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Staphylococcus aureus, em especial os resistentes a meticilina (MRSA), sdo relatados
mundialmente como patégenos de elevada prevaléncia na etiologia de infec¢Bes. Sua
versatilidade como um importante agente etioldgico, resulta da combinagéo de seus fatores
de viruléncia, destacando-se a capacidade de evadir o sistema imune do hospedeiro, muitas
vezes através da producado de biofilmes, bem como de desenvolver resisténcia a multiplos
antimicrobianos. Nos MRSA a resisténcia se deve principalmente & presenca do gene mecA,
carreado em um elemento genético mével (SCCmec). Desde o surgimento da primeira cepa
MRSA, associada ao ambiente hospitalar (HA-MRSA), mudancas significativas na sua
epidemiologia puderam ser detectadas, com o aparecimento de cepas resistentes
associadas a comunidade (CA-MRSA), que se diferenciam pelos fatores de risco, tipagem
dos SCCmec e distribuicdo dos genes de resisténcia. Este trabalho objetivou caracterizar as
cepas de S. aureus isoladas no Hospital Universitario de Santa Maria (HUSM), quanto a
tipagem dos SCCmec, bem como avaliar diferentes métodos para determinagdo da
formacgédo de biofilme. Para a tipagem dos SCCmec foram avaliados 113 MRSA, gene mecA
positivos em trés periodos: 38 (2008), 37 (2011) e 38 (2015) isolados foram obtidos de
diferentes espécimes clinicos de pacientes atendidos no HUSM. A tipagem foi realizada
através de PCR e o perfil de suscetibilidade através de metodologia automatizada
(MicroScan® e Vitek® 2). Verificamos que o SCCmec tipo | foi o mais isolado (39.8%),
seguido do tipo IV (23.0%), tipo Il (15.1%) e tipo Il (6.2%). Isolados néo tipadas
representaram 15.9%. Quando se analisou a origem das cepas, observamos a prevaléncia
das HA-MRSA (72.6%) sobre as CA-MRSA (27.4%). Todos os MRSA foram
multirresistentes, apresentando altas taxas de resisténcia a clindamicina e eritromicina, além
de diminuigcdo significativa da resisténcia para gentamicina, rifampicina e sulfametoxazol-
trimetoprima. Houve 100% de sensibilidade a vancomicina e linezolida. Para a determinac&o
da producdo de biofilme, avaliamos 132 S. aureus do ano de 2011 no HUSM. Foram
testados o Método de microtitulagdo em placa (MtP), considerado padrdo ouro, além do
Método do tubo (TM), Método do Agar Vermelho Congo (CRA) e pesquisa dos genes icaA,
icaC e icaD. O perfil de suscetibilidade aos antimicrobianos das estirpes produtoras de
biofilme foi realizado através das técnicas de Difusdo do Disco e Microdiluicdo em Caldo.
Em 42/132 (31.8%) foram detectadas a producédo de biofilme por uma ou mais das 4
metodologias testadas. O MtP foi considerado superior a TM e ao CRA, ja que detectou
31/132 (23.5%) isolados produtores de biofime. No TM houve positividade em 9/132 (6.8%)
e no CRA em apenas 1 amostra (0.8%). Genotipicamente detectamos que nossos isolados
possivelmente produzem biofilme por mecanismo ica-independente. De forma geral esses
isolados produtores de biofilme foram bastante sensiveis aos antimicrobianos testados.
Através destes resultados podemos concluir que no HUSM houve predominio de cepas HA-
MRSA multirresistentes, sendo o tipo | 0 mais circulante. Além disso, quando comparados
ao método padrdo, o TM, CRA e a pesquisa dos genes icaA, icaC e icaD ndo se mostraram
métodos confidveis na identificacdo de estirpes produtoras de biofilme em nossos isolados.

Palavras-chave: Staphylococcus aureus. MRSA. SCCmec. Biofilme.



ABSTRACT

SCCmec CHARACTERIZATION AND BIOFILM PRODUCTION IN Staphylococcus
aureus FROM THE HOSPITAL UNIVERSITARIO DE SANTA MARIA

AUTHOR: Ménica de Abreu Rodrigues
ADVISOR: Rosmari Horner

Staphylococcus aureus, in particular those resistant to methicilin (MRSA), are reported
worldwide as pathogens of high prevalence in the etiology of infections. Its versatility as an
important etiological agent results from the combination of its virulence factors, highlighting
the ability to evade the host's immune system, often through the production of biofilm, as well
as developing resistance to multiple antimicrobials. In MRSA, resistance is due mainly to the
presence of the mecA gene, carried in a mobile genetic element (SCCmec). Since the
emergence of the first MRSA strain associated with the hospital environment (HA-MRSA),
significant changes in its epidemiology could be detected with the emergence of community-
associated resistant strains (CA-MRSA), differentiated by risk factors, SCCmec typing and
distribution of resistance genes. This work aimed to characterize the strains of S. aureus
isolated in the Hospital Universitario de Santa Maria (HUSM), through the SCCmec typing,
as well as to evaluate different methods to determine biofilm formation. For the SCCmec
typing, 113 MRSA, mecA-positive genes, were evaluated in three periods: 38 (2008), 37
(2011) and 38 (2015) isolates were obtained from different clinical specimens of patients
attended at the HUSM. The typing was performed through PCR and the antimicrobial
susceptibility profile through automated methodology (MicroScan® and Vitek® 2). We
verified that SCCmec type | was the most isolated (39.8%), followed by type IV (23.0%), type
I1 (15.1%) and type Il (6.2%). Non-typed isolates represented 15.9%. As to the origin of the
strains analyzed we observed the prevalence of HA-MRSA (72.6%) about CA-MRSA
(27.4%). All MRSA were multiresistant, presenting high rates of resistance to clindamycin
and erythromycin, in addition to a significant decrease in resistance to gentamicin, rifampicin
and sulfamethoxazole-trimethoprim. There was 100% sensitivity to vancomycin and linezolid.
For the determination of the biofilm production we evaluated 132 S. aureus of the year 2011
at the HUSM. The Microtiter Method (MtP), considered gold standard, in addition to the Tube
Method (TM), Congo Red Agar Method (CRA) and the search for the icaA, icaC and icaD
genes were tested. The antimicrobial susceptibility profile of the biofilm producing strains was
carried out using the Disk Diffusion and Broth Microdilution techniques. In 42/132 (31.8%)
the biofilm production was detected by one or more of the 4 methodologies tested. MtP was
considered superior to TM and CRA, since it detected 31/132 (23.5%) isolates biofilm
producers. In TM there was positivity in 9/132 (6.8%) and CRA in only 1 isolate (0.8%).
Genotypically we detect that our isolates possibly produce biofilm by an ica-independent
mechanism. In general these biofilm producing isolates were very sensitive to the
antimicrobials tested. Through these results we can conclude that in HUSM there was a
predominance of multiresistant HA-MRSA strains, type | being the most circulating. In
addition, when compared to the standard method, TM, CRA and icaA, icaC and icaD genes
search were not reliable to identify biofilm producing strains in our isolates.

Keywords: Staphylococcus aureus. MRSA. SCCmec. Biofilm.
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REFERENCIAS.

Os itens MATERIAIS E METODOS, RESULTADOS, DISCUSSAO DOS
RESULTADOS e REFERENCIAS se encontram inseridos nos manuscritos que
estdo contidos na secdo denominada PUBLICACOES CIENTIFICAS e representam
a integra deste estudo.

O item REFERENCIAS se refere somente as citacdes que aparecem nos

itens INTRODUCAO e DISCUSSAO desta tese.



1. INTRODUCAO

1.1 Staphylococcus aureus

O género Staphylococcus é composto atualmente por 45 espécies e 24
subespécies, das quais muitas podem ser isoladas de amostras biolégicas humanas
(MURRAY; ROSENTHAL; PFALLER, 2014). O Staphylococcus aureus, espécie mais
virulenta e conhecida do género, foi descrita pela primeira vez por Alexandre
Ogston, no século XIX, como sendo um grupo de cocos causadores de processos
inflamatorios e supurativos (DEURENBERG; STOBBERINGH, 2009; CHENG et al.,
2011).

Os S. aureus sédo cocos Gram-positivos catalase-positiva, oportunistas, que
possuem um crescimento padrédo semelhante a um cacho de uvas, podendo se
apresentar como células isoladas, aos pares ou em cadeias curtas, quando isoladas
de espécimes clinicos (MURRAY; ROSENTHAL; PFALLER, 2014). Medem
aproximadamente de 0,5 - 1,5 ym de didmetro, sdo imdéveis, ndo formadores de
esporos. Devido a sua grande versatilidade de adaptacédo a diferentes ambientes,
possuem a capacidade de crescer em uma variedade de condi¢bes, muitas vezes
hostis, como aero e anaerobiose, em temperaturas que variam de 18 — 40 °C, em
altas concentracdes de sal (NaCl a 10%), bem como em ambientes com deficiéncia
de nutrientes (CEPEDA et al., 2005; MURRAY; ROSENTHAL; PFALLER, 2014).

Sao bactérias colonizantes da pele, axilas, narinas e mucosas da orofaringe,
trato gastrointestinal e trato genitourinario dos seres humanos (LOWY, 1998; YANG
et al., 2010; BONESSO; MARQUES; CUNHA, 2011; BRAGA et al., 2014; MURRAY;
ROSENTHAL; PFALLER, 2014; OLIVEIRA et al.,, 2014). As fossas nasais sao
consideradas o principal reservatério dos S. aureus e estima-se que 30% da
populacdo mundial seja portadora desta bactéria (THUNBERG et al., 2015 CDC,
2017).

Falhas na defesa imunolégica ou a quebra da barreira cutanea natural, por
cortes, cirurgias, traumas ou queimaduras, fornecem o6timas oportunidades para a
invasdo estafilocécica, que geralmente se manifesta com a formacéo de abcessos.
Através deles estas bactérias se disseminam na pele ou conseguem penetrar na
linfa e sangue, levando a formac&o novos focos infecciosos em diferentes sitios

anatdbmicos. Dessa forma, os S. aureus passam a ser 0 agente etiolégico mais
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comum de infec¢cbes cutaneas e causa frequente de sepse, muitas vezes como
consequéncia de doenga invasiva proveniente de um ou mais focos de abcessos
(LOWY, 1998; SANTOS et al., 2007; CHENG et al., 2011).

Podem causar infec¢cdes simples e de facil tratamento, bem como doencas
invasivas graves como: infecgdes cutaneas: celulite, espinhas, feridas, foliculites,
furanculos, impetigo; infecgdes sistémicas: abscessos musculares e cerebrais, artrite
séptica, empiema, endocardite, meningite, osteomielite, pneumonia, septicemia;
infeccbes mediadas por toxinas: intoxicacdes alimentares, sindrome do choque
toxico, sindrome da pele escaldada estafilococica (LOWY, 1998; SANTOS et al.,
2007; DAVID; DAUM, 2010; BONESSO; MARQUES; CUNHA, 2011; KANG et al.,
2011; DONG et al, 2013; BALAKUNTLA; PRABHAKARA; ARAKERE, 2014;
MURRAY; ROSENTHAL; PFALLER, 2014; SPEZIALE et al., 2014; THUNBERG et
al., 2015; BHATTA et al., 2016)

1.2 Patogenicidade e fatores de viruléncia

Para causar uma doenca, as bactérias, assim como outros agentes
patogénicos, empregam um conjunto de fatores, conhecidos como fatores de
viruléncia, que as protegem do sistema imune inato e Ihes permitem ultrapassar as
barreiras das mucosas, se disseminarem e se replicarem em diferentes érgéos e
tecidos do hospedeiro (RAMACHANDRAN, 2014). Muitos destes fatores séao
codificados em elementos genéticos moveis, como plasmideos ou profagos,
podendo facilmente ser transferidos intra ou interespécies (OTTO, 2014).

A versatilidade dos S. aureus como um dos mais importantes patdégenos de
infeccbes em humanos resulta de uma combinacdo de alguns destes fatores de
viruléncia (MURRAY; ROSENTHAL; PFALLER, 2014; OLIVEIRA et al., 2014; OTTO,
2014; THUNBERG et al., 2015; BHATTA et al., 2016). Dentre eles, destacam-se (i) a
producdo de proteinas de superficie, que interferem na sua adesdo aos tecidos do
hospedeiro; (i) a viruléncia mediada pela producdo de proteinas extracelulares,
como enzimas e toxinas especificas; (iii) seu carater invasivo, caracterizado pela
facil multiplicacdo e disseminac&o nos tecidos; (iv) evasdo da capacidade imune e
(v) facilidade de aquisicdo de genes de resisténcia aos antimicrobianos (SANTOS et
al., 2007; VIEIRA, 2010; MURRAY; ROSENTHAL; PFALLER, 2014).
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Outro fator de viruléncia importante nesta espécie € a producao de biofilmes,
que caracterizam-se por ser estruturas multicelulares altamente complexas, capazes
de proteger as bactérias contra as células do sistema imune do hospedeiro e impedir
a acdo de agentes antimicrobianos (WELLS et al., 2011; FERREIRA et al., 2012;
CHUNG; TOH, 2014; ARCIOLA et al, 2015; McCARTHY et al, 2015;
NOURBAKHSH; NAMVAR, 2016).

1.3 Biofilmes bacterianos

O reconhecimento de que alguns microrganismos, como fungos e bactérias,
produziam um material mucilaginoso, denominado “slime’/ “limo”, representou uma
descoberta importante na area da microbiologia (DONLAN, 2002; ARCIOLA et
al.,2015). As primeiras pesquisas sobre bactérias produtoras de slime datam da
década de 1970 e foram imprescindiveis para a formulacdo do conceito de biofilme,
projetando a ideia de um estilo de vida séssil e da formacdo de comunidades
bacterianas, envolvidas dentro de uma matriz extracelular com funcéo protetora,
derivada da elaboracdo de um slime (MACK; MACK; ACKERSON,1975;
COSTERTON; GEESEY; CHENG,1978; ARCIOLA et al.,2015).

Em 1978, Costerton, Geesey e Cheng (1978), baseados em observacdes de
placas dentarias, estabeleceram a “Teoria do biofilme”, que explica os mecanismos
pelos quais 0s microorganismos aderem a materiais vivos e ndo vivos e 0s
beneficios deste nicho ecolégico, demonstrando pela primeira vez a importancia
médica do biofilme bacteriano.

Evolutivamente, os biofilmes permitiram que bactérias com um fendtipo
planctdnico, mais suscetiveis as defesas do hospedeiro e a quimioterapia antibiética,
pudessem se habituar a uma forma de vida séssil, mais adaptada para sobreviver a
ambientes agressivos, como no caso dos tecidos do hospedeiro. Além disso,
assumiu um significado especifico na patogénese das infeccBes clinicas,
especialmente aquelas associadas aos materiais implantaveis (ARCIOLA et al.,
2015).
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1.3.1 Caracterizagdo dos biofilmes

O biofilme caracteriza-se por ser uma comunidade de células sésseis
aderidas a uma superficie, embebidas em uma matriz polimérica extracelular, por
elas produzidas. Nessa estrutura, as bactérias podem exibir diferentes fenotipos,
metabolismo, fisiologia e transcricdo genética, facilitando a interacdo das células
bacterianas com o organismo hospedeiro (DONLAN; COSTERTON, 2002; ARCHER
et al.,, 2011; WELLS et al.,, 2011; FOULSTON et al., 2014; CHUNG; TOH, 2014;
SPEZIALE et al.,, 2014). Sdo estruturas altamente complexas e hidratadas, com
canais que possibilitam a difusdo e a concentragdo de nutrientes (carbono, fosfato,
nitrogénio) e oxigénio, que permitem que as bactérias enfrentem de maneira
satisfatoria as diversas situacdes de stress ambiental e pressdes externas a que séo
submetidas (DONLAN, 2002; RANI et al., 2007; CHUNG; TOH, 2014; FIGUEIREDO
et al., 2017).

As bactérias produtoras de biofilme beneficiam-se de uma série de vantagens
sobre aquelas que ndo o produzem. Dentre as muitas, podemos citar a habilidade da
matriz extracelular em sequestrar e concentrar nutrientes do ambiente, a capacidade
de evadir multiplos mecanismos de defesa produzidos pelo hospedeiro e de
bloquear fisicamente a acédo dos antibidticos utilizados na terapia (ARCHER et al.,
2011; WELLS et al., 2011; CHA et al., 2013; ARCIOLA et al., 2015; McCARTHY et
al., 2015; NOURBAKHSH; NAMVAR, 2016; FIGUEIREDO et al., 2017). Podem
também contribuir para a aquisicdo de resisténcia aos antimicrobianos,
possivelmente por promover um maior contato célula-célula e, dessa forma,
aumentar a taxa de transferéncia de genes (DE ARAUJO et al., 2006; SAVAGE;
CHOPRA,; O'NEILL, 2013).

Além disso, a vantagem final para o desenvolvimento dessas estruturas é
uma potencial dispersao ou descolamento celular, nos quais as colonias podem se
separar, pelas forcas de cisalhamento mecéanicas dos fluidos ou através de uma
resposta programada geneticamente (BOYD; CHAKRABARTY, 1994). Dessa forma,
as colbnias isoladas migram a partir da comunidade original, para regides nao
infectadas do hospedeiro, e promovem o crescimento e a formacdo de um novo
biofilme (ARCHER et al., 2011).
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1.3.2 Formagéo do biofilme

A formacéo do biofilme é um processo que ocorre em trés etapas, incluindo
uma fase inicial de adeséo, seguida da maturacéo ou proliferacéo e o evento final de
descolamento, também chamado de dispersdo (OTTO, 2008; CROES et al., 2009;
PERIASAMY et al.,, 2012; FOULSTON et al.,, 2014; SPEZIALE et al., 2014;
FIGUEIREDO et al., 2017). A Figura 1 demonstra esquematicamente cada uma

destas etapas.

Figura 1 — Etapas do desenvolvimento do biofilme em Staphylococcus spp.
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Fonte: Adaptado de Otto, 2008. (acesso 22/06/17).

1.3.2.1 Etapa de adeséo

A adesédo pode ocorrer sobre qualquer superficie biética ou abibtica. Os S.
aureus, em particular, ttm uma extraordinaria capacidade de fixarem-se tanto a
dispositivos médicos implantaveis (DMI) quanto as proteinas da matriz extracelular
de células humanas (OTTO, 2008; PERIASAMY et al., 2012).

Esta espécie expressa dezenas de “componentes da superficie microbiana
que reconhecem moléculas de matriz adesiva” (MSCRAMMSs). Os MSCRAMMs
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reconhecem e conseguem se ligar as proteinas de matriz extracelular das células
humanas, tais como o fibrinogénio ou fibronectina (PATTI et al., 1994; OTTO, 2008;
CROES et al., 2009; FOULSTON et al., 2014).

Se houver a implantacdo de DMI, tais como cateteres, implantes, stents,
vélvulas cardiacas, proteses, entre outros, as proteinas da matriz extracelular das
nossas celulas cobrem a superficie deste dispositivo, e podera ocorrer a interagdo
especifica entre estas proteinas com os MSCRAMMSs, que posteriormente irdo
colonizar e formar o biofilme (OTTO, 2008; CROES et al., 2009; FOULSTON et al.,
2014). Quando esta condicdo ocorre, aumenta-se a gravidade das infecgcbes
nosocomiais relacionadas aos S. aureus (NOURBAKHSH; NAMVAR, 2016) e
consequentemente, aumenta-se a probabilidade de desenvolvimento de infecces
persistentes, cronicas e recorrentes (WELLS et al., 2011; CHUNG; TOH, 2014).

1.3.2.2 Etapa de maturacao (proliferacdo ou acumulacao)

Esta fase € caracterizada pela producdo da matriz extracelular, que contribui
para a agregacdo entre as células das bactérias que formardo o biofilme (OTTO,
2008; CROES et al., 2009). A maturidade acontece, principalmente, por meio do
aumento da densidade populacional e também pela pronunciada producdo e
deposicao desta matriz, composta basicamente por exopolissacarideos (EPS), acido
teicdico, proteinas especificas e pelo DNA das células lisadas. Juntos irdo modelar a
estrutura do biofilme, aumentando a sua espessura, garantindo maior estabilidade e
culminando na tipica aparéncia tridimensional de um biofilme maduro (OTTO, 2008;
HALL-STOODLEY; STOODLEY, 2009; PERIASAMY et al., 2012).

No género Staphylococcus, a principal molécula responsavel pela adesao
entre as células bacterianas € a Adesina Polissacaridica Intracelular (PIA), também
conhecida como poli-N-acetil-p-(1-6)-glicosamina (PNAG) que funciona como uma
“cola” capaz de unir as células através de interagdes eletrostaticas (OTTO, 2008). A
biossintese da PIA/PNAG é regulada pelo produto dos genes do operon ica, o qual
compreende o0s genes icaABCD, além do gene regulador icaR (ARCIOLA;
BALDASSARRI; MONTANARO, 2001; OTTO, 2008; ARCIOLA et al., 2015;
MCCARTHY et al, 2015; NOURBAKHSH; NAMVAR, 2016). Além de ser

fundamental na adesdo das células bacterianas a superficie e nas funcdes
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estruturais na arquitetura do biofilme, PIA/PNAG esta implicada na evasédo da
capacidade imune do hospedeiro (ARCIOLA et al., 2015).

Inicialmente, pensava-se que a formacg&o de biofiimes de S. aureus fosse
dependente da producdo da PIA (CRAMTON et al.,, 1999; O’'GARA, 2007). No
entanto, pesquisas mais recentes indicam que, em muitas estirpes, a PIA é
dispenséavel para a formacao de biofilmes (ica-independente) (GEOGHEGAN, et al.,
2010; FERREIRA et al.,, 2012; FOSTER et al, 2014; FOULSTON et al., 2014;
ARCIOLA et al., 2015; FIGUEIREDO et al., 2017). Embora ambos os tipos possam
ser encontrados em isolados MSSA e MRSA, existem relatos na literatura propondo
que a producédo de biofilme pelo mecanismo ica-dependente seja mais comum em
MSSA, enquanto que os biofilmes independentes de ica sejam frequentemente
observados em isolados MRSA (O'NEILL et al., 2007; CROES et al.,, 2009;
FERREIRA et al., 2012; MCCARTHY et al., 2015; TAN et al., 2015).

1.3.2.3 Etapa de deslocamento ou disperséo

O biofilme maduro possui uma estrutura tridimensional, descrita na literatura
como semelhante a uma “torre ou cogumelo” (Figura 3). Entre estas torres, existem
canais cheios de fluido que tém uma funcao vital no fornecimento de nutrientes para
as células das camadas mais profundas dessa estrutura (COSTERTON et al., 1995;
OTTO, 2008; PERIASAMY et al., 2012). Em circunstancias de privacdo de
nutrientes, podera ocorrer o deslocamento do biofilme e a dispersdo de bactérias
para outras regides corpéreas nao infectadas (CROES et al., 2009).

Esta etapa de dispersao, que pode ocorrer pelo desprendimento de células
individuais ou grupos de células, é critica durante uma infeccdo associada ao
biofilme, pois permite que as bactérias se espalhem, através do sangue e outros
fluidos corporais para novos locais, onde havera a colonizacéo e posterior infeccéo
(OTTO, 2008; ARCHER et al., 2011; PERIASAMY et al., 2012). Além da escassez
de nutrientes, outros fatores podem contribuir para que este descolamento ocorra,
dentre eles (i) as forcas mecanicas de cisalhamento, tais como o fluxo dentro de um
vaso sanguineo; (ii) a cessacao da producéo de EPS, responsaveis pelo aumento da
espessura; e (iii) a presenca de fatores de descolamento, como enzimas que
destroem a matriz ou surfactantes (OTTO, 2008; PERIASAMY et al., 2012).
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1.3.3 Infec¢des por S.aureus associadas ao biofilme

Os Staphylococcus spp. estdo frequentemente envolvidos em infecgOes
associadas ao biofilme, ja que este € um dos mecanismos de viruléncia do género,
que é formado por bactérias reconhecidamente comensais da pele e de mucosas
humanas. Este fato coloca os Staphylococcus spp em lugar estratégico para infectar
qualquer DMI que penetrar essas superficies (OTTO, 2008; CROES et al., 2009;
PERIASAMY et al.,, 2012; FIGUEIREDO et al.,, 2017). Entre os S. aureus, pode
haver a formacdo dessas comunidades multicelulares em DMI, assim como em
feridas cronicas, o que dificulta e muitas vezes impede o tratamento
antiestafilocécico (JAMES et al.,, 2008; OTTO, 2008; FOULSTON et al., 2014;
SPEZIALE et al., 2014).

Apesar de um progresso consideravel no tratamento e controle de doencas
infecciosas, um numero significativo de pacientes sao afetados por infeccbes
associadas ao uso de DMI, causadas por S. aureus (PEEL et al., 2012; SINGHAI et
al., 2012; SANCHEZ et al., 2013; CHATTERJEE et al., 2014; FRANCISCHETTO et
al., 2014). Geralmente graves, podem ocorrer pouco tempo apdés o procedimento
cirrgico ou muito tempo ap6s a implantacdo do dispositivo e incluem as infeccfes
sanguineas associadas a cateter venoso central, pneumonia associada a ventilacéo
mecanica, infeccbes do trato urinario associadas a cateter, infeccdes associadas a
implantes ortopédicos e cardiacos (PEEL et al., 2012; DEEPTI et al.,, 2014;
GARDNER et al., 2014; KIM et al., 2014; SULIS et al.,2014).

Uma vez estabelecidas na superficie dos DMI, as estirpes formadoras de
biofiime s@o capazes de sobreviver e resistir a antibidticos em concentracdes até
1000 vezes mais altas do que aquelas ativas nas mesmas bactérias no estado
planctonico (CERI et al., 1999), o que dificulta de maneira direta e preocupante a
erradicacado deste tipo de infeccdo, que representa atualmente um dos maiores
desafios a serem superados no ambiente hospitalar (FERREIRA et al., 2012;
ARCIOLA et al., 2015). Em estudo realizado na india, por Singh e colaboradores
(2010), foi demostrado que varios antibidticos, como oxacilina, cefotaxima e
vancomicina tinham reduzida penetragcao nos biofilmes produzidos por S. aureus e

S. epidermidis.
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1.4 Resisténcia aos antimicrobianos

A descoberta de compostos com atividade antimicrobiana no combate as
infeccbes tornou-se imprescindivel na pratica clinica, pois reduziu drasticamente 0s
altos niveis de mortalidade causados por doengas bacterianas na era pré-antibiética
(BARLOW, 2009; RANG et al., 2012). Além disso, o desenvolvimento e a
comercializacdo dos antibidticos revolucionaram a medicina moderna, pois
possibilitaram que procedimentos cirargicos de ponta, transplantes de 0Orgaos,
tratamento de pacientes com cancer, entre outros, pudessem ser realizados e
aprimorados (WORLD HEALTH ORGANIZATION, 2014; MUNITA; ARIAS, 2016).

No entanto, o aumento dos indices de resisténcia aos antimicrobianos na
atualidade, vem resultando em cada vez menos opc¢des terapéuticas suficientes para
o tratamento infeccioso, visto a ineficiéncia das terapias de primeira e segunda
escolhas para tratar alguns tipos de infeccbes (BASSETTI et al., 2013; GOLL;
FARIA, 2013; WORLD HEALTH ORGANIZATION, 2014; VENTOLA, 2015). A
Organizacdo Mundial de Saude (OMS) classificou a resisténcia aos antibioticos
como uma das trés ameacas mais importantes para a satude publica do século XXI e
um desafio para o controle das doencas infecciosas (WORLD HEALTH
ORGANIZATION, 2014; VENTOLA, 2015).

O uso indiscriminado e intensivo de alguns antimicrobianos, bem como a falta
de desenvolvimento de novos farmacos pelas indastrias farmacéuticas, contribuiram
de maneira significativa para o surgimento de microrganismos resistentes
(DUPLESSIS; CRUM-CIANFLONE, 2011; BASSETTI et a., 2013; VENTOLA, 2015;
MEEKER et al., 2016). O Centers for Disease Control and Prevention (CDC) estima
gue cerca de 2 milhdes de pessoas desenvolvam infeccbes causadas por bactérias
resistentes a antibioticos, anualmente nos Estados Unidos, e que cerca de 23.000
morram como resultado direto dessas infecgbes (CDC, 2017).

As bactérias de forma geral possuem uma notavel plasticidade genética, o
que lhes permite responder a uma ampla gama de ameacas ambientais. Do ponto
de vista evolutivo, as bactérias utilizam algumas estratégias para se adaptarem aos
antibiéticos, como: (i) a transferéncia horizontal de genes, através de plasmideos e
transposons, que permite a aquisicdo de fragmentos de DNA de fontes externas,
que codificam para determinantes de resisténcia; (i) as mutacbes nos genes

associados ao mecanismo de acao dos antimicrobianos (alteragéo do sitio alvo); (iii)
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as bombas de efluxo que conseguem remover o antimicrobiano de dentro da célula
bacteriana (BARLOW, 2009; CHAMBERS; DELEO, 2009; OPLUSTIL et al., 2010;
HAABER et al., 2015; MUNITA; ARIAS, 2016).

1.4.1 Resisténcia dos S. aureus a penicilina

A descoberta da penicilina por Alexander Fleming, em 1928, foi um dos
principais eventos que levaram a chamada “Era dos antibiéticos”. Empregada com
sucesso na terapia anti-estafilocéccica, contribuiu consideravelmente para a reducao
das altas taxas de mortalidade causada pelos S. aureus (BARLOW, 2009;
CHAMBERS; DELEO, 2009).

Entretanto, em meados da década de 1940, logo apds a sua introducdo na
pratica clinica, foram descritas as primeiras cepas que passaram a desenvolver
resisténcia a esse antibidtico beta-lactamico. Dentro de uma década, tornou-se
também um problema significativo na comunidade, o que limitou o uso da penicilina
e seus derivados nos anos subsequentes (RAMMELKAMP; MAXON, 1942; KIRBY,
1944; CHAMBERS; DELEO, 2009). Nos dias atuais, a resisténcia a penicilina se
estende a grande maioria das estirpes de S. aureus (GARCIA-SANCHEZ et al.,
2012; HAGSTRAND ALDMAN; SKOVBY; PAHLMAN, 2017), sendo que nos Estados
Unidos apenas 10% dos isolados de S. aureus s&o suscetiveis a penicilina (CDC,
2017).

Esta resisténcia € mediada pelo gene plasmidial blaZ que codifica a producao
de beta-lactamases (penicilinases), que hidrolisam e inativam o anel beta-lactamico
da penicilina, essencial para sua atividade antimicrobiana (LOWY, 2003;
CHAMBERS; DELEO, 2009).

1.4.2 Staphylococcus aureus resistente a meticilina (MRSA)

Historicamente os S. aureus vém aprimorando seus mecanismos de
resisténcia aos antimicrobianos e eventos significativos na sua evolucédo estao
ocorrendo desde meados do século passado. O desenvolvimento das penicilinas
beta-lactamase estaveis, como a meticilina e a oxacilina, em 1959, permitiu a
introducdo na terapia clinica de drogas capazes de resistir & agdo destas enzimas
(SANTOS et al., 2007; SOUZA, 2011). No entanto, esta foi uma solugcéo provisoria,
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ja que em 1961 comecaram a ser detectadas cepas de S. aureus resistentes a
meticilina/oxacilina, denominadas MRSA/ORSA, que se disseminaram rapidamente,
em varios paises (BARBER, 1961; JEVONS, 1961; CHAMBERS; DELEO, 2009;
HAVAEI et al., 2012). Os MRSA representam, ainda hoje, um grave problema de
saude publica tanto a nivel hospitalar, quanto na comunidade (DAVID; DAUM, 2010;
TURLEJ; HRYNIEWICZ; EMPEL, 2011; ITO et al., 2012; VAN HAL; LODISE;
PATERSON, 2012; WORLD HEALTH ORGANIZATION, 2014; BALAKUNTLA;
PRABHAKARA; ARAKERE, 2014; RAJEH et al., 2015; CDC, 2017).

1.4.2.1 Mecanismos de resisténcia a oxacilina

Estirpes de S. aureus sensiveis a meticilina (MSSA) tornaram-se resistentes
aos beta-lactamicos pela aquisicdo do gene mecA, carreado em um elemento
genético movel denominado cassete cromossdmico estafilocécico mec
(Staphylococcal Cassette Chromosome-SCCmec) (UTSUI; YOKOTA, 1985; LOWY,
2003; DEURENBERG; STOBBERINGH, 2009; IWG-SCC, 2009; ITO et al., 2012;
BALAKUNTLA; PRABHAKARA; ARAKERE, 2014; MARTINS et al., 2014). Ao
contrario da resisténcia mediada por penicilinases, que sdo de estreito espectro, a
resisténcia a meticilina se estende a todos os beta-lactamicos, incluindo penicilinas,
cefalosporinas, carbapenémicos e monobactamicos (CHAMBERS, 1988;
CHAMBERS; DELEO, 2009; SOUZA, 2011; BRAGA et al., 2014; CDC, 2017), exceto
a nova classe de cefalosporinas de 5% geracdo, representada pela Ceftarolina e
Ceftabiprole, que apresentam atividade anti-MRSA (FILE; WILCOX; STEIN, 2012;
BATISTA et al., 2015; CDC, 2017).

Para a etapa final de sintese da parede celular bacteriana, deve haver a
participacdo de cinco proteinas ligadoras de penicilina (PBPs), que sdo essenciais e
tém alta afinidade pelos antibidticos beta-lactamicos (VIEIRA, 2010; SOUZA, 2011;
SERAFIM, 2013). No caso de cepas MRSA, o gene mecA codifica a producédo de
uma proteina adicional, PBP2a ou PBP2’, que substitui as fungdes essenciais das
PBPs. Isso permite a sintese da parede celular, mesmo na presenca de altas doses
desses farmacos, que em outras condi¢cdes seriam letais a sobrevivéncia da célula
bacteriana (UTSUI; YOKOTA, 1985; CHAMBERS, 1988; CHAMBERS, 2001;
ZETOLA et al., 2005; SANTOS et al., 2007; CHAMBERS; DELEO, 2009; VIEIRA,
2010; SOUZA, 2011; ITO et al., 2012; BHATTA et al., 2016).
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A resisténcia a oxacilina também pode ocorrer por outros mecanismos, menos
comuns, ndo mediados pelo gene mecA. As cepas podem apresentar resisténcia
boderline a oxacilina (Borderline Oxacillin Resistant Staphylococcus aureus -
BORSA), mediada por plasmideos, que se caracteriza pela hiperproducédo de beta-
lactamases (McDOUGAL; THORNSBERRY, 1986; TOMASZ et al., 1989; SANTOS
et al., 2007; MATHEWS et al., 2010; MAALEJ et al.,, 2012). Ha também cepas
conhecidas como Modified Penicillin Binding Protein Staphylococcus aureus
(MODSA), que produzem PBPs modificadas, que ndo a PBP2a. (TOMASZ et al.,
1989; SANTOS et al., 2007; MATHEWS et al., 2010).

Em ambos 0s casos as estirpes ndo possuem o0 gene mecA, sao suscetiveis a
cefoxitina, porém as concentracdes inibitérias minimas (CIMs) da oxacilina estédo
préximas aos pontos de corte (entre 1 e 8 pg/mL) (MATHEWS et al., 2010; SHORE;
COLEMAN, 2013; KRUPA et al., 2014). Estudos demonstram que isolados MRSA
mecA negativos resistentes a multiplos beta-lactamicos podem ser incorretamente
classificados como sensiveis a meticilina com base na detec¢do do gene mecA ou
PBP2a, levando a falhas no tratamento (BANERJEE et al.,, 2010; GRIFFITHS;
O'NEILL, 2012; BA et al., 2014; ELHASSAN et al., 2015)

1.4.2.2 Staphylococcal Cassette Chromosome mec (SCCmec)

No ano de 2001, a descoberta de que o gene mecA encontra-se sempre
dentro de um elemento genético movel (SCCmec), contribuiu de maneira
consideravel para a melhor compreensao da resisténcia a meticilina. Este avango na
biologia dos MRSA forneceu um recurso adicional no que diz respeito as relacdes
evolutivas entre estas cepas, evidenciando ser uma importante ferramenta
epidemioldgica para a diferenciacao destas estirpes (ITO et al., 2001; CHAMBERS,;
DELEO, 2009; MARTINS et al., 2014; GHASEMIAN; MIRZAEE, 2016).

Os SCCmec estdo integrados dentro do gene orfX, com funcdo ainda
desconhecida (CHAMBERS; DELEO, 2009; DAVID; DAUM, 2010; LI et al., 2011,
ITO et al, 2014). Sado formados por trés elementos genéticos essenciais: (1)
complexo do gene mec, seus genes regulatérios mecR1 (indutor do gene mecA) e
mecl (repressor do gene) e suas sequéncias de insercdo (1S431); (2) complexo do
gene ccr, que codifica a producdo de recombinases, responsaveis pela integracao,

excisdo e mobilidade deste elemento no genoma dos S. aureus; e (3) regides



28

junkyard (J), que codificam resisténcia a antibidticos ndo beta-lactamicos e metais
pesados (ITO et al., 2001; MA et al., 2002; ITO et al., 2004; CHAMBERS; DELEO,
2009; DEURENBERG; STOBBERINGH, 2009; DAVID; DAUM, 2010; VIEIRA, 2010;
BALAKUNTLA; PRABHAKARA; ARAKERE, 2014; ITO et al., 2014).

Até o0 momento, doze tipos de SCCmec (I-XIl) ja estdo descritos na literatura,
gue se diferenciam entre si pelo seu tamanho e pelos tipos de combinacao entre os
complexos dos genes mec e ccr, que formam sua estrutura (ITO et al., 2001; MA et
al., 2002; ITO et al, 2004; OLIVEIRA; MILHEIRICO; LENCASTRE, 2006;
BERGLUND et al., 2008; HIGUCHI et al., 2008; REINERT et al., 2008, CHAMBERS;
DELEO, 2009; DEURENBERG; STOBBERINGH, 2009, IWG-SCC, 2009; ZHANG et
al., 2009; LI et al.,, 2011; SHORE et al.,, 2011; BALAKUNTLA; PRABHAKARA,;
ARAKERE, 2014; ITO et al., 2014; WU et al., 2015).

Dentre estes, os SCCmec dos tipos | ao V sdo os mais comumente relatados
em pesquisas cientificas em todo o mundo (BALAKUNTLA; PRABHAKARA,;
ARAKERE, 2014). Os outros tipos de SCCmec foram mais recentemente descritos:
(1) em 2006, tipo VI, em Portugal; (2) em 2008, tipo VII, em Taiwan; (3) em 2009,
tipo VIII, no Canada; (4) em 2011, tipos IX e X; (5) em 2011, tipo Xl, na Irlanda; (6)
em 2015, tipo XlIl, na China (OLIVEIRA; MILHEIRICO; LENCASTRE, 2006;
BERGLUND et al., 2008; DEURENBERG; STOBBERINGH, 2009; LI et al., 2011;
SHORE et al., 2011; WU et al., 2015).

1.4.2.3 Panorama global das infec¢des causadas por MRSA

No final dos anos 2000, o niumero de O6bitos decorrentes de infec¢cdes por
MRSA em hospitais norte-americanos eram maiores do que as mortes causadas
pelo virus HIV e tuberculose juntos (BOUCHER et al., 2009). Em 2003, a resisténcia
representava em torno de 60% das infec¢cOes causadas por S. aureus nos Estados
Unidos (EUA) (NNIS, 2004).

Dados recentes publicados por Dantes e colaboradores (2013), mostraram
gque houve uma queda de 54,2% das infec¢des invasivas causadas por MRSA
iniciadas trés dias ap0s a admissao hospitalar, poréem a reducdo nos casos de
infeccbes associadas a comunidade foi de apenas 5,0%, entre 2005 e 2011 nos
EUA (DANTES et al., 2013).
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Na Europa, a prevaléncia dos MRSA variou desde menos de 5% na
Dinamarca, Suica, Finlandia, até mais de 24% na Espanha, Reino Unido e Portugal,
em 2009 (ECDC, 2009; DULON et al., 2011; DULON et al., 2014). Na China, em
trabalho conduzido por Chen e colaboradores (2017), encontrou-se uma taxa de
23,9% de estirpes resistentes.

No Brasil, essas taxas variam muito dependendo do material clinico e da
regido geografica de isolamento (FERREIRA et al., 2009; SANTOS et al., 2010;
CATAO et al., 2013; BRAGA et al., 2014; MEDEIROS et al., 2015). Em trabalho
inédito, realizado no Hospital Universitario de Santa Maria (HUSM), verificou-se que
as taxas de prevaléncia de infeccdes por MRSA, neste nosocémio, diminuiram
significativamente, passando de 43,4% no ano de 2007, para 27,5% no ano de 2011
(RODRIGUES et al., 2015).

Resultados recentes de Programas de Vigilancia em diferentes regiées norte-
americanas vém sugerindo um declinio na incidéncia dos tipos mais graves de
infeccbes por MRSA (BURTON et al., 2009; KALLEN et al., 2010; DANTES et al.,
2013), como a que ocorreu no HUSM, o que reflete o sucesso das medidas das
Comissodes de Controle de Infeccdo Hospitalar (DULON et al., 2014; RODRIGUES et
al., 2015). Além disso, as melhorias no manejo precoce de infec¢des ndo-invasivas e
as mudancas na viruléncia das cepas circulantes também podem ser apontadas
como responsaveis pela queda nas taxas de MRSA em muitas instituicées ao redor
do mundo (DANTES et al., 2013).

1.4.2.4 Classificacdo das cepas MRSA

Desde o aparecimento da primeira cepa MRSA, na década de 1960, varios
clones emergiram e se tornaram uma importante causa de infeccdes nosocomiais
em todo o mundo. Contudo, mudancas significativas na sua epidemiologia puderam
ser detectadas, trinta anos mais tarde, com o surgimento de cepas MRSA
associadas a comunidade, em pessoas sem exposicdo prévia a ambientes de
cuidados de saude e sem fatores de risco (CARVALHO; MAMIZUKA; GONTIJO
FILHO, 2010; DAVID; DAUM, 2010; VIEIRA, 2010; KIKUTA et al., 2011; DAVID et
al., 2014).

Atualmente a epidemiologia das infeccbes por MRSA esta se tornando cada

vez mais complexa, com 0 acesso de estirpes comunitarias, que adquiriram
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fragmentos adicionais e determinantes de resisténcia, em ambientes hospitalares,
assim como certas linhagens, que s&o tipicamente hospitalares, circulando e
infectando pacientes na comunidade (FIGUEIREDO; FERREIRA, 2014; RAJEH et
al., 2015).

Algumas caracteristicas sdo importantes para classificar e diferenciar as
infecgcdes contraidas no ambiente hospitalar daquelas adquiridas na comunidade,
tais como (i) tipagem dos SCCmec, (ii) distribuicdo dos genes de resisténcia, (iii)
suscetibilidade aos antimicrobianos e (iv) fatores de risco associados a infec¢ao por
MRSA (DRYDEN, 2008; CHAMBERS; DELEO, 2009).

1.4.2.4.1 MRSA associado ao ambiente hospitalar (HA-MRSA)

As infecgbes por HA-MRSA séo aquelas que ocorrem apdés hospitalizacéo por
um periodo superior a 48 horas; em pacientes imunocomprometidos; admitidos em
unidades de terapia intensiva; pacientes com doencas crénicas, hemodialisados;
submetidos a cirurgia recente, ventilacdo mecanica, tubo endotraqueal, nasogastrico
ou traqueostomia. Outros fatores de risco incluem: consulta médica em ambiente
hospitalar; convivéncia com profissionais de salde ou pacientes colonizados por
MRSA; terapia com antimicrobianos nos ultimos 12 meses e presenca de cateter
percutaneo no momento da coleta da amostra (CHAMBERS, 2001; COHEN, 2007;
RAJAN ET AL., 2015; CDC, 2017).

Estirpes de HA-MRSA se disseminaram em todo o mundo, com um numero
limitado de clones, carreando geralmente os SCCmec tipos I, Il e lll (OKUMA et al.,
2002; ITO et al., 2003; CARVALHO; MAMIZUKA; GONTIJO FILHO, 2010;
BALAKUNTLA; PRABHAKARA; ARAKERE, 2014; BONESSO et al., 2014; MARTINS
et al., 2014). Apresentam resisténcia a outras classes de drogas utilizadas no
tratamento de infeccbes estafilococicas, como as lincosamidas, macrolideos,
tetraciclinas e aminoglicosideos, o que restringe muito as opg¢fes para o tratamento
deste tipo de infeccdo (ITO et al.,, 2001; ZETOLA et al., 2005; DEURENBERG;
STOBBERINGH, 2009; MURRAY; ROSENTHAL; PFALLER, 2014).

As principais caracteristicas de cepas HA-MRSA estdo descritas

resumidamente na Figura 2.
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Figura 2 — Principais caracteristicas dos SCCmec tipos I, Il e lll, associados a cepas
MRSA de origem hospitalar (HA-MRSA).

*» Tamanho: 34.3 kb
SCCmec + 1° caso: Reino Unido, 1960
; * Clones: Arcaico (1), Ibérico (IA)
tlpD | » Caracteristicas: possuem o gene mecA como o Unico
determinante de resisténcia

*» Tamanho: 53.0 kb
* 1° caso: Japdo, 1982

SCCmec . Clones: New York/Jap&o . EMRSA-16
. * Caracteristicas: multirresistente, com varios
tlpD || determinantes de resisténcia aos antimicrobianos no

beta-lactdmicos, podendo conter genes de resisténcia
adicionais integrados em plasmideos e transposons

* Tamanho: 66.9 kb
*» 1% caso: Nova Zelandia, 1985
Sccmec * Clones: Clone Endémico Brasileiro (BEC)

tipD "| * Caracteristicas: multirresistente, apresentando varios
determinantes de resisténcia as drogas utilizadas na
terapia antiestafilocécica

Fonte: Adaptado de JEVONS, 1961; ITO et al., 2001; ZETOLA et al., 2005; CHAMBERS; DELEO,
2009; DEURENBERG; STOBBERINGH, 2009.

Estudos recentes, realizados em hospitais de Porto Alegre, no ano de 2012, e
Santa Catarina, entre 2009 e 2013, observaram maior prevaléncia de infeccbes
causadas por cepas de MRSA hospitalares, sendo que no estado catarinense o
indice de infec¢cdes causadas por HA-MRSA foi superior a 80% (SILVEIRA et al.,
2015; BATISTA; D’AZEVEDO, 2016). No Brasil, o clone Endémico Brasileiro (BEC),
carreador de SCCmec tipo Ill (CHAMBERS; DELEO, 2009), € o clone circulante
mais prevalente dentre os hospitais, responsavel pela maioria das infeccoes nos
servigcos de saude em todo o pais (PEREZ; D’AZEVEDO, 2008; CAMPOS et al.,
2012; SILVEIRA et al., 2015; ANDRADE-FIGUEIREDO, LEAL-BALBINO, 2016).
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1.4.2.4.2 MRSA associado a comunidade (CA-MRSA)

S. aureus resistentes a meticilina associados a comunidade emergiram na
década de 1990, entre aborigenes australianos sem acesso a servicos de saude e
sem fatores de risco estabelecidos para uma infeccdo por MRSA (UDO; PEARMAN;
GRUBB, 1993). Desde entdo, tém sido reportadas mundialmente em pacientes
higidos e em sub-populacbes especificas como recrutas militares, criancas que
frequentam creches, presidiarios, equipes esportivas, entre outros, tornando-se um
alerta global de saude publica (CHAMBERS; DELEO, 2009; DAVID; DAUM, 2010;
UDO et al., 2011; BRAGA et al., 2014; MIU-LING et al., 2014).

A rapidez e a extensdo com que os CA-MRSA se espalharam tém sido
notavel e alguns estudos tém mostrado que estas cepas estdo substituindo cepas
HA-MRSA dentro de ambientes de cuidados de saude (VALESIA et al.,, 2010;
KIKUTA et al., 2011). S&o consideradas mais virulentas e transmissiveis do que as
cepas HA-MRSA, podendo levar a surtos e hospitalizacbes de adultos jovens ou
adolescentes saudaveis (DELEO et al., 2010; MIU-LING et al., 2014; RAJAN et al.,
2015).

Caracterizam-se por causar infecgbes na auséncia de fatores de risco e
adquiridas com menos de 48 horas de internagdo hospitalar (UDO et al., 2011,
LEUNG et al., 2012; RAJAN ET AL., 2015; CDC, 2017). Podem ser identificadas
através de suas caracteristicas genéticas, pois na grande maioria dos casos,
carreiam SCCmec dos tipos IV e V (MA et al., 2002; VIEIRA, 2010; BALAKUNTLA,;
PRABHAKARA; ARAKERE, 2014; BONESSO et al., 2014) e genes implicados na
producdo da leucocidina Panton-Valentine (PVL), um importante fator de viruléncia
gque estd associado com abscessos cutaneos e pneumonia hecrotizante
(MACHUCA; GONZALEZ; SOSA, 2014; SHRESTHA et al., 2014; BHATTA et al.,
2016).

Sao tipicamente susceptiveis a mdultiplos antimicrobianos, com padrbes de
suscetibilidade aos antibidticos ndo beta-lactamicos bastante semelhantes as de
cepas MSSA e estdo associados a uma maior diversidade clonal em comparagao
com HA-MRSA (ITO et al., 2001; MA et al., 2002; OKUMA et al., 2002; ITO et al.,
2003; ZETOLA et al., 2005; DEURENBERG; STOBBERINGH, 2009; CARVALHO;
MAMIZUKA; GONTIJO FILHO, 2010; BALAKUNTLA; PRABHAKARA; ARAKERE,
2014; BONESSO et al., 2014). Devido ao seu menor tamanho, quando comparado
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com os tipos Il e lll, sdo possivelmente mais méveis, o que lhes confere uma
vantagem evolutiva na presséo relacionada aos antibiéticos no ambiente hospitalar,
e a possibilidade de se disseminarem rapidamente na comunidade (COHEN, 2007).

Na Figura 3, encontram-se descritas algumas caracteristicas importantes de
cepas de CA-MRSA, carreadoras de SCCmec tipos IV e V.

Figura 3 — Principais caracteristicas dos SCCmec tipos IV e V, associados a cepas
MRSA de origem comunitarias (CA-MRSA).

» Tamanho: 2089 — 243 kb

Sccmec * 1° caso: ,ﬂ.us’FréIi.a, inicio da década de 19Qq
* Clones: Pediatrico, EMRSA-15, MRSA Berlin
tlpD |V - Caracteristicas: .t'ipicamentg susceptivels a mﬂI’EipIqs
antimicrobianos, ja que o Unico gene de resisténcia

carreado por este cassete & o mech

+ Tamanho: 28 kb
SCCmec « 1° caso: Australia, 2004
+ Clones: Bengala Bay, WBG8318 (WIS), TSGH17

tlpD VvV « Caracteristicas: codificam exclusivamente resisténcia
aos antibidticos beta-lactamicos

Fonte: Adaptado de ITO et al., 2001; MA et al., 2002; ITO et al.,, 2004; ZETOLA et al., 2005;
CHAMBERS; DELEO, 2009; DEURENBERG; STOBBERINGH, 2009; BALAKUNTLA; PRABHAKARA,;
ARAKERE, 2014.

No Brasil, os primeiros relatos de infec¢cées por CA-MRSA foram verificados
em pacientes com bacteremia em hospitais do Rio Grande do Sul, (RIBEIRO et al.,
2005), e desde entdo, outros estudos vem identificando estirpes carreadoras de
SCCmec tipo IV disseminados em outras instituicdes brasileiras (MIMICA et al.,
2011; GELATTI et al., 2013; LIMA et al. 2014; CARVALHO et al., 2017).
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1.4.2.4.3 MRSA associado a criacdo de animais (LA-MRSA)

Mais recentemente, um novo tipo de MRSA comecou a ser estudado. Os S.
aureus resistentes a meticilina associados a criacdo de animais (Livestock
associated MRSA - LA-MRSA), colonizam gados, cavalos, porcos, aves e caes. A
transmissdo zoondtica de tal MRSA para os seres humanos, através do contato
direto com estes animais, contaminacdes ambientais ou consumo de carnes é um
motivo de preocupacédo, pois nos ultimos anos, estas estirpes tém sido introduzidas
em ambiente hospitalar (CUNY; KOCK; WITTE, 2013; MONACO et al., 2013;
BALLHAUSEN et al., 2014; CUNY; WIELER.; WITTE, 2015).

O principal complexo clonal (CC) envolvido em infec¢cdes por LA-MRSA é o
CC 398, carreador de SCCmec tipos IV, V ou VII, porém outras linhagens clonais,
incluindo CC5, CC9 e CC97 foram também detectadas (CUNY; KOCK; WITTE,
2013; MONACO et al., 2013; PRICE et al., 2013; CUNY; WIELER.; WITTE, 2015).
Quando introduzido no hospital, podem causar infec¢des de feridas pds-operatorias
e até mesmo septicemia (CUNY; KOCK; WITTE, 2013).

1.5 Justificativa

As altas taxas de morbimortalidade associadas a infeccbes por
Staphylococcus aureus, em especial por MRSA, que se espalharam rapidamente
tanto no ambiente hospitalar quanto na comunidade, representam nos dias atuais
uma preocupacao para instituicbes de saude e autoridades governamentais de todo
o mundo.

Em estudo defendido em minha dissertacdo (RODRIGUES et al., 2015),
comprovou-se que as taxas de prevaléncia das infec¢des por MRSA vém diminuindo
anualmente no Hospital Universitario de Santa Maria (HUSM). Apesar desta
diminuicao, as caracteristicas epidemiolégicas acerca dos SCCmec, bem como seus
fatores de patogenicidade, como a produgcdo de biofilmes permanecem
desconhecidas neste nosocdmio, que atende a mais de 40 municipios da regiao
central do Estado do Rio Grande do Sul.

Estes resultados nos motivaram a dar continuidade a este trabalho, inédito no

HUSM, para que o conhecimento da potencial viruléncia imposta pelos S. aureus
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possa contribuir de maneira positiva para a conduta clinica, prevencéo e controle da

sua disseminag&o em nosso Nosocomio.

1.6 Objetivos

1.6.1 Objetivo geral

Caracterizar as cepas de Staphylococcus aureus isoladas do Hospital
Universitario de Santa Maria (HUSM), quanto a tipagem fenotipica e molecular dos

SCCmec, bem como a producao de biofilme.

1.6.2 Objetivos especificos

- Determinar a porcentagem de estirpes MRSA, gene mecA positivas

- Avaliar os tipos de SCCmec mais prevalentes no HUSM, através da PCR,;

- Determinar a prevaléncia de estirpes HA-MRSA e CA-MRSA nos anos de 2008,
2011 e 2015;

- Comparar se houve mudanca no perfil dos MRSA nos trés anos;

- Tracar o perfil de suscetibilidade aos antimicrobianos dos MRSA isolados;

- Avaliar diferentes testes fenotipicos e genotipico na determinacao da formacao de
biofilme pelas cepas, no ano de 2011;

- Avaliar o perfil de susceptibilidade aos antimicrobianos dos isolados produtores de

biofilme.
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ABSTRACT

Background & objectives: Methicillin-resistant Staphylococcus aureus (MRSA) is
known worldwide as one of the pathogens most frequently associated to nosocomial
and community infections. The molecular characterization of types of SCCmec is
very important considering the constant changes in MRSA epidemiology, what
makes it the best criterium to differentiate strains of hospital origin (HA-MRSA) from
the ones of community origin (CA-MRSA). The aim of this study was to determine the
most common types of SCCmec in MRSA isolated for three years at a university

hospital in Rio Grande do Sul, southern Brazil. Methods: One hundred thirteen
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mecA-positive MRSA were assessed in three distinct periods: 38 samples (2008), 37
(2011) and 38 (2015), obtained from different clinical specimens of patients assisted
at a teaching hospital in Santa Maria, RS. SCCmec typing was performed through
PCR and the susceptibility profile was performed through automated methods
(MicroScan® - Siemens and Vitek® 2 - bioMérieux). Results: SCCmec type | was
the most isolated (39.8%), followed by type IV (23.0%), type Il (15.1%), and type Il
(6.2%). Non-typed samples represented 15.9%. HA-MRSA (72.6%) predominated
over CA-MRSA (27.4%) in the analysis of strains origin. All MRSA were multidrug
resistant, with high resistance rates to clindamycin and erythromycin, besides a
significant decrease of resistance to gentamycim, rifampicin and trimethoprim-
sulfamethoxazole. There was 100% susceptibility to vancomycin and linezolid.
Interpretation & conclusions: Multidrug resistant HA-MRSA strains were the most

predominant in the studied hospital, being HA-MRSA type | the most recurrent.

Keywords: bacterial resistance — community origin — hospital origin — MRSA —

molecular typing — SCCmec - Staphylococcus aureus.

INTRODUCTION

Staphylococcus aureus stands out as one of the pathogens most associated
with soft tissues and skin infections, pneumonia, endocarditis, septicemia, among
others, what results in high rates of morbimortality worldwide'. Their innate ability to
adapt as well as the acquisition of mobile genetic elements has led to the occurrence
of resistance to several classes of antimicrobial drugs used in antistaphylococcal
therapy®*.

The mecA gene, responsible for the resistance to beta-lactam antibiotics, is
carried inside a mobile genetic element called Staphylococcal Cassette Chromosome
mec (SCCmec), and its insertion in the chromosome of susceptible strains has
culminated with the occurrence of S. aureus strains resistant to methicillin (MRSA)>®.

Some factors may be cited to express the significant role of MRSA
transmission and the success of its dissemination worldwide, with the increase of

movement of people to different areas within a country, or distinct countries or
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continents through international travels”®, besides the excessive and indiscriminate
use of broad spectrum antimicrobials®.

For several years, most MRSA have been limited to hospital environments
(HA-MRSA), mainly infecting patients with multiple comorbidities, with compromised
immune system, submitted to surgery, or making use of medical devices**.
Nevertheless, in the mid-1990s, considerable changes occurred in their
epidemiology, detected by the increased number of infections caused by community-
acquired strains (CA-MRSA) in patients without previous risk factors and with no
exposure to health care environments, what represented a competitive advantage in
relation to HA-MRSA? 1912,

SCCmec relates to hospital and community isolates, showing to be an
important epidemiological tool for the differentiation of these strains®°. Genotypic
variations reflect on their characteristics of resistance to antimicrobials, being
SCCmec types |, II, Ill associated to HA-MRSA™™®®, generally difficult to treat and
resistant to multiple classes of antibiotics such as aminoglycosides, macrolides and
quinolones due to additional resistance genes. On the other hand, CA-MRSA
strains, which carry smaller cassette chromosomes (SCCmec types IV and V) have
been recognized for being more susceptible to non beta-lactam antibiotics®°*%**,
Currently, 11 types of SCCmec are described in literature, being types from | to V the
most studied and best characterized’.

Due to the complex nature and the increasing diversity of the SCCmec, which
reflect on constant changes in the epidemiology of MRSA in health services
worldwide, this study aimed to determine the most prevalent types of SCCmec in
MRSA strains isolated for three years at a teaching hospital in Santa Maria, Rio

Grande do Sul, south Brazil.

MATERIAL & METHODS

Collection of bacteria strains

A total of 476 S. aureus was collected, being isolated from different clinical
materials of patients assisted at Hospital Universitario de Santa Maria (HUSM), in
Santa Maria, Rio Grande Sul (RS), in three distinct periods: 2008 (192 strains), 2011
(140 strains) and 2015 (144 strains). HUSM is a teaching hospital with 403 beds,
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being 354 for hospitalization and 49 for Intensive Care Unit (ICU), besides 58
outpatient rooms that assist more than 30 cities of the central region in Rio Grande
do Sul, south Brazil.

Identification of S. aureus was performed out in the Clinical Analysis
Laboratory at HUSM through conventional standardized phenotypic tests*®. Only one
sample per patient was included in this study. Bacteria were randomly collected and
remained stored in Tryptic Soy Agar with 15% glycerol at -80 °C, in the Laboratory of
Bacteriology, of the Department of Clinical and Toxicological Analysis of Federal

University of Santa Maria (UFSM) until all tests were performed.

Selection of MRSA

To characterize strains as MRSA, screening with cefoxitin disk (30 pg) was
performed in all collected samples, through the Disk Diffusion technique, according to
recommendations from the Clinical and Laboratory Standards Institute (CLSI), using
the S. aureus strain ATCC 25923 for quality control testing™.

Furthermore, all strains were submitted to Polymerase Chain Reaction (PCR)
to confirm the presence of the mecA gene, according to the conditions described in
Table 1.

Antimicrobial Susceptibility Testing

Following MRSA selection, susceptibility of these strains to antimicrobials was
tested with the automated systems MicroScan® (Siemens), in 2008 and 2011, and
Vitek® 2 (bioMérieux) in 2015. Interpretation of results followed recommendations
from CLSI, and S. aureus ATCC 29213 was used for quality control®®. The
antimicrobials tested were clindamycin, erythromycin, gentamicin, linezolid,

rifampicin, trimethoprim-sulfamethoxazole and vancomycin.

DNA Extraction

Genomic DNA was extracted by thermal lysis based on the protocol used by
Moosavian et al., with alterations?®®. MRSA were firstly inoculated in Mueller-Hinton
agar, and two to five isolated colonies were suspended in 750 puL TE buffer (10mM
Tris, ImM EDTA, pH 8). The suspension was then submitted to dry boil for 20 min at

100 °C, and frozen at -80 °C for 20 more minutes. The extracted DNA performance
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was confirmed through Qubit 2.0 Fluorometer (Invitrogen™) before the assays based

on PCR were developed.

Molecular typing by PCR

Amplification of genes 16S
The gene 16S worked as an internal control to assess the quality of DNA
extraction and to discard any amplification inhibitors. The conditions and the primers

used are described in Table I, following the protocol by Lina et al., with adaptations?".

Typing of SCCmec

All MRSA isolates were submitted to PCR to detect five types of SCCmec (I, II,
[, IV and V). Primers sequence and PCR conditions used were based on the work
by Boye et al., with adaptations®.

PCR was performed in a Thermal Cycler 2720 (Applied Biosystems, Foster
City, CA). An aliguot of 2,0 yL of DNA was added to 23 pyL of PCR mix, containing
13.8 pL of Mili-Q ultrapure water, 2.5 pL of buffer 10X, 2.0 pL MgCl, 50 mM, 2.0 pL
dNTP set 100mM (dATP, dUTP, dGTP and dCTP), 1,25 pL of each primer, and 0.2
puL of Taq DNA polymerase 5U/ puL. A negative control was used in all assays,
without a DNA sample. PCR amplicons were visualized in transilluminator after 2%

agarose gel electrophoresis containing 0,5 pg/mL of ethidium bromide.

Classification criteria
In this work, strains that presented SCCmec types I, Il and Il were considered
HA-MRSA, and types IV and V were considered CA-MRSA.

Ethical Considerations
The present study was submitted to the Research Ethics Committee of UFSM
and approved under CAAE: 0117.0.243.000-08 and CAAE: 38850614.4.0000.5346.
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Gene Primer” Primer sequence Band Ref. PCR conditions
(5 — 3) size
ccrA2-B B ATTGCCTTGATAAT 937 bp 22
(SCCmec AGCCYTC
pelland) 3 TAAAGGCATCAAT
GCACAAACACT
ccrC ccrCF CGTCTATTACAAGA 518 bp 22
(SCCmec TGTTAAGGATAAT Initial denaturation at 94 °C for 4
typellland V)~ cR  CCTTTATAGACTGG min, followed by 30 cycles of 4
ATTATTCAAAATAT min at 94 °C; 30 s at 94 °C; 60
1S1272 1272F1 GCCACTCATAACAT 415bp 22 sec at 56 °C; 60 sec at 72 °C;
(SCCmec ATGGAA final extension of 4 min at 72 °C.
wpeland) - 1979R1  CATCCGAGTGAAA
CCCAAA
mecA- 5RmecA TATACCAAACCCG 359bp 22
1S431 ACAACTAC
(SCCmec 5R431 CGGCTACAGTGAT
tpe V) AACATCC
16S 16S F TTGTACACACCGC 492 pb 21 Initial denaturation at 94 °C for 5
CCGTCA min, followed by 35 cycles of 5
min at 94 °C; 60 s at 94 °C; 45
16S R GGTACCTTAGATG sec at 55 °C; 45 sec at 72 °C;
TTTCAGTTC final extension of 5 min at 72 °C.
mecA mecA GTGAAGATATACC 147 pb 23 Initial denaturation at 94 °C for 4
147-F AAGTGATT min, followed by 30 cycles of 4
min at 94 °C; 30 s at 94 °C; 30
mecA ATGCGCTATAGATT sec at 60 °C; 60 sec at 72 °C;
147-R GAAAGGAT final extension of 4 min at 72 °C.

# All primers used in this work were sinthesized by Ludwig Biotec® (Alvorada, RS).
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RESULTS

From the 476 S. aureus collected, 113 were identified as mecA-positive
MRSA: 38 in 2008, 37 in 2011 and 38 in 2015. The highest isolation occurred in
clinical samples from lower respiratory tract secretions (39.0%), followed by surgical
wound secretions (10.6%), blood (9.7%), liquids in general (6.2%), catheter tip
(4.4%), urine (3.5%) and bedsore (1.8%). Secretions in general, from several sites,
comprised 24.8% of isolations.

Among the 113 MRSA we verified that SCCmec type | was the most isolated
(39.8%), followed by type IV (23.0%), type Il (15.1%) and type lll (6.2%). Eighteen
samples (15.9%) showed no amplification of any studied primers and were

considered non-typed (NP). Figure 1 shows an agarose gel with the studied SCCmec

types.

Figure 1. Electrophoresis gel with PCR amplification products.
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1- ccrA2-B gene; 2- ccrC gene; 3- IS1272 gene; 4- negative control.

Through the analysis of each year separately, as shown in Table II, we
detected that strains carrying SCCmec type | were the most prevalent in 2008
totalling more than half of all tested strains isolated in the period. The same could be
observed in 2011 when 54.11% of isolates were type I. In this year, the number of
strains amplified to SCCmec type IV increased 10 times compared to the previous

year. In 2015, an increase of strains of SCCmec type IV was detected, as well as a
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decrease in type |, and the occurrence of type Il strains, which were not detected in

previous periods.

Table II. Distribuition frequency of the 113 mecA-positive S. aureus (MRSA) in 2008,

2011 and 2015 at Hospital Universitario de Santa Maria (HUSM).

2008 2011 2015 Total
SCCmec % (n) % (n) % (n) % (n)
| 52.7 (20) 54.1 (20) 132 (5)  39.8 (45)
[ - - 44.7 (17)  15.1(17)
Il 10.5 (4) 8.1 (3) - 6.2 (7)
\Y 2.6 (1) 29.7 (11) 36.8 (14)  23.0 (26)
V - - - -
NT 18.4 (13) 8.1 (3) 53(2)  15.9 (18)
Total % (n) 100 (38) 100 (37) 100 (38) 100 (113)

When classifying S. aureus according to their origin, we verified that HA-

MRSA strains (69/95 — 72.6%) predominated in comparison to CA-MRSA (26/95 —

27.4%) in the three studied periods, as shown in Chart 1. For such classification, 18

non-typed samples were excluded. We verified that respiratory tract secretions were

the clinical material with most isolates not only hospital (43.5%) but also community

strains (23.1%).

Chart 1. Distribution frequency of the 95 mecA-positive S. aureus (MRSA) typed in
2008, 2011 and 2015 at Hospital Universitario de Santa Maria (HUSM).
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Regarding MRSA susceptibility, it is possible to observe that all tested strains
were 100% susceptible to vancomycin and linezolid, in the three periods studied. For
the other antimicrobials, they showed different susceptibility rates, as shown in Table
1.

Table Ill. Resistance profile of the 95 mecA-positive S. aureus (MRSA) typed in
2008, 2011 and 2015 at Hospital Universitario de Santa Maria (HUSM).

HA-MRSA CA-MRSA
Antimicrobials 2008 2011 2015 2008 2011 2015
% % % % % %
n=24) (n=23) (n=22) (n=1) (n=11) (n=14)
Clindamycin 91.7 56.5 90.9 100 63.6 714
Erythromycin 95.8 65.2 95.5 100 72.7 71.4
Gentamicin 95.8 43.5 9.1 100 36.4 7.1
Rifampicin 58.3 4.4 0 0 0 0
Trimethoprim- 16,7 34.8 4.5 100 36.4 14.3

sulfamethoxazole

DISCUSSION

MRSA are considered the main etiological agent of nosocomial and
community infections worldwide®**?*. In recent decades, epidemiology of infections
caused by MRSA has become increasingly complex, with the access of CA-MRSA
strains with additional and determinant resistance fragments in hospital
environments, as well as certain strains that are typically HA-MRSA circulating in the

community?>%°

. Thus, molecular characterization has been considered the best
criteria to differentiate MRSA strains of hospital or community origin?®.

The present work shows that HA-MRSA infections predominated over those
caused by community strains in the three periods studied at HUSM, as shown in
Chart 1. Batista and d’Azevedo?’ reported the prevalence of infections caused by
HA-MRSA strains in a study developed in hospitals in Porto Alegre, in 2012. The

same has happened in a study developed by Silveira et al.® in hospitals in Santa


https://www.google.com.br/search?rlz=1C1SAVI_enBR624BR624&espv=2&biw=1366&bih=613&q=erythromycin&spell=1&sa=X&ved=0ahUKEwi-ibzXxNjQAhVCFJAKHcxsCekQvwUIFygA
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Catarina, between 2009 and 2013, which evidenced rates higher than 80% of
infections caused by HA-MRSA strains. These data reinforce the need to control
these strains in hospital environments, and confirm the high rates of circulation of
HA-MRSA strains in south Brazil.

This has been clearly shown by the high number of strains carrying SCCmec
types I, Il and lll, that together totalled 72.6% of isolations within the whole period
studied, being type | the most prevalent (39.8%). When we analyze the three years
separately, the predominance of type | continues to be observed in the first two
periods, being surpassed only by type Il in 2015. Our results are similar to other
studies that also evidenced prevalence of cassettes types | and Il 2/%%%2,

The Brazilian Endemic Clone (BEC), carrier of SCCmec type lll, has been
recognized as the most prevalent circulating clone in Brazilian hospitals, being
responsible for most infections in health services in the whole country® 3%
However, at HUSM, these strains represented only 6.2% of the total number of
studied MRSA.

Although HA-MRSA were identified as the major responsible for infections by
methicillin-resistant S. aureus at HUSM, it is important to highlight the predominance
of type IV carrier strains, which increased considerably in the second period studied
in relation to the previous period, being second in the total number of isolations
(23.0%). These strains have predominated in other health institutions in several parts
of the world, making CA-MRSA strains prevalent over hospital strains'**>2%¢3" our
results evidence the importance of continuous investigation of prevalent types of
MRSA in our hospital in order for the necessary measures to control their
dissemination to be promptly implemented.

Non-typed isolates (NT) represented 15.9% of MRSA studied, and their
presence could be probably attributed to other types of SCCmec than the ones
researched in this study, or variations of genetic elements inserted in cassettes that
result in variants of the most frequent types®?’.

Most isolations of MRSA occurred in lower respiratory tract secretions in both
HA-MRSA (43.5%) and CA-MRSA (23.1%), and included tracheal secretion, sputum
and bronchoalveolar lavage. Subsequently, there was predominance in surgical
wound secretions and blood. Similar results were found in other studies that
evidence respiratory secretions as the main sources of isolation and dissemination of

MRSA?830,
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When comparing the susceptibility profile to antimicrobials, we observe that all
strains were resistant to more than three classes of antimicrobials, and could be
classified as multidrug resistant (MDR), both the ones isolated in hospitals and in the
community. It was verified that in 2008 and 2015 all strains (HA-MRSA and CA-
MRSA) showed high resistance rates (>70%) to clindamycin and erythromycin,
whereas resistance to other antimicrobials decreased considerably from the first to
the last period studied, remaining unchanged to rifampicin among the CA-MRSA.

For hospital strains, these results are justified by the characteristics of
distribution of resistance genes and susceptibility profile to antimicrobials of HA-
MRSA, generally multiresistant to therapy drugs such as aminoglycosides,
lincosamides and macrolides, largely restricting the options to treatment of this type
of infection!%-38,

Among CA-MRSA strains, although they are more susceptible to non beta-

2513 35 other studies described in the literature have

lactam antimicrobials
demonstrated****", in the HUSM this tendency was not observed. As in the study
developed in Saudi Arabia by Eed et al.3! between 2013 and 2014, where they found
high rates of resistance to non beta-lactam antimicrobials, the same has possibly
been happening with these bacteria at HUSM, and many times they are acquired in
the community before admission to hospital, leading to new resistance determinants
in the hospital®>?°.

The predominance of HA-MRSA strains in our hospital highlights the
importance to make a careful choice of adequate antibiotics therapy for these cases.
It is also possible to observe that all tested strains showed 100% susceptibility to
vancomycin and linezolid in the three periods studied, similarly to other studies that
also demonstrate high susceptibility to these drugs®*3°3. According to our results, it
is possible to list rifampicin and trimethoprim-sulfamethoxazole, besides vacomycin
and linezolid, as alternatives for the two types of MRSA infections, since they are the
antimicrobials to which S. aureus showed higher susceptibility.

The results of this study allow us to conclude that multidrug resistant strains
carrying SCCmec type | are the most predominant at HUSM, and that
epidemiological characterization of methicillin-resistant S. aureus is vital to prevent
and control the dissemination of these strains in our hospital. The epidemiological
profile in this hospital is different from the one found in other Brazilian hospitals,

where SCCmec type Il is predominant.
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ABSTRACT

Introduction: Staphylococcus aureus is known worldwide as a frequent cause of a
great variety of infectious diseases. Recognized for their ability to form biofilms, they
are also associated with chronic and recurrent infections in humans. Different
phenotypic methods are described to detect biofilm production and to search for the
ica gene. Objective: This study aimed to evaluate different phenotypic and genotypic
methods for determination of biofilm formation in S. aureus isolates. Material and
methods: The study was conducted with 132 S. aureus, isolated from different
clinical specimens, from April to December, 2011 at a university hospital, at southern
Brazil. The Microtiter Plate (MtP) Method, considered as gold standard, as well as the
Tube Method (TM), Congo Red Agar (CRA) method and search for icaA, icaC and
icaD genes were tested. Antimicrobial susceptibility testing of the biofilm-producing
strains was conducted using the Disc Diffusion and Broth Microdilution techniques.
Results: In 42/132 (31.8%) isolates, biofilm formation was detected by one or more
of the four methods used. MtP was considered more effective than TM and CRA,
because it detected 31/132 (23.5%) biofilm producers. According to the TM, positivity
was found in 9/132 (6.8%), while in CRA there was only one sample (0.8%).
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Genotypically, we found that our isolates likely produce biofilm by an ica-independent
mechanism. In general, these biofilm-producing isolates were highly sensitive to the
antimicrobial agents tested. Conclusion: We can conclude that when compared to
the standard method, TM, CRA and icaA, icaC and icaD genes search were not

reliable to identify biofilm-producing strains in our isolates.

Keywords: Staphylococcus aureus, biofilm-related infections, ica-independent

biofilm.

INTRODUCTION

Staphylococcus aureus is an important human pathogen that stands out
worldwide as a frequent cause of a variety of infections (Chung and Toh, 2014, Otto,
2014). It is recognized for its high morbidity and mortality rates (Otto, 2014) and also
for its ability to form complex multicellular structures known as biofilms (Mirani et al.,
2013; Chung and Toh, 2014; McCarthy et al., 2015).

Biofilms are defined as a cluster of microorganisms that attach to a surface
and are embedded in complex polymeric substances that form a delimited
extracellular matrix (Wells et al., 2011; Chung and Toh, 2014). Besides being a
protection agent against the host's immune system cells, biofilms also prevent the
action of antimicrobial agents (Wells et al., 2011; Ferreira et 2012; Mirani et al., 2013;
Arciola et al., 2015; McCarthy et al., 2015; Nourbakhsh and Namvar, 2016).

When biofilm formation occurs on an abiotic surface, as in medical devices
such as catheters, implants, stents, heart valves, prosthesis, among others, the
severity of S. aureus-related nosocomial infections increases (Nourbakhsh and
Namvar, 2016) and, consequently, likelihood of development of persistent, chronic
and recurrent infections also increases (Wells et al., 2011; Chung and Toh, 2014).

In S. aureus, as well as in other species of the genus, formation of multi-layers
of cells in the biofilm (clustering) is usually associated with the production of
Polysaccharide Intracellular Adhesin (PIA), also known as poly-N-acetyl-3-(1-6)-
glucosamine (PNAG). PIA/PNAG synthesis is encoded by the ica operon, which
comprises four biosynthesis genes (icaA, icaD, icaB and icaC) and one regulation
gene (icaR) (Arciola et al., 2001; Arciola et al.,, 2015; McCarthy et al., 2015;

Nourbakhsh and Namvar, 2016). In addition to being vital for the adhesion of
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bacterial cells on surfaces and for structural functions in the biofilm architecture, PIA
is involved in the evasion of the host’s immune ability (Arciola et al., 2015). But some
studies have pointed out that biofilm formation in S. aureus is independent of ica
operon, demonstrating that PIA production is not essential for the formation of these
structures (Fitzpatrick et al., 2005; Geoghegan et al., 2010; Ferreira et al., 2012;
Figueiredo et al., 2017).

Thus, this study aimed to test different methods for determination of biofilm
formation in S. aureus and to evaluate the susceptibility of these isolates to

antimicrobials in a tertiary hospital in southern Brazil.

MATERIAL AND METHODS

Bacterial strains

A total of 132 S. aureus were collected, isolated from patients attended in all
clinical units of the Hospital Universitario de Santa Maria (HUSM) between April and
December 2011. HUSM is a tertiary hospital school with 403 beds, 354 for inpatients
and 49 in the Intensive Care Unit, in addition to 58 outpatient rooms, and serves
more than 30 municipalities in the central region of the state of Rio Grande do Sul
(RS), southern Brazil.

The samples were collected at random and clinical specimens of isolation
included blood, tracheal secretion, urine, sputum, bronchoalveolar lavage, catheter
tip, secretions in general (wounds, surgery wound, abscess, ulcer, secretion from
bone, ocular, nasal, urethral, and vaginal tissues, umbilical stump, scrotal sac) and
fluids in general (pleural, peritoneal, from dialysis). Until the date of tests, these
samples remained stored in trypticase soy broth (TSB) (Himedia®) with 15% glycerol
at -80 °C, in the Bacteriology Laboratory, Department of Clinical and Toxicological
Analyses, Universidade Federal de Santa Maria (UFSM).

All strains were identified at the HUSM’s Laboratory of Clinical Analyses by
conventional, standard phenotypic tests (Gram stain, coagulase and catalase tests,
colony morphology, biochemical tests) and automated methodology (MicroScan® —
Siemens). Standard strains of S. aureus ATCC 25923 (biofilm producer) (Wells et al.,
2011) and S. epidermidis ATCC 12228 (non-biofilm producer (Liu et al., 2015) were

used as controls in all tests that evaluated biofilm formation.
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Tests for detection of biofilm production

Microtiter Plate (MtP) method

The protocol developed by Christensen et al. (1985), which is considered the
gold standard test for biofilm detection, was used with adaptations (Stepanovi¢ et al.,
2007). The experiment was conducted in four consecutive days. In the first day, S.
aureus were reactivated in trypticase soya agar (TSA) (Himedia®) and incubated at
aerobic atmosphere during 24 h, at 35 °C £ 2 °C. Afterwards, three to four colonies
grown in tubes containing 5 mL of TSB were inoculated and then incubated in the
same above conditions. In the third day, the tubes were first vortexed and then
diluted at 1:100 in TSB supplemented with 1% glucose (Neon®). The diluted bacteria
were agitated and then inoculated into a 96-well U-bottom microtiter polystyrene
plate (200 pL per well). The plates were incubated for 24 h, 35 °C = 2 °C, at an
aerobic atmosphere. On the fourth and final day, supernatant was discarded from the
wells, which were then washed three times with 300 uL of sterile phosphate-buffered
saline (PBS), at pH 7.2, room temperature. After washing, the bacteria remaining in
the wells were thermo-fixed for 60 min at 60°C, in inverted position. After this period,
the wells were stained with 150 pL of 2% crystal violet for 15 min. After discarding the
dye, 150 pL of 95% ethanol per well were added. The plates remained capped at
room temperature for 30 min for re-solubilization of the dye, which was then
discarded with the aid of a micropipette. The wells were cleansed with sterile
deionized water until removing excess dye completely. After dried, the optical density
(OD) of each well was measured at 570 nm using ELISA microplate reader
(Epoch™/BioTek®). The test was carried out with four replications, the negative
control being the well containing only 200 pL of TSB supplemented with 1% glucose.
The results interpretation was made based on the criteria defined by Stepanovi¢ et
al. (2007), which are described on Table 1.

Tube Method (TM)

S. aureus isolates were tested for biofilm formation according to the standard
method proposed by Christensen et al. (1982). We used borosilicate tubes containing
2 mL of TSB, where previously activated bacteria in TSA were inoculated. The tubes
were incubated at an aerobic temperature at 35 °C + 2°C, during 48 h, without

stirring. After two days, the contents were discarded, and 2mL of an aqueous solution
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of 0.4% Tripan blue (Vetec®) were added to each tube. After one minute, the dye
was removed with the aid of a micropipette. Visible presence of a layer of stained
matter adhered to the internal walls of the tubes was defined as positive result.
Exclusive presence of a colored ring at the liquid-air interface was considered
negative. The results were classified according to the amount of biofilm produced by
each stain, as follows: 0 — absent/non-producer; 1 — weak; 2 — moderate; 3 — strong.

The experiment was conducted with two replications.

Table 1. Criteria for interpretation of biofilm production results in MtP, according to
Stepanovi¢ et al. (2007).

Biofilm production

OD < ODc 0(-) Non-producer
ODc = 2X ODc 1(+) Weak
2XODc< OD =£4X OD 2 (++) Moderate
4XODc< OD 3 (+++) Strong

Congo Red Agar (CRA)

This test was carried in duplicate, based on the methodology described by
Freeman et al. (1989). CRA was prepared using 50g/L of sucrose (Dinamica®), 37
g/L of Brain Heart Infusion Broth (Himedia®), 10 g/L of No. 1 Agar Powder,
Bacteriological (Himedia®) and 0.8 g/L of Congo Red Dye (Vetec®). The strains
were seeded in the CRA and incubated at an aerobic atmosphere, at 35 °C + 2 °C for
24 h. The results were classified as: positive (biofilm producers) — growth of black
colonies with dry crystalline consistency; negative (non-biofilm producers) — growth of
pink, red or bordeaux bacterial colonies; undetermined — growth of dark bacterial
colonies but without crystalline morphology or looking dry (Freeman et al., 1989).

Interpretation of the colonies morphology was made 48 h and 72 h after incubation.

Genotypic detection of icaA, icaD and icaC genes

DNA extraction
The genomic DNA was extracted with thermal lysis, following the protocol
used by Moosavian et al. (2014) with changes. Two to five S. aureus isolate colonies,

previously seeded in Mueller-Hinton agar (Kasvi®), were suspended in 750 pL of TE
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buffer (10 mM of Tris, 1mM of EDTA, pH 8.0). The suspension was then subjected to
dry bath for 20 min at 100 °C and subsequently was placed in a freezer at -80 °C also
for 20 min. The DNA extracted yield was confirmed by Qubit 2.0 Fluorometer

(Invitrogen™) before PCR-assays.

Amplification of 16S gene

In order to discard any amplification inhibitors and assess the quality of DNA
extraction, we conducted Polymerase Chain Reaction (PCR) of the 16S gene
(Ludwig Biotec®), following protocol by Lina et al. (1999), with changes. The
conditions and primers used are described in Table 2.

Amplification of icaA, icaD and icaC genes

All isolates were subjected to PCR for detection of ica genes (Ludwig Biotec®)
involved in biofilm production. The primers sequence and PCR conditions used were
based on the work of Arciola et al. (2005), with adaptations (Table 2).

PCR was carried out in a 2720 Thermal Cycler (Applied Biosystems, Foster
City, CA). A 2.0 uL aliquot of DNA was added to 23 pL of the PCR mix containing
17.05 pL of Mili-Q ultrapure water, 1.75 pyL of 10X buffer, 0.75 pL of MgCl, 50 mM,
2.0 pL of deoxyribonucleotide triphosphates (dATP, dUTP, dGTP and dCTP), 0.625
ML of each primer and 0.2 uL of Tag DNA polymerase, 5U/mL. A negative control
was used in all tests, without a DNA sample. The PCR amplicons were visualized in
transilluminator after electrophoresis in 2% agarose gel containing 0.5 pg/mL of
ethidium bromide.

Antibiotic susceptibility testing

Antimicrobial susceptibility testing was carried out in all biofilm-producing S.
aureus using the Disc Diffusion method, following recommendations of the Clinical
and Laboratory Standards Institute (CLSI) (CLSI, 2011). The antimicrobials (DME
Sensidisc®) used were the following: Amoxicillin/Clavulanic acid 20/10 ug,
Ampicillin/Sulbactam 10/10 pg, Azithromycin 15 pg, Ceftriaxone 30 pg, Ciprofloxacin
5 ug, Clindamycin 2 ug, Erythromycin 15 pg, Gentamycin 10 ug , Imipenem 10 pg,
Linezolid 30 pg, Meropenem 10 pg; Oxacillin 1 pg, Penicillin 10 U, Rifampicin 5 pg,
Sulfamethoxazole/Trimethoprim 1.25/3.75 pg and Tetracycline 30 ug. Quality control
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of the discs was performed using the strains of S. aureus ATCC 25923 and
Escherichia coli ATCC 35218.

To test susceptibility of S. aureus to vancomycin, we used the broth
microdilution method in 96-well plates to determine the Minimal Inhibitory
Concentration (MIC). For quality control of the technique, strains of Staphylococcus

aureus ATCC 29213 and Enterococcus faecalis ATCC 29212 were used.

Table 2. Conditions and primers used in PCR reactions

Gene Primer Primer sequence PCR conditions Band Ref.
(5°—3) size
16S_F TTGTACACACCGCCCGTCA Lina et al.
Initial denaturation at 94 °C (1999)
165 165 R GGTACCTTAGATGTTTCAGT for 5 min, followed by 35 492
TC cycles of 5 min at 94 °C; 60 pb
sat94 °C; 45 s at 55 °C; 45
s at 72 °C; final extension for
5 min at 72 °C.
icaA_F ACAGTCGCTACGAAAAGAA Arciola et al.
icaA A Initial denaturation at 94 °C  103p (2005)
icaA_R GGAAATGCCATAATGAGAA for 5 min, followed by 30 b
C cycles of 5 min at 94 °C; 60
icaC_F TAACTTTAGGCGCATATGTT s at94 °C; 30s at55 °C; 45 Arciola et al.
icaC T s at 72 °C; final extension for 400 (2005)
icaC_R TTCCAGTTAGGCTGGTATTG 5 minat72 °C. pb
icaD_F ATGGTCAAGCCCAGACAGA Arciola et al.
icaD G 198 (2005)
icaD_R CGTGTTTTCAACATTTAATG pb
CAA

Ethical considerations
The present work was submitted to the UFSM’s Research Ethics Committee,
process no. CAAE 0117.0.243.000-08.

RESULTS

Of the 132 S. aureus isolates collected, biofilm production was found in 42
isolates (31.8%) by one or more of the four methods used. Kappa measure did not
indicate agreement between the tests.
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With respect to plaque and tube tests, we found positivity in 31 (23.5%) and 9
(6.8%) samples, respectively, as shown in Table 3.

Table 3. Results of phenotypic testing of biofilm production

Biofilm production Polystyrene plate test Borosilicate tube
(MtP) test (TM)
Non-producer 0() 101 (76.5%) 123 (93.2%)
Weak 1(+) 16 (12.1%) -
Moderate 2 (++) 9 (6.8%) 7 (5.3%)
Strong 3 (+++4) 6 (4.6%) 2 (1.5%)
Total 132 (100%) 132 (100%)

In only one isolate (0.8%), black colonies were formed in Congo Red Agar.
The other 131 samples (92.2%) were negative after 24h, 48h and 72h of incubation.

PCR results in S. aureus demonstrate that in 10 isolates (7.6%), one or more
genes were detected (distribution is shown in Graph 1). The icaA, icaC and icaD
genes were found in 5 (3.8%), 5 (3.8%) and 8 (6.0%) isolates, respectively. In 122
isolates (92.4%), no amplification of any of the three genes tested was detected,
which were then considered negative. Fig. 1 shows a sample that exhibited
concomitant amplification of three genes tested.

The susceptibility profile of the biofilm-producing strains is shown in Table 4.

e B e B A B ..._'::i

i
103 pb

Fig. 1. Sample of positive S. aureus for icaA, icaC and icaD genes.



59

| |
icah +icaCicaD 2 99,
icaC + icaD 0.8%
W
L1 1] . .
£ icaA +icaC 0.8%
4]
icaD 3.0%
icah 0.8%
0 1 2 3 4 5
Number of isolates

Graph 1. icaADC genes found in Staphylococcus aureus isolates at HUSM in the
studied period.

Table 4. Antimicrobial susceptibility of 31 biofilm-producing S. aureus strains in the
MtP

Susceptibility

Antimicrobial % (n)
R I S

Linezolid - - 100 (31)
Vancomycin - - 100 (31)
Imipenem 3.2(1) - 96.8 (30)
Rifampicin 3.2(1) - 96.8 (30)
Ampicillin/Sulbactam 3.2(1) 3.2(1) 93.6 (29)
Amoxicillin/Clavulanic acid 6.4 (2) - 93.6 (29)
Meropenem 6.4 (2) - 93.6 (29)
Penicillin 9.7 (3) - 90.3 (28)
Sulfamethoxazole / Trimethoprim 9.7 (3) - 90.3 (28)
Gentamicin 12.9 (4) - 87.1(27)
Oxacillin 12.9 (4) - 87.1 (27)
Tetracycline 12.9 (4) 9.7 (3) 77.4 (24)
Ceftriaxone 9.7 (3) 19.3(6) 71.0(22)
Ciprofloxacin 32.3 (10) - 67.7 (21)
Azitromycin 32.3(10) 3.2 () 64.5 (20)
Clindamycin 32.3 (10) 6.4 (2) 61.3 (19)
Erytromycin 35.5 (11) 3.2(1) 61.3 (19)

R —resistant; | - intermediate; S — sensible.
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DISCUSSION

Formation of biofilms, which are highly complex, hydrated structures, with
channels that enable diffusion of nutrients and oxygen, ensures that S. aureus face
satisfactorily with the most diverse environmental stresses to which they are
subjected in nosocomial environments. Besides ensuring protection against the
host’s defense mechanisms, they hinder the entry of antimicrobials and diffusion in
tissues (Donlan, 2002; Chung and Toh, 2014). The ability to form these structures is
a key feature in the pathogenesis of infections associated with medical devices and
represents today one of the major challenges to be overcome (Ferreira et al., 2012).
Therefore, knowledge on methods that identify biofilm-producing S. aureus strains is
of vital importance, given that most of the studies published refered with coagulase-
negative Staphylococci (CoNS).

The method of adhesion to polystyrene plate, or microtiter-plate (MtP), has
been reported as a sensitive, accurate method and with good reproducibility for
determination of biofilm production in Staphylococcus spp., and is also capable of
analyzing a considerable number of isolates simultaneously. Furthermore, it has the
advantage of being a quantitative test, allowing to compare the adhesion of different
strains (Christensen et al. 1985; Mathur et al., 2006; Nasr et al., 2012). For these
reasons, many authors consider it a gold standard method to detect microbial
biofilms formation (Mathur et al., 2006; Stepanovi¢ et al., 2007; Hassan et al., 2011;
Nasr et al., 2012; Mirzaee et al., 2014; Panda et al., 2016). So, in our study we also
considered this condition.

Our results show that, according to this method, 23.5% of S. aureus isolated at
HUSM (31/132) were detected as biofilm producers, being 12.1% (16/132) weak,
6.8% (9/132) moderate and 4.6% (6/132) strong producers. When we compared the
positivity found with this method with other studies, we observed significant
differences both in percentage of producer strains and in intensity of production. Nasr
et al. (2012), who examined 50 Staphylococcus spp. isolates from hemocultures and
intravascular catheters at a University Hospital in Egypt, described that the positivity
rate, according to this technique, was 46.0% (26.0% - strong, 12.0% - moderate,
8.0% - weak). On the other hand, in works developed by Mirzaee et al. (2014) and
Abdulamir et al. (2015), at hospitals in Iran and Malaysia, respectively, 100% of S.
aureus isolates were biofilm producers. These differences can be attributed to the

heterogeneity as to the origin of S. aureus isolated in the different studies, such as
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the source of isolation and environmental conditions to which these bacteria were
submitted (Mirzaee et al.,2014).

According to the method that uses borosilicate tube for analysis of biofilm
formation, we found that it was able to detect only 9 (6.8%) biofilm producers. Our
findings disagree from those found by Taj et al. (2012), who studied 115 S. aureus in
Pakistan and detected 54.78% of positivity (63/115), 23 being strong producers and
40 moderate producers. According to Hassan et al. (2011), in the same country, the
TM detected 49% of gram-positive and gram-negative bacteria (54/110) as biofilm
producers.

As described by other authors, this method can be easily applied for
identification of strong biofilm producers. However, because it is a qualitative method,
where variations in the results interpretation by different observers may occur, TM
becomes an inadequate method to differentiate moderate, weak, and non-biofilm
producers (Mathur et al., 2006; Hassan et al., 2011). Thus, we can infer that TM
cannot be suggested as a screening test for identification of biofilm producers in S.
aureus isolates.

According to the CRA method, only one isolate (0.8%) was considered
positive. By comparing S. aureus with S. epidermidis, it can be seen that the
development of black colonies in CRA occurs at different times (72h and 24h,
respectively). This is due to the different metabolic routes in the use of sucrose, the
main source of carbohydrates contained in the CRA for production of precursor of
PIA (Arciola et al., 2001; Elkhatib et al., 2014). Even when we inspected the colonies
color 72h after incubation, we did not observe the emergence of black colonies in the
other 131 S. aureus studied. Other authors (Taj et al., 2012; Elkhatib et al., 2014)
also found low positivity rates by this method, which were 3.47% and 13.9%,
respectively.

Some studies, however, suggest that the CRA method can be an alternative to
the plate method for detection of biofilm-producing bacteria, because it is an easy,
fast, sensitive test and with good reproducibility (Elkhatib et al., 2014; Nourbakhsh
and Namvar, 2016). However, according to our results, we can conclude that the
Congo Red Agar method was not effective to detect biofilm production in our isolates,
and so it is not recommended for detection of producer strains in S. aureus, as also
described by other authors (Mathur et al., 2006; Nasr et al., 2012). This is due to the

fact that PIA/PNAG has little influence on the composition of the biofilm matrix in S.
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aureus and therefore cannot be detected by the CRA method (Taj et al., 2012), thus
justifying the low positivity rate found in our research.

When we conducted PCR for detection of ica operon genes, we found that in
only 10 isolates (7.6%) one or more genes were detected (icaA-3.8%, icaC-3.8% and
icaD-6.0%). Although production of PIA, encoded by ica operon genes, represents a
key mechanism in biofilm formation in S. aureus and in CoNS, advances in studies
on this topic have shown that biofilm production may occur as an alternative form,
especially in S. aureus, by ica-independent mechanism, without the need for PIA
production (Ferreira et al., 2012; Arciola et al., 2015; Figueiredo et al., 2017). This
explains the low percentage of biofilm-producing strains found in our group when we
searched for ica genes. Probably, many of S. aureus that were positive in the gold
standard test (MtP) and were ica-negative produced biofilm by a mechanism different
than that investigated in our study (ica-independent).

In relation to the susceptibility profile, we can observe that in general our
biofilm-producing isolates were very sensitive to the antimicrobials tested. The
highest resistance rates were observed against Erythromycin (35.5%), Clindamycin
(32.3%), Azithromycin (32.3%) and Ciprofloxacin (32.3%). Nourbakhsh and Namvar
(2016), in Iran, also detected the highest resistance rates to ciprofloxacin and
erythromycin, but higher than 80%. Linezolid and Vancomycin were effective against
all bacterial strains tested. These data demonstrate the effective performance of the
Hospital Infection Control Commission in our hospital, who has the responsibility of
preventing and controlling hospital-acquired infections through measures that aim to
reduce the incidence and severity of these infections.

CONCLUSION

We can conclude that CRA and TM were not effective and reliable for
identification of biofilm-producing strains in S. aureus isolates when compared to the
standard method (MtP). Furthermore, through PCR we detected that most of the
strains produce biofilm by an ica-independent mechanism. Our isolates were very
sensitive to the antimicrobials tested, and the resistance shown to clindamycin is of

great concern.
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3. DISCUSSAO

Staphylococcus aureus, em especial o0s MRSA, destacam-se mundialmente
como um dos patdgenos mais comumente implicados em uma gama de infecgdes,
qgue resultam em altas taxas de morbimortalidade (DAVID; DAUM, 2010; CHUNG,;
TOH, 2014; OTTO, 2014). Sua versatilidade e capacidade inatas de adaptacéo
levaram ao surgimento de resisténcia a varias classes de drogas antimicrobianas
utilizadas na terapia (CHAMBERS; DELEO, 2009; SHORE et al., 2011), se
destacando também pela sua habilidade em formar biofilmes (CHUNG; TOH, 2014,
McCARTHY et al., 2015).

Atualmente a epidemiologia das infec¢cdes por MRSA esta se tornando cada
vez mais complexa, com cepas HA-MRSA e CA-MRSA circulando tanto no ambiente
hospitalar quanto na comunidade (FIGUEIREDO; FERREIRA, 2014; RAJEH et al.,
2015). Neste contexto, a tipagem dos SCCmec pode ser considerada um dos
melhores critérios para a diferenciacédo de linhagens MRSA (RAJEH et al., 2015).

Com os resultados obtidos no presente trabalho (Manuscrito 1), foi possivel
demonstrar que nos trés periodos estudados no HUSM, houve o predominio de
infecgbes por estirpes HA-MRSA. Assim como outros estudos desenvolvidos em
hospitais no sul do pais, que também relataram as altas taxas de circulacdo de
cepas MRSA caracteristicamente hospitalares (SILVEIRA et al. 2015; BATISTA,;
D’AZEVEDO, 2016), nossos dados reforcam a necessidade do controle deste tipo de
estirpe em nosocémios nesta regiao geografica do Brasil.

O SCCmec tipo | foi o mais frequente, representando 39.8% do total de
isolamentos nos trés anos. Tanto no ano de 2008 quanto em 2011, o tipo | foi 0 mais
isolado (52,7% e 54,1%, respectivamente); ja em 2015, a maior prevaléncia foi do
tipo 1l (44,7%). Alguns autores vem evidenciando a prevaléncia destes dois tipos de
cassete, principalmente em estudos mais recentes, em paises do Oriente Médio
(EBRAHIM-SARAIE et al., 2015; EED et al.,, 2015; HUSSEIN, 2016). A continua
investigacdo dos tipos prevalentes de MRSA torna-se imprescindivel, para que as
medidas necessarias para o controle de sua disseminacdo sejam corretamente
implementadas.

Frequentemente envolvidos em infec¢cdes de pele e tecidos moles (LOWY,
1998; DAVID; DAUM, 2010; OTTO, 2014), nossos resultados estdo de acordo com a

literatura, ja que tanto os HA-MRSA quanto os CA-MRSA foram predominantemente
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isolados de secrec¢Bes do trato respiratério (39,0%) e secrecdes de ferida operatdria
(10,6%).

Quanto ao perfil de susceptibilidade aos antimicrobianos testados,
constatamos que todas as estirpes foram multirresistentes (MDR), apresentando
altas taxas de resisténcia a clindamicina e eritromicina. Aos demais antimicrobianos
testados, estes indices diminuiram consideravelmente de 2008 para 2015. Entre os
HA-MRSA, pelas proprias caracteristicas deste tipo de estirpe, esperava-se que 0
perfil de suscetibilidade fosse bastante resistente, o que foi confirmado através de
nossos resultados. Porém entre os CA-MRSA, por sabidamente serem mais
suscetiveis a antimicrobianos ndo-beta lactamicos (BALAKUNTLA; PRABHAKARA;
ARAKERE, 2014; MARTINS et al., 2014), essa tendéncia nao foi observada nos
isolados de S. aureus do HUSM.

Além da investigacdo acerca dos SCCmec, esta pesquisa também avaliou
diferentes metodologias para a determinacéo da formacao de biofilme em S. aureus,
isolados no ano de 2011 no HUSM (Manuscrito 2). A formacéo destas estruturas
altamente complexas permite o enfrentamento de maneira satisfatéria as diversas
situacdes a que os S. aureus sdo submetidos, além de conferir protecdo contra os
mecanismos de defesa do hospedeiro e de dificultar a entrada de antimicrobianos e
sua posterior difuséo nos tecidos (DONLAN, 2002; CHUNG ;TOH, 2014).

O MtP, método que avalia a aderéncia em placas de poliestireno, €
considerado por muitos autores o padrao-ouro na deteccdo da producdo bacteriana
de biofilmes (STEPANOVIC et al., 2007; NASR et al., 2012; MIRZAEE et al., 2014).
Através desta metodologia, foi possivel verificar que 23.5% dos isolados foram
detectados como produtores de biofilme: 12.1% (16/132) fracamente, 6.8% (9/132)
moderadamente e 4.6% (6/132) fortemente produtores, sendo nossa positividade
neste método bastante divergente das de outros autores, tanto nas porcentagens de
estirpes produtoras como na intensidade desta producdo (NASR et al.,, 2012;
MIRZAEE et al., 2014).

Pelo método do tubo (TM), detectamos que este foi capaz de detectar apenas
9 (6.8%) isolados produtores, enquanto que o método do CRA, somente 1 isolado
(0.8%). Alguns estudos descrevem estas duas metodologias como sendo de facil
aplicacdo, além da vantagem do CRA ser rapido, sensivel e apresentar boa
reprodutibilidade, sugerindo que estes métodos poderiam servir como alternativas ao
meétodo da placa (HASSAN et al., 2011; ELKHATIB; KHAIRALLA; ASHOUR, 2014,



68

NOURBAKHSH; NAMVAR, 2016). Porém, com base nos nossos resultados, o TM e
o CRA tiveram pouca relagdo com o padrdo-ouro, ndo podendo ser sugeridos como
testes de triagem para a identificacdo de isolados produtores de biofilme em S.
aureus.

Relacionando-se a pesquisa dos genes icaACD, somente em 10 isolados
(7.6%) foram detectados um ou mais genes (icaA-3.8%, icaC-3.8% e icaD-6.0%),
levando-nos a conclusdo de que, possivelmente, a maioria de nossas cepas
produziram biofilme por mecanismo ica-independente, sem a necessidade de
producéo de PIA (ARCIOLA et al., 2015; FIGUEIREDO et al., 2017).

Ao analisarmos o perfil de suscetibilidade das cepas produtoras, verificamos
100% de sensibilidade frente a linezolida e vancomicina, sendo que as maiores
taxas de resisténcia observadas foram frente a eritromicina (35.5%), clindamicina
(32.3%), azitromicina (32.3%) e ciprofloxacino (32.3%). De modo geral, as cepas
testadas se mostraram bastante sensiveis aos antimicrobianos testados, ressaltando
a efetividade da atuacdo da Comissao de Controle de Infec¢do Hospitalar (CCIH) em

NosSso nosocomio.



4. CONCLUSOES

Com base nos resultados apresentados nesta tese pode-se concluir que:
- Foram isolados 476 S. aureus durante os anos de 2008, 2011 e 2015, sendo que
23,7% foram identificados como MRSA (gene mecA positivos);
- O maior isolamento dos MRSA ocorreu em amostras clinicas oriundas de
secrecdes do trato respiratorio;
- O SCCmec tipo | foi o mais isolado no HUSM, seguido do tipo IV, tipo Il e tipo Il ;
- Quando a analise é feita de cada ano separadamente, concluimos que em 2008 e
2011, houve predominio de cepas carreadoras de SCCmec tipo |, enquanto que em
2015, o tipo Il, seguido do tipo IV foram as mais prevalentes;
- Nos trés periodos estudados as cepas HA-MRSA prevaleceram sobre as de origem
comunitéria, levando a conclusdao que ndo houve mudanca no perfil geral das
estirpes MRSA;
- Tanto as estirpes HA-MRSA quanto as CA-MRSA foram multirresistentes,
apresentando altos niveis de resisténcia a clindamicina e eritromicina nos trés anos;
porém frente a gentamicina, rifampicina e sulfametoxazol-trimetoprima, todos os S.
aureus tiveram aumento da sensibilidade de 2008 para 2015. Todas as cepas
apresentaram 100% de sensibilidade a vancomicina e linezolida;
- O método da placa (MtP), considerado o padrdo ouro para deteccdo da producao
de biofilme, identificou 31 isolados produtores, que representou 23,5% das amostras
de S. aureus coletadas no ano de 2011,
- A maior parte dos isolados foi fracamente produtor de biofilme pelo MtP;
- O método do agar vermelho Congo foi o que teve menor relacdo com o método da
placa, sendo detectado em apenas 1 amostra, enquanto que no método do tubo 9
amostras foram positivas. Dessa forma concluimos que ambos os testes ndo se
mostraram confiaveis na identificacdo de cepas produtoras de biofilme em nossos
isolados;
- Através da PCR para os genes icaACD, identificamos 10 isolados produtores
(7,6%), sendo o icaD o mais prevalente. A producdo de biofiime nos S. aureus
estudados ocorreu de forma alternativa, por mecanismo ica--independente, sem a
necessidade de producéo de PIA;
- Os isolados produtores de biofilme se mostraram bastante sensiveis aos

antimicrobianos testados, sendo a linezolida e a vancomicina ativas contra todas as
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estirpes; as maiores taxas de resisténcia observadas foram frente a eritromicina

azitromicina, clindamicina e ciprofloxacino.
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Antimicrobial suseeptibilily lesting of he biofiln-producing siraing was eonducted using the Dise D#lusion and Bralh
Microd@ution techniques. In 421132 {31.6%) iolates, biofilm formation was detectsd by one or more of the four
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