425.

44. Vasques MR, Bello AR, Lamas CC, Correa ], Pereira JA. B-lactamase
producing enterobacteria isolated from surveillance swabs of patients in
a cardiac intensive care unit in Rio de Janeiro, Brazil. Braz J Infect Dis.
2011 Jan-Feb; 15(1): 28-33. PubMed PMID: 21412586.

45. Lee TD, Adie K, McNabb A, et al. Rapid detection of KPC, NDM,
and 0XA-48-like carbapenemases by real-time PCR from rectal swab
surveillance samples. J Clin Microbiol. 2015; 53(8).

46.Poulou A, Voulgari E, Vrioni G, et al. Outbreak caused by an ertapenem-
resistant, CTX-M-15-producing Klebsiella pneumoniae sequence type
101 clone carrying an OmpK36 porin variant. J Clin Microbiol. 2013 Oct;
51(10): 3176-82. PubMed PMID: 23850951.

47.Toval F, Guzman-Marte A, Madriz V, Somogyi T, Rodriguez C, Garcia F
Predominance of carbapenem-resistant Pseudomonas aeruginosa isolates
carrying blaIMP and blaVIM metallo-B-lactamases in a major hospital
in Costa Rica. ] Med Microbiol. 2015 Jan; 64(Pt 1): 37-43.

48. Nordamann P, Nass T, Poirel L. Global spread of carbapenemase-
producing Enterobacteriaeae. Emerg Infect Dis [Internet]. 2011
Out; 17(10): 1791-8. Available at:  hittp;//wwwnc.cdc.gov/eid/
article/17/10/11-0655_article.

49, Perilli M, Bottoni C, Grimaldi A, et al. Carbapenem-resistant Klebsiella
pneumoniae harbouring blaKPC-3 and blaVIM-2 from central Italy.
Diagn Microbiol Infect. 2013 Feb; 75(2): 218-21.

50. Cabral AB, Melo RC, Maciel MA, Lopes AC. Multidrug resistance genes,
including blaKPC and blaCTX-M-2, among Klebsiella pneumoniae
isolated in Recife, Brazil. Rev Soc Bras Med Trop. 2012; 45(5): 572-8.
PubMed PMID: 23152339.

Maysa Mandetta Clementino

Instituto Nacional de Controle de Qualidade em Satide; Fundagao Oswaldo Cruz; Av. Brasil, 4.365; 21045-900; Rio de Janeiro-R], Brasil; Phone.: +55 (21)

3805-5236; Fax: +55 (21) 2290-0915; e-mail: maysa.mandetta@incgs.fiocruzbr.

292



