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Durante as ultimas décadas, a Klebsiella pneumoniae tem emergido como um dos
patbgenos mais importantes clinicamente, especialmente em funcdo da alta
prevaléncia de amostras produtoras de beta-lactamases de espectro estendido
(ESBL) e carbapenemases. As opcdes terapéuticas para o tratamento destas
infeccbes sado limitadas ndo somente por esta producdo enzimatica, mas também
pela frequente capacidade de formacao de biofilmes. O estabelecimento de biofilmes
de K. pneumoniae sobre tecidos do hospedeiro acaba por proteger os
microrganismos da acdo de agentes antimicrobianos e da resposta imunoldgica,
além de conduzir a expressdo de determinantes de viruléncia. Neste sentido, o
objetivo deste trabalho foi detectar mecanismos de resisténcia, propriedades
adesivas e capacidade de formacdo de biofiimes de isolados clinicos de K.
pneumoniae multirresistentes. Na primeira fase deste estudo, foram isoladas 33
isolados clinicos de K. pneumoniae com perfil de sensibilidade reduzida aos
carbapenémicos. Através de testes fenotipicos foram detectadas 10 amostras que
apresentaram positividade para o teste modificado de Hodge (MHT) sugerindo
producdo de carbapenemases e duas amostras que apresentaram positividade para
o teste sinérgico com acido bordnico (AB), indicando producdo de KPC (Klebsiella
pneumoniae carbapenemase). Quando utilizado ferramentas moleculares, como a
reacdo em cadeia da polymerase, ndo foi detectado o gene blakpc, caracterizando
desta forma uma falha na deteccdo fenotipica de KPC. Na segunda fase deste
estudo, foram analisadas 14 amostras de K. pneumoniae multirresistentes a fim de
verificar a capacidade de formacdo de biofilmes, bem como propriedades
adesivas/agregativas. A maioria das isolados clinicos analisadas apresentaram
baixa afinidade ao xileno, sugerindo um carater hidrofilico, além de alta afinidade ao
solvente basico acetato de etila — indicando caracteristicas superficiais acidas. Foi
verificado ainda que os isolados clinicos estudados apresentaram alta capacidade
de formacado de biofilme e importante adesédo em células epiteliais. As combinac¢des
de todas estas caracteristicas estudadas podem contribuir para a sobrevivéncia de
K. pneumoniae no hospedeiro e no ambiente, pois a organizacdo dos
microrganismos em biofilme dificulta o tratamento farmacologico e favorece a sua
disseminagdo e multirresisténcia.

Palavras-chaves: Klebsiella pneumoniae, KPC, Hidrofobicidade, Biofilmes
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During the last decades, K. pneumoniae has emerged as one of the most clinically
significant pathogens, especially due to the high prevalence of strains producing
extended spectrum B-lactamases (ESBL) and carbapenemases. The therapeutic
options to treat these infections are constrained not only by this enzyme production,
but also by the regular ability to form biofilms. The development of K. pneumoniae
biofilms on the host tissue eventually protect the microorganisms from the action of
antimicrobial agents and from the immune response, apart from driving the
expression of virulence factors. Thus, the aim of this study was to detect mechanisms
of resistance, adhesive properties and ability of multi-resistant K. pneumoniae
clinical isolates to form biofilms. In the first stage of the study, 33 strains of K.
pneumoniae with reduced susceptibility to carbapenems were isolated. By using
phenotypic tests, 10 samples positive for the modified Hodge test were detected,
suggesting the production of carbapenemases, and 2 strains manifested positivity for
the synergic test with boronic acid, suggesting the production of KPC. When
employing molecular techniques, such as polymerase chain reaction, the gene
naKPC was not detected, characterizing failure on the phenotypic detection of KPC.
In the second stage of the study, 14 strains of multi-resistant K. pneumoniae were
analyzed in order to verify the ability of biofiim formation, as well as
adhesive/aggregative properties. Most of the strains analyzed presented low affinity
to p-xylene, suggesting hydrophilic character, aside from strong affinity to the basic
solvent ethyl acetate — indicating acidic surface characteristics. It was also verified
that the strains studied manifested high ability of biofilm formation and important
adhesion in epithelial cells. The combination of all the characteristics studied may
contribute to the survival of K. pneumoniae in the host and in the environment, as the
organization of microorganisms in biofilms complicates the pharmacological
treatment and favors its spread and multi-resistance.

Key words: Klebsiella pneumoniae, KPC, Hydrophobicity, Biofilms
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APRESENTACAO

Esta dissertagdo estd organizada na seguinte forma: primeiramente s&o
apresentadas a introducdo e o0s objetivos. A seguir, os métodos, resultados,
discusséo e conclusdes sao apresentadas na forma de dois manuscritos, 0os quais
foram escritos, seguindo as normas dos peridédicos aos quais 0s mesmos foram
submetidos a publicacdo. Os itens discussao e conclusdes finais da dissertacdo sao
apresentados ap0s o manuscrito Il. As referéncias bibliograficas apresentadas no
final da dissertacdo referem-se as citacdes que aparecem nos itens introducéo e
discussédo. A formatacdo atende a MDT de 2012 da UFSM.
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1 INTRODUCAO

1.1 Klebsiella pneumoniae

A familia Enterobacteriaceae € constituida por um grupo grande e
heterogéneo de bacilos Gram-negativos. Os principais géneros desta familia sédo
Escherichia, Klebsiella, Proteus, Enterobacter e Serratia (ROLLINS & JOSEPH,
2000). O género Klebsiella foi assim designado por Trevisan em 1885, em
homenagem a Edwin Klebs, microbiologista alem&o. Trevisan também foi
responsavel pela descricdo da espécie K. pneumoniae (MARTINEZ et al., 2004).
Historicamente a classificacdo das espécies de Klebsiella foi baseada em suas
caracteristicas patogénicas ou quanto a sua origem. Posteriormente foram
classificadas de acordo com suas caracteristicas relativas a utilizacdo de diferentes
substratos e atividades enziméticas.

Os estudos de biologia molecular permitiram a identificacdo de novas
espécies e a reclassificacdo das ja existentes, alterando a taxonomia do género
Klebsiella. Este género foi definido por sequenciamento do &cido desoxirribonucleico
(DNA) e permitiu a identificacdo de cinco espécies: K. oxytoca; K. planticola; K.
terrigena, K. mobilis e K. pneumoniae. Esta lltima € subclassificada em trés
subspécies: Klebsiella pneumoniae subspécie pneumoniae, Klebsiella pneumoniae
subspécie ozaenae e Klebsiella pneumoniae subespécie rhinoscleromatis
(PODSCHUN & ULLMANN, 1998).

A K. pneumoniae é um aerébio facultativo, ndo esporulado, cujo tamanho
varia de 0,3 a 1 y de didmetro e 0,6 a 6y de comprimento, € imoével e produz
colénias grandes e gomosas. No &agar MacConkey, produz coldnias roseas,
brilhantes, com aspecto elevado e de consisténcia mucdide. As coldnias formadas
sao grandes devido a capsula mucoide polissacaridica (Antigeno K) que protege o
microrganismo contra a fagocitose por granuldcitos, contra a acdo de fatores
bactericidas do soro e ainda tem funcdo auxiliar na aderéncia (MARTINEZ et al.,
2004).

O género Klebsiella possui caracteristicas bioquimicas que permitem sua
identificacdo. Apresenta reacdo de oxidase negativa, fermenta glicose, reduz nitrato,

lisina positiva, indol negativo, produz gas, ornitina negativa, metaboliza a lactose,
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utiliza o citrato como fonte de carbono e também hidrolisa a uréia, formando gas ou
ndo. A maioria das amostras é capaz de produzir o butilenoglicol como produto final
da fermentacéo da glicose (VERSALOVIC et al., 2011).

A Klebsiella spp. € um patdgeno frequentemente associado a patologias
graves, proporcionando altas taxas de morbi-mortalidade. Além disto, estes
microrganismos normalmente estdo relacionados a infecgcbes nosocomiais.
Pacientes hospitalizados imunodeprimidos com doenca subjacente, como por
exemplo, a diabetes mellitus ou obstru¢cdo pulmonar cronica séo os principais alvos
destes microrganismos. Nestes pacientes a Klebsiella spp. pode originar doencas
graves, como sepse, pneumonia, infec¢des do trato urinario e infeccdo dos tecidos
moles. A incidéncia de infec¢gbes causadas por Klebsiella spp. € de 5 a 7% de todas
as infeccbes adquiridas no hospital classificando-se entre os oito mais importantes
agentes infecciosos nestes ambientes. A espécie de maior relevancia clinica dentro
do género € a Klebsiella pneumoniae (PODSCHUN e ULLMAN, 1998).

A K. pneumoniae € um microrganismo notério por sua capacidade de
acumulacédo e transferéncia de determinantes de resisténcia (WOODFORD et al,
2008; RASHEED et al., 2008; WEI et al., 2007; MOLAND et al., 2003). Estudos de
vigilancia de resisténcia aos antimicrobianos em ambiente hospitalar mostram que
na América Latina a resisténcia em Gram-negativos é mais preocupante que em
Gram-positivos (SADER et al., 2004). Neste contexto, a K. pneumoniae tem um

papel de destaque como agente infeccioso em nosso meio.

1.2 Mecanismos de Resisténcia

As infeccbes causadas por microrganismos resistentes aos antinicrobianos
representam um aumento significativo na falha terapéutica, morbidade e mortalidade
em comparacdo com infec¢des causadas por microrganismos sensiveis. Esse acaba
sendo um fator critico para o gerenciamento do tratamento de pacientes com
infecgbes por estes microrganismos (QUEENAN & BUSH 2007).

Nos Estados Unidos da Améria, os custos anuais adicionais associados a
infeccbes causadas por microrganismos resistentes, em comparagdo com
microrganismos sensiveis sdo estimados entre 21 a 34 bilhdes de délares
americanos. A Sociedade de Doencgas Infecciosas da América (IDSA) reconhece a

resisténcia aos antimicrobianos como uma das maiores ameacas para a saude
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humana em todo o mundo (SPELLBERG et al.,, 2011). Além disso, a resisténcia
antimicrobiana foi o foco do Dia Mundial da Saude em 2011 da Organizacdo Mundial
de Saude (OMS). O impacto da resisténcia a multiplos farmacos (MDR) estende-se a
todos os aspectos da medicina e ameaga 0s progressos significativos que foram
realizados nas areas de transplante, oncologia, cirurgia e infectologia nos ultimos
anos.

Entre todos os farmacos, os antimicrobianos estdo entre os mais comumente
prescritos. A consequéncia inevitavel do uso disseminado dos antimicrobianos foi o
aparecimento de patégeno resistentes a estes farmacos, levando a uma
necessidade cada vez maior de novos medicamentos. Porém, o ritmo de
desenvolvimento dos antimicrobianos diminuiu drasticamente. Atualmente ocorre a
introducdo de um pequeno numero de novos farmacos na pratica clinica, e destes
poucos apresentam novos mecanismos de acdo, ficando suscetiveis aos atuais
mecanismos de resisténcia (BRUNTON et al., 2006).

A dindmica do surgimento e disseminacdo da resisténcia bacteriana aos
antimicrobianos envolve diversos fatores que interagem e contribuem para a selecéo
de bactérias. No entanto, como determinante para evolu¢do do microrganismo,
talvez, o principal fator seja a elevada capacidade bacteriana em mobilizar genes de
resisténcia. Elementos genéticos moveis possibilitam a mobilizacdo de multiplos
genes permitindo a sobrevivéncia de microrganismos sob pressdo seletiva de
antimicrobianos de diferentes classes. Os plasmideos sdo moléculas de DNA
extracromossOmicas que possuem capacidade de replicacdo independente e
mobilizacdo de genes de resisténcia de uma célula bacteriana para outra
(transmissdo horizontal), ndo se limitando a transferéncia intraespécies (FROST et
al., 2005).

Como artificio de escape da atividade dos antimicrobianos, as bactérias
possuem mecanismos de resisténcia diversos: (I) alteracdo na permeabilidade da
membrana externa bacteriana (mediada pela perda ou expressdo reduzida de
proteinas de membrana externa, conhecidas como porinas), (Il) hiperexpressdo de
bomba de efluxo, (lll) alteracdo do sitio alvo que dificulta ou impede a ligacdo do
antimicrobiano e (IV) producdo de enzimas que degradam ou inativam o
antimicrobiano (TENOVER, 2006). O principal mecanismo de resisténcia em Gram-

negativos aos B-lactamicos é decorrente da produgédo de B-lactamases, que séo
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enzimas que catalisam a hidrélise do anel B-lactamico, impossibilitando, assim, a
sua atividade antimicrobiana (TENOVER, 2006).

O impacto clinico das B-lactamases € relacionado mais a combinacédo de
fatores funcionais do que estruturais. Atualmente existem aproximadamente 1302 (-
lactamases descritas e varias contém diferenca em apenas um aminoécido,
incluindo ainda, hidrolise especifica, niveis diferentes de expressédo enzimatica, e a
possibilidade de atuacdo juntamente com outro mecanismo de resisténcia (BUSH,
2013). Isto acaba por dificultar ainda mais a escolha da terapia adequada, pois 0
mesmo microrganismo pode apresentar Varios mecanismos de resisténcia
combinados, como por exemplo, a combinagdo de uma enzima cromossdmica tipo
AmpC e/ou produgdo de B-lactamases de amplo espectro (ESBL) associado a
expressao reduzida de porinas ou a hiperexpressdo de sistemas de efluxo, fazendo
com que este seja resistente a quase todas as classes de antimicrobianos
disponiveis (ANDERSON et al., 2007; GULMEZ et al., 2008; BRATU et al., 2005 [a]).

Nos ultimos anos tem sido observada maior incidéncia de bacilos Gram-
negativos resistentes a cefalosporinas de amplo espectro no ambiente hospitalar,
acarretando, assim, maior uso de [-lactamicos mais potentes, como o0s
carbapenémicos. A maior utilizacdo destes farmacos neste ambiente acaba por
ocasionar maior pressao seletiva sobre a microbiota nosocomial, fazendo com que
ocorra a selecado de subpopula¢des de microrganismos com sensibilidade diminuida
ou resistente a esses antimicrobianos (MENDES et al., 2006). Os carbapenémicos, a
partir do final da década de 1980, foram instituidos como alternativas terapéuticas de
Ultima escolha para o tratamento de infeccbes graves, principalmente aqueles
causados por bactérias Gram-negativas multirresistentes produtoras de ESBL, como
também pelas hiperprodutoras de B-lactamases AmpC especialmente de origem
hospitalar (BRATU et al., 2005 [b]).

O crescente aumento mundial de isolados clinicos de Escherichia coli e
Klebsiella spp. produtoras de enzimas tipo CTX-M, B-lactamases de espectro
estendido e AmpC tem dirigido a escolha terapéutica cada vez mais no sentido dos
carbapenémicos. Em varias localidades & cada vez mais frequente encontrar
mecanismos de resisténcia a estes farmacos, justificando a atual preocupagao com
estes microrganismos (WOODFORD et al., 2008). Dentre as diferentes classes de [3-
lactamases, as carbapenemases pertencem a familia mais versatil pela ampla

atividade hidrolitica a maioria dos antimicrobianos B-lactamicos além de apresentar
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uma fraca inibigdo por inibidores de -lactamases comerciais (QUEENAN & BUSH,
2007).

As carbapenemases sao diversas, incluindo representantes de [(-lactamase
das classes moleculares A , B (metaloenzimas) e D (OXA enzimas). As metalo-3-
lactamases (MBL) séo B-lactamases pertencentes a classe B de Ambler ou classe 3
de Bush, apresentam capacidade de hidrolisar todos os B-lactamicos, com excecéo
dos monobactamicos. O mecanismo de hidrolise destas enzimas sdo dependentes
do zinco (Zn*?), como cofator para atividade enzimatica. S&o conhecidas nove
familias de MBL adquiridas: IMP (imipenemase),VIM (Verona imipenemase), SPM
(Sdo Paulo metalo-B-lactamases), GIM (German imipenemase), SIM (Seoul
imipenemase), AIM (Austrdlia Imipenemase), KHM (Kyorin University Hospital
Metallo-B-lactamase), DIM (Dutch Imipenemase) e NDM-1 (New Delhi Metallo-g-
lactamase). Sendo esta ultima a mais recente MBL relatada. A enzima NDM-1 foi
detectada pela primeira vez em uma linhagem de K. pneumoniae isolado em 2008
em um paciente que retornava para Suécia vindo da india, onde a NDM-1 é
frequentemente encontrada em membros da familia Enterobacteriaceae
(CORNAGLIA et al., 2011). Existe uma relacdo muito grande do chamado “turismo
médico” na india com pacientes infectados/colonizados por bactérias produtoras da
enzima NDM e sua disseminac¢do nos paises de origem (PITOUT et al., 2010).

A trés grandes familias de serino-carbapenemases da classe A incluem as
enzimas IMI/NMC-A (Imipenem-hydrolyzing B-lactamase/Not metalloenzyme
carbapenemase-A), SME (Serratia marcenscens enzyme) e KPC (Klebsiella
pneumoniae carbapenemase) que se caracterizam por hidrolisar uma variedade de
antimicrobianos B-lactamicos, incluindo carbapenémicos, cefalosporinas, penicilinas
e aztreonam e podem ser inibidas pelo acido clavulanico e tazobactam. O quarto tipo
de enzima desta classe sdo as GES (Guiana-extended spectrum), originalmente
denominadas de ESBL, porém com as novas variantes descobertas demonstraram
uma leve hidrélise de imipenem (QUEENAN & BUSH, 2007).

Carbapenemases IMI/NMC-A e SME s&o enzimas codificadas por genes de
localizagdo cromossdmica que apresentam um perfil de resisténcia para
carbapenémicos, mas estranhamente sao sensiveis as cefalosporinas. Estes
mecanismos sao caracterizados esporadicamente em espécies de enterobacterias.
Sua baixa prevaléncia estéd relacionada com a sua localizacdo, sem apresentar

nenhuma associacdo com elementos moéveis (QUEENAN & BUSH, 2007). Dentro
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desta categoria a familia KPC tem o maior potencial para a disseminacdo devido a
sua localizacdo plasmidial, facilitando assim a transmissdo de resisténcia aos
carbapenémicos entre as amostras (VILLEGAS et al., 2006).

A enzima KPC (KPC-1) foi identificada pela primeira vez em uma K.
pneumoniae isolado na Carolina do Norte, nos Estados Unidos da América a
descoberta desta KPC foi rapidamente seguida por varios relatos de uma Unica
variacdo de aminoécidos, surgindo a KPC-2. Como a primeira detec¢cdo da enzima
foi em K. pneumoniae e o potencial de hidrélise era de carbapenemase, a -
lactamase foi nomeada como KPC (Klebsiella pneumoniae carbapenemase).
Embora alteracbes na expressao de porinas pudessem contribuir com o fendtipo
encontrado, a producdo de KPC foi determinante para a resisténcia aos
carbapenémicos (YIGIT et al., 2001).

Atualmente existem 10 variantes de KPC descritas, sendo a KPC 2 e KPC 3
as mais predominantes, estas enzimas sao reportadas principalmente em amostras
de K. pneumoniae, embora exista relatos crescentes em outros géneros da familia
Enterobacteriaceae. Microrganismos nao fermentadores como Pseudomonas e
Acinetobacter também tém sido reportados como produtores de KPC (NORDMANN,
CUZON, NAAS, 2009)

A capacidade de deteccdo destas enzimas depende da qualidade do
microbiologista, como observacdo cuidadosa, experiéncia e capacidade de deciséo
clinica, pois, bactérias produtoras de KPC podem ndo expressar resisténcia aos
carbapenémicos in vitro, pelos testes convencionais e, se o carbapenémico for a
opcao terapéutica e selecao de bactérias produtoras dessa enzima (CLSI, 2009)

O Clinical Laboratory Standart Institute (CLSI) em 2009 determinou um
screening para a determinacdo dos niveis de susceptibilidade aos carbapenémicos
em enterobacterias suspeitas de produzirem carbapenemase. Também foi proposta
a realizacdo do Teste de Hodge modificado para a deteccdo destas enzimas,
principalmente para propositos epidemiologicos de controle de infeccdo. No entanto,
os testes fenotipicos que combinam a alta sensibilidade e alta especificidade na
deteccdo destas enzimas estdo em estudo. Testes com tais caracteristicas sao
particularmente necesséaria em regides onde a producado de MBL ou outros fatores
de resisténcia sao freqientemente detectados entre os isolados de K. pneumoniae
com sensibilidade reduzida aos carbapenémicos. O teste de disco combinado com

acido borénico € um teste fenotipico que pode ser utilizado para determinar a
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producdo de KPC em isolados clinicos de K. pneumoniae, teste este, que se
mostrou com elevada sensibilidade e especificidade para deteccédo destas enzimas,
pois este acido apresenta uma atividade inibitoria contra as KPC (TSAKRIS et al.,
2009).

Bactérias produtoras de KPC sao resistentes a todos os [B-lactamicos, em
adicdo, produtores destas enzimas sao frequentemente resistentes a muitos
antimicrobianos ndo [-lactamicos. Assim sendo, o tratamento de infeccbes por
essas bactérias é cada vez mais restrito, pois as opcdes terapéuticas séo limitadas
pelas propriedades farmacologicas, efeitos colaterais, problemas de administragéo e
limitacdes de eficacia. Também foi observado que a monoterapia para combater
essas infec¢cdes geralmente ndo possui boa resposta clinica, sendo necessaria a
associacdo de antimicrobianos e ajustes nos protocolos. Ainda dentro deste contexto
a nefrotoxicidade é o maior evento adverso associado com o uso de
aminoglicosideos e polimixinas (DUIN et al., 2013).

Em geral, bactérias possuem grande plasticidade genética que permite a
aguisicao e transmissao de genes de resisténcia e sua selecdo em ambientes hostis
nos quais existe pressdo de antimicrobianos, apresentando-se também como
microrganismos problema em infec¢des crénicas com tratamento prolongado ou de
dificil penetracdo do antimicrobiano, tendo em vista que muitos microrganismos

apresentam capacidade formadora de biofilme (HOIBY et al., 2010).

1.3 Biofilmes

Microrganismos aderentes em dispositivos médicos e tecidos vém se
tornando uma significativa causa de infec¢Bes persistentes. Estes microrganismos
se organizam em uma matriz hidratada de polissacarideos e proteinas. O exame
microscopico de superficies colonizadas com esta matriz mostra densos agregados
microbianos mantidos por uma grande quantidade de polimeros extracelulares
difusos. Esta complexa estrutura se chama biofilme. Mais de 75 anos apds o
primeiro relato de um biofilme (ZOBELL, 1937), esta estrutura continua até hoje,
sendo uma grande preocupacao nas diferentes areas do conhecimento.

Os microrganismos associados em biofilmes exibem um comportamento
completamente diferente dos microrganismos que permanecem nha forma

planctdnica, especialmente no crescimento celular e na resisténcia aos agentes
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antimicrobianos. Mesmo em individuos imunocompetentes as infecgcdes em que ha o
envolvimento de biofilmes sao raramente resolvidas. Na verdade, os tecidos
adjacentes ao biofilme formado podem sofrer consequéncias, especialmente em
funcdo da presenca de neutréfilos e imunocomplexos formados, levando a
cronificacdo do processo infeccioso-inflamatoério (STEWART & COSTERTON, 2001).

Testes de suscetibilidade em modelos de formacdo de biofilme in vitro
demonstraram que o biofilme microbiano sobrevive mesmo em concentracdes de
centenas ou até milhares de vezes a concentracdo inibitéria minima (CIM) dos
microrganismos em suspensdo. Estudos in vivo mostram que os antimicrobianos
podem suprimir os sintomas do processo infeccioso por matar ou inibir o crescimento
dos microrganismos plancténicos, mas nao conseguem eliminar os microrganismos
incorporados ao biofilme. Com o final da terapéutica antimicrobiana, o biofilme serve
como uma fonte para a recorréncia da infeccdo. Este processo infeccioso tende a
persistir até a remocdo (na grande maioria das vezes cirlrgica) da superficie
colonizada (DUNNE, 2003).

A maioria das infec¢des causadas por biofilmes estdo associadas a utilizacao
de implantes médicos invasivos (cateteres intravenosos e urinarios, proteses
ortopédicas, mamarias, etc.). Atualmente um grande numero de cateteres sao
inseridos em pacientes todos os anos, e destes mais de 60% acabam relacionados
com a formacdo de biofiimes. Nestes casos, o periodo de hospitalizacdo pode
aumentar de 2 a 3 dias onerando em 1 bilhdo de dodlares, todos os anos, 0s custos
associados ao manejo destes pacientes (DAVEY & O’TOOLE, 2000). O
desenvolvimento e maturacdo do biofilme dependem do tipo e do numero de
microrganismos que aderem ao dispositivo, do tipo de superficie que constitui o
dispositivo e das caracteristicas do meio/fluido em que os microrganismos estao
expostos (DONLAN, 2001).

A natureza da matriz estrutural e as caracteristicas celulares dos
microrganismos que constituem o biofilme conferem resisténcia aos agentes
antimicrobianos. Os mecanismos responsaveis pela resisténcia aos antimicrobianos
podem estar relacionados com limitagcdes difusionais a passagem do agente pela
matriz extracelular, com alteracdes fenotipicas das células no biofilme e ainda com o
desenvolvimento de diversos mecanismos de resisténcia por alteracdes genéticas
dos microrganismos (STEWART & COSTERTON, 2001).

O processo de formagdo do biofilme inicia-se com a ades&o microbiana e a
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posterior maturacdo do biofiime. A fase de adesdo inicial é caracterizada pela
aproximagdo do microrganismo a superficie de adesdo. Uma vez atingida a distancia
critica (<1nm) a interagcdo entre 0 microrganismo e a superficie depende do
somatorio das forcas atrativas e repulsivas geradas entre estas duas superficies
(forcas eletrostaticas, interagdes hidrofobicas e forcas de Van Der Waals). As forgas
eletrostaticas tendem a repelir as duas superficies, j& que a maioria dos
microrganismos e superficies inertes estdo carregadas negativamente e as
interacbes de Van Der Waals tém influéncia positiva na adesdo microbiana. Este
estagio inicial de adesdo em que h& envolvimento destas interagfes fisico-quimicas
entre as superficies denomina adeséo priméria (CARPENTIER & CEREF, 2003).

Em uma fase mais avancada deste processo de adesdo celular, séo
estabelecidos varios fenbmenos que irdo caracterizar a chamada adeséo secundaria
(AN et al., 2000). Neste estagio, os microrganismos que estédo fracamente aderidos
consolidam o processo de adeséo, produzindo exopolissacarideos (EPS). Os EPS
formados se complexam com os materiais da superficie onde ocorre a adeséo e/ou
através de receptores especificos localizados na superficie das paredes celulares ou
nas extensdes celulares (como pili ou fimbrias). Apds a adesao a superficie, inicia o
processo de maturagdo do biofilme. Um biofiime maduro pode conter um grande
namero de microcoldnias (formadas por diferentes espécies de microrganismos),
que sdo interceptadas por canais de agua (que permitem a passagem dos
nutrientes) (HAWSER & DOUGLAS, 2003).
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2 OBJETIVOS

2.1 Objetivo Geral

Detectar mecanismos de resisténcia, propriedades adesivas e capacidade de
formacdo de biofimes de isolados clinicos de Klebsiella pneumoniae

multirresistentes.

2.2 Objetivos Especificos

e Detectar K. pneumoniae produtoras carbapenemases (KPC) através de testes
fenotipicos;

e Detectar 0 gene blakpc através de testes moleculares;

e Investigar a capacidade de produtora de biofilme nas amostras em estudo;

e Avaliar caracteristicas de hidrofobicidade e acido/bases de Lewis da superficie

celular bacteriana;

e Determinar a capacidade de adesao celular das amostras em estudo.
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3 MANUSCRITOS

Os resultados que fazem parte desta dissertagdo estao apresentados sob a forma
de dois manuscritos. Os itens Materiais e Métodos, Resultados, Discussao e
Referéncias Bibliograficas encontram-se compondo 0s proprios manuscritos e
representam a integra deste estudo.

O manuscrito | foi submetido a revista Brazilian Journal of Microbiology.

O manuscrito |l foi submetido a revista The Brazilian Journal of Infectious Diseases.
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ABSTRACT

The early detection of KPC became compulsory due to reduced therapeutic options
and easy dissemination. In this study, 30.3% of the isolates presented positivity for
modified Hodge test and 6,1% for boronic acid, indicating the presence of KPC. The
nlaKPC gene was not detected when molecular characteristics were analyzed.

Key words: Klebsiella pneumoniae, Bacterial Resistance, Carbapenemases

The carbapenems have been considered relevant agents for Gram negative
infections, representing the main antimicrobial agent chosen to treat extended
spectrum B-lactamases (ESBLS) producing enterobacteria, especially when caused
by nosocomial pathogens (3). However, a number of resistance mechanisms can
reduce the effectiveness of carbapenems. The production carbapenemases is

predominantly among these mechanisms (9).

The carbapenemases are diverse and include representatives of B-lactamase
from molecular classes A, B (metalloenzymes) and D (OXA enzymes) (16). A small
but highly powerful molecular group of class A carbapenemases includes KPC, NMC-
A, SME, IMI, and GES and has been sporadically classified as species of
enterobacteria. Within this category, KPCs are the most frequently isolated and
present the largest dissemination potential due to their plasmid location (13). The
main host for KPC enzyme is Klebsiella pneumoniae, an organism notorious for its

determining capacity of accumulation and transference of resistance (8, 11, 14, 15).

KPC (KPC-1) was first identified in an isolated K. pneumoniae in North
Carolina, USA (16). After the rapid expansion of KPC along the east coast of the

United States, a number of researchers from several countries began reporting the
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production of these enzymes (10). The KPC confers resistance to all 3-lactam agents
including penicillins, cephalosporins, monobactams, and carbapenems (1), providing

limited therapeutic options, especially polymyxins (3).

Different phenotypic techniques are applied to track KPC, such as, disk
diffusion, e-test(2), modified Hodge test (MHT) (1), and boronic acid disk test (BA)
(12). It is still possible to investigate the ,,KPC gene by polymerase chain reaction

(PCR) or ribotyping, the last being the gold standard for detection of these enzymes.

Provided that there have been reports of association among different
mechanisms of resistance, this study aims to investigate the association of

phenotypic tests such as MHT and BA with ,,KPC gene detection by PCR.

In this study, we analyzed 33 clinic isolates K. pneumonia strains from various
sites of infection such as blood (9; 27.3%), urine (9; 27.3%), sputum (5; 15.1%),
tracheal aspirate (3; 9.1%), bronchoalveolar lavage (2; 6.1%) and others (thorax
drain, stump secretion, catheter tips, peritoneal fluid, urethral secretion) (5; 15.1%)
from patients admitted to a private midsize hospital in Porto Alegre, RS - Brazil. All
isolates presented zones of inhibition smaller than 21mm for ertapenem (ERT) and/or
zones smaller than 22mm for meropenem (MER) to detect carbapenemases, as
proposed by Clinical Laboratory Standards Institute (CLSI) (4). The identification of
the bacterial species was carried out by automation employing the equipment Mini
API (Bio Merieux), using ID-32 strips. The present study was approved by UNIFRA

Ethics Committee on Human Research under the number 381.2008.2.

For the phenotypic detection of ESBL and carbapenemase, the samples were
submitted to the combined-disk test incorporating clavulanic acid and the modified

Hodge test, respectively, according to CLSI (4). The samples were also submitted to
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phenotypic detection of KPC, employing the technique of boronic acid disk test,
according to Tsakris et al. (13). For the detection of ,,KPC gene, a PCR-based
molecular technique was employed. The plasmid DNA extraction of the strains was
carried out by using the Invisorb Spin Plasmid Mini Two Kit (Invitek). The primers
used in this study were KPC-F (5-TCGCTAAACTCGAACAGG-3’) and KPC-R (5-
TTACTGCCCGTTGACGCCCAATCC -3’), which amplify an internal fragment with
795 base pairs of the ,,KPC gene. These primers were previously described by
Lomaestro et al. (7). For a final volume of 25uL, 2,5 yL of DNA was added to 22,5 pL
of the reagents mixture of the PCR containing Plug Taq DNA polimerase 1X, 2mM of
MgCl2, 250 uM of deoxynucleotide, 1,5U of Tag DNA polimerase and 0,4 uyM of each
primer. The amplification conditions consisted of an initial cycle at 95°C for 5
minutes, followed by 35 1-minute cycles at 95°C, 30 seconds at 62°C and 1 minute
and 30 seconds at 72°C, followed by a final cycle at 72°C for 10 minutes. The
amplified was developed in 1% agarose gel stained with 5ug/ml ethidium bromide,

analyzed in UV transilluminator and photographed.

The quality control employed in this study was a standard strain of K.
pneumoniae producing KPC-2, which served as base for the visualization of the
positive MHT reaction and for the technique combined-disk with boronic acid, as well
as for the standardization of the reaction parameters and the evaluation of the PCR
effectiveness with regard to the quantity of ,,KPC gene copies, which would be
detected by this technique. As negative control, the K. pneumoniae ATCC BAA-1706
strain was used. For the quality control of the technique combined-disk with
clavulanic acid for the production of the enzyme ESBL, the K. pneumoniae ATCC
700603 standard strain was used, and, as negative control, the E. coli ATCC 25922

strain.
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The findings show that out of 33 clinical isolates analyzed by using MHT, 10
strains (30.3%) presented a distortion in the zone of inhibition of the ertapenem,
resulting in positivity for the detection test of carbapenemase. MHT is a phenotypic
test which can be employed to determine the reduced sensitivity to carbapenems,
mediated by the production of a carbapenemase. It has also been used to evaluate
the detection of mediated resistance by KPC (1). Nevertheless, MHT is considered a
very subjective test, i.e., exhibits high sensitivity, but low specificity, since the same
microorganism could present several resistance mechanisms combined, for instance,
the combination of a chromosomal enzyme type AmpC and the release of porins or
the production of extended spectrum -lactamases (ESBL) plus the release of porins,

what could cause confusion among the laboratory practitioners (1, 5, 3, 8).

The phenotypic detection of K. pneumoniae isolates producing
carbapenemases is essential to limit the spread of this resistance mechanism. In the
clinic laboratory, the detection of metallo-B-lactamase production (MBL) in K.
pneumoniae isolates can be determined with reliability employing double-
disk synergy tests and combined-disk test with imipenem and EDTA, which
accurately identifies MBLs even among populations of microorganisms sensitive to
carbapenems. However, the detection of KPC in K. pneumoniae remains an issue so
complex that laboratory strategies for the identification of this resistance need to be
revised and adapted (12). These enzymes present variations, such as where the
presence of this gene does not necessarily represent phenotypic resistance to

carbapenems, complicating the detection of these enzymes (8).

CLSI 2009 (4) determined a screening for the establishment of the levels and
the execution of MHT as a reference technique capable of detecting

carbapenemases. Nevertheless, the phenotypic tests, which combine high sensitivity
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with high specificity for the detection of these enzymes, have been studied. Tests
with these characteristics are particularly required in regions where the production of
MBLs or other resistance factors are frequently detected among isolates of K.

pneumoniae with reduced susceptibility to carbapenems.

Taking into consideration the low specificity of MHT, a combined-disk test
incorporating boronic acid was carried out to detect the phenotypic KPC. This test
was described by Tsakris et al.(13) as a significant option to detect Klebsiella
pneumonia producing KPC. The addition of this acid presented an inhibitory activity
against KPCs. Among the 33 strains analyzed, 2 (6.1%) presented positivity for BA
test, classified as producing KPC.

Phenotypic tests can be carried out to track KPC. However, false-positives or
samples with dubious results can occur. Thus, it is important to use a methodology of
detection by molecular biology, such as the polymerase chain reaction (PCR)
technique. This has been described as an excellent tool to detect resistance genes,
since they present high sensitivity and specificity. The strains (30.3%) presenting
positivity for MHT were subjected to PCR for the detection of ,,KPC gene. This gene

was not detected in any clinical isolate, even in the two positive strains for BA test.

This failure on the phenotypic detection can be explained by several factors:
the sensitivity and specificity of the molecular techniques, as, for instance, PCR rates
are higher than phenotypic technique rates, such as MHT and BA; simultaneous
actions of resistance mechanisms can be occurring, for instance, the hyper-
production of AmpC and/or ESBL (mainly CTX-M-2, but also CTX-M-15, CTX-M-59)
and the reduced expression of porins; the isolates could be housing other class A
carbapenemases, such as NMC-A, Sme, IMI, and GES (9). It is worth mentioning

that among the 33 isolates analyzed, 31 (93.9%) were positive for ESBL when using
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the phenotypic test, strengthening the possibility of involvement of other resistance

mechanisms concomitantly with the presence of MHT positive.

The early recognition of strains producing carbapenemases becomes of vital
importance, considering the large number of treatment failure reports associated with
these enzymes. A uniform and standardized phenotypic tool to detect KPC (with high
sensitivity and specificity) associated with brevity, ease of execution and low costs is

still required.

In this study, it was found that among the 33 clinic isolates which presented
reduced susceptibility to carbapenems, 10 (30.3%), 2 (6.1%) presented positivity to
MHT and BA respectively, suggesting the presence of KPC. However, analyzing
these strains by using molecular methods to search ,,KPC gene, the presence of

this genomic material was not detected.
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ABSTRACT

Klebsiella pneumoniae is a significant pathogen which is frequently involved in
infections related to biofilm production. Among Enterobacteriaceae species, it is one
of the most well-known producers of extended spectrum B-lactamases and it is an
organism notorious for its determining ability of accumulation and transference of
resistance mechanisms. In this study, 14 K. pneumoniae multidrug-resistant (MDR)
strains were isolated from various sites of infection of nosocomial patients and
investigated for biofilm production by using the methods Congo red agar (CRA) and
polystyrene plate assay. The isolates hydrophobicity was evaluated by microbial
adhesion to hydrocarbons (MATH) and the cellular adhesion was determined by the
adherence in buccal epithelial cells (BEC), examined by optical microscopy. The
present results show the affinity with xylene was low, suggesting hydrophilic
character for most of the strains studied. The strong affinity for basic solvent (ethyl
acetate) indicates the majority of K. pneumoniae in this study presents acidic
character. This study also indicated the high capacity of different MDR K.
pneumoniae clinic isolates to form biofilm and adhere to epithelial cells. The
combination of all these capacities may contribute to the survival of these organisms
and their spread in the nosocomial environment.

Key words: Extended Spectrum 3-lactamase, Enterobacteriaceae, Cell Surface

1 INTRODUCTION

Klebsiella spp. is a pathogen widely known as a significant cause for
community-acquired pneumonia, and nosocomial infections. The incidence of
infections caused by Klebsiella spp. is 5 to 7% of all nosocomial infections, and it has

been classified among the 8 most considerable infectious agents in these
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environments. The most clinically relevant species within the genus is Klebsiella
pneumoniae [1.2]. In a quite frequently way, this opportunistic pathogen infects
patients who use indwelling medical devices. The biofilm formation on these devices
is extremely relevant in the pathogenesis of various infections, such as cystic fibrosis,
infections associated with the use of lung ventilators, catheters, urinary probes and
others [3].

The infections associated with biofilm formation on catheters cause the death
of approximately 10,000 patients and hospital expenses of about $11 billion per year
in the United States [4]. It is estimated that the biofilm formation occurs in 20% of
urinary catheters inserted into patients and, therefore, therapeutic difficulties will
occur too. Furthermore, approximately 70,000 people are diagnosed with cystic
fibrosis and this condition is closely related with biofilm-forming microorganisms. In all
these cases, it is common the involvement of different strains of K. pneumoniae,
which, beyond the ability of organization in biofilms, present high levels of resistance
[5.6]

The mutation frequency of biofilm-growing bacteria is significantly increased
compared with planktonically growing isogenic bacteria [7] and there is increased
horizontal gene transmission in biofilms [8]. These physiological conditions may
explain why biofilm-growing bacteria easily become multidrug resistant by means of
traditional resistance mechanisms against 3-lactam antibiotics, aminoglycosides and
fluoroquinolones, which are detected by routine susceptibility testing in the clinical
microbiology laboratory where planktonic bacterial growth is investigated.

The surface hydrophobicity of bacteria is one of the non-specific factors
contributing to their adherence. The hydrophobic properties of bacteria are

responsible for biofilm formation and adhesion to epithelial cells. Bacterial adherence
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to the epithelial surface is considered as one of the important factors in the infection
process. Adherence is an interaction between adhesin molecules on the bacterial cell
surface and complementary receptor molecules on the host cell surface.
Microorganisms adhere to epithelial cells in a highly selective manner and thus
cannot be removed by the unspecific defense mechanisms of the urinary, respiratory,
gastrointestinal and genital tracts [9.10].

The aim of this study was to determine the hydrophobicity, autoaggregation,
adhesion to epithelial cells and the ability of multiresistant K. pneumoniae strains to
form biofilms.

2 MATERIALS AND METHODS
2.1 Identification of K. pneumoniae strains

In this study, 14 K. pneumoniae strains of clinical isolates from various
infectious sites of nosocomial patients were analyzed, as shown in Table 1. The
multidrug-resistant characteristic was conferred on isolates positive for the
phenotypic test to detect extended spectrum B-lactamases (ESBL) and that
presented zones of inhibition smaller than 21mm for ertapenem (ERT) and/or zones
smaller than 22mm for meropenem (MER) to detect carbapenemases, as according
to CLSI [11]. The identification of the bacterial species was carried out by automation
employing the equipment Mini API (Bio Merieux), using ID-32 strips.

2.2 Phenotypic characterization of K. pneumoniae-producing slime

Biofilm formation was studied by culturing the isolated strains on Congo red
agar plate (CRA) made by mixing 36g saccharose (Vetec, Brasil) with 0.8g Congo
red (Vetec, Brasil) in 1L of brain heart infusion agar (Oxoid) and incubated at 37°C for
24h under aerobic conditions [12]. Results were interpreted as follows: very black,

black and almost black or reddish-black colonies on CRA were considered to be
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slime-producing strains, while very red, red, bordeaux as considered non-slime-
producing strains, as described previously [13].
2.3 Microtiter plate biofilm assay

Biofilm study was performed by the method published by Merritt et al. [14] with
modifications. Briefly, K. pneumoniae strains were inoculated in 2-5 mL of Tripticase
soy broth (TSB) and growed up to stationary phase respectively and the turbidity was
adjusted at 0.5 MacFarland scale. 100uL of each dilution was pipetted to 96 wells in
a sterile flat bottom microtiter plate. After incubation at 37C° for 24h, planktonic
bacteria were removed from all of the wells and washed with saline solution (NacCl
0.9%) for three times. 100uL of 0.5 % crystal violet solution (Sigma Chemical Co)
were added to each well, and then washed with distilled water twice. Microplates
were inverted and vigorously tapped on paper towels to remove any excess liquid
and air dried. 200uL of 95% ethanol were poured in wells. Biofilm stains were
solubilized at room temperature. After shaking and pipetting of wells, 200uL of the
solution from each well were transferred to a new microtiter plate and biofilm
formation was assayed by measuring the absorbance of the crystal violet solution at
570nm (optical density — ODs70). Negative control (only culture media) and positive
control Pseudomonas aeruginosa PAO1 were used as controls.

For the interpretation of biofilm results, the isolates were classified as follows:
non-producing, weak, moderate and strong-producing, based on the following optic
density (OD) average values: OD (isolate) < OD (negative control) = non-biofilm-
producing; OD (negative control) < OD (isolate) < 2 x OD (negative control) = weak
producing; 2 x OD (negative control) < OD (isolate) < 4 x OD (negative control) =
moderate-producing; 4 x OD (negative control) < OD (isolate) = strong-producing

[15].
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2.4 Autoaggregation assay

The autoaggregation ability was measured as described by Del Re et al. [16].
Briefly, bacterial suspensions in PBS (ODgyp = 0.6 + 0.02) were shaken and
incubated at 37°C for 2 hours. At 1.5; 3; 6; 12 and 24 hours after shaking, 1 mL of the
surface of each suspension was carefully removed and transferred to another tube,
and the ODgypy was measured by a spectrophotometer. The autoaggregation
percentage was expressed as 1 - (ODggo for upper suspension / ODggo for total
bacterial suspension) x 100.

Autoaggregating cells formed large clusters that precipitated (270%
autoaggregation) non autoaggregating cells that produced constant turbidity for long
periods due to a lack of clusters (<20% autoaggregation) [17].

2.5 Bacterial hydrophobicity assays

Microbial adhesions to hydrocarbons (MATH) were measured by the method
of Zéarate et al. [17] with some modifications. Briefly, bacterial suspensions were
prepared as described for autoaggregation analysis and re- suspended in 0.1 M
KNOj3 (low ionic strength) (pH 6.2). Two milliliters of bacterial suspension (A0 = 0.6 +
0.02) was put in contact with 0.5 mL of each of the following test solvents: p-xylene,
chloroform, and ethyl acetate after 10 min of pre-incubation at room temperature, the
2-phase system was mixed on a vortex for 2 min. After allowing the hydrocarbon
phase to rise completely (for 4 hours at room temperature), the aqueous phase was
removed and the absorbance at 600nm was determined again (Al). The percentage
of microbial adhesion to the solvent was calculated as [(AO — A1)/ AQ] x 100. To
define hydrophobicity characteristics, the strains were divided into 3 categories
according to Hydrophobicity index (HI): strains with highly hydrophilic (HI<30%),

average hydrophobic (30%<HI<70%) and highly hydrophobic (HI<70%).
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Hydrophobicity was calculated from 3 replicates as the percentage decreases in the
optical density of the original bacterial suspension due to cells partitioning into a
hydrocarbon layer.
2.5.1 Chloroform and ethyl acetate partition

By the use of the same methodology as MATH, but with chloroform and ethyl
acetate, the basic and acidic characteristics of the cell surface were determined [18].
Chloroform is a Lewis acid, electron acceptor, with avidity for these substances able
to give electrons (Lewis bases). Similarly, ethyl acetate, with basic characteristics, is
avid for acidic substances. The results of this test are expressed as the percentage
of strains with avidity for acidic and basic solvents, calculated with the same formula
as used before.
2.6 Cellular adhesion

Human epithelial cells were collected from the mouth of four healthy
volunteers, non-smoking, no alcohol drinking, not treated with antibiotics, and twice
washed with PBS. The pellets were then re-suspended in PBS to give 10° cells per
ml (counted in a Neubauer chamber). For the assay, 250uL of K. pneumoniae
suspensions (0.5 Mc Farland scale) were mixed in tubes and incubated at 37°C for 2
hours. Negative control tubes contained epithelial cells and PBS without bacteria.
The epithelial cells were collected on polycarbonate 8um pore size filters (Millipore)
and washed with 70 mL of PBS to remove unattached bacteria. The washed
epithelial cells on the filters were air dried, fixed with absolute methanol and Gram-
stained. The number of bacterial adhering per 100 epithelial cells was counted [19].
2.7 Statistical analysis

The totality of experiments were performed in 3 replicates and the data were

expressed as mean value + standard deviation (SD); For biofilm formation, the
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statistical method Student T test was employed. P< 0.05 was considered statistically
significant.

The present study was approved by UNIFRA Ethics Committee on Human
Research under the number 381.2008.2.
3 RESULTS
3.1 Phenotypic characterization of K. pneumoniae-producing slime

All the 14 K. pneumoniae isolates analyzed were classified as slime
producers, since all of them developed reddish-black, almost black and black
colonies on the CRA plate, as shown in Table 1.
3.2 Biofilm assay

The findings show that among the 14 strains analyzed, 11 presented moderate
characteristics for biofilm production and 3 are strong producers. The OD570 values
obtained to classify the isolates as non-producers, weak producers, moderate
producers and strong producers of biofilm were respectively ODs7¢ < 0.067; 0.067 <
ODs70< 0.134; 0.134 < ODs7p < 0.268; 0.268 < ODsyp, considering the standard
deviation of negative control the amount of 0.0015, as shown in Figure 1.
3.3 Microbial adhesion to solvent

The results for adhesion of K. pneumoniae strains to solvent are summarized
in Table 1 and 2. The affinity for p-xylene (non-polar solvent) was low, suggesting
hydrophilic character for most of the strains investigated. On the other hand, 2 K.
pneumoniae strains (Kpl e Kp10) presented relatively hydrophobic character.
3.4 Autoaggregation

Since after 3 hours a relatively constant turbidity (Figure 2) was noticed, no
highly autoaggregative phenotype was observed. Highly aggregative phenotypes are

characterized by the rapid decrease in OD according to the formation of higher
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density aggregates and consequent deposition at the bottom of the tube, which was
not observed in this study.
3.5 Quantification of K. pneumoniae adherence to epithelial cells

In this study, the quantification of number of bacteria attached per 100 cells
stained by Gram was analyzed by using optical microscopy. It was found that nearly
all strains examined presented capacity of adhesion to epithelial cells, as shown in
Figure 3.

4 DISCUSSION

The penetration of antimicrobial agents on the biofilm is retarded (taking into
consideration the production of exopolysaccharide) whereas the transference of
genetic material (conjugated plasmids) is significantly faster in biofilms, when
comparing with planktonic conditions. These phenomena, therefore, make it possible
to suggest microorganisms organized in biofilms present a greater propensity for
acquisition and expression of resistance genes [20].

In the present study, 14 strains of K. pneumoniae producing ESBL were
analyzed, the enzymatic production of ESBL impedes the therapeutic use of
penicillins, cephalosporins and monobactams. Besides, these strains featured
reduced susceptibility to carbapenems, suggesting the production of
carbapenemases and/or coexistent mechanisms of resistance, such as hyper-
production of AmpC, ESBL, associated with reduced expression of porins [21].
Studies have demonstrated that K. pneumoniae presents high capacity for biofilm
formation. Sanchez et al. [6], when comparing the resistance to antimicrobials with
the capacity for biofilm formation, observed that the strains able to form biofilm were

also more frequently characterized as multidrug-resistant phenotypes (MDR).
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The probable reason for the 14 strains examined in this work to be biofilm
producers and to be producing ESBL simultaneously may be associated with: 1) the
biofilm is almost invariably a microbial community of one or more species, and these
species are able to share their genetic material at high frequency and rates [22]; 2)
ESBL can be induced by low concentration of antimicrobial agents, what frequently
occurs in formed biofilms, due to the great amount of extracellular material which
assures low penetration of drugs on the biofilm [23].

In a study carried out by Yang et al. [24], it was observed that strains of K.
pneumoniae from patient sputum and urine present significant association with
biofilm formation and ESBL production. Accordingly, the use of indwelling medical
devices must be considered in choosing the appropriate antimicrobial therapy.

The assay to visualize the microbial growth on CRA plates has been widely
employed as a screening method for biofilm formation [25]. Here, all 14 strains of K.
pneumoniae studied were positive for this test, as shown in Table 1. Corroborating
the results of the present study, Kouidhi [26] verified a high correlation between the
results for CRA and the biofilm-forming ability, where the slime-producer phenotype
Is associated with the biofilm formation phenotype on polystyrene plates.

The ability of bacterial adhesion to host cells is considered as one of the first
stages for colonization and subsequent infection [27.28]. The bacterial adhesion
assay was performed to evaluate the binding efficiency of K. pneumoniae strains in
epithelial cells. The present study indicated high rates of adherence to epithelial cells,
as shown in Figure 3. Sandobol [29] verified that type 3 pili are regularly detected on
the surface of K. pneumoniae strains. Such structures mediate the attachment of
bacteria to host cells and are encoded by plasmid genes. Furthermore, these

plasmids can be easily transferred by conjugation. This fact would explain the high
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rates of adherence to epithelial cells of strains capable of biofilm formation in this
study.

Bacterial adhesion can be divided into primary and secondary stages. The
primary stage is reversible and determined by physico-chemical variables, such as
van der Waals forces, Lewis acids and bases interactions, temperature and
hydrodynamic forces. These variables will determine the adhesion between two
surfaces: the bacterial cell and the surface of interest. On the secondary adhesion, a
molecular mediation occurs between specific adhesins and surface, in which the
microorganism  consolidate its adhesion by producing a complex
of exopolysaccharide and/or connecting specific receptors present in the pili with the
material surface. At the end of this stage, the adhesion is irreversible [30.31]. For
studies on microbial adherence, however, it is essential to know the physico-
chemical properties of the organism, including hydrophobicity and Lewis acidic/basic
characteristics.

At the present study, the surface acidic or basic characteristics of K.
pneumoniae strains were studied by measuring cells partition between the agueous
phase and chloroform or ethyl acetate. Most of the strains (8, 57.1%) presented
higher affinity for ethyl acetate, a basic solvent and donor of electrons, whereas 4
strains (28.5%) demonstrated affinity for chloroform (an acidic solvent and receptor of
electrons), as shown in Table 1. The strong affinity for the basic solvent indicates
acidic character for K. pneumoniae. Furthermore, these strains manifested affinity
simultaneously for three hydrocarbons. The affinity for one solvent does not exclude
the simultaneous affinity for other, suggesting bacterial cell surface great complexity.
Nearly all strains expressed highly hydrophilic character, considering the low affinity

for xylene. Many of the studies on microbial cell chemical surface revealed that the
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presence of proteinaceus material at the cell surface results in higher hydrophobicity,
while hydrophilic surfaces are associated with the presence of polysaccharides.
[32.33]

Several studies have been demonstrating a positive association between the
autoaggregative profile and the formation of biofilms [34]. Indeed, when a
microorganism manifests highly autoaggregative character, it presents easiness to
form biofilms. In this study, among the 14 isolates, none of them presented a
phenotype of high autoaggregation, since all of them obtained autoaggregation rates
lower than 70%. However, the strains examined presented significant ability to form
biofilm in vitro, hydrophilic characteristics, acidic characteristics and high cell
adhesion. In this regard, it is noteworthy that the biofilm formation mechanism is
complex and multifactorial; thus, more investigation is necessary to identify and
characterize the composition and properties of the bacterial cell wall and to
comprehend the totality of its role in the biofilm formation associated with several
types of biotic and/or abiotic surfaces.
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Table 1- Relationships between aggregation state, hydrophobicity, slime production,

adherence state and adherence to epithelial cells

Hydrophobycity/basic and acid Biofilm Production Cellular adhesion
Strains Site Aggregation state o _ Biofilm state )
characteristics state phenotype CRA  of slime n° of bacteria/100cells + SD
KP1 QTA*  Non-autoaggregation Average hydrophobic/basic Almost-black Producer Moderate 626 + 48.0
KP2 Urine  Non-autoaggregation Highly hydrophilic/basic Almost-black Producer Moderate 5005+71.4
KP3 Blood Non-autoaggregation Highly hydrophilic/acidic Reddish-black Producer Moderate 547 +32.5
KP4 Blood  Non-autoaggregation Highly hydrophylic/basic Almost-black Producer Moderate 734 +156.9
KP5  Sputum Non-autoaggregation Highly hydrophilic/acidic Reddish-black Producer Strong 1440 +132.9
KP6 Blood  Non-autoaggregation Highly hydrophilic/acidic Reddish-black Producer Moderate 403.5+33.2
KP7  Sputum  Non-autoaggregation Highly hydrophilic/acidic Almost-black Producer Moderate 685.5 + 38.8
KP8 PF® Non-autoaggregation Highly hydrophilic/acidic Almost-black Producer Moderate 566 + 182.4
KP9  Catheter Non-autoaggregation Highly hydrophilic/acidic Almost-black Producer Strong 1004.5+70.0
KP10 QTA®*  Non-autoaggregation Average hydrofobic/acidic Black Producer Strong 139+ 155
KP11  Urine  Non-autoaggregation Highly hydrophilic/basic Black Producer Moderate 1423 +250.3
KP12 Blood Non-autoaggregation Highly hydrophilic/undetermined  Almost-black Producer Moderate 524 +103.2
KP13  Urine  Non-autoaggregation Highly hydrophilic/undetermined  Reddish-black Producer Moderate 9015714
KP14  BAL®  Non-autoaggregation Highly hydrophilic/acidic Almost-black Producer Moderate 501.5+27.5

a Quantitative Tracheal Aspirate
b Peritoneal Fluid

Cc
Bronchoalveolar Lavage



Table 2 - Surface hydrophobicity (%) of K. pneumoniae strains

KP1
KP2
KP3
KP4
KP5
KP6
KP7
KP8
KP9
KP10
KP11
KP12
KP13

Percentage of hidophobicity + SD

Strains Ethyl acetate p-xylene chloroform
13.5+0.1 31.5+0.2 33.8+0.1
05+04 20.7+0.1 36.9+2.0
35.2+3.1 229+19 227+25
31.2+0.1 255+0.3 40.7+ 34
38.3+14 57+15 20.3+1.8
40.5+0.2 26.2+3.9 26.1+23
345+0.8 8.8+0.7 19.9+0.3
34.0+2.2 9.3+1.8 225+3.1
43.2+0.8 229+ 39 26.2+3.4
452 +0.7 30.5+3.5 31.0+0.8
125+5.6 23.1+4.4 285+0.2

0 104+ 05 4.8+ 0.5
124 +5.7 19.3+4.8 241 +5.0
31.1+0.7 18.6 4.0 20.0+ 1.7

KP14
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List of Figures

Figure 1 - Biofilm forming ability of multiresistant K. pneumoniae strains.
Figure 2- Autoaggregative profile of multiresistant K. pneumoniae strains.

Figure 3- Number of adhered bacteria per 100 Buccal Epithelial Cells.
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4 DISCUSSAO

No manuscrito | foram analisadas 33 amostras de K. pneumoniae
provenientes de isolados clinicos de diversos sitios infecciosos, onde estas amostras
apresentaram um perfil de resisténcia a multiplos antimicrobianos e susceptibilidade
reduzida aos carbapenémicos. Para a deteccdo fenotipica de ESBL e
carbapenemase, as amostras foram submetidas aos testes do disco combinado com
acido clavulanico e MHT, respectivamente, conforme CLSI (2012). As amostras
também foram submetidas a deteccdo fenotipica de KPC, através da técnica do
disco combinado com AB, segundo Tsakris et al (12). Para a detec¢cdo do gene
blaKPC foi estabelecida uma técnica molecular baseada na reacdo em cadeia da
polimerase (PCR). Dos 33 isolados clinicos analisados através do MHT, 10 amostras
(30, 3%) apresentaram uma distor¢do no halo de inibicdo do ertapenem, resultando
na positividade para o teste de deteccdo de carbapenemase. O MHT € um teste
fenotipico que pode ser utilizado para determinar a sensibilidade reduzida a
carbapenémicos, mediada pela producdo de uma carbapenemase. Também tem
sido utilizado para avaliar a deteccéo a resisténcia mediada por KPC. No entanto, o
MHT é um teste muito subjetivo, pois apresenta alta sensibilidade e baixa
especificidade (ANDERSON et al., 2007).

Tendo em vista a baixa especificidade do MHT, foi realizado o teste disco
combinado com AB para a deteccdo fenotipica de KPC. Das 33 amostras
analisadas, 2 (6,1%) apresentaram positividade para o teste do AB, caracterizadas
como produtoras de KPC. Os testes fenotipicos podem ser usados para
rastreamento de KPC, entretanto, apesar de serem considerados confirmatdérios,
podem ocorrer casos de falso positivos ou amostras com resultados duvidosos.
Desta forma, € importante a deteccdo destas enzimas através de técnicas de
biologia molecular, como a PCR. As amostras (30,3%) que apresentaram
positividade para o MHT foram submetidas a PCR para a detecc¢do do gene blaKPC.
Em nenhum isolado clinico foi detectado o gene blaKPC, nem mesmo nas duas
amostras que apresentaram positividade para o teste do AB. Esta falha na deteccéo
fenotipica pode ser explicada por varios fatores: A sensibilidade e especificidade das
técnicas moleculares, como a PCR é maior do que as técnicas fenotipicas, como
MHT e AB; Pode ocorrer a atuacdo de mecanismos de resisténcia simultaneos,

como por exemplo, a hiperproducdo de AmpC e ou ESBL (principalmente CTX-M-2,
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mas também CTX-M-15, CTX-M-59) e a expressao reduzida de porinas; Os isolados
poderiam estar abrigando outras carbapenemases da classe A, como por exemplo
NMC-A, Sme, IMI, e GES (PASTERAN et al., 2009).

Considerando um estudo realizado em 2008, por Yang et al., foi constatado
gue amostras de K. pneumoniae provenientes de escarro e urina de pacientes, tém
uma associacdo significativa com a formacao de biofilme e producdo de ESBL.
Nestas circunstancias, a utilizacdo de dispositivos médicos de longa permanéncia
deve ser considerada na escolha da terapéutica antimicrobiana adequada. Desta
forma, a fim de verificar a capacidade de formagé&o de biofilme, foram analisadas 14
das 33 amostras de K. pneumoniae estudadas no primeiro manuscrito, originando o
manuscrito I1.

No manuscrito Il, das 14 amostras isoladas, nenhuma delas apresentou um
fenétipo de alta autoagregacédo, pois todas apresentam indice de autoagregacdo
inferior a 70%. Porém as cepas analisadas apresentaram significativa capacidade de
formacé&o de biofilme in vitro, caracteristicas hidrofilicas, caracteristicas acidas e alta
adesao celular. Varios trabalhos vem demonstrando uma associacao positiva entre o
perfil autoagregativo e a formagao de biofimes (ZIEBUHR et al., 1997). De fato,
guando um microrganismo tem uma caracteristica altamente autoagregativa, este,
apresenta maior facilidade para formacao de biofilmes.

Estudos tém demonstrado que um grande numero de amostras de K.
pneumoniae apresentam alta capacidade de formacado de biofilme. Sanchez et al.,
2013 ao compararem a resisténcia aos antimicrobianos com a capacidade de
formacdo de biofilme, observaram que as amostras capazes de formar biofilme
também foram caracterizadas com maior frequéncia em um fendtipo de resisténcia a
multiplos farmacos (MDR).

A provavel razdo das 14 amostras analisadas neste trabalho serem
produtoras de biofiime e produzirem ESBL simultaneamente podem estar
associados a: 1) o biofilme é quase invariavelmente uma comunidade microbiana de
uma ou mais espécies, e estas espécies podem partilhar o seu material genético a
uma frequéncia e taxas elevadas (WATNICK & KOLTER, 2000); 2) As ESBL podem
ser induzidas por uma baixa concentracdo de agentes antimicrobianos, o que
frequentemente ocorre em biofilmes formados, devido a grande quantidade de
material extracelular que garante a baixa penetracdo dos farmacos no biofilme
(PATERSON & BONOMO, 2005).
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Além da técnica de formacdo de biofilmes em placas de poliestireno, foi
realizado o ensaio para visualizagdo do crescimento microbiano em placas de agar
vermelho congo (CRA) este ensaio vem sendo amplamente utilizado como um
meétodo de triagem para a formacao de biofilmes (KNOBLOCH et al., 2002). Neste
trabalho todas amostras de K. pneumoniae estudadas apresentaram positividade
para este teste. Corroborando com nossos resultados, Kouidhi et al. 2010, verificou
uma grande correlacdo entre os resultados do CRA e a capacidade formadora de
biofilme em placas de poliestireno.

O estudo do processo infeccioso envolve uma grande quantidade de fatores.
Neste sentido a capacidade de adesdo bacteriana as células hospedeiras é
considerada uma das primeiras etapas para a colonizacéo e a subsequente infeccéao
(AGERER et al., 2005; HAUCK et al., 2006). Sandobol et al., 2012 verificaram que
pili do tipo 3 sdo frequentemente encontrados na superficie de amostras de K.
pneumoniae. Tais estruturas medeiam a fixacdo das bactérias as células
hospedeiras, sendo codificadas por genes plasmideais. Além disto, estes
plasmideos podem ser facilmente transferidos por conjugacdo. Este fato poderia
explicar o alto indice de adesédo as células epiteliais das amostras com capacidade
de formagé&o de biofilme em nosso estudo.

A adesao bacteriana pode ser dividida em estagios primarios e secundarios.
O primeiro estagio é reversivel e € determinado por variaveis fisico-quimicas, como
forcas de van der Waals, interacGes acidos e bases de Lewis, temperatura e forcas
hidrodindmicas. Estas variaveis vao determinar a adesdo entre duas superficies: a
célula bacteriana e a superficie de interesse. Na adesdo secundaria, ocorre uma
mediacdo molecular entre adesinas especificas e superficie, em que o
microrganismo consolida sua adesdo através da producdo de um complexo de
exopolissacarideo e/ou ligando receptores especificos presentes na pili com a
superficie do material. No final deste estagio, a adeséo é irreversivel (COSTERTON,
CHENG e JEESEY, 1995; VESTERLUND et al., 2005) Para estudos de aderéncia
microbiana, portanto, € essencial conhecer as propriedades fisico-quimicas do
microrganismo, incluindo caracteristicas de hidrofobicidade e caracteristicas
acido/basica de Lewis.

No presente estudo, as caracteristicas superficiais acidas ou basicas das
amostras de K. pneumoniae foram estudadas através da afericdo da particdo de

células entre a fase aquosa e o cloroférmio ou acetato de etila. A maioria das
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amostras (8, 57.1%) apresentou uma maior afinidade para o acetato de etila, um
solvente basico e doador de elétrons, enquanto que 4 amostras (28.5%)
demonstraram afinidade para o cloroformio (um solvente acido e receptor de
elétrons). A forte afinidade para o solvente basico indica que a K. pneumoniae tem
carater acido. Além disso, estas amostras mostraram afinidade simultaneamente
para os trés hidrocarbonetos. A afinidade por um solvente ndo exclui a afinidade
simultanea por outro, sugerindo uma grande complexidade da superficie celular
bacteriana. Praticamente todas as amostras apresentaram um carater altamente
hidrofilico, tendo em vista a baixa afinidade para o xileno. Muitos dos estudos sobre
a superficie quimica da célula microbiana revelaram que a presenca de material
proteico na superficie da célula resulta em maior hidrofobicidade, ao passo que
superficies hidrofilicas estdo associados com a presenca de polissacarideos
(PEREZ et al., 1998; LAHTINEN et al., 2008).

Neste sentido, cabe ressaltar que o mecanismo de formacédo de biofilmes é
complexo e multifatorial portanto mais estudos se fazem necessarios para identificar
e caracterizar a composicdo e propriedades da parede celular bacteriana para
compreender a totalidade de seu papel na formacdo de biofiimes associadas a
varios tipos de superficies bidticas e/ou abioticas.
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5 CONCLUSOES

e Através de testes fenotipicos, foi verificado que 10 amostras apresentaram
positividade para o MHT e duas amostras foram positivas para o teste do AB.

e Utilizando a técnica de PCR néo foi observada a presenca do gene blaxpc nas
amostras analisadas, indicando uma falha na identificacdo fenotipica de KPC.

e Todas as amostras apresentaram capacidade de formagao de biofilme in vitro,
caracteristicas hidrofilicas/acidas e um perfil altamente adesivo a células
epiteliais bucais, mostrando uma associacdo positiva entre altos indices de
resisténcia aos antimicrobianos e capacidade de adeséo a superficies bidticas e
abioticas.
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