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VESPERO, Eliana Carolina.  Caracterização e Epidemiologia Molecular de Cepas de 
Klebsiella pneumoniae Produtoras de ESBLs Isoladas de Pacientes do Hospital 
Universitário de Londrina, no período de 2000-2004.  2007.  102f.  Tese (Doutorado em 
Microbiologia) – Universidade Estadual de Londrina, Londrina, 2007. 
 
 

RESUMO 
 
 
Klebsiella pneumoniae  desempenha papel importante em infecções hospitalares causando, 
principalmente, pneumonia, sepse, infecção urinária e de ferida cirúrgica. Os objetivos deste 
estudo foram: determinar os perfis de resistência a antimicrobianos, caracterizar  ESBLs (β-
lactamases de espectro ampliado), avaliar a similaridade genética, comparar técnicas de 
tipagem molecular bacteriana e pesquisar a presença de integrons, em 141 cepas de K. 
pneumoniae isoladas de pacientes do Hospital Universitário de Londrina, no período de cinco 
anos (2000-2004). Após determinados os perfis de resistência (Kirby-Bauer), foram definidas 
as CIMs (Concentrações Inibitórias Mínimas)  aos antimicrobianos, utilizando o método de 
diluição em ágar (CLSI 2006). A produção de ESBLs foi confirmada utilizando os testes de 
associação com ácido clavulânico e de disco sinergismo. A pesquisa de genes de β-lactamases 
blaTEM, blaSHV e blaCTX-M, foi realizada por PCR e sequenciamento; foi ainda  realizada 
pesquisa de classes de integrons e caracterização do integron classe 1. Para determinar a 
similaridade genética entre as cepas foram utilizados métodos baseados em PCR e RFLP-
PFGE. Todas as amostras apresentaram sensibilidade aos antimicrobianos imipenem,  
meropenem e cefoxitina. Presença de diferentes genes e combinações de genes que codificam 
enzimas nas cepas, foi observado, sendo blaCTX-M-2 o mais freqüente (131 isolados). A 
presença de integrons revelou: 131 (93%) cepas com integron classe 1; nove (6,4%) com 
classe 2 e sete (5%) cepas com ambas as classes. Não foi detectada a presença de integron 
classe 3. A caracterização do integon classe 1 transportando o gene blaCTX-M-2  demostrou 
tratar-se de um integron classe 1 incomum. Entre os métodos de tipagem, PFGE apresentou 
elevado índice de discriminação (DI) com 0,989, REP-PCR (0,969), combinação dos cinco 
métodos (0,999), combinação rep-PCR e RAPD (0,986); seguidos de RAPD (0,946), ERIC-
PCR (0,938) e BOX-PCR (0,937). Nossos resultados sugerem que os métodos baseados em 
PCR são apropriados para análise inicial de cepas de K. pneumoniae e que RFLP-PFGE seria 
indicada para análise complementar. CTX-M-2 foi a ESBL prevalente em nossa região e os 
genes que a codificam encontram-se localizadas em um integron  classe 1 incomum. Este 
integron já  foi descrito transportando a  mesma enzima na Argentina e no Uruguai, no 
entanto, este é o primeiro relato deste integron em nossa região, no Brasil. Nossos resultados 
sugerem que ESBLs, em K. pneumoniae, sobre tudo CTX-M-2 e SHV-5 são as enzimas mais 
freqüentes em nossa região. E que a multiplicidade de genótipos pode ser resultante da 
disseminação da enzima CTX-M-2 e de genes de resistência presentes em elementos 
genéticos móveis, incluindo integrons. 
 
 
Palavras-chave: Epidemiologia molecular. Microbiologia. Streptococcus pneumoniae. 
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Strains of ESBLs producing Klebsiella pneumoniae Isolated from Patients of University 
Hospital of Londrina, in a period of 2000-2004.  2007.  102p.  Thesis (Ph. D in 
Microbiology) – Universidade Estadual de Londrina, Londrina, 2007. 
 
 

ABSTRACT 
 
 
The role of Klebsiella pneumoniae as nosocomial agent has been frequently described 
particularly in urinary tract infections, pneumonia, sepse and wounds. The aim of this study 
was to evaluate the resistance profiles, to characterize different ESBLs produced,  to analyse 
the level of genetic similarity, to compare different molecular typing techniques and to detect 
the presence of integrons in 141 ESBLs-producing K. pneumoniae strains, isolated from 
hospitalized patients, obtained over a five-year period (2000-2004), in a hospital in Paraná 
State, southern Brazil. Strains were initially tested for their resistance to antimicrobial drugs 
(Kirby-Bauer), MICs were determined by agar dilution method (CLSI 2006). ESBL 
production was confirmed using the clavulanic acid association and double disk screening. 
For detection of blaTEM, blaSHV e blaCTX-M, PCR and sequencing was used. It was also 
performe thr search for different classes of integrons and the class 1 integron carrying the 
gene blaCTX-M-2, was characterized. To determine genetic similarity among the strains methods 
based on PCR and RFLP-PFGE were used. All strains presented susceptibility to imipenem, 
meropenem and cefoxitin. Different genes and combination genes for ESBL were detected 
among the isolates, and blaCTX-M-2  was  the most frequent (131 isolates). Presence of integrons 
was as follows: 131 (93%) class 1, nine (6.4%) class 2 and seven (5.0%) harbouring both 
classes integrons. No class 3 integron was detected. Characterization of class 1 integron 
harbouring blaCTX-M-2 showed that it is an uncomum class 1 integron. Among the methods for 
molecular typing RFLP-PFGE presented a good discriminatory index (DI) (0,989) and REP-
PCR (0,969), the combination of the five methods  (0,999), combination of  rep-PCR and 
RAPD (0,986), followed by RAPD (0,946), ERIC-PCR (0,938) and BOX-PCR (0,937). These 
results suggest that PCR based methods are adequate for the initial analysis for diversity of K.  
pneumonia strains, while RFLP-PFGE as a complementary one.  CTX-M-2  the prevalent 
ESBL in our region is located in the uncommom class 1 integron as already described in 
Argentia and Uruguai. This integron is being reported for the first time, in our region, in 
Brazil. Our results suggest that ESBLs-producing K. pneumoniae strains, mainly CTX-M-2 
and SHV-5 are the more frequent in our region. We can also suggest that the diversity of 
genotypes may be the results as well as de dissemination of CTX-M-2, and the fact that 
resistance genes are frequently present in genetic mobile elements, like integrons.  
 
 
Keywords: Molecular epidemiology. Microbiology. Streptococcus pneumoniae. 
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1 INTRODUÇÃO 

 

 

Klebsiella pneumoniae está entre as espécies de maior importância em 

infecção hospitalar, embora espécies de Klebsiella estejam amplamente distribuídas no 

ambiente (água, solo e plantas) e fazem parte da microbiota normal dos tratos respiratório e 

digestório, em humanos e outros animais.  

K. pneumoniae é a espécie mais importante do gênero e, depois de 

Escherichia coli, tem sido considerada o segundo agente gram-negativo nosocomial mais 

freqüente em bacteremia. No entanto, infecções por este patógeno podem ocorrer em quase 

todos os sítios do corpo humano, causando sepse, pneumonia, infecções do trato urinário e de 

feridas cirúrgicas (SCHABERG et al., 1991). Sua capacidade de infecção se deve a vários 

fatores de virulência, como a cápsula. Com a aquisição de mecanismos de resistência a novos 

antimicrobianos, este microrganismo tem alcançado notoriedade como patógeno hospitalar 

responsável por diversos surtos, principalmente em unidades de alto risco, como de terapia 

intensiva e neonatal (BEN-HAMOUDA et al., 2004; BAGATTINI et al., 2006). 

Espécies pertencentes a este gênero estão presentes em ambientes 

hospitalares como pisos, pias, desinfetantes e equipamentos inalatórios (HOBSON et al., 

1996), em proporções que levam à colonização de pacientes a qual é proporcional ao tempo 

de hospitalização. Kramer et al. (2006) avaliaram o tempo que um patógeno hospitalar 

persiste em superfícies inanimadas e verificaram que Klebsiella spp. foi capaz de sobreviver 

em ambiente hospitalar por mais de 30 meses. Cotton et al.(2000), relataram um surto 

ocorrido em unidade neonatal por cepa de K. pneumoniae produtora de ESBL (β-lactamase de 

espectro ampliado),  cujo  vetor eram baratas. Segundo alguns autores, a alta taxa de 

colonização hospitalar por K. pneumoniae estaria mais associada ao uso inadequado de 

antimicrobianos do que com os procedimentos hospitalares (PODSCHUN; ULLMANN, 

1998; WALLS, 2000). Em pelo menos 80% dos pacientes com infecção por cepas de K. 

pneumoniae produtoras de ESBL a bactéria tem sido isolada a partir do trato gastrointestinal, 

sendo este, portanto importante fonte de transmissão (PENA e tal., 1998).   

O principal mecanismo de resistência de bactérias gram-negativas é a 

produção de β-lactamases, enzimas que inibem a ação de drogas β-lactâmicos, 

impossibilitando assim a sua atividade antimicrobiana (LIVERMORE, 1995). As ESBLs mais 

freqüentemente encontradas, em K. pneumoniae,  são as pertencentes aos grupos TEM e  

SHV, sendo descritos atualmente mais de 160 tipos de TEM e mais de 104 de SHV. Na 
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década de 90, surgiram ESBLs denominas CTX-M, que hidrolisam preferencialmente 

cefotaxima e têm sido descritas, com grande freqüência, em cepas de K. pneumoniae, sendo 

conhecidos  atualmente mais de 69 tipos de CTX-M (MACK; MACK, 2003; CANTON; 

COQUE, 2006; http: /www.lahey.org/ studies).   

ESBLs são codificadas por genes presentes em grandes plasmídios, de 80 a 

300 kb, os quais podem ser transferidos entre espécies bacterianas, facilitando sua 

disseminação. Em diversos casos, esses plasmídios podem apresentar outros genes que 

codificam resistência antimicrobiana, podendo ocorrer, concomitantemente, a expressão de 

ESBLs e resistência aos aminoglicosídeos, sulfonamidas, tetraciclina, cloranfenicol e 

quinolonas  (WINOKUR et al., 2001;  BRADFORD, 2001).  

Os métodos de tipagem molecular são de grande importância quando se 

estuda a epidemiologia dos microrganismos e no controle de infecções hospitalares. Testes de 

tipagem bacteriana têm por objetivo não somente a inclusão ou exclusão de amostras, mas, 

prioritariamente, a definição das fontes e rotas de transmissão de microrganismos dentro do 

ambiente hospitalar (SINGH et al., 2006).  

Os estudos sobre mecanismos de resistência de K. pneumoniae, bem como a 

epidemiologia das principais enzimas responsáveis pela resistência às cefalosporinas de 

amplo espectro e dos elementos genéticos que facilitam a sua disseminação, podem contribuir 

para a compreensão da dinâmica das infecções hospitalares como um todo e a padronização 

de ações que visem minimizá-las.  
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2 OBJETIVOS 

 

 

Considerando a importância da bactéria aqui estudada e seus mecanismos de 

resistência a antimicrobianos, principalmente em ambiente hospitalar, foram estabelecidos os 

objetivos deste estudo. 

 

 

2.1 OBJETIVO GERAL 

 

 

Caracterização molecular e epidemiológica das enzimas detectadas em 

cepas de K. pneumoniae produtoras de ESBLs, isoladas de pacientes do Hospital 

Universitário de Londrina, no período de 2000-2004. 

 

 

2.2 OBJETIVOS ESPECÍFICOS 

 

 

2.2.1. Avaliar o perfil de sensibilidade a antimicrobianos das cepas de K. pneumoniae 

produtoras de ESBLs.  

2..2.2. Caracterizar as β-lactamases produzidas pelas cepas estudadas, utilizando  técnicas de 

PCR e de seqüenciamento. 

2..2.3. Detectar a similaridade genética das amostras de K. pneumoniae pelas técnicas  de 

tipagem  molecular baseadas em PCR (ERIC, REP, BOX e RAPD) e RFLP-PFGE e 

comparar  seu poder discriminatório. 

2.2.4. Pesquisar a presença de diferentes classes de integrons entre as amostras de K.   

pneumoniae e caracterizar integron classe 1. 
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3 REVISÃO BIBLIOGRÁFICA 

 

 

As bactérias pertencentes ao gênero Klebsiella (família Enterobacteriaceae) 

são bastonetes Gram-negativos, imóveis, geralmente capsulados, anaeróbios facultativos, não 

esporulam, fermentam vários carboidratos, inclusive a lactose; algumas espécies produzem 

urease e 2,3-butilenoglicol como produto final da fermentação da glicose (teste de Voges 

Proskaeur) (FARMER, 1999).  

Suas características de patogenicidade lhe conferem a capacidade de 

sobreviver em diferentes ambientes na natureza, em hospitais, bem como colonizar e causar 

infecções  em diferentes sítios do paciente. Dentre essas características a produção de cápsula 

(WILLIAMS; TOMAS,1990), a resistência sérica (MONTENEGRO et al., 1985; ALBERTÍ 

et al., 1993) e a  produção de sideróforos (REISSBRODT; RABSCH, 1988; PODSCHUN; 

ULLMANN, 1998), contribuem para sua capacidade invasiva, protegendo-a dos mecanismos 

de defesa do hospedeiro (PODSCHUN; ULLMANN, 1998). 

As bactérias da espécie K. pneumoniae são caracterizadas como 

microrganismos invasores, capacidade esta que lhes é conferida pela presença de cápsula, a 

qual é essencial para sua virulência e é composta de uma camada espessa de polissacarídeo 

responsável pelo aspecto brilhante e mucóide das colônias em ágar (BRISSE et al., 2004). O 

polissacarídeo capsular confere resistência à fagocitose e impede a morte da bactéria pelos 

fatores de resistência do soro, através da inibição da ativação do componente C3b do 

complemento (WILLIAMS; TOMAS, 1990). Existem 77 sorotipos capsulares sendo K1, K2, 

K4 e K5 considerados os mais virulentos. 

É preciso lembrar que o fenômeno essencial para a instalação de uma 

bactéria no hospedeiro é a etapa de adesão, não importa quais sejam as outras propriedades de 

virulência (FINLAY; FALKOW, 1997). Em Klebsiella várias adesinas fimbriais (fimbrias 

tipo 1,  tipo 3 e KPF 28) e afimbriais, são descritas (CF29K e adesina  cápsula-like de 

Klebsiella). 

As fímbrias ou pili tipo 1, são hemaglutininas manose sensíveis (HAMS), 

comumente encontradas na maioria dos gêneros da família Enterobacteriaceae (CLEGG; 

GERLACH, 1987), com variações estruturais entre os diferentes gêneros. São as adesinas 

bacterianas mais investigadas, apresentando HAMS com eritrócitos de cobaia. Possuem duas 

subunidades importantes: FimA, a maior subunidade que constitui mais de 95%  do cerne 

fimbrial é estrutural e antigenicamente heterogênea entre as diferentes espécies e a FimH que 
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reconhece o  receptor  para fimbria tipo 1 no hospedeiro (SCHEMBRI et al., 2005; DUNCAN 

et al., 2005). 

A fimbria tipo 3 foi originalmente caracterizada pela sua capacidade de 

aglutinar eritrócitos tratados com ácido tânico (DUGUID, 1959). Apesar da denominação 

“hemaglutinação manose resistente de Klebsiella” (MR/KHA), estudos posteriores 

demonstraram que esta fimbria é produzida por outros membros da família 

Enterobacteriaceae. Entretanto, fimbrias tipo 3 não são idênticas em todas as enterobactérias, 

apresentando diversidade antigênica entre as espécies (CLEGG; GERLACH, 1987). Possuem 

duas subunidades importantes a subunidade mrkA  codifica o principal componente fimbrial, 

a proteína MrkA de 20,5 kDa denominada pilina. A  adesina MrkD tem sido descrita como 

mediadora da aderência à membrana basal e à superfície basolateral dos epitélios renal e 

pulmonar (SCHURTZ et al., 1994), enquanto a adesina MrkA, tem sido descrita como 

facilitadora na formação de biofilmes em superfícies abióticas (DI MARTINO  et al., 2003; 

BODDICKER et al., 2006). 

A expressão de cada fator é cuidadosamente coordenada a nível genético. 

Assim, no caso de infecção urinária, os mecanismos de adesão são essenciais para sua 

permanência em local com fluxo contínuo de líquidos, como é a bexiga. Essas adesinas são 

também de grande valor em infecções do trato respiratório, o mesmo ocorrendo nos casos de 

meningite por esta espécie, no entanto, a bactéria só atingirá este sítio se estiver 

adequadamente protegida por sua cápsula.  

As interações mais proeminentes entre diferentes fatores de virulência 

levam ao quadro final de infecção. Cápsula e fimbria são componentes estruturais da 

superfície bacteriana, essenciais para sobrevivência e virulência de K. pneumoniae, no 

entanto, tem ocorrido relatos conflitantes na literatura sobre a expressão simultânea destes 

fatores.  Tarkkanen et al. (1992) relataram que 29 das 32 cepas capsuladas de K. pneumoniae 

isoladas de ITU eram capazes de expressar fimbria tipo 1. Já em 1999 Matatov et al. 

mostraram, a partir de cepas isoladas de sepse e ITU, que amostras capsuladas isoladas de 

sepse não produziam fimbria tipo 1, enquanto, que a maioria das isoladas de ITU 

expressavam fimbria tipo 1 e não eram capsuladas. Os mesmos autores sugerem que cepas 

capsuladas eram incapazes de fazer a montagem da fimbria funcional (MATATOV et 

al.,1999).  Sahly et al. (2000) em estudo realizado com cepas apresentando tipos capsulados e 

não capsulados, previamente caracterizadas, relataram que nenhuma produziu fimbria tipo 1. 

Já Schembri et al., (2005) relataram que fimbria tipo1 e cápsula possuem importante papel na 

formação de biofilme, mas são expressadas em diferentes fases, ou seja, as fimbrias no 
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processo inicial de adesão e o polissacarídeo capsular durante o desenvolvimento de 

estruturas de amadurecimento o biofilme.   

O mecanismo exato de resistência bactericida ao soro é desconhecido. 

Várias proteínas de membrana externa, como a lipoproteína TraT ou porinas 

(MONTENEGRO et al., 1985; ALBERTÍ et al., 1993), igualmente  a cápsula e  antígenos O 

(LPS)  tem sido implicados (WILLIAMS et al., 1983; TOMÁS et al.,1986). Dos nove 

sorogrupos de antigeno O descritos em K. pneumoniae, o O1 é o mais comum (SAHLY et al., 

2004).  

O crescimento da bactéria no tecido hospedeiro pode se limitado por 

mecanismos de defesa deste, bem como pela disponibilidade do ferro. A aerobactina e a 

yersiniabactina são sideróforos importantes em K. pneumoniae para a manutenção da infecção 

no hospedeiro, contribuindo para um fenótipo mais virulento desta bactéria (PODSCHUN; 

ULLMANN, 1998; LAWLOR  et al., 2007).  

Estudos recentes sugerem que a formação de biofilme pode ser um fator de 

virulência importante em K. pneumoniae, lembrando que as bactérias encontradas dentro do 

biofilme são mais resistentes ao tratamento com antibióticos do que as que crescem 

plantonicamente (JAGNOW & CLEGG, 2003). K. pneumoniae é capaz de formar biofilme 

em superfícies abióticas, bem como em superfícies revestidas com matriz extracelular humana 

e proteínas derivadas do hospedeiro. Biofilmes produzidos por K pneumoniae são detectados 

em cateteres e tubos endotraqueais (FUX et al., 2005), sendo, portanto, de grande importância 

em ambiente hospitalar interferindo com a terapia antimicrobiana.  

 

 

3.1 EPIDEMIOLOGIA 

 

 

A incidência das infecções por K. pneumoniae produtoras de ESBL varia 

entre países e entre regiões de um mesmo país (WINOKUR et al., 2001; TURNER, 2005). 

Segundo estudo realizado pelo programa MYSTIC (Meropenem Yearly Susceptibility Test 

Information Collection) com isolados clínicos de K. pneumoniae produtoras de ESBL, durante 

os anos 1997-2003, de todo os continentes, verificou-se que nos Estados Unidos 12,3% das 

cepas eram produtoras de ESBL. Na Europa, a incidência dessas cepas  apresenta variação de 

acordo com a região: na Europa oriental, 58,7%, no norte da Europa 16,7% e no sul da 

Europa, 24,4%. Na Ásia, 28,2% das amostras de K. pneumoniae eram produtoras de ESBL, 
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com exceção do Japão onde a incidência foi menor que 5%  e na América do Sul,  que 

apresentou a incidência mais alta, de 51,9% (TURNER, 2005; PATERSON, 2005).  De 

acordo com Bell et al. (2002) na África do Sul, a incidência das infecções causadas por cepas 

de K. pneumoniae produtoras de ESBL foi de 36,1%. 

Estudo realizado em 2004 na Europa, América Latina e América do Norte, 

pelo SENTRY (Antimicrobial Surveillance Program), com a finalidade de avaliar a 

freqüência e o padrão de resistência de bactérias isoladas de pacientes pediátricos, revelou que 

22,5% das cepas de Klebsiella spp. eram produtoras de ESBLs (FEDLER et al., 2006). 

No Brasil, as taxas das infecções causadas por este microorganismo são 

maiores do que as encontradas em diferentes partes do mundo. Em estudo realizado pelo 

programa MYSTIC Brasil em 2003, K. pneumoniae foi o 3º bacilo gram negativo mais 

freqüentemente isolado em hospitais brasileiros (16,9%), sendo que 51,9% destas amostras 

eram produtoras de ESBLs. De acordo com estudos de Kiffer et al. (2005), K. pneumoniae foi 

responsável por 17,2% das infecções da corrente sangüínea relacionadas a cateter; 12% do 

trato respiratório; trato urinário, 18,6% e infecções de pele e tecidos moles 11,5%. Gales 

(1997) e Marra (2002) em estudos desenvolvidos no Hospital São Paulo da Universidade 

Federal de São Paulo (HSP/UNIFESP) constataram respectivamente, que 39,0% e 52,3% das 

cepas de K. pneumoniae isoladas de amostras clínicas eram produtoras de ESBL. Dados 

fornecidos pela CCIH do Hospital Universitário-UEL mostram que as freqüências de K. 

pneumoniae em isolados de colonização e de infecção hospitalar nos períodos de janeiro a 

outubro de 2002 foram de 7,8% e de outubro de 2002 a maio de 2003, de 11,6% (comunicado 

interno). Ainda no mesmo hospital, a presença de cepas de K. pneumoniae produtoras de 

ESBLs em 2004 foi detectada em 28% e  em 2005, em 25,1%,  do total  de  isolados desta 

bactéria (comunicação pessoal do laboratório de microbiologia).    

 

 

3.2 RESISTÊNCIA A DROGAS ANTIMICROBIANAS 
 

 

O desenvolvimento e a disseminação de diversos mecanismos de resistência 

a antimicrobianos resulta no declínio contínuo da eficácia da maioria dos antimicrobianos ao 

longo das últimas décadas. A resistência bacteriana a antimicrobianos é, atualmente um 

importante problema na maioria dos continentes e uma ameaça à saúde humana. Apesar disso, 

permanecem pouco conhecidas informações a respeito de sua disseminação e distribuição 
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geográfica em países em desenvolvimento (GUZMAN-BLANCO et al., 2000; PATERSON, 

2006). A freqüência de resistência bacteriana está intimamente relacionadas às normas de 

utilização de agentes antimicrobianos em uma comunidade. O uso indiscriminado dessas 

drogas, por vários anos, nos diversos setores da saúde, tem sido um fator importante no 

desenvolvimento de resistência, praticamente, em todas as espécies bacterianas. Ainda mais 

grave é que cepas bacterianas multirresistentes são cada vez mais comuns em ambientes 

hospitalares (SAHLY et al., 2004;  COLODNER, 2005). 

A resistência aos antimicrobianos é o melhor exemplo da rápida adaptação 

da bactéria a um novo ecossistema. A habilidade da bactéria em ampliar seu nicho ecológico, 

também na presença de determinados antibióticos, pode explicar a aquisição de genes por 

transferência de  material  genético através  de  conjugação,  transformação  e transdução e/ou 

pelo acumulo de mutações pontuais, levando a modificações de genes existentes 

(SUNDSTROM, 1998; CARATOLLI, 2001). Vários mecanismos de resistência estão 

envolvidos, entre eles: alteração conformacional e bioquímica do sítio alvo; alteração da 

permeabilidade da parede celular da bactéria ao antimicrobiano; efluxo ativo; inativação 

enzimática do antimicrobiano (SANDERS; SANDERS, 1992; LIVERMORE, 1998). 

Resumidamente pode-se dizer que a resistência ocorre pela pressão seletiva do uso 

inadequado de antimicrobianos, pela disseminação clonal ou pela transferência horizontal de 

genes de resistência (WITTE, 2004).  

A emergência e a disseminação de resistência entre as espécies de 

Enterobacteriaceae trazem complicações para o tratamento de infecções hospitalares graves e 

podem contribuir para o aparecimento de espécies resistentes a todos antimicrobianos 

atualmente disponíveis. Em particular, K. pneumoniae, é um patógeno extremamente 

importante em infecções hospitalares uma vez que pode apresentar resistência múltipla a 

antimicrobianos de diferentes classes (PATERSON, 2006). 

Amostras de K. pneumoniae apresentam resistência intrínseca a ampicilina e 

carbenicilina, a qual se deve à presença de genes em seu cromossomo que codificam as ß-

lactamases TEM-1 e SHV-1 (FARMER, 1999). Essas  ß-lactamases, foram  descritas pela 

primeira vez em 1960 em amostras de E. coli e Salmonella paratyphi, logo após a introdução 

de ampicilina no tratamento de infeções causadas por esses microrganismos. Com isto, desde 

a década de 60 vem ocorrendo a disseminação da ß-lactamase plasmidial TEM-1 a outras 

espécies de gram-negativas (PALZKILL, 1998). K. pneumoniae  pode ainda produzir a 

enzima SHV-1 (“sulphidril variable”) em baixos níveis, o que se traduz por resistência a 

ampicilina, amoxicilina, carbenicilina e ticarcilina. Cefalosporinas de primeira geração como 
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cefalotina e cefalexina também são degradadas por estas enzimas (LIVERMORE, 1995). Com 

a introdução do uso clínico de ß-lactâmicos de amplo espectro, em 1978 na Europa e em 1981 

nos Estados Unidos, os microrganismos quando submetidos à ação destes antimicrobianos, 

sofrem pressão, resultando em resistência às cefalosporinas de amplo espectro. Como 

conseqüência do uso extensivo de antimicrobianos ß-lactâmicos de amplo espectro, na década 

de 80, microrganismos que produziam ß-lactamases mediadas pelos genes blaTEM e blaSHV 

desenvolveram ainda resistência a cefalosporinas de amplo espectro e monobactâmicos,  

resultando na produção de ESBL (NAUMOVSKI et al., 1992; MEYER et al., 1993). 

ESBLs são enzimas capazes de hidrolisar todos os antimicrobianos �-

lactâmicos com exceção das cefamicinas (cefoxitina e cefotetan) e de carbapenems (imipenem 

e meropenem). Sua característica fenotípica importante é que geralmente permanecem 

sensíveis à ação de inibidores de ß-lactamases como sulbactam e ácido clavulânico, descritos 

na década de 70, e tazobactam descrito na década de 80. Esses inibidores formam um 

complexo protéico com a  ß-lactamase, bloqueando, desta maneira, a atividade hidrolítica 

dessas enzimas (WILLIAMS, 1997). Estas características permitem classificar as ESBLs, de 

acordo  com o esquema proposto para β-lactamases, por Bush-Jacoby-Medeiros, como 

pertencentes ao grupo 2be (BUSH et al., 1995). As espécies produtoras de ESBLs podem 

sobreviver por longos períodos de tempo em hospitais, com freqüência ocasionando surtos 

(THOMSON et al., 1996; BRADFORD, 2001).  

Utilizando testes de hibridação ou análise de seqüência de nucleotídeos das 

ESBLs, ficou demonstrado que mutações ocorridas nos genes estruturais que codificam as 

enzimas TEM-1, TEM-2 e SHV-1, em locais próximos aos seus sítios ativos, resultavam em 

alterações na seqüência de aminoácidos, originando as novas ß-lactamases de espectro 

ampliado (DU BOIS et al., 1995).  

ß-lactamase TEM–1, a enzima mais comumente encontrada em bactérias 

Gram-negativas, foi detectada em Atenas, em 1963. O termo TEM deriva de “Temoniera”, 

nome da paciente de cujo material clínico, uma hemocultura, foi isolada a primeira cepa de E. 

coli produtora desta enzima. TEM-2, a primeira derivada de TEM-1, apresenta um único 

aminoácido substituído na molécula da ß-lactamase original. Isto origina a mudança no ponto 

isoelétrico de 5,4 para 5,6, mas não  altera  o substrato. TEM-3, relatada em 1987, foi a 

primeira a manifestar o fenótipo ESBL. Desde então, foi observado o aumento rápido no 

número e nas variantes de espectro ampliado do tipo TEM.  A substituição do aminoácido na 

enzima TEM ocorre em número limitado de posições. A combinação na mudança destes 

aminoácidos resulta em várias alterações sútis no fenótipo ESBL, como a capacidade de 
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hidrolisar oximino-cefalosporinas, tais como ceftazidima e cefotaxima (HERITAGE et al., 

1999; BRADFORD, 2001; MACK; MACK, 2003). ß-lactamases do tipo TEM são 

encontradas em todos os países, sendo predominante na América do Norte  (PATERSON; 

BONOMO, 2005).  

ß-lactamase SHV-1 é a enzima mais comumente encontrada em K. 

pneumoniae; seu primeiro relato ocorreu em 1972 e foi assim denominada pela característica 

química de apresentar variações na ligação ao seu grupo sulfidrila  (MEDEIROS, 1995). Em 

1983, três isolados de K.pneumoniae e um de Serratia marcescens, no oeste da Alemanha, 

demonstraram resistência a cefotaxima e às demais novas cefalosporinas de terceira geração. 

Esta nova ß-lactamase plasmidial chamada SHV-2, derivou de uma mutação de SHV-1 

(KNOTHE, 1983). A mutação, mudança de aminoácido na posição 238 de glicina para serina, 

resultou em aumento da afinidade de SHV-1 por oximino-cefalosporinas, com valores mais 

elevados dos MICs para cefotaxima e valores menores dos MICs para ceftazidima. 

Posteriormente, foi descrita uma variedade de  ESBL tipo SHV contendo outras substituições 

de aminoácidos, sendo que a mudança de aminoácido  nas posições 179, 205 e 240, resultam 

na produção de altos níveis de enzimas  ESBLs (MACK; MACK, 2003). ESBLs do tipo SHV 

são as mais freqüentemente produzidas por bactérias isoladas de materiais clínicos (JACOBY, 

1997). Após 15 anos da descoberta de SHV-2, esta enzima foi detectada em todos os 

continentes (PATERSON et al., 2003).  ESBLs do tipo SHV têm sido a causa de surtos não só 

por Enterobacteriaceae, mas também por Pseudomonas aeruginosa e Acinetobacter spp. 

(POIREL et al., 2004; HUANG et al., 2004). 

A primeira enzima CTX-M foi isolada na Alemanha em 1989, por 

Bauernfeind et al. (1990) que relataram o isolamento de uma cepa de E. coli resistente a 

cefotaxima, cuja ESBL não era TEM nem SHV, sendo então designada CTX-M-1, devido à 

capacidade de hidrolisar  cefotaxima. Concomitantemente, grande disseminação de cepas de 

Salmonella resistentes a cefotaxima foi relatada na América do Sul (BAUERNFEIND et al., 

1992; POWER et al., 1999).  Estas enzimas apresentam ponto isolelétrico superior a 8,0, 

conferem  níveis altos de  resistência à cefotaxima, superiores à ceftazidima, apresentam 

intensa atividade hidrolítica contra cefotaxima e sofrem ação inibitória pelo tazobactam, dez 

vezes superior à do ácido clavulânico (BUSH  et al., 1993; BONNET, 2004).   

Embora o primeiro isolado de CTX-M tenha sido relatado em 1989, estas 

enzimas tiveram expansão significante somente a partir de 1995. Inicialmente, eram 

encontradas predominantemente em três áreas geográficas: América do Sul, Extremo Oriente 

e Europa Oriental (POWER et al., 1999; BONNET et al., 2000). Atualmente, vários autores 
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relataram a detecção desta enzima em regiões como: Estados Unidos, Canadá  e Norte da 

Europa, locais onde inicialmente, não eram freqüentes (PATERSON; BONOMO, 2005). 

 As enzimas CTX-M são subclassificadas, em 5 grupos, de acordo com a 

similaridade nas seqüências de aminoácidos em: CTX-M-1-, CTX-M-2, CTX-M-8, CTX-M-9 

e CTX-M-25 (http:/www.lahey.org/studies/webt.stm). As enzimas CTX-M estão fortemente 

relacionadas com as β-lactamases de Kluyvera spp e se originaram, provavelmente, da 

transferência horizontal de genes e subseqüente mutação dessa enzima em diferentes espécies. 

Os genes cromossomais das  β-lactamases de Klyuvera ascorbata, KLUA, e de Kluyvera 

georgiana, KLUG-1, apresentam,  99% de homologia com os grupos CTX-M-2 e CTX-M-8 

(BRADFORD et al., 1998; HUMENIUK et al., 2002). A β-lactamase de Klyuvera 

cryocrescens, designada KLUC-1, apresenta 85% a 86% de homologia com as enzimas do 

grupo β-lactamases CTX-M-1 (DECOUSSER et al., 2001). Os progenitores dos outros grupos 

ainda não são conhecidos. As β-lactamases do tipo CTX-M tem 40% ou menos de 

similaridade com as outras ESBLs, TEM e SHV (PATERSON; BONOMO, 2005; 

LIVERMORE et al., 2007).  

 Apesar de serem isoladas em todos os continentes, algumas enzimas CTX-

M são predominantes em algumas regiões. Na América do Sul, a enzima CTX-M-2 são  

predominantes, sendo que na Argentina 75% das enzimas CTX-M isoladas em 

Enterobacteriaceae são CTX-M-2 (QUINTEROS et al.,1999); no Brasil, CTX-M-2, CTX-M-

8 e CTX-M-16 tem sido relatadas (BONNET et al., 2000; BONNET et al., 2001). No Reino 

Unido, onde a primeira CTX-M foi detectada somente no ano de 2000, Livermore et al. 

(2007) relataram que 90% dos isolados são produtores de CTX-M-15.  Na China, têm sido 

descritas CTX-M-3, CTX-M-9, CTX-M-13 e CTX-M-14 em cepas de K. pneumoniae e 

Enterobacter cloacae (XIONG et al., 2002; WANG et al., 2003). Em Taiwan, estudos 

demonstraram disseminação clonal de K. pneumoniae produzindo CTX-M-3 e CTX-M-14 e 

na Coréia do Sul, CTX-M-14 também é predominante (YU et al., 2002;WANG et al., 2003). 

Na África, Kenya, clones bacterianos produtores de CTX-M-12 foram isolados (KARIUK et 

al., 2001). 

Os tipos de enzimas CTX-M mais disseminadas pelo mundo são CTX-M-2, 

CTX-M-3 e CTX-M-14 (BRINAS et al.; 2003; BONNET, 2004) e tem sido detectados em 

isolados de humanos e de animais saudáveis, podendo, estes, serem reservatórios  de  

bactérias produtoras dessas enzimas (WANG et al., 2003).Estas enzimas estão envolvidas em 

surtos de ESBLs em  hospitais, disseminadas entre estados, países  ou até mesmo, ente os 

continentes. O aparecimento e a disseminação destas enzimas é decorrente da transmissão de 
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plasmídios ou de amostras epidêmicas, ou ainda através de elementos móveis como 

seqüências de inserção, transposons e integrons (COQUE et al., 2002; BONNET et al, 2004).  

Genes que codificam ESBLs blaTEM ou blaSHV são usualmente localizadas 

em plasmídios conjugativos,  podendo se localizar em elementos genéticos, como integrons, 

que facilitam sua disseminação,  como ocorre com  blaCTX-M.. (BRADFORD, 2001; CANTÓN 

et al., 2003; BONNET, 2004) Os integrons são sistemas de recombinação e expressão 

eficientes e naturais, capazes de capturar genes como parte de elementos conhecidos, como 

cassetes gênicos (SABATÉ et al., 2000). São conhecidas cinco classes de integrons que 

carream genes de resistência aos antimicrobianos, classificados de acordo com a homologia 

dos genes de sua enzima integrase. Os integrons da classe 1 são os mais freqüentes em 

ambiente hospitalar e na comunidade, seguidos pelos  da classe 2, e sendo as demais classes 

menos relatadas (GOLDSTEIN et al., 2001; SCHMITZ et al., 2001). Nos últimos anos, tem-

se observado em várias instituições hospitalares, o aumento no número de isolados clínicos 

contendo integrons com genes de resistência aos antimicrobianos, com variações nas regiões 

cassetes, principalmente nos integrons da classe 1 (SCHMITZ et al., 2001;YU et al., 2003).  

Apesar de ESBLs não hidrolisarem as cefamicinas (cefoxitina), cepas 

clínicas podem se tornar resistentes a estes agentes.  A resistência a cefoxitina e cefotetan, 

durante tratamento, tem sido relatada em pacientes com infecção por cepas de K. pneumoniae  

produtoras de ESBL,  resistência essa decorrente  da produção concomitante de ß-lactamase 

AMP-C e/ou da perda de porinas, com conseqüente diminuição de permeabilidade da 

membrana externa, da bactéria, a essas drogas (MARTINEZ-MARTINEZ et al., 1996; 

ARDANUY et al., 1998). 

A resistência de bactérias gram negativas às quinolonas ocorre, 

principalmente, por mutações cromossômicas nos genes gyrA e gyrB, parC e parE  das 

topoisomerases (EVERETT et al., 1996). Martinez-Martinez et al. (1998), descreveram o 

primeiro plasmídio conjugativo que transportava os genes da proteína Qnr, de um isolado de 

K. pneumoniae a partir de urina, em Birmingham, USA (posteriormente denominada QnrA) 

responsável pela resistência às quinolonas. Resistência às quinolonas tem sido encontrada em 

amostras de bactérias produtoras de ESBLs com freqüência de 18% a 56% (PATERSON et 

al., 2000; WANG et al., 2004). Estudo realizado pelo programa MYSTIC brasileiro durante 

ano de 2003, demonstrou que 64,1% das amostras hospitalares de K. pneumoniae 

permaneciam sensíveis a ciprofloxacina (KIFFER et al., 2005). 

Na década de 70, tornou-se freqüente o isolamento de cepas clínicas de K. 

pneumoniae resistentes à gentamicina (PENA et al., 1998). A resistência aos 
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aminoglicosideos em bactérias gram negativas é freqüentemente mediada por uma série de 

enzimas modificadoras das moléculas destes fármacos. Os determinantes genéticos destas 

enzimas estão localizados em elementos móveis, facilitando a rápida disseminação dos genes 

em várias populações bacterianas (OVER et al., 2001). Colodner et al. (2004), em estudo 

realizado em um hospital no norte de Israel, relataram que amicacina continuava como droga 

de escolha em 88% de cepas de bactérias produtoras de ESBLs  susceptíveis a esse 

antimicrobiano. Estudo realizado pelo programa MYSTIC (2003) com bactérias gram 

negativas, demonstrou que 52,3% das cepas de K. pneumoniae dos hospitais brasileiros eram 

susceptíveis à gentamicina e  81,7% à  amicacina (KIFFER et al., 2005). Itokazu et al.(1996) 

demonstraram  elevadas taxas de resistência frente aos aminoglicosídeos (73%) e às 

quinolonas (52%), em uma população resistente à ceftazidima, enquanto nas amostras 

sensíveis às cefalosporinas de terceira geração, a resistência a este grupo não passou de 5%.     

Os carbapenems (meropenem, imipenem e ertapenem), por serem estáveis 

frente à maioria das ß-lactamases com base em serina, inclusive aquelas que hidrolisam as 

cefalosporinas de terceira geração, apresentam excelente atividade in vitro contra a maioria de 

cepas K. pneumoniae  produtoras de ESBLs (MENDES; TURNER, 2001). Entretanto, nos 

últimos cinco anos, ocorreram vários relatos em diferentes países, inclusive no Brasil, de 

amostras de K. pneumoniae resistentes aos carbapenems (LINCOPAN et al., 2005). Martinez-

Martinez et al. (1999) demonstraram, em isolados clínicos de K. pneumoniae produtoras de 

ESBLs, que a resistência aos carbapenems pode ocorrer devido à combinação  de perda de 

porinas e de produção de metalo-betalactamases. 

Outro mecanismo de resistência aos carbapenems, mediado por plasmídio, é 

a produção de enzimas designadas carbapenemases. Dentre essas, um grupo foi denominado 

metalo-betactamases, carbapenemases pertencentes à classe B na classificação de Ambler, e 

grupo 3 na classificação de Bush-Jacoby-Medeiros. Estas, degradam  ß-lactâmicos,  com 

exceção dos monobactâmicos e compreendem um grupo de quatro enzimas principais 

nomeadas: IMP, VIM, SPM e GIM (BUSH et al., 1995; SENDA et al., 1996; LAURETTI et 

al., 1999; PATERSON; BONOMO, 2005). No Japão em 1994, foi descrito o primeiro isolado 

de K. pneumoniae produtor de uma metalo-betactamase uma IMP-1. Lincopan et al. (2005) 

descreveram o primeiro caso de metalo-betactamases na América Latina, no Brasil, de um 

isolado de K. pneumoniae produzindo a enzima IMP-1, da amostra de um paciente de 75 

anos, com pneumonia hospitalar, internado no Hospital São Paulo. Essas enzimas tem sido 

encontradas em várias cepas de bactérias gram negativas de origem clínica, principalmente no 
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Extremo Oriente, Japão, e região do Mediterrâneo, na Grécia (SENDA et al., 1996; 

NORDMANN et al., 2002).  

A segunda carbapenemase detectada em K. pneumoniae foi uma nova ß-

lactamase que pertence ao grupo 2f da classificação de Bush-Jacoby-Medeiros, denominada 

KPC (BUSH et al., 1995). Esta enzima é endêmica em muitas cidades da Costa Leste dos 

EUA, onde foi detectada pela primeira vez, na cepa K. pneumoniae 1534, tratando-se de uma 

KPC-1 ß-lactamase resistente a carbapenems, isolada de paciente em um hospital da Carolina 

do Norte (YIGIT et al., 2001). Relatos de produção de carbapenemases, KPC-2 e KPC-3 têm 

sido freqüentes, principalmente na cidade de Nova York (BRADFORD et al., 2004; 

WOODFORD et al., 2004). Estudos realizados por Bratu et al. (2005) demonstraram que 24% 

das cepas de K. pneumoniae isoladas em Nova York eram produtoras de KPCs. 

Como carbapenems são ainda as drogas de escolha em amostras clínicas de 

K. pneumoniae produtoras de ESBLs, somente tigeciclina ou polimixinas poderiam ser  

consideradas opções terapêuticas,  no caso de isolamento de Klebisella resistente aos 

carbapenems (PATERSON; BONOMO, 2005).    

 

 

3.3 MÉTODOS DE TIPAGEM MOLECULAR 

 

 

Diferentes técnicas de tipagem para a espécie  K. pneumoniae têm sido 

relatadas com  a finalidade de determinar se os isolados são geneticamente relacionados. Os 

métodos utilizados na diferenciação de amostras de K. pneumoniae podem ser divididos em 

métodos fenotípicos e genotípicos. Dentre as características fenotípicas estão  a biotipagem, a 

tipagem de bacteriocinas, a sorotipagem e os perfis de sensibilidade a antimicrobianos 

(HOLMBERG et al., 1984; BARENFANGER et al., 1999). Dentre os métodos moleculares 

genotípicos utilizados na diferenciação de amostras de K. pneumoniae destacam-se: análise do 

perfil plasmidial, técnica de rep-PCR (CAO et al., 2002; GALANI et al., 2002; CARTELLE 

et al., 2004), RAPD (randomly amplified polymorphic DNA) (VOGEL et al., 1999), 

ribotipagem (CHANG et al., 2001; YU et al., 2002; DIANCOURT et al., 2005), PFGE 

(pulsed field gel electrophoresis) (TENOVER et al, 1997; 2005; DIPERSIO et al., 2005), 

AFLP (amplified fragment length polymorphism) (VAN DER ZEE et al., 2003; AL NAIEMI 

et al., 2006), MLST (multilocus sequence typing) (DIANCOURT et al., 2005) e SLST 

(single- locus sequence typing) (FEY; RUPP,  2003; SINGH et al.,  2006). 
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A análise plasmidial, o primeiro método molecular usado na epidemiologia 

das infecções causadas por bactérias (MEYER et al., 1976; TENOVER, 1985) tem sido 

amplamente utilizada em estudos de K. pneumoniae (FRENCH et al., 1996, SILVA et al., 

2001; COQUE et al., 2002; ANDREI; ZERVOS, 2006), porém, é uma técnica limitada em 

termos da epidemiologia e deve ser utilizada em associação com outras técnicas moleculares. 

A análise dos perfis plasmidiais, após a clivagem com diferentes enzimas de restrição, 

aumenta o poder discriminatório desta técnica e tem sido utilizada em situações clínicas para 

determinar a evolução ou disseminação de resistência aos antimicrobianos, entre isolados com 

diferentes perfis de PFGE, ou entre diferentes espécies de microrganismos dentro do hospital 

(SINGH et al., 2006). 

A técnica de rep-PCR faz uso de oligonucleotídeos iniciadores 

complementares de sequências de DNA repetitivas e altamente conservadas,  presentes em 

múltiplas cópias no genoma da maioria das bactérias gram-negativas e várias gram-positivas. 

Três famílias de seqüências repetitivas foram identificadas, REP (“Repetitive Extragenic 

Palindromic”) de 35-40 pares de bases (pb), sequência ERIC (“Enterobacterial Repetitive 

Intergenic Consensus”) de 124-127 pb (DE BRUIJIN, 1992) e o elemento BOX com 154 pb 

(VERSALOVIC et al., 1994). Estas sequências parecem estar localizadas em posições 

intergênicas distintas no interior do genoma. Os elementos repetitivos podem estar presentes 

em ambas as orientações, e os oligonucleotídeos iniciadores foram desenhados de modo a 

promover a síntese de DNA a partir da repetição invertida nas seqüências REP e ERIC, e da 

subunidade boxA nas sequências BOX, amplificando, assim, regiões genômicas distintas, 

localizadas entre os elementos repetitivos. Os métodos correspondentes são designados REP-

PCR, ERIC-PCR, BOX-PCR, e rep-PCR em geral para os três métodos, além de outros 

oligonucleotídeos repetitivos (LOUWS et al., 1999).  Técnicas baseadas em rep-PCR, 

principalmente ERIC e REP, têm sido freqüentemente utilizadas nos estudos epidemiológicos 

hospitalares de isolados de K. pneumoniae, por serem técnica rápidas, baratas e de fácil 

execução (GORI et al., 1996; SILVA et al., 2001; CARTELLE, et al., 2004). A metodologia 

de BOX-PCR tem sido pouco utilizada na epidemiologia de amostras de K. pneumoniae, 

porém com outras espécies de Enterobacteriaceae, como E. coli (YANG et  al, 2004; 

SIGLER & PASUTTI,  2006) e Salmonella spp. (WEIGEL et al., 2004; WOO; LEE, 2006),  

foram relatados, bons resultados com esta técnica. A utilização simultânea destas técnicas 

aumenta o poder discriminatório da tipagem. Além disso, os resultados apresentam  uma boa 

correlação com os resultados de RFLP-PFGE, tendo, no entanto, menor poder discriminatório 

(LOUWS et al., 1999).   

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16554725&query_hl=1&itool=pubmed_docsum
http://www.e-escola.pt/site/topico.asp?topico=402&ordem=1&canal=5
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RAPD, outra técnica de tipagem molecular baseada em PCR, é amplamente 

utilizada em isolados de K. pneumoniae e outras espécies de Enterobacteriaceae (GORI et al., 

1996;.VOGEL et al., 1999; SILVA et al., 2001; CARTELLE, et al., 2004). A técnica se 

baseia, como o nome indica, na análise do polimorfismo dos fragmentos de DNA amplificado 

aleatoriamente. Resulta da utilização de uma sequência iniciadora arbitrária (com cerca de 9 a 

10 pb), combinada com dois ciclos de PCR de baixa restringência e muitos ciclos de alta 

restringência, o que gera um conjunto de produtos de amplificação, com diferentes tamanhos 

e reprodutibilidades, característico de um genoma particular (LOUWS et al., 1999).  

Também a ribotipagem está entre os métodos moleculares de tipagem 

utilizados em K. pneumoniae (CHANG et al., 2001; DIANCOURT et al., 2005). A versão 

mais utilizada da técnica se baseia na combinação da análise de fragmentos de restrição com 

hibridação, usando sondas específicas de modo a reduzir o número de bandas a analisar, é a 

versão mais utilizada desta técnica. Como os genes de rDNA estão presentes em várias cópias 

no genoma, a utilização dos rDNA’s como sondas permite detectar, após a hibridação, vários 

fragmentos de restrição (GRIMONT; GRIMONT et al., 1986; WEISBURG et al., 1991). 

Algumas seqüências desta região genômica são altamente conservadas, tanto que mesmo 

sondas heterólogas hibridizam fortemente com elas, enquanto outras regiões genômicas 

variam consideravelmente, mesmo entre níveis taxonômicos próximos (WOESE, 1987). 

Caracteristicamente, tem sido demonstrado que o poder discriminatório da ribotipagem  é 

inferior ao do PFGE e alguns métodos baseados em PCR, contudo, várias espécies têm sido 

estudadas utilizando esta técnica. Um ponto favorável desta metodologia é que pode ser 

realizada de maneira totalmente automatizada, diminuindo a variabililidade técnica (BAILEY 

et al., 2002). Um dos sistemas utlizados para caracterização microbiana é o RiboPrinter 

(Qualicon, Inc.Wilmington, DE) (SINGH et al., 2006). 

A eletroforese de campo alternado (RFLP-PFGE) têm sido empregado como 

método de  tipagem molecular, em pelo menos 40 grupos de patógenos,  inclusive espécies de 

Candida (SINGH et al.,  2006) e, em muitos microrganismos, como K. pneumoniae, tem sido 

utilizada como método de referência (CARTELLE et al., 2004). O método se baseia na 

análise do DNA cromossômico clivado com enzimas de restrição, resultando em uma série de 

fragmentos (geralmente de 5 a 20) de diferentes tamanhos (10 a 800 kb) que formam padrões 

diferentes quando analisados por eletroforese em gel de agarose (FINNEY, 1993).  Com a 

alternância periódica do campo elétrico, à qual o DNA digerido com enzima de restrição é 

submetido, as moléculas são permanentemente forçadas a modificar a orientação com que se 

movem (SAMBROOK et al., 1989). Quanto mais longa for a molécula, maior o tempo que 
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necessita para encontrar uma orientação que favoreça o movimento ao longo do gel. Estes são 

os princípios que determinaram a criação de configurações que permitissem a aplicação de 

dois campos elétricos, com diferente orientação, em um gel de agarose. Foram desenvolvidos 

aparelhos com diversos tipos de configurações de eletrodos (CARLE et al., 1986; FINNEY, 

1993). O sistema de campo elétrico homogêneo, (CHEF, "contour-clamped homogeneous 

electrical field") é, atualmente, o mais usado e apresenta uma série de eletrodos dispostos nos 

lados de um hexágono e com os dois campos elétricos formando um ângulo de 120º. Ao longo 

de cada um dos lados do hexágono forma-se uma distribuição gradual  de potenciais, 

resultando em um campo elétrico homogêneo em todo o gel (FINNEY, 1993; SINGH et al.,  

2006).  Para interpretar os padrões de fragmentos de DNA gerados por PFGE, podem ser 

usadas as normas  propostas por Tenover et al. (1995), ou  a analise em softwares como o 

Bionumerics (Applied Mathematics, Kortrijk, Belgium). Para a maioria das bactérias é o 

método de tipagem molecular com maior reprodutibilidade e melhor poder discriminatório, 

porém, necessita de aparelho próprio, é trabalhoso e  de custo elevado ao laboratório (GORI et 

al., 1996; CARTELLE et al., 2004). 

Os recentes avanços na epidemiologia molecular incluem as análises 

baseadas nas seqüências nucleotídicas. As técnicas utilizadas mais recentemente são a SLST, 

relatada em trabalhos de tipagem com S. aureus, e a MLST utilizada em trabalho por 

Diancourt et al. (2005), com K. pneumoniae. Entretanto, de acordo com Singh et al. (2006) 

essas técnicas ainda necessitam melhor avaliação, como métodos de tipagem molecular e 

precisam ser comparadas com métodos de referência, como o PFGE.   

Existem vários coeficientes que podem ser utilizados para calcular a 

similaridade entre amostras e sua escolha pode interferir no resultado final  de uma análise. 

Os coeficientes de Cosine e Pearson  são baseados na curva usando a presença ou ausência da 

banda de DNA e a intensidade do pico de cada banda como variável. Os coeficientes de 

Jaccard, Dice, Jeffrey e Ochiai se baseiam somente na presença ou ausência banda de DNA. 

Atualmente, não há consenso sobre o método mais exato a ser utilizado em uma análise 

(RADEMAKER; DE BRUIJIN, 1997). O coeficente de Pearson é utilizado para calcular 

similaridade entre REP-PCR e ribotipos, o de Cosine para calcular similaridade entre rep-PCR 

e PFGE (CARSON et al., 2003). Os coeficientes de Jaccard e Dice foram, inicialmente, 

utilizados para calcular similaridades entre os métodos baseados em PCR e, posteriormente, 

para ribotipos, PFGE e, também, para a análise gerada pela amplificação da região intergênica 

16S-23S (HARTEL et al., 2003; HASSAN et al., 2005).   
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Na escolha dos métodos de tipagem a serem empregados em um estudo 

epidemiológico, vários aspectos devem ser analisados, como, tipabilidade, reprodutibilidade, 

poder discriminatório, além de oferecer facilidades técnicas e de interpretação e custos 

acessíveis. A função da tipagem molecular de microrganismos é determinar se isolados 

epidemiologicamente relacionados também o são geneticamente. O conhecimento da 

identidade e da distribuição de um microrganismo é essencial para determinar a 

epidemiologia das infecções hospitalares e contribui para utilização de métodos racionais para 

seu controle.(STRUELENS, 1998; TRINDADE et al., 2003; SINGH et al., 2006). 
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Abstract 

Molecular techniques have greatly contributed to a better understanding of the 

epidemiological characteristics of nosocomial infections. Klebsiella pneumoniae is an 

important pathogen associated with hospital-acquired infections and several genotypic 

molecular methods have been used for the differentiation of isolates. In this study, 141 

antibiotic-resistant K. pneumoniae isolates with extended spectrum β-lactamase 

(ESBL) obtained in a five-year period from patients at a hospital in Paraná State in 

southern Brazil, were analyzed by rep-PCR (with ERIC, REP and BOX primers), 

RAPD and RFLP- PFGE techniques aimed at fingerprinting the isolates and trying to 

understand the epidemiology of the bacterial species. The discriminatory power of each 

method was evaluated by both Simpson’s index (DI) and the genetic similarity of 

cluster analysis. A high level of genetic diversity was observed among the isolates, 

with final similarities in the cluster analyses lower than 46%. The highest DI value was 
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observed with the RFLP-PFGE (0.989), but the PCR-based methods were very 

effective, noted as follows: REP-PCR (0.969), RAPD (0.946), ERIC-PCR (0.938) and 

BOX-PCR (0.937). The spread of ESBL-producing K. pneumoniae was not primarily 

due to clonal dissemination, but involved horizontal transfer as well. Considering the 

costs, equipment and technical labor involved in each analysis, the results suggest that 

PCR-based methods are appropriate for large-scale assessment of K. pneumoniae 

diversity, while PFGE is recommended as a complementary analysis in 

epidemiological studies.  

 

1. INTRODUCTION 

Klebsiella pneumoniae is an important human pathogen associated with hospital-

acquired infections such as pneumonia, urinary tract infection or bacteremia (41). 

Antibiotic-resistant K. pneumoniae with extended-spectrum β-lactamase (ESBL) is an 

important cause of nosocomial infections among critically-ill hospitalized patients 

(9,38).  

ESBL genes from K. pneumoniae are usually located on conjugative plasmids and 

encode for enzymes derived from the classical TEM- and SHV-type β-lactamases. 

However, these genes have recently been described as occurring within integron 

structures such as the CTX-M family β-lactamases which confer different levels of 

resistance to cefotaxime, ceftazidime, and other broad-spectrum cefhalosporins and 

monobactams (39,44). Resistance determinants to other antibiotics such as 

aminoglycosides, tetracyclines, chloramphenicol, trimethoprim, sulfonamides and 

quinolones are also usually located on transferable elements such as plasmids, 

transposons, integrons and other genetic elements (9,16,33,39). 

Intra-hospital dissemination of K. pneumoniae has usually been associated with 

the continuous selection of new types of ESBLs, as well as with horizontal transfer of 
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bla-genes, mainly among Enterobacteriaceae species (62). The epidemiology of 

ESBLs-producing K. pneumoniae is therefore complex and varies among institutions, 

and although several surveys have reported both identical genes encoding drug 

resistance and plasmid dissemination among different isolates (4,12,37), the spread of 

an epidemic strain remains the most common mechanism of ESBL dissemination 

(31,39). Outbreaks of K. pneumoniae producing ESBLs are usually limited to high-risk 

areas, such as intensive care or neonatal units, where a fast selection of ESBL-

producing clones and the horizontal transfer of genes have been observed (2, 3).  

Typing methods involving phenotypic or genotypic traits of bacterial pathogens 

have been used in clinical settings as a common surveillance tool or in the investigation 

of infection outbreaks (40,45,57). Phenotypic methods developed for typing Klebsiella 

include phage-, bacteriocin-, serological-, and biochemical-typing, as well as the 

antibiotic resistance phenotype. However, an effective discrimination is only achieved 

when several of those methods are combined, even though their application in 

epidemiological studies is very limited (49).  

Genotypic methods such as pulse field gel electrophoresis analysis of genome 

macrorestriction fragments (RFLP-PFGE) (6,15), amplified fragment length 

polymorphism (AFLP) (57), ribotyping (15), multilocus sequence typing (MLST) (14), 

single-locus sequence typing (SLST) (16) and several polymerase chain reaction (PCR) 

approaches have gained popularity due to their increased discriminatory power and 

sensitivity (7,9, 60).  

RFLP-PFGE has proved to be highly discriminatory for typing different bacterial 

species, including K. pneumoniae, but it is technically demanding, time consuming and 

requires sophisticated equipment (9,18). The repetitive-element polymerase chain 

reaction (rep-PCR) uses primers complementary to naturally-occurring highly-

conserved and repetitive DNA sequences, present in multiple copies in the genomes of 
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most Gram-negative and several Gram-positive bacteria (13,58). The three main 

sequences used in rep-PCR correspond to repetitive extragenic palindromic (REP), 

enterobacterial repetitive intergenic consensus (ERIC), and BOX element (BOX) 

sequences (13,58), and their application in typing bacteria has been very successful and 

broadly adopted by several laboratories, due to the low cost, ease of performing, and 

high speed of fingerprinting (9, 18, 60).  

PCR-based methods (rep-PCR and random amplified polymorphic DNA - 

RAPD) and RFLP-PFGE fingerprinting have been previously described for typing K. 

pneumoniae strains (6, 9, 45, 60). Cartelle et al. (9) were the first to describe a 

comparative study using four techniques to evaluate typing methods for K. 

pneumoniae, but used 21 isolates from an outbreak in a neonatal unit, and concluded 

that PCR-based methods were useful and expeditious in typing strains of K. 

pneumoniae. Nonetheless, there are very few reports of comparative studies of PCR-

based methods used in epidemiological studies (45). In Brazil, there are no reports of 

studies comparing the methods using a large sample of isolates collected over many 

years. Therefore, 141 ESBL-producing K. pneumoniae isolates from hospitalized 

patients, obtained over a five-year period in a hospital in Paraná, a southern Brazilian 

state, were analyzed by rep-PCR, RAPD and RFLP-PFGE, aimed at both comparing 

the methods for the fingerprinting of clinical isolates and getting a better understanding 

of the epidemiology of Klebsiella species.  

 

2. MATERIALS AND METHODS 

2.1 Clinical isolates  

One-hundred forty-one clinical isolates of ESBL-producing K. pneumoniae were 

obtained over a five-year period, from January of 2000 to December of 2004; the 

sources included urine, blood, surgical wound, tracheal aspirate, central venous 
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catheter, pleural liquid and cerebrospinal fluid. Isolates were prospectively and 

randomly collected from clinical specimens, one isolate per hospitalized patient, at the 

State University of Londrina Hospital, Paraná State, Brazil. The isolates were initially 

identified using MicroScan Walkaway system (Dade Behring, Sacramento, CA, USA) 

followed by confirmation with API 20E (Bio-Merieux, Marcy I’Etoile, France), and 

stored in brain heart infusion (BHI) broth +20% glycerol, at –200C.  

 

2.2 References strains 

K. pneumoniae strains ATCC 13883, ATCC 10031 and Escherichia coli strain 

ATCC 25922 provided by the Bacteriology Laboratory of the State University of 

Londrina and ATCC 700603  from the Federal University of São Paulo (UNIFESP), 

were used as reference strains. 

 

2.3 Screening for ESBL production  

Isolates showing resistance profiles to cefpodoxime (MIC≥8 µg mL-1) and/or to 

cefotaxime/ceftazidime/aztreonam (MIC≥2 µg mL-1), determined by automated 

methods, were tested for ESBL production according to the Clinical and Laboratory 

Standards Institute guidelines (11). ESBL production was confirmed by the double-disk 

screening (DDS) and combination disk (CD) methods using Oxoid disks (Basingstoke, 

Hampshire, England), as described previously (21,24). K. penumoniae ATCC 700603 

and E. coli 25922 were used as positive and negative controls, respectively. 

 

2.4 Amplification with specific (ERIC-, REP- and BOX-PCR) and arbitrary 

(RAPD) primers 

DNA was extracted from all strains as described before (25). Total DNA was 

extracted from each isolate or strain, and 50 ng were used in each amplification by rep-
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PCR with ERIC1R, ERIC2, REP1R and REP2I primers (13), as described before (47). 

rep-PCR was also performed with BOXA1R primer (58), as described before (25).  

For the RAPD analysis, the primer was chosen as described by Lopes et al. (28), 

and 14 primers were evaluated based on preliminary assays with K. pneumoniae 

strains. The primer 793 (5’-GACCGACCCA-3’) was selected based on the accuracy 

and reproducibility of the amplification profiles, and amplification was performed as 

described by Lopes et al. (28).  

Amplifications were performed in an MJ Research Inc. PT 100 thermocycler. 

Amplified fragments were separated by horizontal electrophoresis on 1.5% agarose 

(low EEO, type I-A, Gibco BRL) gels (20 x 25 cm) at 120V for 6 h. The 1-kb Plus 

DNA Ladder (InvitrogenTM) was used as a molecular size marker on the right, left and 

central lanes of each gel. Products were detected after ethidium bromide staining and 

photographed with a Kodak Digital Science 120 apparatus. 

 

2.5 Genome macrorestriction analysis by RFLP-PFGE  

Analysis of chromosomal DNA macrorestriction was carried out by RFLP-

PFGE as described by Chang & Chiu (10). Chromosomal DNA was digested with XbaI 

(InvitrogenTM) and the restricted DNA fragments were separated using the CHEF-

DRIII system (Biorad, USA), with pulses ranging from 5 to 50 s, with a voltage of 6 V 

cm-1, at 14oC for 20 h. The λ ladder (Bio Rad) was used as molecular marker in each 

gel. Products were visualized as described in Section 2.3. 

 

2.6 Cluster analysis 

Cluster analyses were performed with the ERIC-, REP-, and BOX-PCR, RAPD 

and RFLP-PFGE products. The sizes of the fragments in each analysis were first 

normalized according to the MW of the DNA markers and the fingerprintings were 
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analyzed using BioNumerics software (Applied Mathematics, Kortrijk, Belgium, 

version 4.6), setting up a position tolerance of 3%. DNA fragments greater than 12,000 

bp or smaller than 200 bp were excluded. PCR products were submitted to similarity 

analyses using the UPGMA algorithm (unweighted pair-group method, with arithmetic 

mean) (50) with the coefficient of Jaccard (23). First, the profiles obtained with each 

method were analyzed, and isolates showing similarity ≥85% were grouped into the 

same cluster (19, 46). Polyphasic analyses combining profiles obtained with the 

different methods were also performed.  

 

2.7 Estimates of discriminatory indices 

The discriminatory index (DI), aimed at estimating the probability of two 

unrelated strains sampled from the test population being placed into different typing 

groups, was determined by the application of Simpson's index of discrimination (SID) 

(20).

 

3. RESULTS 

3.1 Genotyping with PCR-based methods (rep-PCR and RAPD) 

According to Versalovic et al. (58), the optimal number of bands in the rep-PCR 

analyses should range from eight to 15. Using ERIC primer, six to 21 bands were 

obtained, and allowed the discrimination of 76 genotypes (Table 1). Those isolates 

showing 85% similarity (19,46) in the clustering analysis with the UPGMA algorithm 

and the Jaccard coefficient were considered similar. As a result, 83 isolates were 

grouped into 18 clusters, with a maximum of 14 isolates per cluster, and the other 58 

isolates had unique profiles. Isolates obtained in every one of the five years were 

spread all over the dendrogram (data not shown), and all isolates were joined at a very 
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low level of similarity of only 28.1%. SID of the ERIC-PCR analysis was estimated at 

0.938 (Table 1).  

In the analysis with the REP-primer, five to 23 bands were obtained, which 

allowed the identification of 92 genotypes. A high level of genetic diversity was 

detected; 17 clusters were observed, including 66 isolates, while 53% of the profiles 

were unique. The final level of similarity in the clustering analysis was only 22.7%, 

and SID was estimated at 0.969 (Table 1). 

Eight to 18 products were obtained in the BOX-PCR analysis, and a common 

band of ≈550 bp was present in all isolates. The lowest number of genotypes (51) was 

obtained in this analysis, and 14 clusters were observed, including a major one with 55 

strains. Finally, 37 isolates showed unique profiles, and all isolates were joined at a 

final level of similarity of 46.7%, with SID estimated at 0.937 (Table 1).  

In the RAPD analysis, a common band of ≈650 bp was present in all strains, and 

seven to 18 bands allowed the discrimination of 76 genotypes. Seventy-five isolates fit 

into ten clusters, grouping up to 17 isolates per cluster, and 66 isolates showed unique 

profiles. All isolates were joined at a final level of similarity of 32.2%. A very high 

SID of 0.946 was also estimated for RAPD (Table 1). 

A polyphasic analysis was performed using the results from all four PCR-based 

methods, and the dendrogram constructed allowed the discrimination of 126 genotypes, 

with 12 main clusters including 27 isolates, in addition to 114 isolates showing unique 

combinations of profiles (Fig. 1). None of the clusters was related to a specific year, 

and all isolates were joined at a final level of similarity of 18.7% (Fig. 1). The analysis 

of congruence between the different PCR-based methods resulted in values ranging 

from 7.9 (RAPD and ERIC-PCR) to 18.3% (ERIC and REP-PCR) (Fig. 2), indicating 

that although all methods were very effective in the identification of different 
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genotypes, the hierarchy in the clustering analysis of the isolates varied within each 

analysis.  

 

3.2 Macrorestriction analysis of total genomic DNA (RFLP-PFGE) 

Macrorestriction patterns generated by XbaI consisted of seven to 15 bands 

ranging from 48.5 to 630.5 kb, and allowed the discrimination of the highest number of 

genetic types, 94 (Table 1). Seventy-two isolates showed unique profiles (Table 1), and 

the clustering analysis joined all isolates at a final level of similarity of 36.6% (Table 1, 

Fig. 3). The highest SID was achieved with this method, and estimated at 0.989 (Table 

1). 

The congruence between RFLP-PFGE and the PCR-based methods was very 

low, ranging from 0% with BOX-PCR to a maximum of 5.9% with ERIC-PCR (Fig. 

2). A combined clustering analysis joining the profiles obtained in all five analyses 

(ERIC-, REP- and BOX-PCR, RAPD and RFLP-PFGE) was also performed, and was 

highly effective in identifying genotypes, resulting in 133 different genetic types (Table 

1), joined at a final level of similarity of 43.2%. The congruence between each method 

and the result that combined all of them ranged from 59.8% with the REP-PCR to 

35.5% with the RFLP-PFGE (Fig. 2). Simpson's index of discrimination obtained in the 

polyphasic analysis was 0.999 (Table 1). 

 

4. DISCUSSION 

A variety of criteria have been developed to aid in the selection and 

interpretation of molecular typing methods applied to epidemiological studies (43, 54). 

Although a particular typing method may have a high discriminatory power and good 

reproducibility, its complexity or high cost could be beyond the capabilities of many 

laboratories (48), especially in countries such as Brazil, where molecular methods are 
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not routinely used to evaluate the epidemiology of microorganisms in hospitalized 

patients. Therefore, in this study we report the results of a comparative study performed 

to evaluate the efficiencies of five molecular typing methods to differentiate clinical 

isolates of K. pneumoniae obtained in a hospital in southern Brazil during a five-year 

period.  

The knowledge of the epidemiology of the ESBL-producing K.pneumoniae 

requires the use of accurate markers capable of differentiating between the spread of 

resistance plasmids and strain dissemination. Initially, K. pneumoniae strains were 

characterized by capsular serotyping and plasmid analysis (1,36,55), but later, PFGE 

was proved to be highly discriminatory, and thus became extensively used (9,43,4).  

The RFLP-PFGE methodology allows the clear separation of a large range of 

molecular weight DNA fragments (10 to 800 kb) (35). Additionally, the criteria to 

analyze the results are well established, and the process generates a limited number of 

bands (from 5 to 20), simplifying the analysis (42). The data obtained in our study also 

showed that RFLP-PFGE has an excellent discriminatory power for typing K. 

pneumoniae. RFLP-PFGE has also proved to be very effective in the genotyping of K. 

pneumoniae (9,18), and in our study allowed the identification of 95 different 

genotypes in a population of 141 isolates. In the estimates of SID (20), a DI of 1.0 

indicates that a typing method was able to distinguish each member of a strain 

population from all other members of that population, while a null value would indicate 

that all members of a strain population were of one identical type. The estimates using 

the Brazilian isolates analyzed by RFLP-PFGE resulted in a very high SID of 0.989. 

PCR-based methods (rep-PCR and RAPD) have been previously described for 

typing K. pneumoniae strains (45, 60). In this study, the dendrograms generated by 

PCR-based typing methods confirmed high genetic diversity among the K. pneumoniae 

isolates obtained from the hospital environment between 2000-2004. In addition, 
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comparable indices of SID were obtained with all four PCR-based methods, a strong 

indication of similar performances for the discrimination of genotypes.  

ERIC-PCR and REP-PCR have been more extensively used for typing 

important human pathogens, and since 1996, BOX-PCR has also been used for typing 

microorganisms such as Streptococcus pneumoniae (56), E. coli (64), Salmonella spp. 

(63), Aeromonas spp. (53), Pseudomonas aeruginosa (52), and Yersinia 

pseudotuberculosis (26), among others. Mantilla et al. (31) were the first to report the 

use BOX-PCR in K. pneumoniae isolates, and the results obtained in their study were 

similar to ours, confirming that the discriminatory power of the BOX elements is as 

good as that obtained with REP and ERIC primers. Furthermore, considering the 

coefficient of similarity of the cluster analysis, the categorization efficiency of the 

REP-PCR analysis would be higher than that of the RFLP-PFGE. In the 

characterization of a nosocomial outbreak caused by Acinetobacter baumannii, Bou et 

al. (5) found REP-PCR to have a higher discriminatory power than RAPD, with RFLP-

PFGE as the reference technique. The latter reports corroborate our results, but we 

demonstrated that the discrimination of K. pneumoniae with RAPD was also very 

good, considering both DI and the genetic similarity in the cluster analysis. 

The highest number of genotypes (92) was obtained with the REP-PCR, while 

the lowest (51) was observed with the BOX-PCR, but high SID indices (≥0.937) were 

obtained with all four PCR-based methods, indicating a similar performance in the 

discriminatory analysis. Relatively low congruence was demonstrated among the 

methods in the clustering analysis, but a careful examination indicates that a single 

genotype almost always showed unique profiles in all analyses. Differences were then 

attributed to the occupation of different branch positions in each clustering analysis, 

which could be attributed to the analysis of different regions of the genome. According 

to Singh et al. (49), RFLP-PFGE analysis provides relatively global chromosomal 
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overview, scanning more than 90% of the chromosome, but it has only moderate 

sensitivity, since minor genetic changes may go undetected. Conversely, PCR-based 

methods generally survey relatively limited regions, representing less than 10% of the 

genome. Since PCR products are usually relatively small (≤5 kb), electrophoretic 

analysis can detect even smaller genetic changes affecting their size; however, if the 

change occurs outside of the amplified region, it will not be detected. Gori et al. (18) 

suggested that discrepancies between RAPD and RFLP-PFGE typing results may be 

explained by the fact that these methods explore different levels of DNA 

polymorphism. RFLP-PFGE is based on restriction fragment length polymorphism and 

can resolve the whole chromosomal DNA. In contrast, RAPD examines local sequence 

polymorphisms associated with repeat motifs occurring within genomic DNA and also 

detects short-range length polymorphism of the amplified segments.  

The polyphasic approach, joining the profiles obtained in all five analyses 

resulted in a highly discriminatory index (0.999), very similar to the one obtained 

exclusively with RFLP-PFGE. The effectiveness of RFLP-PFGE has been widely 

demonstrated, with reports of similar DI values, such as 0.98 in P. aeruginosa (48), or 

lower, such as 0.87 in Streptococcus suis (30). Therefore, RFLP-PFGE together with 

MLST are currently the preferential methods used by European microbiology 

laboratories involved in epidemiological typing (32). However, RFLP-PFGE requires 

specific sophisticated instrumentation and high-cost reagents, and is rarely used in 

South America, except in the case of a few investigational studies (48)      

The PCR-based methods examined in this study were also very reliable, with 

good reproducibility, lower costs and a high power of discrimination, being very 

effective in categorizing ESBL-producing K. pneumoniae. The DI obtained in those 

analyses decreased in the following order: REP-PCR>RAPD>BOX-PCR>ERIC-PCR, 

but all were higher than 0.900, the standard value (20). High DI values for PCR-based 
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methods were also reported by other authors, e.g., Woo and Lee (63) who found that 

REP-PCR was the most discriminatory method for Salmonella enterica, with a DI 

value of 0.954, very similar to the estimate in our study. Also, in the Acinetobacter 

calcoaceticus-A. baumannii complex, a DI of 0.99 was reported for REP-PCR and of 

0.94 for ERIC-PCR (59), similar to the results obtained in A. baumanii (51). However, 

there are reports of lower DI values and better performance for other PCR-based 

methods, e.g., in a study performed by Cartelle et al. (9), with the following values: 

ERIC-PCR (0.828)>RAPD (0.826)>REP-PCR (0.773).  

In our study, as also described for other pathogens (34), the reproducibility of 

band number, size, position and intensity in PCR-based methods was excellent. 

Furthermore, in our study the DI detected with RFLP-PFGE was very similar to that 

observed with all PCR-based methods, particularly REP-PCR. Northey et al. (34) also 

reported an excellent agreement and discrimination capacity between RFLP-PFGE and 

REP-PCR profiles of 200 clinical isolates of Clostridium difficile. Therefore, all these 

results, including ours, may encourage the adoption of PCR-based methods in 

hospitals, facilitating surveys and helping to prevent outbreaks in countries where 

molecular analyses are still not routinely used, as in Brazil.  

There are several reports attributing outbreaks or an increase in the frequency of 

ESBL infections mainly to clonal dissemination, e.g., for K. pneumoniae (9), and for E. 

coli (45). However, for various Enterobacteriaceae species, ESBLs have been 

attributed to plasmid dissemination (8,29,37). In our study, 51% of the 141 isolates had 

unique RFLP-PFGE profiles, or 91% if the polyphasic approach is considered. 

Therefore, the main spreading mechanism in the large sample of  ESBL-producing K. 

pneumoniae collected in a five-year period in this hospital in southern Brazil was not 

attributed to only clonal dissemination, but to a horizontal transfer mechanism as well 

(data not shown). As suggested by Romero et al. (45), further studies are necessary and 
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are now underway to determine if the variety of K. pneumoniae profiles obtained in our 

study is related to plasmid dissemination, or transposable elements, or even to the 

evolutionary success of a particular enzyme; the identification of the main mechanism 

is currently in progress in our laboratory. Additionally, it is also necessary to 

investigate the impact of antibiotic selection and the dynamic flow of organisms and 

genes between the hospital and the community. Therefore, the feasibility of using easy, 

inexpensive and fast PCR-based techniques in routine typing can be extremely valuable 

in epidemiology studies. 
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Table 1 – Comparison of genotyping methods based on the discriminative ability on 141ESBLs-
producing K. pneumoniae  isolates. 

 

Typing 
method    

 No. of genetic 
typesa

 Clusters No. of 
isolates  

Genetic b 
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 DIe           

ERIC-PCR 
 
 
 
 
 
 
 
REP-PCR      
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  94    
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133   

   6 
  5                       

   3 
   1 
   1 
   1 
   1 
   NR d

   6                  
   5 
   1 
   3 
   1 
   1 
   NR d

   6 
   2 
   2  
   2   
   1 
   1 
   NRd

   4  
   1  
   1  
   1  
   1 
   1 
   1   
   NRd

   15 
   1 
   5 
   1 
   NR d

   10 
   1 
   1 
   NR d

   3 
   1  
   1 
   NR d

12  
15 
18 
5 
7 
12 
14 
58 
12 
15 
4 
18 
8 
9 
75 
12 
6 
8 
14 
9 
55 
37 
8 
4 
6 
12  
13 
15 
17 
66 
30 
3 
20 
16 
72 
20 
3 
4 
114 
6 
3 
4 
128 

    28.13  
         
 
 
    
 
 
 
    22.70 
     
 
 
 
 
 
    46.71 
 
 
 
 
 
 
    32.17 
 
 
 
 
 
 
 
    36.58 
 
 
 
 
     18,70              
 
 
 
    43.18              

  0.938          
 
 
 
 
 
 
 
  0.969          
 
 
 
 
 
 
 0.937           
 
 
 
 
 
 
0.946            
            
 
 
 
 
 
 
0.989            
 
 
 
 
0,986 
 
 
 
0.999            

a. Number of isolates discriminated that showed a similarity level lower than 85%.  
b. Final level of similarity joining all isolates in each analysis. 
c. Combined analysis of PCR-based and RFLP-PFGE methods. 
d. Non-related isolates, considering 85% of similarity.                           e. Discriminatory Index. 
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Figure 1 – Polyphasic cluster analysis (UPGMA with the coefficient of Jaccard) based on the 

rep-PCR (with ERIC, REP and BOX primers) and RAPD profiles of 141 K. 
pneumoniae isolates. 
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Figure 2 – Covariance obtained between each of the methods and also with de combination of all 
methods, considering the profiles obtained with 141 K. pneumoniae isolates. 
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Figure 3 – Cluster analysis (UPGMA with the coefficient of Jaccard) based on the PFGE 

profiles of 141 K. pneumoniae isolates. 
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Occurrence of Klebsiella pneumoniae Producing Extended-Spesctrum-β-

Lactamases (ESBLs) in a Universtiy Hospital, During a Five Years Period, 

Using Phenotipic and Molecular Methods   
 

1.Introduction 

    Klebsiella pneumoniae has emerged as a common cause of serious epidemic and 

nosocomial infections in hospitals, resulting in high morbidity and mortality (DiPersio et al;. 

2005). K. pneumoniae infections occur in almost all age groups, with urinary and respiratory 

tract infections being most commonly described. K. pneumoniae accounts for a significant 

proportion of hospital-acquired pneumonia, bacteremia, meningitis, septicemia, and soft tissue 

infections.  Neonatal infections by this bacterium are becoming a major concern of 

pediatricians, as septicemia and meningitis in newborns are now often caused by multidrug-

resistant strains (Kurupati et al., 2007). Community-acquired-K. pneumoniae infections have 

been also reported (Tumbarello et al., 2006). 

               Since extended-spectrum-lactamases (ESBLs) were initially reported in K. 

pneumoniae in Germany in 1983 (Knothe et al., 1983), they have been increasingly described 

worldwide. ESBL production is generally the result of point mutations in the blaTEM and 

blaSHV genes which alter the primary amino sequences of the respective β-lactamase 

enzyme.  ESBL are also capable of hydrolyzing  the oxyiminocephalosporins and 

monobactams (Philippon et al., 1994). In 1989, a novel type of ESBL that conferred a high 

level of resistance to cefotaxime  and a low level of activity against ceftazidime, was nearly 

simultaneously identified in an Escherichia coli strain isolated in Germany and in a 

Salmonella enterica serovar Typhimurium isolate recovered in Argentina (Tzouvelekis et al., 

2000). This new family of plasmid-mediated ESBLs of Ambler class A were named 

cefotaximase (CTX-M), and has been reported with increasing frequency throughout the word 

(Edelstein et al., 2003; Lovallay et al., 2006). 

            The new epidemiology scenario of ESBL includes the increase in the number of 

different CTX-M enzymes and the recognition of multiple clones and genetic elements that 

carry blaCTX-M genes. The way by which CTX-M enzymes spread might follow an allodemic, 

rather than an epidemic pattern; this term reflecting that the increase of CTX-M enzymes has 

not been  the result of the dissemination of particular clones, but of the spread of both 

multiple specific clones and/or mobile genetic elements (Cantón et al., 2003). Some of the 

CTX-M enzymes are widely present in specific countries, such as CTX-M-9 and CTX-M-14 

in Spain (Hernandez  et al., 2005; Novais et al., 2006), CTX-M-1 in Italy (Brigante et al., 

2005) and CTX-M-2 in most South American countries, Japan and Israel (Bonnet, 2004; Ben-
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Ami  et al., 2006), whereas others such as CTX-M-15 have been detected worldwide 

(Brigante et al., 2005; Lavollay et al., 2006) 

In Europe, United States and Latin America, the number of infections caused by 

ESBL-producing strains of the family Enterobacteriaceae is increasing, and this trend has a 

significant impact on mortality rates and hospitals costs (Bisson et al., 2002; Cartelle et al., 

2004). Although ESBLs have been detected in many gram-negative species, K. pneumoniae is 

still the most frequently reported producer of these enzymes. Since the ESBLs genes are 

usually found in large plasmids, that also contain other antimicrobial resistance genes, ESBL-

producing organisms may also be resistant to aminoglycosides, tetracyclines, 

chloramphenicol, and/or sulfonamides (Podschun and Ullmann, 1998; Bradford, 2001). 

ESBL-producing K. pneumoniae strains are more likely to be resistant to fluoroquinolones 

than their non-ESBL-producing counterparts (Paterson, 2000). ESBL production has an 

important clinical impact even when cephalosporin MICs are in the susceptible range (Kang 

et al., 2004). Carbapenems are the mainstay of therapy for infections caused by multidrug-

resistant ESBL-producing organisms, and recent reports of acquired carbapenem resistance 

among these organisms are thus another serious concern (Woodford et al., 2004). 

 This work aimed at detecting and characterizing of ESBLs produced by K. 

pneumoniae, using molecular methods, 141 isolates from hospitalized patients, collected 

during a five year period (2000-2004) in a hospital of Londrina, Parana State, Southern Brazil. 

To our knowledge this is the first study of this kind in our state with such a large sample of 

isolates. 

  

2. Material and methods 

2.1 Clinical isolates 

One-hundred and forty- one isolates of ESBLs producing K. pneumoniae were studied, which 

were collected during the period of January 2000 to December 2004, from  different sources, 

including urine (107), blood (19), surgical wound (6), tracheal aspirate (4), central venous 

catheter (2), pleural liquid (2) and cerebrospinal fluid (1). Strains were select from clinical 

specimens, one isolate per patient, at the University Hospital, Londrina, Parana State, southern 

Brazil.  The isolates were initially identified using Microscan Walkaway (Dade Behring, 

Sacramento, CA, USA) confirmed with API 20E (Bio-Merieux, Marcy I’Etoile, France), and 

stored in  brain heart infusion (BHI) broth +20% glicerol at –200C.   
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2.2 Screening for ESBL producers    

The isolates presenting a cefpodoxime MIC≥8 µgmL-1 and/or a cefotaxime/ 

ceftazidime/aztreonam MIC≥2 µgmL-1, by automated method were tested for ESBL 

production according to CLSI (Clinical and Laboratory Standards Institute) 2005 guidelines. 

ESBLs production was confirmed by the double disk screening (DDS) and combination disk 

(CD) methods using Oxoid disks (Basingstoke, Hampshire, England) as described previously 

(Jarlier et al., 1988; Jacoby and Han, 1996). K. penumoniae ATCC 700603 and E. coli ATCC 

25922 were used as positive and negative controls. 

 
2.3 Antimicrobial  Susceptibility Testing 
 
MICs were determined by agar dilution method according to the CLSI (2005). The following 

antimicrobial agents were tested, obtained from their respective manufacturers: aztreonam 

(Bristol-Myers-Squibb, Brasil), cefepime  (Bristol-Myers-Squibb, Brasil), ceftazidime (Glaxo-

Smith-Kline-Brasil), ceftriaxone (Roche, Brasil), cefotaxime (Aventis Pharma, Brasil), 

cefazoline (Eli Lilly, Brasil), cefoxitin (Merck, Sharp & Dohme, Brasil), imipenem (Merck, 

Sharp & Dohme, Brasil),  meropenem (AztraZeneca, Brasil), ampicillin (Eurofarma, Brasil), 

amoxicillin/clavulanate (Glaxo-Smith-Kline-Brasil), ampicillin/sulbactam (Pfizer,Brasil), 

piperacillin/tazobactam (Wyeth-Whitehall, Brasil), amikacin  (Bristol-Meyers-Squibb, Brasil) 

gentamicin (Schering -Ploug, Brasil), ciproflixacin (Bayer, Brasil) levofloxacin (Aventis 

Pharma, Brasil) K. penumoniae ATCC 700603 and ATCC E. coli 25922 were used as controls. 

 

2.4 β-Lactamase gene characterization  
 
The blaSHV, blaTEM, blaCTX-M ESBL-encoding genes were characterized by PCR as described 

previously (Arlet and Philippon, 1991; Bonnet et al., 2000; Bedenic et al., 2001).  PCR 

products obtained were digested with the following restriction endonucleases:  for blaSHV, 

DdeI, HhaI, HaeIII and NheI were used;  for blaTEM, was used MseI, HhaI  and HpaII; and for 

blaCTX-M,  HhaI, HinfI, DdeI and PstI. The DNA fragments were analyzed by 2% agarose gel 

electrophoresis. The ESBL-encoding genes that showed differences in the RFLP analysis 

were subsequently cloned into the TOPO TA vector (InvitrogenTM), following the procedure 

described by the manufacturer, and sequenced. The PCR products were purified as described 

before (Menna et al., 2006). The sequencing was performed with the use of the DYEnamic 

ET terminator reagent (GE Healthcare) and analyzed in a MegaBace 1000 DNA Analysis 

System (GE Healthcare), according to the parameters previously described (Menna et al., 

2006). The high-quality sequences obtained in both 3’ and 5’ directions were assembled using 
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the programs phred (Ewing & Green, 1998), phrap (http://www. phrap.org), and Consed 

(Gordon et al., 1998) and were submitted to the GenBank database 

(http://www.ncbi.nlm.nih.gov/BLAST) to seek for significant alignments. 

 

2.5 Molecular typing 

 

2.5.1 ERIC-PCR: Enterobacterial repetitive intergenic consensus polymerase chain reaction 

(ERIC-PCR) was performed with primers ERIC1R and ERIC2 (de Bruijin, 1992), and the 

PCR conditions as described  by Santos et al. (1999).  Amplification was performed in an MJ 

Research Inc.PT 100 thermocycler. Amplified fragments were separated by horizontal 

electrophoresis on a 1,5% agarose (low EEO, type I-A, GibcoBRL) gel (20x25 cm) at 120V 

for 6h. Interpretation of patterns generated by ERIC-PCR was performed using Bionumerics 

software (Applied Mathematics, Kortrijk, Belgium, version 4.6). The sizes of the fragments in 

each analysis were normalized according to the molecular weight of the 1-kb molecular size 

marker (Invitrogen, CA, USA).  Clusters analisys was performed using the UPGMA 

algorithm (unweighted pair-group method, with arithmetic mean, Sneath & Sokal, 1973) and 

the coefficient of Jaccard (Jaccard, 1912). Isolates were considered similar if the similarity 

coefficient between their patterns was of 0.85 or greater (Grundmann et al., 1995). 

 

2.5.2 RFLP-PFGE: pulsed field gel electrophoresis (PFGE) analysis of genome 

macrorestriction fragments (RFLP-PFGE) was performed as described by Chang & Chiu, 

(1998). Total DNA was digested with XbaI (InVitrogenTM) and restricted DNA fragments were 

separated using the CHEF-DRIII system (Biorad, USA), with pulses ranging from 5 to 50 s, at a 

voltage of 6 V cm-1, at 14oC for 20 h and the λ ladder (Bio Rad) was used as molecular weight. 

Products were detected after ethidium bromide staining and photographed with a Kodak Digital 

Science 120 apparatus. The results were analyzed with the Bionumerics  software  (Applied 

Mathematics, Kortrijk, Belgium, version 4.6) to determine similarities and differences among 

the genotypes of different bacterial isolates. 

 

 

3.Results 

 

3.1 Antimicrobial  Susceptibility of ESBL-producing Klebsiella pneumoniae 

             All isolates were uniformly resistant to ampicillin and cefazolin (MIC≥ 128 µg mL-1). 

Potential ESBL phenotypes (MIC≥2 mg L-1 for aztreonam, or ceftriaxone, or ceftazidime) 
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were observed  in almost strains. Among the susceptible strains only 5.0% were  susceptible 

to cefotaxime, 5.7% to  ceftriaxone, 6.4% to ceftazidime, 5.7% to aztreonam and 10.6% to 

cefepime.  Among the antimicrobial agents tested, only imipenem and meropenem 

demonstrated 100% activity against K. pneumoniae isolates. The penicillin-β-lactamase 

inhibitor combination of piperacillin-tazobactam was active against 98.6% of the isolates, 

whereas only 49.6% were susceptible to ampicillin-sulbactam and 67% for amoxicillin-

clavulanate. Susceptibility to the aminoglycosides, 23.5% were susceptible to amikacin and 

20.% to gentamicin. Among fluorquinolones, levofloxacin was active against 54.5% of the 

isolates, whereas only 20.6% of isolates were susceptible to ciprofloxacin. The distribution of 

the MICs values are shown in Table 1. 

 

3.2  Screening for ESBL producers    

Strains presenting MIC suggestive of ESBL production as cefpodoxime MIC≥8µg 

mL-1  and/or a cefotaxime/ceftazidime/aztreonam MIC≥2µg mL-1, in the automated method 

were confirmed using DDS and CD methods. 

 

3.3 Genetic characterization of β-lactamases: DNA amplification and sequencing 

 

            When the TEM, SHV, and CTX-M β-lactamases from K. pneumoniae were amplified a 

858-bp product characteristic of TEM  was obtained in six (4.3%) isolates (two from 2000 and 

four in 2003) and with the different restriction endonucleases two patterns were obtained. 

However, we did not succeed in obtaining sequences with TEM-type β-lactamases, therefore 

not it was possible to characterize.  

For the SHV-type β-lactamases a 950-bp product was obtained in 135 (96%) isolates, 

of which 92 (68%) were SHV-types ESBLs. The analysis of the restriction endonucleases 

yielded four different patterns corresponding to the following SHV-types ESBLs observed after 

sequencing: SHV-2 (n=23; 17.0%), SHV-5 (n=40; 29.7%), SHV-11 (n=29; 21.5%); and 43 

(31.8%) isolates presented only the SHV-1-type β-lactamases.  These β-lactamases were also 

associated with other enzymes like TEM, CTX-M-2 and CTX-M-54 in the same the isolates 

(Table 2).  Four (3.0%) strains produced only  SHV-types ESBLs, being three SHV-11 and one 

SHV-5. 

For the β-lactamases type CTX-M, a 550-bp product was obtained with 133 (94,3%)  

isolates. The restriction analysis with endonucleases yielded  two different patterns    and after 

sequencing the follow  CTX-M-type ESBL  were  observed: CTX-M-2  in 131 (92.9%)  and 2 
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strains CTX-M-54 (1.4%), these last ones during 2003. Different combination of these enzymes 

were observed among the strains, as shown in Table 2.  

              The results obtained, showed 88 (62%) strains containing genes for two ESBLs in the 

same isolate. Several combinations were described as SHV-2/CTXM-2 (n=23; 26.2%), SHV-

5/CTX-M-2 (n=38; 43.2%) and SHV-11/CTX-M-2 (n=23; 26.2%), SHV-5/TEM (1; 1.1%) , 

TEM/CTX-M-2( n=1; 1.1%) and SHV-11/TEM (2; 2.2%).  

 

3.4 Molecular typing 

 

Cluster analysis of the restriction profiles produced by RFLP-PFGE and bands 

generated by ERIC-PCR typing revealed low relatedness among the isolates. When the 

dendrogram was generated, ERIC-PCR  analysis resulted in 76 different genotypes,  six with 

two strains each, five with three stains each, three  with six strains and single genotype  with: 

five, seven, twelve and fourteen strains each (Fig. 1).  The other isolates showed genetic 

similarity lower than 85% (between 28,13% and 85%). The dendrogram generated by RFLP-

PFGE, resulted in 94 different genotypes, fifteen different clusters  containing two strains each, 

five  with four strains each, one with three and  a cluster with sixteen strains (isolated in 

different years: one  in 2000, five in 2002, two  in 2003 and seven in 2004).The other isolates 

presented genetic similarity   between 36.58% a 85.0% (Table 2).  

 

4. Discussion 

 

ESBLs are an increasing problem in human medicine, inducing resistance to third-

generation cephalosporins among Enterobacteriaceae, especially K. pneumoniae.  In addition, 

bacteria producing these enzymes are frequently resistant to many classes of non-β-lactam 

antibiotics, resulting in difficult-to-treat infections (Mac Kenzie et al., 2002; Mack & Mack, 

2003). Due to their importance, these enzymes have been extensively investigated. The TEM-, 

SHV-,0XA-, and more recently, CTX-M-type enzymes emerged in many countries of the 

world, including Brazil (Bonnet et al, 2000; Hernández et al., 2005; DiPersio et al., 2005; 

Livermore et al., 2007)   

Although antibiotic resistance is becoming a major threat to human health 

worldwide, information concerning the dissemination and geographical distribution of 

antibiotic-resistant bacteria remains scarce (Villa et al., 2000). The resistance patterns of 

ESBL-producing K. pneumoniae are remarkable for the high rate of co-resistance to other 

classes of antibiotics.  The 92.7% of CTX-M producing isolates, cefotaxime, ceftriaxone and 
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cefepime MICs presented  high ( ≥128µgmL-1) for MIC50 and MIC90, while for ceftazidime  

they were lower (MIC50=16 µg mL-1 and MIC90 64 µgmL-1). Considering that 62% of the 

strains were SHV-type ESBL produces, this could explain the lower values for ceftazidime,  

since  this group of enzymes is able to hydrolise better ceftzidime. The β-Lactam-β-

Lactamase inhibitor combinations, as well as carbapenems, aminoglycosides and 

fluorquinolones are considered to be potentially active drugs against ESBLs-producing K. 

pneumoniae (Villegas et al., 2004). In a study performed with CTX-M producing K. 

pneumoniae in Russian hospitals, Edelstein et al. (2003) found results similar to ours about 

piperacillin-tazobactam and concluded that the increased activity of this drug association 

could be explained by the fact that CTX-M enzymes are better inhibited by tazobactam than 

by clavulanate. In relation to the aminoglicosydes, these authors obtained similar results to 

ours, that is,  85.1%  of the K. pneumoniae isolates were resistant to gentamicin. Liao et al. 

(2006) studying  ESBL-K. pneumoniae in two regional hospitals in Taiwan reported that only 

37% of the isolates were susceptible to ciprofloxacin, in agreement with our results of 20.6%. 

Hernández et al. (2005) reported that the concurrence of ciprofloxacin resistance with ESBL 

production, particularly in isolates of K. pneumoniae, was also observed in a nationwide study 

in Spain; according to the authors the actual causes of this association are not well known but 

may be related not only to target mutations in DNA gyrase or toposisomerase IV, but also to 

other mechanisms, including porin loss, active efflux, and target protection. 

The SHV-type ESBL is often produced by K. pneumoniae, eventhough it is also 

found in other species of Enterobacteriaceae and in P.aeruginosa (Neonakis et al., 2003). The 

blaSHV-1 is detected in more than 90% of clinical isolates of K. pneumoniae, carrying  a 

chromosomal copy. Its prevalence provides an explanation for the number of variants to 

which is directly related. In South America, the first reports on SHV-type ESBL occurred in 

1988 and 1989, of K. pneumoniae  isolates ( in Chile and Argentina)  harboring SHV-2 and 

SHV-5. In Brazil, SHV was first described by Corkill et al. (2001), a K. pneumoniae strain 

producing SHV-27, isolated in a blood culture in Aracaju State of Sergipe, Northeast Region. 

In this study we found different types of SHV produced by 135 (96%) of the strains: SHV-1 

(n=43;31.8%), SHV-2 (n=23; 17.0%), SHV-5 (n=40; 29.7%) and SHV-11 (n=29; 21.5%). 

Considering that SHV-1 is not an ESBL, we could say that SHV-5 was the predominant 

ESBL type in this study, in agreement with the results obtained in Greece (88%) (Legakis et 

al., 1995). The first report on SHV-11 producer K. pneumoniae occurred in 1997 in  

Switzerland (Nüesch-Inderbinen et al., 1997)  and  in 1999 it was  detected in several 

Enterobacteriaceae species, including Shigella dysenteriae (Ahamed & Kundu, 1999) and 

thereafter was spread worldwide. More recently it was observed that, K .pneumoniae strains 
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carrying the chromosomal SHV-11 β-lactamase gene produce the plasmid-mediated SHV-12 

ESBL more frequently than those carrying the chromosomal gene (Lee et al., 2006).  

The TEM-type ESBLs are derived from TEM-1 and TEM-2. The first described 

TEM-ESBL was a strain of K. oxytoca harboring a plasmid carrying a gene encoding 

ceftazidime resistance, in Liverpool, England, in 1982. Well over 161 TEM-type β-lactamases 

have been described and  the amino acid changes in comparison with TEM-1 and TEM-2 are 

documented at http://www.lahey.org/studies/ttemtabele.htm. Curiously, TEM-type ESBLs 

have been very rarely reported in South America, and the enzymes seem to be prevalent in 

North America and Canada. In this study a low number of strains (six) harboring blaTEM was 

detected, and in five of them were associated with the presence of blaSHV and in another with 

CTX-M-2; in addition the association of blaTEM  and blaSHV was also observed in 4.3% of 

isolates. More studies are necessary to analyze if the low prevalence of  blaTEM in our study 

could be related to the intensive spread of CTX-M. 

In South America, CTX-M-type-ESBL occurred in 1989 during an outbreak of 

multiresistant Salmonella enterica serovar Typhimurium infections in Argentina. From these 

isolates a new non-SHV, non-TEM ESBL named CTX-M-2 was identified and  this enzyme 

has since then been described in many Enterobacteriaceae species spread throughout different 

parts of South America continent. In Brazil, besides CTX-M-2 other CTX-M enzymes (CTX-

M-8, 9 and 16), have been described. Radice et al (2002) detected CTX-M-2 in 75% of the 

ESBL-producing enterobacteria in Buenos Aires and recently the first time was in Colombia 

(Silva et al., 2006). Our study, reported and confirm the dissemination of CTX-M-2 in South 

America. Furthermore, in our study strains carrying blaCTX-M-2 were found in 92.9% and CTX-

54 in 2 isolates (1.4%). The way by which CTX-M-2 enzymes spread in South America 

countries may be not a result of the dissemination of particular clones, but of the spread of 

both multiple specific clones and/or mobile genetic elements as has already been described in 

integrons (Power et al., 2005; Vignoli et al., 2006). The CTX-M-54 enzyme was first reported 

in Korea 2006 in isolates of K. pneumoniae (Bae et al., 2006), however in our study two 

strains producing this enzyme were isolated in 2003. 

Our molecular analyses indicate that dissemination of ESBL-producing K. 

pneumoniae strains in our hospital probably involved horizontal transfer of the resistance 

determinants, although simultaneous spread of several clones could also have played a role. 

This possibility is supported by the finding, in the analysis of ERIC-PCR, of several clones 

(from two to sixteen) with the same gene or the association of genes (e.g. only CTX-M-2 or 

SHV-2/CTX-M-2, SHV-5/CTX-M-2, SHV-11/CTX-M-2). In the RFLP-PFGE analysis, one 

large clone was obtained with sixteen strains harboring CTX-M-2 or CTXM-2 associated with 

http://www.lahey.org/studies/ttemtabele.htm
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SHV, isolated in different years and several small clones (from two to four).  The presence of 

endemic CTX-M-2 enzyme distribution of strains was observed. The abundance of different 

genotypes in relation to different enzymes shows the complexity and diversity of the 

epidemiology of ESBLs in the University Hospital of Londrina.  It was not possible to 

correlate each clone with a specific enzyme, since each clone had different isolates with 

CTXM-2 alone or associated to different SHVs. If the clustered isolates are genotypically 

different, then the clustering may be due to chance alone, or to excessive drug pressure, 

resulting in the selection of a resistant phenotype within a group of unrelated isolates. 

   K. pneumoniae producing two or more ESBLs have been reported scarcely, but 

when detected in most cases they include TEM-and/or SHV-derived enzymes (Melano et al., 

2003). Here we report the identification of 62% multiresistant K. pneumoniae isolates which 

produced  several combinations of two ESBLs in the same isolate. The more frequent 

combination detected  was of SHV-5/CTX-M-2, which was found in 38 (27%) isolates. The 

emergence of bacteria with multiple β-lactamases carries several implications as likelihood 

that β-lactamase inhibitors will be overwhelmed and difficulties in the interpretation of 

antibiograms using manually or automated systems (Essack et al., 2004). 

                In summary, this study shows the presence of multiresistant and ESBL producing 

strains of K. pneumoniae in a large sample of isolates (141) collected during the period of 

January 2000 to December 2004. We also detected the dominant presence of CTX-M-2 and 

just few (six) strains of TEM producers. Four types SHV were detected, being SHV-5 the 

most frequent  29.7%. Our results show the prevalence of CTX-M-2 in our region. These data 

could be used to better understand the epidemiology and to establish policies for the use of 

new antimicrobial drugs, in addition to improving hospital hygiene, a great challenge for 

hospital epidemiology 
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Table 1 – In vitro antimicrobial susceptibility of 141 Klebsiella pneumoniae isolates. 

Antimicrobial agents Range (µg mL-1) MIC50 

(µg mL-1) 
MIC9O 

(µg mL-1) 
Susceptible 
(%)     

ampicillin ≤4  to ≥ 128 ≥ 128 ≥ 128 0 
cefazolin ≤4  to ≥ 128 ≥ 128 ≥ 128 0 
cefoxitin ≤ 4 to ≥ 32 ≤4 8 100     
cefotaxime ≤ 1 to ≥ 128 ≥ 128 ≥ 128 5.0         
ceftriaxone ≤ 1 to ≥ 128 ≥ 128 ≥ 128 5.7          
ceftazidime ≤ 1 to ≥ 128 16 64 6.4          
aztreonam ≤ 1 to ≥ 128 64 ≥ 128 5.7          
cefepime ∠4 to  ≥ 128 ≥ 128 ≥ 128 10.6      
ciprofloxacin ∠ 0,5 to ≥16 8 ≥16 20.6     
levofloxacin ∠ 1 to ≥32 4 16 54.6     
gentamicin ∠ 2 to ≥32 ≥ 32 ≥ 32 20.6      
amikacin ∠ 8 to ≥ 128 ≥ 128 ≥ 128 23.4      
amoxicillin/clavulanate ∠4/2 to ≥ 64/32 8/4 32/16 67.0      
ampicillin/sulbactam ∠4/2 to ≥ 64/32 8/4 ≥ 128/64 49.6      
piperacillin/tazobactam ∠4/2 to ≥ 128/4 ∠ 8/2 8/2 98.6     
imipenem  ∠ 2 to  ≥ 16 ≤ 2 ≤ 2 100     
meropenem ∠ 2 to  ≥ 16 ≤ 2 ≤ 2 100     
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Table 2 – Different  enzymes and genotypes obtained among of 141 K.pneumoniae isolates.  

Year No.of  

isolates 

Type of ESBL 

(number of isolates) 

Sourcesa           Genotype as determined by 

  RFLP- PFGE               ERIC-PCR  
2000 7   SHV-5/TEM (1) 

  SHV-1/CTX-M-2 (3) 
  SHV-5/ CTX-M-2 (2) 
  SHV-1/TEM (1) 
 

 
 

U 
U 
U 
U 

  I 
  II,III,IV 
  V 
  VI 

1  
2(2),3 
2 
3 

2001 25   SHV-1/CTX-M-2 (8) 
  SHV-5/CTX-M-2 (10) 
 
  SHV-11/CTX-M-2 (3) 
  SHV-2/CTX-M-2 (4) 

U                                   
U,SW 
B, PL 
U,B                                
U,B,TA 

II,VIII,IX,X,XI,XII,XIII,V      
 IV,XV,XVI,XVII(2),XVIII, 
 XIX,XX,XXI,XXII,  
  XIII, XXIV(2)     

XXV,XXVI(2), XXVII                   

2(2),4,5,6,7,8,9 
10,11,12(2),13, 
14,15,16,17,18 
19,20(2) 
21,22,23,24 

2002 28 SHV-1/CTX-M-2 (15) 
 
 
 
SHV-11/CTX-M-2 (5) 
 
SHV-5/CTX-M-2 (3) 
SHV-2/CTX-M-2 (2) 
CTX-M-2 (2) 

U,B  
                   
 
 
U 
 
U                        
U 
U 

  III(3),XXI, XXII, XXX, XXXIII, 
  XXXIV(2),XXV,XXXVI,X,  
  XXXVII, XXXVIII, XXXIX 
 
  IV,XL,XLI,XLII,XLIII   

 
  III,XLIV,XLV 
  III,XLVI 
  XXI,XLVII 

  

5,13(3),24,25, 
26(2),27,28,29 
30,31,32,33 
 
32,34,35,36, 
37 
13,18,38 
39,40 
25,41 

2003 32 SHV-1/TEM (1) 
 
SHV-1/CTX-M-2 (6) 
 
 
SHV-11/CTX-M-2 (2) 
SHV-11/TEM (2) 
SHV-11(2) 
 
SHV-2/CTX-M-2 (10) 
 
 
SHV-5/CTX-M-2 (4) 
CTX-M-2 (2) 
SHV-1/TEM/CTX-M-2(1) 
SHV-1/CTX-M-54 (1) 
CTX-M-54(1) 
 

U 
 
U 
 
 
U 
U 
U,PL 
 
U,CVA,B 
 
 
U,B 
U 
U 
U 
U 

XLVIII 
 
XII,XLIV,XLV,XLVI 
LVII,XLVIII 
 
II,XLIX 
L,LI 
LII,LIII 
 
III, V,XLIV,XLIX LIV,LV, 
LVI,LVII,LVIII,XLV 
 
III,LIX,LX,LXI 
XLV,LXII 
LXIII 
LXIV 
LXV 
 

5 
 
12,18,32,38, 
41,42 
 
32,43 
5,32 
38(2) 
 
32(4)41,47,48 
49,50,51 
 
5,44,45,46 
5,52 
32 
53 
54 

2004 

 

49                  SHV-1/CTX-M-2 (10)                       U,B,SW                           III(2),XLII,XLV,LX,LXVIII,           18(3),48,55,56 
                                                                                                                          LXX,LXXII,LXXIV,LXXV             57,58,59,60 
               
                      SHV-11/CTX-M-2 (11)                     U,B,TA                            III ,XII (2), XXXIV, LI ,LIV, LX,         13,18(2),33(2),56, 
                                                                                                                          LXIV, LXVII, LXIX ,LXXI             61,62,63,64,65   
                                                                                                           
                      SHV-11 (1)                                        U                                     LXXVIII                                            37 
                      SHV-5/CTX-M-2 (19)                       U,SW,CVA                     III(2), XL, XLII(2), XLIV ,XLV,     18(3),33(2),37(2) 
                                                                                                                          XLVII, XLIX, LXVII, LXXVIII,     42, 48 (3),62,64, 
                                                                                                                          LXXIX, LXXX, LXXXI, LXXXII   66, 67(2), 68,69  
                                                                                                                          LXXXIII, LXXXIV, LXXXV ,        70 
                                                                                                                          LXXXVIII    
                      SHV-5 (1)                                           U                                     LXXXIX                                            71  
                      SHV-2/CTX-M-2 (7)                          U,SW                              III(2),XC,XCI,XCII,XCIII,XCIV     37,72(2),73,74,75,76 

                                                                                                                                                                                    
a U=urine, B=blood, SW=surgical wound, TA= tracheal aspirate, CVA=central venous catheter, PL= pleural liquid, 
CF= cerebrospinal fluid 
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High Incidence of Class 1 Integron Among Klebsiella pneumoniae  strains  and 
Characterization of Unusual integron carrying blactxm-2 gene  in Isolates from Brazil 
 
 
Abstract 
 
                      The rapid dissemination of antibiotic resistance genes among bacterial isolates 

is an increasing problem for the treatment of infectious diseases. Recently, integrons have 

been recognized as significant contributors to the acquisition of antibiotic resistance in gram-

negative bacteria. In the present study, we determined the occurrence of integron classes 1, 2 

and 3 in 141 ESBLs- producing K. pneumoniae isolates from hospitalized patients, in a period 

of five years, from 2000-2004. We also performed the molecular characterization of the 

integron carrying blactxm-2 gene in eight of the isolates which yielded positive results for class 

1. Class 1 integron prevailed, being detected in 131 (93%) out of the 141 clinical isolates. 

Class 2 integron was detected in nine isolates (6,4%), and  seven 7 (5%) isolates had both 

classes of integrons 1 and 2. Class 3 integron was not found among the ESBL-producing K. 

pneumoniae isolates. This study is the first to describe the characterization of an integron 

carrying blactxm-2 gene isolated from ESBL-producing K. pneumoniae strains isolated from 

hospitalized patients in Brazil. Our results also suggest that the dissemination of CTX-M-2 

enzyme occurs through unusual class 1 integron, as reported in Argentina and Uruguay.   

 

 

1. Introduction 
 

   The CTX-M-type β-lactamases represent a rapidly emerging group with a typical 

extended-spectrum β-lactamases (ESBL)-resistance phenotype (Bradford, 2001). These 

enzymes, exhibiting extended-spectrum activities are capable of hydrolyzing some broad-

spectrum cephalosporins and are inhibited by clavulanic acid and tazobactam (Bonnet et al., 

2004). Many plasmid-mediated ESBL genes are located within or near mobile elements, such 

as integrons and transposons, which enhance their rapid dissemination (Arduino et al., 2002). 

To date, ten  integrons classes have been identified, five of them associated with gene 

cassettes that codify antibiotic resistance and, among them, classes 1, 2 and 3 have been the 

most common in clinical isolates (Correia et al., 2003). Class 1 integrons are the most 

commonly found in nosocomial and community environments, followed by class 2; other 

integron classes are scarcely reported to date (Machado et al., 2005).  
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 The general organization of a class 1 integron includes: a 5’-conserved-segment 

(5’CS), containing the gene for an integrase (int), an adjacent recombination site (attI) and the 

promoter region; the 3’-conserved-segment (3’CS), including at least two genes, qacE∆1 

(basal-level resistance to quaternary-ammonium compounds) and sul1 (sulfonamide 

resistance); and a variable region (between both conserved domains) harbouring the gene 

cassettes with the corresponding aatC or 59-base element (59-be) (Hall et al., 1995; Power et 

al., 2005). Gene cassettes are not necessarily part of the integron, but when integrated, they do 

become part of it (Fluit and Schimtzt, 1999). 

              In South American countries, the blaCTX-M-2 was first characterized from a 

conjugative plasmid of Salmonella enterica serovar Typhimurium strain, CAS-5 isolated 

during an outbreak in 1990 (Bauernfeind et al., 1996). Genetic analysis of the blaCTX-M genes 

in pathogens in Argentina began with the blaCTX-M-2 gene from a Proteus mirabilis strain 

isolated in 1993 (Arduino et al., 2002). This gene was found on a plasmid (pMAR-12) in an 

integron, In35, containing the 3’ CS duplication typical of unusual class 1 integrons, but not 

as part of a gene cassette. In this array the blaCTX-M-2 gene is immediately downstream of a 

copy of ISCR1 (a common region that includes a putative recombinase named orf513).  

Interestingly, this copy of blaCTX-M-2 is preceded by 266 bp of DNA displaying 99% identity to 

blaKLUA-1, encoding the class A β-lactamase of Kluyvera ascorbata. In addition, 1,043 bp of 

the sequence downstream of blaCTX-M-2 also displays high identity to Kluyvera DNA, a finding 

that provides evidence that the blaCTX-M-2 gene almost certainly originates from K. ascorbata. 

It therefore seems likely that the associated ISCR1 element was involved in sequestering this 

section of DNA from the chromosome of K. ascorbata or a near relative, into a plasmid 

carried by the host cell (Humeniuk et al., 2002). A similar situation was found with an isolate 

of  S. enterica serovar Infantis that was isolated in 1997 (Tolleman, 2006) 

 A growing number of these class 1 integrons has been reported in different regions 

and species, including the In116 of Morganella morganii from Argentina and Klebsiella 

pneumoniae strains K96005 and K13 isolated from Uruguai (Power et al., 2005; Vignoli et 

al., 2006); the dissemination of the gene has been demonstrated in different members of the 

family Enterobacteriaceae, including K. pneumoniae. The CTX-M-2 enzyme seems to be the 

most frequent ESBL (75%) in Enterobacteriaceae in Argentina and also, frequently, in 

Uruguay (Quinteros et al., 1999). In Brazil, the first report on ESBL-producing strains of the 

family Enterobacteriaceae isolated  in 1998 and 1999, describes the following CTX-M 

enzymes: CTX-M-2 in P. mirabilis, CTX-M-9, CTX-M-16 in Escherichia coli and CTX-M-8 
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in Citrobacter amalonaticus, Enterobacter cloacae and Enterobacter aerogenes (Bonnet et 

al., 2000; Bonnet et al., 2001).  

               However, during the last years, CTX-M-2 has been identified in different regions of 

Brazil, including the clinical isolates of K. pneumoniae used in this study. Although CTX-M-

2 is common in different species of the family Enterobacteriaceae,   the genetic element 

carrying the blactxm-2 gene among the isolates in our region has not yet been characterized. 

Therefore, the aim of the present report was to both evaluate the prevalence of classes 1, 2, 3 

integrons in 141 K. pneumoniae isolates producing ESBLs obtained from hospitalized 

patients, in a  five years period, in Londrina, State of Paraná, Brazil, and to perform the 

molecular characterization of the class 1 integron carrying blactxm-2 gene, in eight of our 

clinical isolates. 

 

 

2. Material and methods  

 

2.1 Clinical isolates 

     One- hundred and forty one isolates of ESBLs producing K. pneumoniae were collected 

during the period of January 2000 to December 2004, from different sources, including urine 

(107), blood (19), surgical wound (six), tracheal aspirate (four), central venous catheter (two), 

pleural liquid (two) and cerebrospinal fluid (one). Strains were selected from clinical 

specimens, one isolate per patient, at the University Hospital, Londrina, State of Paraná, Brazil.  

The isolates were initially identified using Microscan Walkaway (Dade Behring, Sacramento, 

CA, USA), followed by the confirmation with API 20E (Bio-Merieux, Marcy I’Etoile, France), 

and stored in  brain heart infusion (BHI) broth +20% glicerol at –200C. For molecular 

characterization of integron blactxm-2 eigth isolates designated: 22-1 and 4-2 (blood), 1-3, 8-4, 

21-4, 33-4, 39-4 (urine) and 52-4 (central venous catheter) were selected, from different years. 

 

2.2 Screening for ESBL producers    

 

The isolates presenting a cefpodoxime MIC≥8 µg mL-1 and/or a cefotaxime/ 

ceftazidime/aztreonam MIC≥2 µg mL-1, evaluated by automated method were tested for ESBL 

production according to CLSI (Clinical and Laboratory Standards Institute) 2005 guidelines. 

ESBLs production was confirmed by the double disk screening (DDS) and combination disk 

(CD) methods with Oxoid (Basingstoke, Hampshire, England) disks as described previously 
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(Jarlier et al., 1988; Jacoby and Han, 1996). K. pneumoniae ATCC 700603 and E. coli ATCC 

25922 were used as positive and negative controls. 

 

2.3  Antimicrobial  susceptibility testing 
 
MICs were determined by agar dilution method according to the CLSI (2005). The following 

antimicrobial agents were tested and their respective manufacturers: aztreonam (Bristol-Myers-

Squibb, Brasil), cefepime  (Bristol-Myers-Squibb, Brasil), ceftazidime (Glaxo-Smith-Kline-

Brasil), ceftriaxone (Roche, Brasil), cefotaxime (Aventis Pharma, Brasil), cefazoline (Eli Lilly, 

Brasil), cefoxitin (Merck, Sharp & Dohme, Brasil), imipenem (Merck, Sharp & Dohme, Brasil),  

meropenem (AztraZeneca, Brasil), ampicillin (Eurofarma, Brasil), amoxicillin/clavulanate 

(Glaxo-Smith-Kline-Brasil), piperacillin/tazobactam (Wyeth-Whitehall, Brasil), amikacin  

(Bristol-Meyers-Squibb, Brasil) gentamicin (Schering-Ploug, Brasil), ciprofloxacin (Bayer, 

Brasil) levofloxacin (Aventis Pharma, Brasil). K. penumoniae ATCC 700603 and E .coli 25922 

were used as controls. 

 

2.4 Detection of classes 1, 2 and 3 integrons and characterization of integron blactxm-2. 

 

Total DNA of the strains was extracted as described by Kaschuk et al. (2006). To obtain clean 

DNA samples, for each 400 µL of bacteria resuspended in TE 50/20, the extraction procedure 

included the addition, of 50 µL of 10% SDS, 5 µL of proteinase-K (20 mg mL-1) 

(InvitrogenTM), 10 µL of lysozyme (5 mg mL-1) (InvitrogenTM), and 2 µL of RNAse (10 mg 

mL-1) (InvitrogenTM). After two steps of purification with ethanol at 99.5% and at 70%, the 

pellet was resuspended in 50 µL of TE 10/1 to estimate the concentration of the DNA and 

kept at -200C. Detection of classes 1, 2, 3 and characterization of integrons was performed by 

PCR using specific primers (Table 1) and the amplification conditions were as described by 

Power et al. (2005). Amplification was performed in an MJ Research Inc.PT 100 

thermocycler and the products were submitted to electrophoresis in 1.0% agarose gels 

(Sigma-Aldrich Ltd., Madrid, Spain), stained with ethidium bromide,  visualized using UV 

light and photographed.   
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3. Results 

All strains presenting MIC suggestive of ESBL production as cefpodoxime MIC≥8 

µg mL-1 and/or a cefotaxime/ ceftazidime/aztreonam MIC≥2 µg mL-1 evaluated, by automated 

method were confirmed using DDS and CD. 

              The prevalence of integrons among the isolates studied was initially accessed by 

examining the integrases classes. The results showed that class 1 integrase was the most 

frequently found,  being present in 131 (93%) of the isolates. The occurrence of class 2 

integrase   was detected in nine isolates (6.4%), and in seven (5%) others, two classes 

integrase 1 and 2 were detected. Class 3 integrase gene was not detected among the K. 

pneumoniae producing ESBL isolates. To confirm the presence of class 1 and 2 integrons, 

cassette regions were characterized showing different sizes, and indicated the presence of 

different cassettes (data not shown).  

The 131 samples positive for class 1 integron were initially studied for the presence of 

the enzyme CTX-M-2-type cefotaximase (data not shown), then, eight clinical isolates were 

selected for the characterization of integron blactxm-2 genes. The spectrum of antimicrobial 

resistance presented by the eight strains was typical of ESBL-producing K. pneumoniae, as 

shown in Table 2.  All isolates were uniformly resistant to ampicillin and cefazolin (MIC≥ 128 

µg mL-1), also resistant to cefotaxime, ceftazidime, aztreonam, ceftriaxone and cefepime 

presenting high MICs (MIC≥ 128 µg mL-1) for these antimicrobial agents. All isolates were 

susceptible to cefoxitin, imipenem, meropenen and piperacillin/tazobactam. The distribution of 

MICs values obtained with these sixteen drugs is shown in Table 2. 

The characterization of integron blactxm-2 genes in the eight strains was accomplished 

by PCR, using primers described in Table 1. We confirmed the unusual structure of the class 1 

integron and the sizes of fragments obtained for its characterization (Fig. 1). The similarity with 

other integrons carrying blactxm-2 genes, as the first one belonging to the families In6 and In7, 

and to the more recently described, In35 and In116 was observed. 

 

4. Discussion 

Integrons are natural highly efficient recombination and expression systems able to 

capture genes as part of genetic elements known as gene cassettes. Although mutation plays 

an important role in the evolution of antibiotic resistance, the predominant factor for the 

increase in of antibiotic resistance in more than half a century is the acquisition of antibiotic 

resistance genes (Fluit et al., 1999). The acquisition and spread of antibiotic resistance genes 

among bacteria that are intimately associated with humans and their domesticated animals are 
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well documented (Toleman et al., 2006). Five integron classes related to antibiotic resistance 

have been described based on the homology of their integrases genes. The need for systematic 

epidemiologic studies about the role of integrons in antimicrobial drug resistance in bacteria 

has recently been emphasized (Norrby, 2005). Integrons are widely distributed among clinical 

isolates of gram negative and their prevalence is variable among isolates (Toleman et al., 

2006). 

 The prevalence of integrons is high among Gram-negative isolates from patients in 

Europe, and some carry multiple integrons (Rao et al, 2006). A high prevalence of class 1 

integrons in gram-negative clinical isolates in Asian countries has also been reported (Yu et 

al., 2003). Most of the resistance integrons found to date in clinical isolates of 

Enterobacteriaceae belong to class 1, which are highly associated with resistance to 

antimicrobial agents (Norrby, 2005). Toleman et al. (2006) suggest that integrons are 

relatively common, specially among the Enterobacteriaceae, and that they contribute to the 

spread of antimicrobial drug resistance in healthcare settings. Rao et al. (2006), studying class 

1 integron from E. coli and Klebsiella spp. in Hospitals in U.S.A, concluded that determining 

integrons epidemiology will improve the understanding of how antibacterial resistance 

determinates spread.  However, no studies in K. pneumoniae have been performed so far 

about the association between integron carriage and antimicrobial susceptibility patterns in 

Brazil. 

Machado et al. (2005) studying integron contents of ESBL-producing E. coli strains 

over 12 years found that 67% of the strains contained class 1 integron. This integron was also 

detected in 40.8% of Pseudomonas aeruginosa strains and in 52.8% of Acinetobacter 

baumannii from four general hospitals in China (Gu et al., 2007). This is comparable to 

previously reported frequencies of 41.5% in Brazil (P. aeruginosa) (Fonseca et al., 2005), 

60% in the United Kingdom (A. baumannii) (Turton et al., 2005), 43% in Europe (gram 

negative isolates) (Martinez-Freijo et al., 1998), more than 50% in the Netherlands 

(Enterobacteriaceae) (Jones et al., 1997), and 52% in Taiwan (E. coli) (Chang et al., 2000). 

Results similar to these obtained in this study, 93% in K. pneumoniae,  were found by Pan et 

al (2006), who described an atypical class 1 integron without a 3'-conserved segment on the 

Shigella chromosome, present in 84.9% (28/33) of Shigella flexneri isolates. Rao et al.(2006),  

studying  111 Klebsiella spp. isolates  from hospitalized patients, found  class 1 integron in 

70% of non ESBL-producing and 73% in ESBL-producing Klebsiella ssp. Also, Jones et al 

(2005), studying 51 ESBL producing Klebsiella species in clinical isolates collected over a 

ten-year period in Australia, found that 72.5% of the strains, contained one or more class 1 
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integrons. These data cannot be directly compared because of differences in selection criteria 

and testing procedures, but as a whole, they suggest that prevalence of integrons in K. 

pneumoniae in Brazil may be high, as it occurs in other regions of the world.   

               Class 2 integrons included in the Tn7 family transposon,  have also been described. 

This transposon contains three integrated gene cassettes (dhfr1-sat-aadA1) adjacent to an 

integrase gene (intl2) located at 5'-CS. The Tn7 aat1 site is located between  the intl2 gene 

and the first inserted resistance gene, as described for class 1 integrons, even though class 2 

has been scarcely reported (Carattoli, 2001). However,  Pan et al. (2006), studying Shigella 

species found high occurrence of class 2 integrons,  present in 80.6% of the S. sonnei isolates, 

and 87.9% of the S. flexneri isolates. This class of integrons seems prevalent in these species 

since Gassama-Sow et al. (2006), also studying S. sonnei isolates from adult patients with 

diarrhoea in Dakar, found a high prevalence of class 2 integrons (93%). Result similar to ours, 

6,4%  of class 2 integron and absence of class 3, were obtained by van Essen-Zandbergen et al 

(2007). These authors in a study about occurrence and transmission of integrons in multidrug-

resistant or sulfamethoxazole-resistant Salmonella from human and animal sources, in 

Campylobacter spp. and E. coli from broilers isolated in the Netherlands in 2004, found Class 

2 integrons in 11% of E. coli and 1% of the Salmonella isolates. No class 1 or 2 integrons 

were detected in Campylobacter isolates, while class 3 integrons were not detected in any of 

the bacterial species examined. 

    A screening performed with 130 clinical isolates, which included gram-positive 

and gram-negative isolates collected between 1993 and 2000 from various hospitals in 

Buenos Aires, identified ISCR1 next to blaCTX-M-2, in all blaCTX-M-2-containing isolates, 

strongly implicating ISCR1 in the emergence and dissemination of this particular resistance 

genes in South America (Arduino et al., 2003). The blaCTX-M-2 gene has been found on 

plasmids of different sizes and associated with class 1 integrons carrying different resistance 

genes. The association of blaCTX-M-2 and ISCR1 has been identified in 10 different gram 

negative species (including Acinetobacter spp., E. cloacae, E. coli, P. mirabilis, P. 

aeruginosa, Salmonella spp., and Serratia marcescens) (Arduino et al., 2003), in K. 

pneumoniae (Melano et al., 2003), and in M. morganii (Power et al., 2005). In addition, 

blaCTX-M2 has also been found in isolates of the gram-positive species Enterococcus 

faecium and Streptococcus agalactiae (Arduino et al., 2003), again in close association with 

ISCR 

               The dissemination of blactxm-2 among bacterial different genera via class1 integron 

structures is evident from previous findings, locating CTX-M-2 in the variable region of a 
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class 1 integron present in a high molecular weight plasmid originated from a M. morganii 

isolate (Di Conza et al., 2002). Analysis of a P. mirabilis strain from Argentina revealed 

blactxm-2 on an unusual class 1 integron (In35) (Arduino et al., 2002). Sequence analysis of the 

blactxm-2 gene and surrounding DNA revealed 99% homology with the chromosomaly borne, 

class A blaKLUA- 1 gene, originating from K. ascorbata. Data from this study suggest that 

plasmid acquisition of blactxm-2 occurred through an uncharacterised recombination event, 

incorporating open reading frames of unknown function (Arduino et al., 2002). The results in 

that study demonstrate that the architecture of class 1 integron blaCTX-M-2 deduced by a PCR 

mapping showed 100% nucleotide identity with the one described in In116 of M. morganii in 

Argentina and in InK13 of K. pneumoniae isolated in Uruguay. 

                  It is interesting to emphasize that the isolates studied in “Rio de la Plata” were 

selected during 1990s as well as the first CTX-M-2 producers strains studied in Argentin 

(Arduino et al., 2002; Power et al., 2005). That could be a period of regional dissemination of 

this type of integrons among different species, including those belonging to 

Enterobacteriaceae. Our study was performed during 2000-2004 and the same unusual class 1 

integron was detected in most of the strains, suggesting that these structures have a relative 

stability; its association with a conjugative plasmid could explain the large dissemination 

interspecies of this enzyme in South America. 

              In conclusion, the high prevalence of class 1 integron in this study can be attributed 

to  the high incidence of enzyme CTX-M-2, since 131 out of the 141 isolates  are carrying the 

blactxm-2 gene (data not shown). In the ten isolates which were negative for the presence of 

class 1 integron, CTX-M-54 and different SHV types enzymes were detected. Therefore our 

results confirm previous reports on dissemination of blactxm-2 between bacteria via class 1 

integron  (Power et al., 2005; Vignoli et al., 2006). To our knowledge this is the first 

characterization of integron carrying blactxm-2 gene from ESBL-producing K. pneumoniae 

strain from hospitalized patients, in Brazil, and that the dissemination of CTX-M-2 enzyme, 

in Brazil, occurs through unusual class 1 integron, similar to the reports in Argentina and 

Uruguay (Power et al., 2005; Vignoli et al., 2006).   
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Table 1 – Primers sequences used for DNA amplification in this study  

No Primer Nucleotide sequence (5’ to 3’) Target DNA Reference 

1   I5 ACCGCCAACTTTCAGCACAT IntI1 gene Power et al.(2005) 

2   

   

   

  

  

   

     

   

     

   

   

   

   

  

   

     

   

I3 GCGTTCGGTCAAGGTTCTGG IntI1 gene  

3 IntI2F TTATTGCTGGGATTAGGC IntI2 gene Goldstein et al.(2001) 

4 IntI2R ACGGCTACCCTCTGTTATC IntI2 gene  

5 IntI3-F AGTGGGTGGCGAATGAGTG IntI3 gene              Goldstein et al.(2001) 

6 IntI3-R TGTTCTTGTATCGGCAGGTG IntI3 gene  

7 5’CS GGCATCCAAGCAGCAAG cassettes region Lévesque et al.(1995) 

8 3’CS AAGCAGACTTGACCTGA cassettes region

9 qacE∆1F ATCGCAATAGTTGGCGAAGT 3’CS (qacE∆1) Power et al.(2005) 

10 qacE∆1B CAAGCTTTTGCCCATGAAGC 3’CS (qacE∆1)

11 Sul1F CTTCGATGAGAGCCGGCGGC 3’CS (sul1) Power et al.(2005) 

12 Sul1B GCAAGGCGGAAACCCGCGCC 3’CS (sul1)  

13 Oxa2A CCTGCATCGACATTCAAGATA blaOXA-2 Power et al.(2005) 

14 Oxa2F CTCAACCCATCCTACCCACCA blaOXA-2  

15 ORFend CCGTTAAGCTCTTATGTGGG Orf513 Power et al.(2005) 

16 F12D GTATTGCGCCGCTCTTAGAC sul1+ Orf513 Power et al.(2005) 

17 F12R AAACCAGCATGGTTGGCTAC sul1+ Orf513

18 blaI TTAATGATGACTCAGAGCATT blaCTX-M-2 Power et al.(2005) 

19 

20  

21                 

blaII 

blaUp 

blaIV           

GATACCTCGCTCCATTTATTGC 

GGCTTCCAGCTGCTGTTGCAC 

TACCAACCGGAGCAGAAGG 

blaCTX-M-2 

blaCTX-M-2 

blaCTX-M-2

 Power et al.(2005) 

Power et al.(2005) 

Power et al.(2005) 
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Table 2 – MIC obtained from  different antimicrobial agents tested against eight Klebsiella pneumoniae strains 
used for characterization of integron  carrying blactxm-2 

 

Antimicrobial 
Agents 

 
  22-1 

 
  4-2 

MIC 
  1-3  

(µg/mL)   
 8 -4

 
21-4

 
33-4 

 
39-4 

 
52-4

 AMP ≥128    ≥128  ≥128  ≥128  ≥128  ≥128  ≥128  ≥128   
 CFZ ≥128    ≥128  ≥128  ≥128 ≥128 ≥28     ≥128  ≥128  
 CFO 8         16      8        <4      <4      8        <4      <4      
 CTX ≥128   ≥128  ≥128  ≥128  16      64      32      ≥128  
 CRO 64        ≥128  ≥128  ≥128  ≥128  ≥128   ≥128  ≥128  
 CAZ 32        4        8        16     16      64       64      8        
 ATM ≥128    32      ≥128  ≥128  32     8         4        64      
 CPM ≥128    ≥128  ≥128  ≥128  32     ≥128   ≥128  ≥128  
 CIP <0,5      2        2        ≥16     ≥16   ≥16     ≥16    ≥16    
 LEV <1        4        4        4       8        16       1         16      
 GEN  4        ≥32    ≥32    ≥32    4        ≥32     ≥32    ≥32    
 AMI <8        16      ≥128   ≥128  8        ≥128   ≥128  ≥128  
 AMC 32/16   8/4     64/32 32/16 <4/2   32/16  <4/2   <4/2   
 PIT <8/4    <8/4   <8/4  8/4      16/4   8/4       8/4     8/4    
 IMP <2       <2      <2      <2      <2       4         4        4       
 MER <2       <2      <2     <2      <2      <2       <2      <2     
Abreviations: AMP: ampicilina, CFZ: cefazolin, CFO: cefoxitin, CTX: cefotaxime, CRO: ceftriaxone, 
CAZ:ceftazidime, ATM: aztreonam, CPM: cefepime, CIP: ciprofloxacin, LEV: levofloxacin, GEN: 
gentamicin, AMI: amikacin, AMC: amoxicillin/clavulanate, PIT: piperacillin/tazobactam, IMP: 
imipenem, MER: meropenem. 

 
 
 
 
 

 
 

1     0.9      2           13    0.4   14       9        0,8         12                  18     0.9    19  

                  7              1.98               8       11   0.4  12 15     2.3            20           21       1.3         10  

                              13         1.2              10  16          2.0         17   18               2.2                     10 

 
Figure 1 – Architecture of class 1 integron blaCTX-M-2 deduced by a PCR mapping strategy. Numbers in 

italics correspond to the approximate sizes (in kilobases) of the PCR products. Genes are 
represented by bold arrows, indicating the direction of transcription. Circles represent 59 
be. Primers are represented as lines and numbers (Table 1).  
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4 CONCLUSÕES 

 

 

Nossos resultados, quanto às cepas estudadas de K.pneumoniae aqui estudadas permitem 

concluir que: 

 

1- Quanto aos perfis de sensibilidade, todas as amostras apresentaram-se sensíveis a 

Imipenem e Meropenem os quais, portanto, permanecem  como antimicrobianos de escolha 

para o tratamento de infecções por K .pneumoniae produtora de ESBL. 

Piperacilina/Tazobactam apresentou melhor resultado in vitro entre as associações β-

lactâmicos/ inibidores de β-lactamases utilizadas. 

 

2- -A enzima CTX-M-2 foi a mais freqüente entre os isolados, associada ou não a outras 

enzimas. A enzima SHV-5 foi o tipo mais freqüente entre as ESBL do tipo SHV, coincidindo 

com relatos de diversos autores sobre a disseminação dessa enzima em todos os continentes. 

A baixa freqüência de ESBL do tipo TEM, em nossa região, sugere a necessidade de mais 

estudos sobre esta enzima. A presença de genes de duas enzimas com características de 

ESBLs em um mesmo isolado foi de 62%, mostrando assim a alta freqüência destas em 

ambiente hospitalar. 

 

3- Todos os métodos baseados em PCR apresentaram alto poder de discriminação, sendo o 

REP-PCR  o método com o mais elevado poder discriminatório, entre as técnicas baseadas em 

PCR, demonstrando que estas técnicas são apropriadas para estudos epidemiológicos iniciais 

de K .pneumoniae.  A metodologia de RFLP-PFGE apresentou o melhor poder de 

discriminação, sugerindo assim sua utilização como análise confirmatória em estudos 

epidemiológicos de K.pneumoniae. 

 

4- Integron da classe 1 foi o mais freqüente entre os isolados de K.pneumoniae e teve como 

característica importante a localização do gene blaCTX-M-2 em uma região incomum do 

integron, como já descrito  em isolados da Argentina e Uruguai. A análise epidemiológica dos 

isolados apresentou grande diversidade e complexidade genética, sugerindo que a 

multiplicidade de genótipos deve-se a disseminação da enzima CTX-M-2 e genes de 

resistência presentes em elementos móveis, incluindo integrons. 
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