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1. Consideragoes Iniciais

O presente trabalho foi realizado de acordo com o disposto no Artigo 6° da
Resolucdo Unesp-27, de 15-4-2009 que estabelece, como uma das provas realizadas
para a obtencdo do titulo de Livre-Docente, "lI- defesa de tese original e inédita ou de
texto que sistematize criticamente a obra do candidato, ou parte dela, elaborados

apos o doutoramento”.

Neste contexto, optei por discutir os trabalhos vinculados a linha de pesquisa
"Staphylococcus aureus e Estafilococos coagulase-negativa: viruléncia, resisténcia
antimicrobiana e epidemiologia molecular". Meu interesse por essa linha de pesquisa
surgiu desde a minha iniciacdo cientifica na Universidade Estadual de Londrina quando
comecei estudar a deteccdo de enterotoxinas estafilocdcicas em S. aureus orientada
pela Profa. Dra. Elisa Yoko Hirooka. Na pesquisa para dissertacdo de mestrado
continuei a estudar S. aureus enterotoxigénicos, porém com énfase em seu
desenvolvimento em leite e extrato de soja. A partir do meu projeto de doutorado ja
como professora no Departamento de Microbiologia e Imunologia do Instituto de
Biociéncias da UNESP de Botucatu e orientada pelo Prof. Dr. Carlos Alberto de
Magalhdes Lopes comecei a trabalhar também com as outras espécies do género
Staphylococcus, os Estafilococos coagulase-negativa (ECN), pesquisando desde a
identificacdo dessas espécies, bem como a detec¢do fenotipica de varios fatores de
viruléncia, incluindo enzimas, biofilme, enterotoxinas e a resisténcia aos
antimicrobianos em amostras isoladas de recém-nascidos da Unidade Neonatal do
Hospital das Clinicas (HC) da Faculdade de Medicina de Botucatu (FMB), com a

colaboracdo da Profa. Dra. Ligia Maria S. S. Rugolo e posteriormente também dos



neonatologistas Dr. Jodo César Lyra e Dra. Maria Regina Bentlin, professores

pesquisadores do Departamento de Pediatria da Faculdade de Medicina de Botucatu.

A partir dos resultados do meu doutorado e da dificuldade de convencer os
revisores da veracidade dos resultados obtidos quanto a toxigenidade de ECN e da
necessidade da confirmacdo dos resultados com métodos genotipicos mais confidveis,
ingressei na area de Biologia Molecular, com a pesquisa de genes de toxinas em
amostras de S. aureus e estafilococos coagulase-negativa com o meu primeiro projeto
financiado pela FAPESP “Deteccdo de genes de enterotoxinas e toxina 1 da sindrome
do choque téxico em estafilococos, com énfase em estafilococos coagulase negativa”
e com a colaboracdo do Prof. Dr. Jodo Pessoa Araujo Junior do Departamento de
Microbiologia e Imunologia. A partir desse projeto ainda continuou a dificuldade de
publicar, sendo agora questionado o fato de que estas amostras de ECN poderiam ser
S. aureus mutantes que perderam a capacidade de produzir a enzima coagulase e a
cobranca em relagao ao fato da PCR detectar somente os genes e ndo a expressao das
enterotoxinas. Para tentar resolver essa questdo iniciamos as pesquisas para aprimorar
a identificacdo desses micro-organismos e a utilizacdo de técnicas moleculares para
confirmacdo das espécies, bem como a deteccdo de RNAm pela técnica de RT-PCR, o
gue possibilitou o desenvolvimento da Dissertacdo de mestrado da minha primeira
aluna no programa de pds-graduacdo em Doencas Tropicais e o desenvolvimento do
segundo projeto financiado pela FAPESP, com o titulo "Determinacdao do perfil

toxigénico em Staphylococcus pela técnica de RT-PCR".

A partir do meu doutorado também ingressei por convite do Dr. Augusto Cezar

Montelli no grupo de pesquisa das peritonites em Didlise Peritoneal juntamente com o



Dr. Pasqual Barretti e a Dra. Jacqueline Teixeira Caramori, professores pesquisadores e
responsaveis pela Unidade de Didlise do HC da FMB, com varios projetos ja
desenvolvidos e outros em andamento, com énfase para o estudo dos fatores de

viruléncia envolvidos na evolucdo das peritonites causadas por S. aureus e ECN.

Paralelamente a esses projetos de estudos dos fatores de patogenicidade
ingressei no estudo da deteccdo de resisténcia a oxacilina por métodos moleculares
com o desenvolvimento do terceiro projeto de pesquisa aprovado pela FAPESP e
minha segunda orientacdo de mestrado “Resisténcia a oxacilina em Staphylococcus
aureus e Staphylococcus coagulase-negativa provenientes de pacientes do Hospital das
Clinicas da Faculdade de Medicina de Botucatu”. A partir dai ingressamos também na
area de epidemiologia molecular com a compra do equipamento de Pulsed Field Gel
Electrophoresis (PFGE) no quarto projeto financiado pela FAPESP “Epidemiologia
molecular e fatores de risco para aquisicio de clones endémicos de Staphylococcus
aureus resistente a meticilina (MRSA) em um hospital de ensino”, e minha primeira
orientacao de Doutorado, juntamente com a colaboracdo do Prof. Dr. Carlos Magno

Castelo Branco Fortaleza do Departamento de Doengas Tropicais da FMB.

Sendo assim, continuo nessa mesma linha de pesquisa, com quatro projetos de
pesquisa em andamento financiados pela FAPESP e varias orientacdes, incluindo
alunos de iniciacdo cientifica, mestrado, doutorado, pds-doutorado, vinculados ao
programa de pds-graduacdao em Doencas Tropicais da FMB ou ao programa de pds-
graduacdo em Biologia Geral e Aplicada do Instituto de Biociéncias da UNESP de

Botucatu.



Os trabalhos publicados e os manuscritos submetidos inseridos nesse texto sao
portanto, os resultados desta linha de investigacdo, sendo que os mesmos foram
organizados em dreas e ndo por execugdo cronolégica, por entender que a apreciacao

dos mesmos sera facilitada.

Finalmente, gostaria de ressaltar que, embora eu tenha participado
diretamente da execucdo de todos os trabalhos, seja como coordenadora,
colaboradora ou orientadora, sé a dedicacdo, esforco e competéncia dos alunos e de
todos os professores pesquisadores envolvidos permitiram a obtencdo desses

resultados.



2. O Género Staphylococcus

O nome Staphylococcus tem origem do grego (staphyle cacho de uva, e coccus
grao ou semente) e foi dado por Alexander Ogston, cirurgido escocés em 1880, quando
isolou esse micro-organismo de um abscesso cirurgico, referindo-se a morfologia e ao
arranjo de tais bactérias quando observadas ao microscépio dptico, e conseguiu por
meio de varios experimentos demonstrar a importancia de estafilococos em infeccdes
humanas purulentas (1). Entretanto, foi somente em 1884 que o pesquisador
Rosenbach, estudando micro-organismos isolados a partir de pus, prop6s a criacdo do
género Staphylococcus. Desde a sua proposicdo por Rosenbach o género
Staphylococcus tem sido classificado dentro da familia Micrococcaceae e foi somente
na ultima década com o avanco da biologia molecular, estudos genéticos, perfis de
acidos graxos, composicao da parede celular e, principalmente, estudos com RNA
ribossobmico 16S que o género Staphylococcus foi incluido na nova familia
Staphylococcaceae (2,3). Diferentemente de Micrococcaceae, a familia
Staphylococcaceae pertence ao filo Firmicutes, Classe Bacilli e ordem Bacillales,
evidenciando-se, depois de mais de um século desde sua primeira descricdo, a
distancia filogenética entre os géneros Staphylococcus e Micrococcus e a importancia
do avanco da biologia molecular na correta classificacdo taxonOmica dos micro-
organismos.

Os estafilococos sdo cocos Gram-positivos, imdveis, anaerdbios facultativos,
apresentando metabolismo fermentativo com producdo de acido e ndo gas, nao
fotossintético, ndo esporulado, catalase-positiva e capazes de crescer em meio

contendo 10% de cloreto de sddio. Sdo micro-organismos mesoéfilos, com temperatura



de desenvolvimento de 7 a 48° C, com 6tima de 37° C e pH na faixa de 4,0 a 10,0, com

6timo de 6,0a 7,0 (4).

Os estafilococos crescem rapidamente na maioria dos meios bacterioldgicos. As
colénias em meios solidos sao redondas, lisas, elevadas e brilhantes. Produzem um
pigmento carotendide somente em aerobiose, intensificando-se em meios contendo
alta concentragao salina. A capacidade de se desenvolver em meios contendo alta
concentracdo de NaCl e certa tolerancia ao telurito de potdssio sdo aproveitadas para

o preparo de meios seletivos.

O género Staphylococcus compreende diversas espécies e subespécies, que se
encontram amplamente distribuidas na natureza, sendo principalmente encontradas
na pele e membranas mucosas de aves e mamiferos (4). Atualmente ja sdo 45 espécies
descritas dentro do género (5, 6), a maioria coagulase-negativa, caracterizando-se a
exclusividade da sintese da enzima coagulase as espécies S. aureus subsp. aureus, S.
aureus subsp. anaerobius, S. hyicus, S. intermedius, S. pseudintermedius, S. schleiferi
subsp. coagulans, S. delphini e S. lutrae. A espécie S. hyicus é variavelmente coagulase
positiva e, frequentemente incluida como coagulase-negativa (5). Cerca de metade
das espécies de estafilococos coagulase-negativa (ECN) coloniza naturalmente o
homem, incluindo-se dentre eles S. epidermidis, S. haemolyticus, S. saprophyticus, S.
lugdunensis (7), S. xylosus (8), S. warneri, S. simulans (9), S. saccharolyticus (10), S.
auricularis (11), S. caprae (12), S. pasteuri (13), S. vitulinus (14), S. pettenkoferi (15) e S.
massiliensis descrita mais recentemente (16). Das 23 subespécies de ECN descritas, o
S. hominis subsps. S. hominis, S. hominis subsps. novobiosepticus, S. capitis subsps.

capitis, S. capitis subsps. urealyticus (17), S. schleiferi subsps. schleiferi, S. cohnii



subsps. cohnii e S. cohnii subsps. urealyticum (18), também sdo naturais do homem e

de outros primatas.

Staphylococcus aureus sempre foi a espécie mais importante relacionada com
uma série de infecgdes e intoxicagdes no homem e nos animais. Varios fatores de
viruléncia sdo responsdveis pelos sintomas e gravidade das infeccGes causadas por S.
aureus, adquiridas tanto na comunidade como em hospitais, sobressaindo-se
atualmente como um dos maiores problemas clinicos e epidemioldgicos em Infeccdes
Relacionadas a Assisténcia a Saude (IRAS). S. aureus se destaca por sua patogenicidade
e alta frequéncia, causando doencas tanto em individuos imunocomprometidos
quanto em sadios por sua facil disseminacgao intra-hospitalar e sua enorme capacidade

de adaptacdo e resisténcia a antimicrobianos (19).

Os ECN constituem-se nos mais frequentes integrantes da microbiota do
homem (20), podendo atingir de 10° a 10° UFC/cm” na superficie de regides mais
Umidas do corpo, tais como, narinas anteriores, axilas e nas areas inguinal e perineal.
Algumas espécies e subespécies demonstram uma marcante preferéncia por certos
habitats, tais como S. capitis subsps. capitis encontrado em grandes concentrac¢des na
cabeca, fronte, sobrancelha e canal auditivo externo (20). J& S. capitis subsps.
urealyticus é encontrado em menor numero nesses sitios, sendo porém mais
amplamente distribuido em outras regides corpéreas (5). S. auricularis é uma das
espécies mais encontradas no canal auditivo externo de humanos (11), enquanto que
S. saprophyticus é geralmente encontrado em baixas concentragdes e transitoriamente
em varios locais organicos, mas apresentando aderéncia especifica as células

urogenitais (21). S. epidermidis é a espécie predominante em humanos, sendo



encontrada em grande numero nas narinas anteriores, axila, area perineal (22). S.
hominis e S. haemolyticus sdao também numerosos nas regides mais Umidas do corpo,
mas também colonizam regides mais secas da pele com maior frequéncia que outras
espécies (22). S. warneri e S. lugdunensis sdao amplamente distribuidos por todo o
corpo, embora sua concentragdao seja geralmente baixa (5). S. caprae e S. xylosus,
embora, muito distribuidos na natureza, sdo ocasionalmente isolados da pele de

humanos (9).

Contudo, os ECN sdo também considerados micro-organismos oportunistas,
gue podem se aproveitar de algumas situa¢ées, como rupturas da barreira cutanea por
trauma ou pela presenca de artigos estranhos, e com isso atingir outros tecidos,
proliferar e desenvolver um comportamento patogénico (23). Normalmente estdo
envolvidos em processos infecciosos em pacientes imunocomprometidos ou em
pacientes que fazem uso de cateteres. As principais razdes para o aumento da taxa de
infec¢des por ECN nos ultimos anos sdao o aumento da resisténcia aos antimicrobianos

entre os ECN e o uso crescente de dispositivos médicos (24).



3. Significancia Clinica de Estafilococos Coagulase-Negativa

Antes dos anos 70, poucos foram os relatos de infeccdo por ECN, sendo
reconhecidos por clinicos e microbiologistas como contaminantes em amostras
clinicas e S. aureus como a Unica espécie patogénica dentro do género Staphylococcus
(25). Esta distingdo, muito usada para o diagndstico clinico, entretanto tem sido
considerada como um desafio quanto ao papel que esses micro-organismos

desempenham em processos infecciosos.

Os dois primeiros relatos na literatura associando ECN a processos patogénicos
datam do ano de 1945, quando Herbst e Merricks (26) relataram um caso de
septicemia associado a S. albus em paciente submetido a cirurgia percutanea em rim
para retirada de cdlculo renal e no ano seguinte Harry (27) citou um caso de meningite
infantil pela mesma espécie. S. albus foi renomeado posteriormente como S.
epidermidis e treze anos mais tarde Smith et al. (28) descreveram o envolvimento
desses micro-organismos com trés casos de septicemia. Varios anos mais tarde
Pulverer e Halswick (29) relataram 128 casos de endocardites causadas por ECN e
Pulverer (30) compartilhou sua frustracdo com a comunidade médica no Fifth
International Symposium on Staphylococci and Staphylococcal Infections, da
dificuldade de convencer os editores da publicacdo alema que seus dados eram sérios
quando tentou publicar seu trabalho em 1967. Wilson e Stuart (31) encontraram ECN
em 53 culturas puras de 1.200 casos de infecgdes de feridas (4,4%). Pulverer e Pillich
(32) também publicaram a incidéncia de ECN em infeccOes piogénicas na Alemanha
apresentando dados de 1960, 1969 e 1970, encontrando ECN em cerca de 10% das

lesGes piogénicas. Pereira em 1962 (33) relatou que S. saprophyticus causava
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infeccbes do trato urindrio (ITU). Poucos anos depois Gallagher et al. (34) e Mabeck

(35) também evidenciaram ITU causadas por S. saprophyticus.

Em muitos laboratérios S. epidermidis era usado como termo genérico e
coletivo para todas as outras espécies de Estafilococos Coagulase-Negativa. Na década
de 80 essa situacdo mudou radicalmente, quando o National Nosocomial Infections
Surveillance System (NNIS) do Centers for Disease Control and Prevention (CDC)
demonstrou um aumento significante de infeccbes hospitalares causadas por

diferentes espécies de ECN (36).

Considerdveis progressos na classificacdo sistematica dos estafilococos e no
desenvolvimento de métodos para a identificacdo do género, espécies e subespécies
tém permitido aos clinicos se inteirarem da variedade de ECN presentes em amostras
clinicas e, assim, os considerarem como agentes etioldgicos de uma série de processos
infecciosos  (25). Atualmente, sd3o reconhecidos como micro-organismos
essencialmente oportunistas que se prevalecem de inumeras situacdes organicas para
produzirem graves infec¢ées. Dados do SCOPE (Surveillance and Control of Pathogens
of Epidemiological Importance) dos EUA referentes a um periodo de sete anos, de
marco de 1995 a setembro de 2002, indicaram os micro-organismos gram-positivos
como os principais agentes de infec¢des da corrente sanguinea (65%) e os ECN como o
agente mais frequente (31%), seguido por S. aureus (20%) (37). Dados recentes (junho
de 2007 a mar¢o de 2010) de um estudo multicéntrico brasileiro utilizando a mesma
metodologia do programa SCOPE dos Estados Unidos, SCOPE brasileiro, com o objetivo
de estudar a epidemiologia e a microbiologia das infeccbes da corrente sanguinea

nosocomial de pacientes provenientes de 16 hospitais brasileiros de varios tamanhos e
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diferentes regides revelaram S. aureus (14%) e ECN (12,6%) como 0s micro-organismos

mais frequentemente isolados (38).

Dados reportados pelo National Healthcare Safety Network (NHSN) do CDC do
periodo de janeiro de 2006 a outubro de 2007 ranquearam os ECN em 1° e S. aureus
em 2° lugar na etiologia de IRAS (39). No Brasil, dados do Sistema de Vigilancia de
Infeccdo Hospitalar do Estado de Sdo Paulo, Centro de Vigilancia Epidemioldgica (CVE)
também relataram os ECN como os agentes mais associados com infeccao da corrente
sanguinea em 2010, mantendo a predominancia de Staphylococcus epidermidis e
outros ECN (30,1%), seguido por S. aureus (16,6%), taxas similares as encontradas em

2009 (40).

Os ECN mantém uma relacdo simbidtica ou comensal com os seus hospedeiros,
em algumas situagdes desenvolvendo mecanismos para a interferéncia do crescimento
de outras bactérias patogénicas, sugerindo a coevolucdo entre o micro-organismo e o
hospedeiro (41). S. epidermidis era descrito apenas como um micro-organismo
comensal, mas sua importancia como patdégeno oportunista é reconhecida
atualmente, principalmente por ser um dos principais agentes de infecgdes
nosocomiais (42). As infeccGes causadas por S. epidermidis ndo sdo tdo graves como as
causadas por S. aureus, por nao possuir muitos fatores de viruléncia, acometendo
principalmente prematuros, pacientes imunossuprimidos e com implantes de proteses
(43). O baixo nivel de viruléncia mantido por S. epidermidis pode ser devido ao
processo adaptativo entre patégeno e hospedeiro. A evolucdo favorece as espécies
gue oferecem pouco ou nenhum dano ao seu hospedeiro, e em micro-organismos

menos virulentos, essas adaptacdes oferecem vantagens evolutivas através da duracdo
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prolongada da infeccdo, que favorece o potencial de transmissdao de um hospedeiro

para o outro (44).

Massey et al. (44) desenvolveram um modelo matematico para compreender
as vantagens de S. epidermidis manter um baixo nivel de viruléncia em relagdo a S.
aureus. Esse modelo matematico considerou a colonizagao de todo epitélio por S.
epidermidis em todos os humanos, que difere de S. aureus, que coloniza quase que
exclusivamente as narinas de algumas pessoas, e também considerou os fatores de
regulacdo génica envolvidos na colonizacdo e interferéncia bacteriana. De acordo com
esse modelo, S. epidermidis se dissemina mais facilmente do que S. aureus e a baixa
viruléncia estd relacionada ao potencial de secretar fatores que promovam a

persisténcia de S. epidermidis no hospedeiro e ndo o ataque agressivo (42, 44).

Os ECN s3o a maior causa de bacteremia em pacientes mantidos em unidades
de tratamento intensivo (UTI) e UTI neonatal (25), com destaque para recém-nascidos
de baixo peso, os quais sdo imunologicamente imaturos e frequentemente requerem
procedimentos invasivos para administragdo de substancias nutritivas e
medicamentosas (45). O aumento da incidéncia de bacteremia nosocomial por ECN em
neonatos nos ultimos 20 anos tem sido também associado ao aumento da
sobrevivéncia de criangas prematuras com peso menor que 1.500g ao nascimento e a

sua longa permanéncia no ambiente hospitalar (45, 46).

Contudo, a interpretacdo de hemoculturas positivas para os ECN é
particularmente dificil devido ao fato desses micro-organismos colonizarem a pele e as

membranas mucosas como comensais, € poderem contaminar as hemoculturas



13

durante a coleta de sangue (25, 47). A esse respeito, investigadores tém usado uma
variedade de critérios clinicos e laboratoriais para distinguir contaminacdo de
bacteremia. Assim, o diagndstico de bacteremia tem sido feito com base nos dados
clinicos dos pacientes e no isolamento de micro-organismos idénticos em duas ou mais
hemoculturas. As culturas em que ocorre o crescimento de multiplas linhagens ou de
espécies de ECN em associagdo a outras espécies de micro-organismos sao
classificadas como contaminantes (25, 48-49). Entretanto, como o volume sanguineo é
pequeno em recém-nascidos (RNs) prematuros com baixo peso, somente uma
hemocultura é geralmente realizada para se evitar a necessidade e os riscos de
transfusdes devido a venopuncdes constantes (25, 50). Assim, os neonatologistas tém
se apoiado em critérios clinicos e laboratoriais, tais como, instabilidade térmica,
bradicardia, apnéia, intolerancia alimentar, piora do desconforto respiratério,

intolerdncia a glicose, instabilidade hemodinamica, hipoatividade/ letargia (48, 51).

D'Angio et al. (52) descreveram uma taxa de colonizagdo por ECN entre 50% a
80% até 4 dias apds a admissao dos RNs em unidade de tratamento intensivo neonatal
(UTIN) e observaram que havia um aumento da resisténcia a multiplos antibidticos de
32% para 82% no final de uma semana na UTIN. Ndo ha duvidas de que o isolamento
de ECN de amostras de sangue, liqguor e urina de um RN com sinais e sintomas de
sepse ¢ significativo, porém, com muita frequéncia pode representar uma
contaminacdo no momento da coleta. De acordo com os critérios do CDC (49, 51) e da
Agéncia Nacional de Vigilancia Sanitaria (ANVISA) no Brasil (48), os ECN devem ser
isolados de pelo menos duas hemoculturas colhidas em dois locais diferentes, com

intervalo maximo de 48 horas entre as coletas. Em caso de isolamento de ECN em
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somente uma hemocultura, a evolucdo clinica deve ser valorizada, exames
complementares (hemograma e Proteina C reativa) e crescimento do micro-organismo
nas primeiras 48 horas de incubacdo. O crescimento apds este periodo sugere
contaminacdo, e se a amostra positiva tiver sido colhida somente de cateter vascular

central (CVC), ECN nao deve ser valorizado como agente etioldgico da infecgao.

Entre as 18 espécies encontradas no ser humano, Staphylococcus epidermidis é
clinicamente o mais importante para os RNs. Essa bactéria, nos EUA, é responsavel por
cerca de 10% a 27% de todos os casos de sepse nas UTINs, com taxas de 55% em
recém-nascidos de muito baixo peso (RNMBP = < 1.500 gramas) (53). As principais
manifestacées relatadas num estudo de sepse em prematuros foram apnéia e
bradicardia (88%), necessidade de oxigénio (59%) e ventilagdo mecanica (69%), e os
marcadores laboratoriais de fase aguda foram pouco sensiveis (54). O quadro clinico
inclui sepse, meningite com ou sem alteragcdes no liquor, enterocolite necrosante,
pneumonia, onfalite, abscesso de tecido mole, endocardite, abscesso e osteomielite
nos locais de venopuncao. A letalidade é baixa, concordante com os nossos resultados
(ANEXO 1) obtidos em estudo realizado com RNs da Unidade Neonatal do Hospital das
Clinicas (HC) da Faculdade de Medicina de Botucatu (FMB) que mostraram uma

letalidade de 13% relacionadas a infecgGes por esses micro-organismos.

Nesse estudo foram isoladas de 107 RNs, 117 amostras de ECN, dos quais 51%
foram considerados patogénicos e 49% contaminantes. Entre os infectados, a maioria
era RNs prematuros (80%), sendo a metade RNMBP, ou seja, com imaturidade
imunoldgica. Além disso, estavam associados a dois ou mais procedimentos invasivos,

sendo que 89% tinham um cateter venoso central, 65% nutricdo parenteral e 61%
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ventilacdo mecanica. A andlise multivariada de regressdo mostrou que um peso de
nascimento < 1.500g aumentava a chance de infeccdo em 6 vezes, a presenca de corpo
estranho em 4,4 vezes, e 0 uso prévio de antibidticos aumentava em 5,4 vezes mais a
chance de infecgao. A espécie mais isolada foi S. epidermidis em 78% dos casos, sendo
presente em 87% das infeccbes e em 65% das contaminagdes. Silbert et al. (55) em
estudo para determinar a prevaléncia de infecgdo versus contaminagdao em pacientes
com menos de 60 dias de vida, com hemoculturas positivas para ECN relataram
também, no Brasil, que entre 41 RNs com hemocultura positiva para ECN, apenas 27%
foram considerados infectados, sendo os demais 73% considerados como casos de
contaminagdo ou casos duvidosos. Portanto, a maior dificuldade no diagndstico de
infeccdo por ECN é a contaminagcdo no momento da coleta do material, sendo
significativa para o sangue, e muito pior para corpo estranho e secrecdes, conforme se

verificou em nosso estudo e no trabalho de Silbert et al. (55).

Outras espécies de ECN, incluindo duas amostras de S. haemolyticus, trés de S.
lugdunensis, uma amostra de S. simulans, uma de S. warneri e uma de S. xylosus
também foram isoladas de criangas com evidéncia clinica de pneumonia, enterocolite
necrosante e sepse. A identificacdo de espécies de ECN constitui um marcador util de
infeccdo, visto que S. epidermidis foi o agente etioldgico mais frequentemente
associado aos processos infecciosos (ANEXO 1). Silbert et al. (55), encontraram 91,1%
dos isolados pertencentes a espécie S. epidermidis, 3 (6,7%) S. hominis e 1 (2,2%) S.
warneri, sendo que no grupo de pacientes infectados somente S. epidermidis foi

encontrado. Estes resultados confirmam os achados de Lowy e Hammer (56) que
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acreditam na importancia da identificacdo das espécies de ECN para diferenciacdao

entre contaminacgado e infecgdo.

Estudos multicéntricos tém mostrado a significancia desses micro-organsimos
em infec¢des neonatais. Na Austrdlia, um estudo de 10 anos realizado com 18
unidades neonatais revelou o ECN como responsdvel por 1.281 casos de sepse,
totalizando 57,1% de todos os episédios de sepse de inicio tardio, com incidéncia de
3,46/1000 nascidos vivos e a maioria (71%) era prematuros com 24-29 semanas de
gestacdo (57). Recentemente, resultados semelhantes foram obtidos em estudo
também multicéntrico realizado na Inglaterra por Vergnano et al. (58) envolvendo 12
unidades neonatais com 358 episddios de sepse causados por ECN em 321 criangas
Os autores verificaram uma incidéncia total de infec¢des de 3/1000 nascidos vivos
quando consideradas outras etiologias e um aumento para 8/1000 quando
considerados os episddios causados por ECN. A maioria das infecgdes causadas por
ECN ocorreu em criangas de < 32 semanas de gestacao (86%) e de extremo baixo peso

ao nascer (65%).

Staphylococcus spp. também sdo considerados mundialmente os agentes
etiolégicos mais frequentes das peritonites em dialise peritoneal ambulatorial
continua (CAPD). A peritonite bacteriana se mantém como a complicacdo mais grave
da didlise peritoneal (DP), sendo a causa mais frequente de saida do paciente do
método dialitico (59), com importante impacto na mortalidade (60). O quadro clinico e
a evolucdo dos episddios de peritonite sdo fortemente influenciados pelas
caracteristicas do agente causal. Os ECN sdo os agentes etiolégicos mais frequentes

(61), enquanto S. aureus se associa a infec¢cOes graves e com elevada letalidade.
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A incidéncia de peritonite causada por S. aureus na Unidade de Dialise do HC da
FMB diminuiu significantemente, de 0.13 em 1996-2000 para 0.04
episddios/paciente/ano em 2006 a 2010 (p = 0.03). Embora, ndo haja dados
disponiveis que possam explicar a alteracdo da etiologia prevalente, pode-se sugerir
que cuidados instituidos na rotina assistencial, destinados a profilaxia das infec¢des
relacionadas ao cateter, bem como a erradicagdao de S. aureus de carreadores nasais,
podem ter contribuido para a reducdao de infec¢Oes peritoneais por S. aureus.
Entretanto, os episddios de peritonites causados por S. aureus cursam com infecgao

persistente, maior risco de hospitalizacdo, remocdo de cateter e morte (59, 60).

As peritonites causadas por ECN evoluem para cura, sem outras complicagdes,
na maior parte dos casos (62), porém recidivas de infeccdes aparentemente curadas
sdao frequentemente observadas. Estudos que compararam o curso clinico das
infecgdes por essas espécies em anos recentes, entretanto, sdo encontrados em
pequeno numero de publicacdes (63), sendo pertinente avaliar se as taxas de
resisténcia progressivamente crescentes entre os ECN, tiveram impacto na evolugao e
complicacdes das infecgdes por esses micro-organismos. Sendo assim, nosso grupo de
pesquisa vem realizando varios estudos com pacientes em tratamento com didlise
peritoneal ambulatorial continua (CAPD), em pacientes da Unidade de Didlise do HC da
FMB, com os objetivos de descrever as propriedades microbiolégicas dos estafilococos
causadores das peritonites, comparar as infec¢des por S. aureus com as causadas por
ECN e estabelecer associacGes entre as caracteristicas do agente e do hospedeiro na

evolucdo dessas infecgoes.
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A andlise dos episédios de peritonite ocorridos entre janeiro de 1996 a
dezembro de 2000 mostrou que a resolucdo das peritonites ndo foi influenciada por
fatores do hospedeiro (idade, sexo, diabetes, uso de vancomicina, sistema de troca e
tempo em dialise), enquanto a etiologia S. aureus foi um fator independentemente
associado com a ndo resolugdao quando comparado com as peritonites por ECN
(ANEXO 2). Fatores relacionados com as espécies e resisténcia antimicrobiana
poderiam explicar esses resultados. Entretanto, ndo houve diferenca na taxa de
resolugao entre as amostras resistentes a oxacilina e as sensiveis, e como a resisténcia
a oxacilina é mais frequente entre os ECN do que para S. aureus, a contribuicdo da
resisténcia aos antimicrobianos é inconsistente. Os resultados desse estudo indicaram
que os fatores de viruléncia encontrados mais frequentemente em S. aureus poderiam
ser responsaveis pela natureza mais agressiva de S. aureus e, portanto, pela pior

evolucdo.

Estudo publicado mais recentemente pelo nosso grupo (ANEXO 3) com dois
modelos de regressdao logistica corroborou nossa hipdtese. No primeiro modelo
guando ndo foram incluidos os fatores de viruléncia, a chance de resolugcdo n3o foi
influenciada por fatores do hospedeiro, mas foi maior para os episddios causados por
S. epidermidis quando comparado com S. aureus (p=0,0263). Entretanto, no segundo
modelo quando foram incluidos os fatores de viruléncia ndo foi verificado diferenca na
probabilidade de resolucdo das peritonites  causadas  por S. aureus e
S. epidermidis. Este achado pode ser explicado pelo fato de que a inclusdo de enzimas
e toxinas no modelo permitiu o controle do efeito desses fatores sobre as espécies, ou

seja, o efeito das espécies observado no primeiro modelo para os episédios de
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S. aureus pode ser devido ao efeito dos fatores de patogenicidade que sdo mais

frequentes nessa espécie.

Além disso, no ultimo modelo os episddios causados por S. epidermidis
apresentaram mais baixa resolu¢do quando comparado com os causados por outras
espécies de ECN, independentemente dos fatores de viruléncia. Esses resultados
reforcam a importancia da identificacdo de espécies de ECN que realmente se
comportam de forma diferente e ndo podem ser avaliadas como um grupo, mas sim
como espécies distintas com caracteristicas especificas. Estudos recentes descrevem S.
epidermidis como um micro-organismo versatil, que pode viver entre o comensalismo
e a patogenicidade. Emprega sofisticados mecanismos de regulacdo génica para a
adaptacdo rapida do seu metabolismo as mudancas nas condi¢cdes externas, para a
comunica¢ao com outras células no nicho ecoldgico ou para escapar da resposta

imune do hospedeiro (43).

A infeccdo do trato urindrio (ITU) é uma das doencas infecciosas mais comuns
na pratica clinica, figurando como a segunda infec¢do mais frequente no ser humano,
sendo sua incidéncia apenas inferior as do trato respiratdrio. Os agentes etioldgicos,
mais frequentemente envolvidos com ITU s3o as enterobactérias, ndo fermentadores,
fungos, enterococos e os estafilococos. Dentre as espécies de estafilococos as mais
comuns e importantes em relacao as ITUs sdo S. aureus e S. saprophyticus, porém,
outras espécies de ECN vem adquirindo importancia nos ultimos anos. Estudo
realizado em nosso laboratério por Ferreira (64) mostrou a espécie S. saprophyticus
como a mais frequente (56,4%) na etiologia de infeccdo urindria, seguida por S. aureus

(16,9%), S. epidermidis (15,9%), S. haemolyticus (7,9%), S. warneri (1,9%) e S.
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lugdunensis (1,0%). S. aureus é relativamente incomum em ITU na populagdo em geral
(65), todavia, em alguns pacientes causa colonizacdo e infeccdo através da via
ascendente. QOutros fatores de risco como a instrumentacdo do trato urindrio e a
presenca de cateterizacdo aumentam o risco de ITU por este micro-organismo (66). Em
nosso estudo S. aureus foi a segunda espécie mais encontrada em isolados de origem
hospitalar (23,5%) sendo apenas menos frequente que S. epidermidis (41,1%). Também
foi encontrada uma alta taxa de S. aureus (16,2%) em amostras ndao hospitalares

(ambulatorios e centros de saude).

Staphylococcus saprophyticus é o segundo agente etioldgico mais frequente de
ITU na comunidade e raramente é isolado de pacientes hospitalizados ou como
contaminantes de cultura de urina (67). Embora em nosso estudo foram isolados 3 S.
saprophyticus de pacientes internados e com infec¢do urinaria, com duas pacientes
internadas na enfermaria da obstetricia, e uma na enfermaria da urologia do HC da
FMB, apds andlise dos prontuarios desses pacientes, as infeccdes nao foram
consideradas nosocomiais, devido a ndo estarem relacionadas a procedimentos
hospitalares, e a manifestacao clinica de infec¢ao ter iniciado antes de 72 horas apds a

admiss3do.

Avaliando a idade e sexo dos pacientes com ITU por S. saprophyticus, 74 (73,2%)
eram do sexo feminino, sendo que 56 (55,4%) das mulheres tinham entre 15 e 44 anos
de idade. Braoios et al. (68) relataram em seu estudo que a maioria dos pacientes com
ITU pertencia ao sexo feminino (69,1%) e tinham entre 20 a 49 anos (52,9%), deste
modo nossos dados corroborram com os achados desses autores, demonstrando que,

na vida adulta, a incidéncia de ITU por S. saprophyticus aumenta e ocorre um
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predominio no sexo feminino, com picos de maior acometimento no inicio da atividade

sexual ou relacionado a esta.

ANEXO 1

CUNHA MLRS, LOPES CAM, RUGOLO LMSS, CHALITA LVS. Significancia clinica de
estafilococos coagulase-negativa isolados de recém-nascidos. J Pediatr (Rio J). 2002;

78(4): 279-88.
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ANEXO 2

CUNHA MLRS, MONTELLI AC, FIORAVANTE AM, BATALHA JEN, CARAMORI JCT,
BARRETTI P. Predictive factors of outcome following staphylococcal peritonitis in

continuous ambulatory peritoneal dialysis. Clin Nephrol. 2005; 64(5): 378-82.
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Background

Peritonitis continues to be the most frequent cause of
peritoneal dialysis (PO} failure | 1], and has an important
impact on patient mortality [2], Gram-positive coca such
as Staphylococcus epidermidis, other coagulase-negative sta-
phylococc (CoNS), and Stphylococess aurens are the maost
frequent etiological agents of PD-associated peritonitis
worldwide |3].

Previous studies comparing the outcome of peritonitis
caused by §. aurens and CoNS have shown a lower resolu-
tion rate and a higher frequenayr of complications in the
former |4-5|. Perez-Fontan et al |2] observed 3 monality
rate of 15.2% for S, aurens episodes and of only 0.5% for
CoNS episodes. These findings are in contrast to the sus-
ceptibility profile observed for CoNS. According to Kim et
al [9], the frequency of methicillin-resistance among
CoNS increased from 18.4% in 1992-1993 o0 41.7%
2000-2001. Similar results have been reported by other
investigators [10]. Previous data from our group showed
that oxacillin resistance does not influence the outcome of
staphylococcal peritonitis |8].

In addition 1o species and antibiotic resistance, other fac-
tors related to the causal agent may influence the progno-
sis of peritonitis, Recurrence of CoNS infections is
frequently observed and has been suggested 10 be associ-
ated with the presence of a biofilm in the pentoneal cath-
eter [11]. Biofilm formation is related to the production of
an extracellular mucoid polysaccharide, called slime,
which permits microorganisms to adhere to plastic sur-
faces |12], Kristinsson et al [13] reported a higher recur-
rence rtate of peritonitis for slime-positive  strains
compared to slime-negative ones, whereas Alexander and
Rimland [14] did not observe a relationship between
slime production and peritonitis outcome. In our unit,
slime production was found to be an independent risk
factor for the non-resolution of CoNS peritonitis | 15].

The production of enzymes and toxins is 3 well-known
fact in Staphylococcus species, particularly S, aureus. Pro-
teases, lipases, nucleases, and collagenases convert tissue
components into nutrients, facilitating bacterial growth
and invasion |16, while toxic shock syndrome toxin
(TSST-1) and enterotoxins have effects such as superanti-
genicity, pyrogenicity, toxicity and direct damage to
endothelial [6],

Although these products are potential virulence factors in
staphylococcal PD-associated peritonitis. their influence
on the clinical outcome of these infections is unknown.
The objective of the present study was to compare the
capacity of traditional clinical and bacteriologic and
selected virulence factors such as production of slime,
enzymes and toxins to predict the outcome of new perito-

hitp:/‘www.biomedcentral.com/1471-2324/9/212

nitis episodes caused by S. awreus, S. epidermidis and other
CoNS.

Methods

Data collection and definitions

The present study was approved by the institutional Ethics
Committee, All episodes of continuous ambulatory peri-
toneal dialysis (CAPD)-associated peritonitis caused by
staphylococcal species between January 1996 and Decem-
ber 2000 were reviewed. This period was chosen because
a single antibiotic protocol based on the 1996 Update of
the International Society for Peritoneal Dialysis |17] was
used. After this period, new guidelines were proposed | 18]
and adopted in our unit. The diagnosis of peritonitis was
made when at least two of the following criteria were
present: (a) presence of a cloudy peritoneal effluent, (b)
abdominal pain, () dialysate white cell count higher than
100/pl, with at least 50% polymorphonuclear cells, and
(d) positive culture of peritoneal effluent [17].

Only cases considered to be new episodes, r.e, a patient’s
first peritonitis or an episode diagnosed at least 28 days
after completion of the last peritonitis treaument, were
induded in the study [17]. Thus, 86 of 122 diagnosed sta-
phylococcal peritonitis episodes were analyzed. Exclusion
criteria were staphylococcal peritonitis within 28 days
PrHOF (0 presentation, presence of Concomitant exit site o1
tunnel infections, incomplete ¢linical data, concomitant
antibiotic use for other indications, and use of an empiri-
cal antibiotic protocol other than the combination of
cefazolin and amikacin.

Resolution was defined as the disappearance of signs and
symptoms within 96 h after the beginning of antibiotic
therapy and a negative peritoneal fluid culture at least 28
days after treatment completion |7] Relapse was defined
as an episode with the same organism or a negative cul-
ture result that occurs within 28 days of completion of
antibiotic therapy for a prior episode [ 1 7). Non-resolution
was the term vsed for cases presenting initial non-resolu-
tion, relapse, peritoneal catheter removal, or death.

‘The following information was recorded for each case: (1)
episode: date, clinical findings, treatment, outcome (reso-
lution, relapse, catheter removal, or death); (2} presence
of diabetes mellitus; (3) demographic data: age, gender,
and race (Caucasian, non-Caucasian), dialysis treatment
time; (4) exchange system (standard or double bag).

Clinical manogement

All episodes were treated according to the local protocol
adapted from the third report of the Ad Hoc Advisory
Committee on Peritonitis Management for staphylococcal
episodes [17]. Patients were treated within 24 h of the
onset of the first clinical signs or symptoms and antibiotic
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therapy was started with 500 or 750 mg/L cefazolin, ip
(patients with urine volume =500 m1/24 h} and 250 mg/
L amikacin, ip, as loading dose, followed by 500 or 750
mg/l. cefazalin and 2 mg/kg amikacin per day in the fast
P bag. Therapy was evaluated as soon as the culture
results were available. For oxacillin-susceptible cocd,
cefazolin was maintained, whereas for oxacillin-resistant
coccl cefazolin was replaced with 1 g/l vancomycin, ip,
administered at intervals of 5 (patients with urine volume
=500 ml/24 h) or 7 days. Amikacin was discontinued in
both cases. Vancomycin was also administered to patients
who presented no clinical improvement within the first
96 h of antibiotic treatment, although the microbiological
tests revealed oxacillin susceptibility. The duration of anti-
biotic therapy was 14 days for CoNS episades and 21 days
for S. aurens episodes.

Microbiological tests

Microbiological samples were stored in a culture collec-
tion. The 1solates obtained from clinical specimens were
seeded onto blood agar and gram-stained to confirm
purity and to determine morphology and specific color.
The isolates were then submitted to catalase and coagu-
lase tests. CoNS were identified using the simplified bio-
chemical test scheme proposed by Kloos and Schleifer
| 19} and Kloos and Bannerman | 20].

I witror susceptibility was evaluated based on the minimal
inhibitory concentration determined by the E-test (AB
Biodisk, Solna, Sweden), a quantitative method that uses
aransparent strip of inert plastic containing drug concen-
trations ranging from 0.002 1o 256 pg/ml. The propor-
tion of strains susceptible to each drug was defined based
on the 2005 CLSI breakpoints |21). Strains presenting
intermediate values were considered 1o be resistant,

Determination of the production of pathogenic factors
Stime

Slime production was evaluated according 1o Christensen
ctal [22]. Colonies of CoNS isolated on blood agar were
inoculated into tubes measuring 12.0 = 75.0 mm and con-
taining 2.0 ml trypticase soy broth (TSB) and incubated
for 8 h at 37°C. Next, 1.0 mlL 0.4% trypan blue or tolui-
dine blue O solution was added 1o the tubes. After gentle
shaking to guarantee staining of the material adhered to
the inner surface of the tubes, the dye was discarded. A
positive result was defined as the presence of a laver of
statned material adhered o the inner wall of the tubes,
The presence of a colored ring only at the liquid-air sur-
face was classified as negartive,

Alpho- and beta-hemodysin

Production of a- and fi-hemolysin or cytolytic toxins was
determined on plates containing blood agar base supple-
mented with 5% rabbit blood and 3% sheep blood,

http//www biomedcentral com/1471-2334/9/212

respectively. The plates were incubated for 24 h at 37°C.
The formation of bemolysis zones around the isolated
colonies indicated a positive result.

Lipase and lecithinose

Lipolytic activity was determined on plates containing
blood agar base enriched with 0.01% CaCl,:2H,0 and
1% Tween 80. A positive result was defined as the forma-
tion of opacity around the colony after incubation for 18
h at 37°C, followed by incubation at room temperature
for 24 h | 23|, The production of lecithinase was evaluated
using Baird-Parker medium. The formation of an opaque
halo around the colony indicated a positive result [24],

DNAse and TNAse

Nuclease (DNAse) and thermonuclease (TNAse) were
determined by the metachromatic toluidine blue O agar
diffusion-DNA technique according to Lachica ef al |25,
For the detection of DNAse, supernatants were obtained
from CoNS culwures in BHI broth previously incubated for
24 h at 37°C and centrifuged at 8000 g for 10 min at 4°C.
The culture supernatant was first heated in a water bath
for 20 min and then placed in the wells for the detection
of TNAse. Nuclease (DNAse and TNAse) activity was
determined by measuring the diameter of pink halos
(mm} formed on the medium. Positive results were inter-
preted by comparison of the halos with those obtained for
a standard DNAse- and INAse-positive S, aureus strain
[ATCC 25923). Caltwre supernatants obtained by the sac
culture method of Donnelly et al |26], as described below,
were also tested for DNAse and TNAse production.

Enterotaxins ond toxic shock syndrome taxin-/

The sac culture method for toxin production |26] was
used to determine the toxigenic profile of the strains. Dial-
ysis sacs filled with 50 ml double-concentrated BHI broth
were placed in U-shaped Edenmeyer flasks and auto-
claved for 15 min at 121°C. A loopful of organisms was
added 10 18 ml sterife 0.2 M phosphate buffer in .99
NaCl, pll 7.4. After incubation for 24 h at 37°C on a
shaker at 200 rpm, the cultures were centrifuged at 8000 g
for 10 min a1 4°C and the supernatants obiained were
stored at -20°C until the time of use. The extracellular
products were detected by reverse passive latex agglutina-
tion (RPLA) according to Shingaki et al [27], using the
SET-RPLA-T900 and TST-RPLA-TD940 kits (Oxoid Diag-
nostic Reagents) for the detection of enterotoxins A (SEA),
B (SEB), C (SEC) and D (SED) and TSS1-1, respectively.
Culture supemnatants were first treated with 5% (v/v) nor-
mal rabbit serum or 5% purified rabbit 1gG to block non-
specific reactions. Samples that presented nonspecific
reactions even after this treatment were filtered through a
Millipore membrane (8.0 pm) and, if necessary, diluted
1:10 with 0.02 M phosphate buffer in 0.9% NaCl, pH 7.4,
A positive reaction was classified as (4), (+4) and [+44)
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according 1o the agglutination pattern described by the
manufacturer of the kit The formation of a rose button
was interpreted as a negative result.

Statistical analysis

Continuous variables were compared using the unpaired
t-test of nonparametric Mann-Whitney U-test, Binary var-
iables were compared by the chi-square or Fisher's exact
test. Multivariate analysis by logistic regression was used
1o test for factors that independently predicted the out-
come of a peritonitis episode, with outcome being classi-
fied into two mumally exhausted and exclusive results
(resolution or non-resolution ). A model was adopted that
would incorporate the effect of all factors-interest and
contral - on the outcome of infection, All baseline demo-
graphic, clinical, and microbiological vanables, including
age, gender, diabetic staws, dialysis duration, exchange
system, use of vancomycin, Staphylococens species, oxacil-
lin susceptibility and pathogenic factor production, were
included in the model. A p value less than 0.05 was con-
sidered to be significant.

Results

Eighty-six new CAPD-assoaated staphyvlococcal peritoni-
tis episodes occurred in 63 patients between 1996 and
2000, Forty-three of the patients were females, 39 were
Caucasians, and 28 had diabetes. The distribution of
patients according to age was as follows: birth to 20 years
(n=4), 21 1040 years (n = 12), 41 1o 539 years (n = 22),
and 60 years or older (n = 22). Treatment time on CAPD
was less than one year in 28 patients and longer than one
year in 35, Forty-four patients used a double bag system
and 19 used a standard bag exchange system.

Microbiological investigation

Thirty-five episodes were caused by S. awreus and 51 by
CaNS. Among CoNS, S. epidermidis was the most frequent
species (24 cases), followed by S. haemolyticus (11 cases)
and other species (16 cases) (Table 1).

Table I: Causative agent of the 86 new cpisodes of peritonitis

d by S. and coagul egative staphy
Microorganism No. of strains (%)
5, aureus 35
CoNS 51 (100)

S epidermids 24 (47)
S. hoemedyticus 114205)
S wormeri 5{98)
S homnis 598
S xybosus 2(3.9)
S. cofmi 2039)
S simufans 1{l.9)
S lupdunensis 119}

ColNS: coxgubse-negatve staphyl

http:/veww biomedcentral. comi1471-2334/9/212

Oxacillin susceptibility was observed in 30 (83.7%) of the
35 episodes due to S gureus, in 10 (41.7%) of the 24 epi-
sodes due 1o S. epidermidis, and in 12 (44.4%) of the 27
episodes due 1o other CoNS (p = 0.0002), Five cases of
intermediate susceptibility were detected among CoNS
and one among S, aureus strains.

Positive slime production was observed in three cases due
10 S, aurexs (8.6%) and in nine (17.6%) due to CaNS (p =
0.345), including S. epidermidis in four. S, haemolyticus in
two, §. warneri in two, and S. lugdunensis in one.

With respect to toxigenic profile, 25 (71.4%) of the 35 8.
aureus strains were toxin producers, whereas only seven
(13.7%) of the 51 CoNS strains produced some type of
toxin (p < 0.00001). The rate of enzyme production was
higher in S, aureus strains than in S. epidermidis or other
CONS, except for a-hemolysin whose production was sim-
ilar in all strains. The rates of toxin and enzyme produc-
tion by S, awrens, S. epidermidis and other CoNS species are
shown in Table 2.

Clinical outcome

Overall, 57 {66.3%) episodes were resolved, 14 (16.3%)
relapsed, 12 (13.9%) required removal of the catheter,
and three (3,5%) progressed 1o death. Among the 35 S,
aureus cases, 17 (48.6%) were resolved, eight (22.8%)
relapsed, seven (2026) required catheter removal, and
three (8.6%) progressed o death, Regarding CoNS epi-
sodes, 40 (78.4%) were resolved, six (11.8%) relapsed,
and five (9.8%) required catheter removal. Among these
11 non-resolved episodes, seven were due to S, epider-
midis, two to S. haemolyticus, and two to other CoNS. There
were significantly more CoNS cases resolved than S,
aurens episodes (p < 0.001).

Thete were 32 episodes involving oxacillin-susceptible
strains, 32 (61.5%) of them were resolved, 10 (19.2%)
relapsed, and 10 (19.29) required catheter removal.
Thirty-four infections were caused by oxacillin-resistant
strains, 20 (58.8%) of them were resolved, nine (26.5%)
relapsed, and five (14.7%) required catheter removal, The
resolution rate was similar for oxacillin-susceptible and -
resistant strains (p = 0.9713).

Vancomycin was used in 56 cpisodes, 18 caused by S.
aureus and 38 by CoNS. This antibiotic was prescribed
because of bacterial resistance in 28 cases, lack of
improvement in 20, and other undefined causes in eight.
The time between diagnosis and the first vancomycin dose
was 3.7 2 1.7 days for S, aurens episodes and 3.9 + 1.2 days
for CoNS episodes (p = 0.793),

Two regression models were constructed, In Model 1
slime production was the only pathogenic factor, whereas
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Table 2: Rates of toxin and enzy duction by §. us, 5. epidermidis and other coagul gative staphyk i strains isolated
from 86 new episodes of peﬂtomm-
S. aureus S, epidermidis Other CoNS P
Toxins
SEA 40114 | 4.1} (=) Q.15
SEB 12(34.3) -1 2(74) 0.0006
SEC g(228) -1 6{222) 0.04%
SED () <) - () -
TSST-| 12 (34.3) 1 {4.1) “ () 0.0008
Enzymes
a-Hemalysin |7 (48.6) 81y 8{29.9) 026
[l-Hemalysin 29 (82.3) 6(25) 7259 < 0.00001
Lipase 34971 4(167) 5(185) < 0.00001
Lecithinase 34971 2183) 6(22.2) < 0,00001
DNAse 34 (97.1) o) 4{14.8) < 0.00001
TNAse 34097.1) <) 4(148) < 0.00001
CoNS: [ SEA, SEB, SEC. and SED: enterotoxins A, B, C and D, respectively. TSST-|: toxic shack syndrome tory: *

Smmvs.&epdemd’umdodﬁerCoNSvs S. epidermiidis.

in Model 2 the production of toxins and enzymes was
included. Only lecithinase, a-hemolysin and TNAse were
included since associations were observed between feci-
thinase and hpase, o-hemolysin and f-hemolysin, and
TNAse and DNAse {p = 0.001). All toxins were included,
except for toxin D which was not produced by any of the
strains. Since an interaction effect was observed between
S. aureus species and oxacillin susceptibility {(p = 0.01), the
influence of oxacillin suscepribility was evaluated ar each
vancomycin treatment co-variable level in both models.

In Model 1 (Table 3), controlling for co-variables, the
odds of resolution was not influenced by host factors such

as age, gender, diabetes, exchange system, or CAPD treat-
ment time. The odds of resolution were 9.5 times higher
for S. epidermidis than for S, aureus episodes (p = 0.0263),
whereas similar resolution odds were observed for S, epi-
dirmidis and the other CoNS {p = 0.085). Among strains
isolated from infections treated with vancomycin, no sig-
nificant difference was observed between oxacillin-sus-
ceptible and -resistant strains (p = 0.89). In contrast,
among straing isolated from infections not treated with
vancomycin, there was a significant difference between
strains susceptible and resistant to oxacillin (p = 0.0113).
In this case, the chance of cure of infections caused by oxa-
cillin-susceptible strains was 137 times higher than that of

Table 3: Odds comparison of peritonitis resolution by logistic regression analysis (Model 1),

Factor

Age (birth to 20 years/>60 years)
Age (21 to 40 years/>60 years)
Age (41 to 59 years/>60 years)
Gender (maleffemale)
Race (Caucasianinon-Caucasian)
Dabates mellitus (nedyes)
System (szandard/double bag)
Treatment time on CAPD

<| year

> yoar
Treatment with vancomycin

Oxacillin spthleloxaciliin r
No treatment with vancomycn

Oxacillin eptible/ i v
Euclogical agent

S epidernidiess. gureus

Other CoNS/S. epidenmidis
Slime production (nodyes)

CoNS: coagulase-negative seaphyl

Log (Odds) P Odds ratio
(95% €1y

00510 096

17097 009

07511 084

12523 0.9
00818 092
08709 012

12585 022

02074 089

09547 021
0.1070 089

19440 001 137 (3.0 6,202.4)
22546 002 95(1.3. 65.6)
eI 008

42139 0.001 £8(5.0.9148)

1; €L 95% Carfidunce Inturval for the true Odds Ratio,
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infections caused by resistant strains, With respect o
shime production, the chance of cure of infections caused
by non-producers was estimated to be up to 68 times
higher than that of infections caused by slime producers
{p = 0.0015).

As observed for the first model, in Model 2 (Table 4) res-
olution odds were not influenced by host factors. Among
strains isolated from infections treated with vancomycin,
no significant difference was observed between those sus-
ceptible and resistant to oxacillin (p = 0.1523), whereas
there was a significant difference among strains not
treated with vancomycin (p = 0.0039), With respea to
slime production, the chance of cure of infections caused
by non-producers was estimated to be 184 times higher
than that of infections caused by producers (p = 0.0012),
In contrast to Model 1, S. aureus did not differ from 8. epi-
dermidis in terms of the probability of peritonitis resolu-
tion (p = 0.7014), whereas the chance of cure of infections
caused by other CoNS species was estimated 10 be 46
times higher than that of infections caused by S, epider-
midis (p = 0.0175). Alpha-hemolysin production was an
independent predictor of resolution odds, with episades
caused by non-producers presenting an 8.2 times higher
chance of resolution than those caused by producers {p =

hitp./\www.biomedcentral.com/1471-2334/9/212

0.0423). No significant effects on the probability of peri-
tonitis  resolution were observed for the remaining
enzymes and toxins.

Discussion

In the present study we investigated new episodes of sta-
phylococcal peritomitis in PD patients and compared epi-
sodes caused by S. aureus, 8. epidermidis and other CoNS,
focusing on the role of vinulence factors in peritonitis out-
come. CoNS$ were the most frequent etiological agent, in
agreement with other studies. In addition to S. epidermidis,
seven other CoNS species were identified, the most pre-
dominant being S, haemolyticus. This is an important find-
ing since studies regarding other CoNS are scarce in the
literature,

The resolution rate of episodes caused by S, awrens was
lower than that of infections caused by CoNS. Similar

findings have been reported in the prospective studies of

Bunke etal [5] and Peacock et al [6], and in the recent ret-
rospective study of Davenport | 1]. Since the rate of oxacil-
lin resistance was higher among CoNS strains than among
S. aureus strains, a conribution of drug resistance is
unlikely. In fact, our results showed no difference in reso-

Table 4: Odds comparison of peritonitis resolution by logistic regression analysis (Model 2).

Factor

Age (birth to 20 years>60 yoars)
Age (21 to 40 years™>&0 years)
Age (41 to 5% years/>60 years)
Gender (ralefemale)
Race (Caucasian/non-Caucasan)
Diabetes mellitus (nofyes}
System (stancardideuble bags)
Treaument vme an CAPD

<| yoar

>| year
Treawment with vancomyan

Oxacillin ptibla’oxacillin «
No treatment with vancomycin

Oxacillin epubleloxacillin r
Eviological agemt

S epidermics S aureus

Other CoNS/S. epidermids
Slimw preduction (nolyes)
Emyme peoduction (nofyes)

a-MHemolysin

TNAse

Lecithinase
Towin preduction (nofyes)

Enterceoxin A

Encerozoxin B

Enterotoxin C

TSST-|

Log (Odds) P Odds ratio
(95%CHy
00602 057
4.2565 006
19474 0.0%
1.2461 037
<1.3322 .21
06710 047
23397 02
00831 098
-0.3045 077
16316 Q.15
100189 0004 23,906 (25.4: exp{16.9274})
-1.6481 0.70
38238 0017 46 (2.0; 1,069.4)
52149 000! 184 (7.8.4,354.2)
2.1092 0.04 B2(1.1:63.1)
20500 028
3.5545 0.06
23914 026
0.5689 0.13
40501 .06
13694 048
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lution rates between episodes caused by oxacillin-suscep-
tible and oxacillin-resistant strains.

All patients received an intermittent regimen of cefazolin
plus amikacin as inival treatment. Some investigators
128,29] argue that the continuous addition of beta-
lactams to the PD fluid is more effective for the treatment
of CoNS infections by overcoming moderate bacterial
resistance. Since a higher resolution rate was observed for
CoNS episodes compared 10 S awreus episodes and the
number of strains presenting moderate resistance to oxa-
cillin was low, itis unlikefy that the antibiotic regimen has
influenced the results.

Regression analysis using the two models showed no
influence of age, race, gender, CAPD treatment time, dia-
betes, or exchange system on the progression of peritoni-
tis. Similar results have been reported by Krishnan et al
| 7], except for the influence of race and dialysis treatment
time.

Slime production was independently associated with
non-resolution of peritonitis. This finding agrees with
data on CoNS infections previously published by our
group |15] and with the results of Kristinsson et al [13].
Ihe latter authors proposed that slime production may
promote bacterial adherence to catheters, facilitating col-
aonization and peritonitis relapse. Thus, slime production
might be a virulence factor and simultancously worsens
the response to infection, protecting bacterial cells from
the host's natwral defense mechanisms and from the
action of antibiotics.

In contrast to Model 1, no difference in the probability of
peritonitis resolution was observed between 8. aureus and
S. epidermidis when Madel 2 was used. This finding might
be explained by the fact that inclusion of enzymes and
1oxins in the model permitted the control for the effect of
species factor on these bacterial products, In other words,
the species effect observed in the first model for S. aureus
episodes was not separated from the pathogenicity factors
included in the second model. In addition, whereas the
chiance of cure of S, epidermidis episodes compared 10
other CoNS infections tended to be lower in the first
madel, the second model showed a significantly lower
probability of cure of S. epidernmidis episodes, an inde-
pendent outcome not influenced by 1oxin or enzyme pro-
duction,

Among the virulence factors studied, only a-hemolysin
production was significantly and independently associ-
ated with a higher probability of non-resolution, Recent
data published by Haslinger-Loffler et al |30] suggest that
a-hemolysin plays a specific role in the pathogenesis of
peritonitis. Using cultured human peritoneal mesothelial

http:/iveww biomedcentral.com/1471-2334/9/212

cells, these authors showed that the S, awrens subgroup
characterized as invasive and a-hemolysin producing
induced caspase-independent cell death, Unlike S. auwreus,
no cytotoxic effects were triggered by any of the S. epider-
midis strains which were noninvasive and did not produce
a-hemolysin. These findings, together with our results,
suggest that this enzyme plays a pathogenic role in PD-
associated peritonitis, Since mesothelial cells participate
in the early host defense against infections |31}, damage
caused by e-hemolysin may contribute 1o the poor course
of 8. aurens peritonitis.

This study has some limitations, particularly the small
number of cases, which reduce its statistical power and
prevented the separate analysis of S, aureus and CoNS
peritonitis episodes. Further studies with bigger number
of cases are necessary (o overcome this limitation and 1o
confirm the present results.

Conclusions

In conclusion, host factors, as well as dialysis treatment
time and exchange system, probably have little or no
influence on the response o PD-associated peritonitis
treatment. However, the prognosis of these infections is
strongly influenced by characteristics of the causative
agent such as species and virulence factors. Although these
factors may act in concert, our data suggest that slime and
a-hemolysin production  independently contribute to
poor pentonitis outcome.
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4. InfecgOes relacionadas a cateteres

Com o advento dos centros de terapia intensiva (CTI) ocorreu um avan¢o no
tratamento do paciente critico, promovendo maior sobrevida mesmo na populacdo de
maior risco, como na sepse, nos imunodeprimidos, nos pacientes oncoldgicos e nos
recém-nascidos prematuros de muito baixo peso. No entanto, a evolucdo do arsenal
terapéutico, utilizando-se de técnicas cada vez mais invasivas, resultou em
mecanismos de quebras de barreiras e exposicdo de tecidos previamente integros,
tornando-os suscetiveis a infec¢dao. A infeccdo relacionada ao cateter (IRC) é um
exemplo desta realidade, ela ocorre quando hd invasdo da corrente sanguinea por um
germe através do cateter vascular. A infeccdo associada ao uso de dispositivos
intravasculares representa de 10 a 20% de todas as infecgdes relacionadas a
assisténcia a saude (IRAS) e é uma das causas mais frequentes de morbidade e
mortalidade, representando uma fonte de bacteremia e sepse em pacientes
hospitalizados, aumentando o tempo de permanéncia hospitalar, os custos de
internacdo e o indice de mortalidade. Estudo brasileiro publicado recentemente
utilizando a metodologia SCOPE revelou a presenca do cateter venoso central como o
fator de risco principal para a ocorréncia de infeccGes da corrente sanguinea

nosocomial, sendo encontrado em 70,3% dos pacientes (38).

Aproximadamente 65% dessas infecgdes resultam da migracdo de micro-
organismos da microbiota da pele a partir do sitio de inser¢ao do cateter, 30% da
contaminacdo ¢é intraluminal e 5% por outras vias, como infusdo de fluidos

contaminados e focos infecciosos a distancia (69).
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Vale ressaltar que mais de 150 milhGes de cateteres vasculares sao utilizados
anualmente em Hospitais e Clinicas nos Estados Unidos. A maioria desses dispositivos
sdo cateteres venosos periféricos, porém um numero expressivo destes, mais de 5
milhGes, sdo cateteres venosos centrais (CVC) inseridos em vasos profundos ou
centrais (70). Mais de 200.000 infec¢des da corrente sanguinea ocorrem nos Estados
Unidos, a maioria relacionada com CVC ndo tunelizado. A finalidade desses cateteres é
variada e envolve a administracdo de medicamentos, sangue e derivados, nutricao
parenteral, monitoramento da condicdo hemodinamica do paciente e acesso vascular

para realizacdo de hemodidlise (71).

Em Unidades de Cuidados Intensivos Neonatais a taxa de infeccdo é
inversamente proporcional ao peso de nascimento do recém-nascido variando de 9,1
por 1000 cateteres dias em criangas com peso ao nascimento <1000 g a 3,5 por 1000
cateteres dias em criangas com peso de nascimento >2500 g (69). No Brasil, a infeccdo
da corrente sanguinea relacionada com cateter (ICSRC) é a principal infeccdo em UTI
neonatal. Segundo dados de Pessoa-Silva et al. (72), a incidéncia de ICSRC variou de

17,3 /1000 CVC-dia em RN entre 1501g a 2500g até 34,9/1000 CVC-dia em RN < 1000g.

A maioria das ICSRC é causada pelos Estafilococos coagulase-negativa (ECN). De
acordo com dados de Perlman et al. (73), estes micro-organismos foram responsaveis
por 55,5% das ICSRC em neonatos, seguido por Staphylococcus aureus (13,2%) e
Enterococcus (9,2%). Os micro-organismos Gram-negativos como as enterobactérias
Escherichia coli, Enterobacter, Klebsiella pneumoniae e Bacilos Gram-negativos ndo
fermentadores, Pseudomonas aeruginosa e Acinetobacter baumannii foram isolados

em cerca de 20,2% dessas infec¢Ges. Staphylococcus epidermidis foi isolado de cerca
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de 39,8% das ICSRC, S. warneri (6,9%) e outras espécies de ECN (8,7%), sendo a
maioria das ICSRC causada pelos micro-organismos gram-positivos (79,8%). Dados
reportados pelo NHSN do CDC (39) referente ao periodo de janeiro de 2006 a outubro
de 2007 também ranquearam os ECN em 1° na etiologia das ICSRC (34,1%) seguido por
espécies de Enterococcus (16%), espécies de Candida (11,8%) e S. aureus em 4° lugar
(9,9%). Os micro-organismos Gram-negativos incluindo as enterobactérias Escherichia
coli, Enterobacter, Klebsiella pneumoniae, Klebsiella oxytoca foram responsaveis por
12,4% dessas infecgOes e os Bacilos Gram-negativos ndao fermentadores Pseudomonas

aeruginosa e Acinetobacter baumannii por 5,3%.

A patogénese dessas infec¢Ges é complexa e parcialmente conhecida, especula-
se estar diretamente relacionada a aderéncia dos micro-organismos, que se tornam
capazes de colonizar o dispositivo. Ha quatro fontes potenciais para coloniza¢dao do
cateter e a ocorréncia de ICSRC, o sitio de insercao do cateter na pele, o canhao, a via
hematogénica e a contaminacdao do infundido. A pele é a principal fonte para
colonizacdo e infecgao de cateter de curta duragdo. As bactérias que estao na pele do
paciente migram ao longo de sua superficie, colonizando a extremidade distal,
resultando em infeccdo (74). O canhdo (hub) é outra fonte para colonizacdo e os
micro-organismos podem ser introduzidos pelas mdos da equipe de saude,
contaminando o canhdo, migrando ao longo da superficie interna do cateter, podendo
causar uma infeccdo da corrente sanguinea. Quando ha uso prolongado do canhdo do
cateter (acima de 30 dias), pode ser esperada maior colonizacdo da superficie interna
(75). A contaminacao hematogénica do CVC, a partir de um foco infeccioso a distancia,

como por exemplo, pneumonia, infeccdo gastro-intestinal, ou do trato urinario, foi
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sugerida, mas ndo é uma causa importante de colonizacdo do cateter, e raramente é
comprovada (76). As solucOes de nutricdo parenteral e emulsdes lipidicas promovem o
crescimento de muitas bactérias e fungos, como Candida parapsilopsis e Malassezia
furfur (77). Embora muitas epidemias de bacteremia hospitalar foram causadas pelo
infundido contaminado, é muito baixa a contribuicao desta fonte para as bacteremias

primarias hospitalares endémicas.

Todas essas fontes de contaminacdo sdo importantes, mas nenhuma compete
com a contaminagdo por micro-organismos do préprio paciente em dareas proximas a
insercdo dos cateteres. Isso explica porque os ECN sdo os micro-organismos
frequentemente mais associados com essas infec¢des, ja que sdo os mais encontrados

na pele.

A aderéncia de micro-organismos na superficie de cateter é dependente da
interacdo de trés fatores: hospedeiro, micro-organismo e o material do cateter. O
hospedeiro reage contra o cateter, considerado corpo estranho, e forma ao seu redor
uma cobertura de fibrina e fibronectina. Esses componentes protéicos do hospedeiro
gue estdo recobrindo a superficie do cateter permitem a aderéncia de S. aureus. Esses
micro-organismos sdo produtores de coagulase, promovendo a trombogénese, além
de varias outras proteinas que estdo em sua superficie denominadas MSCRAMMs
(Microbial Surface Components Recognizing Adhesive Matrix Molecules), adesinas que
possuem receptores para proteinas liberadas pelo hospedeiro, como fibrinogénio e

fibronectina que permitem a aderéncia e coloniza¢do do cateter (78-79).
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Os estafilococos coagulase-negativa podem colonizar a superficie nativa do
cateter, assim como superficies condicionadas por essas proteinas do hospedeiro. Uma
vez aderidas, essas bactérias proliferam, formando multiplas camadas e produzem um
polissacarideo extracelular, formando o biofilme, que potencializa sua patogenicidade.
O biofilme ndo sé favorece a aderéncia dos micro-organismos como também sua
manutenc¢do, atuando como barreira ao ataque dos antibidticos, neutroéfilos, fagécitos,
macréfagos e anticorpos. A concentracdo de antibidtico requerida para destruir
bactérias em um biofilme é 100 a 1000 vezes maior do que a necessaria para destruir
as mesmas espécies em suspensdo, dificultando o tratamento e aumentando a
possibilidade de infec¢bes recorrentes, uma vez que as bactérias ficam protegidas do

sistema imune do hospedeiro (80).

A Candida também figura como micro-organismo preocupante uma vez que ha
estudos mostrando ser responsavel por cerca de 80% das infecgdes fungicas no
ambiente hospitalar. Em adicdo, algumas espécies, na presenca de solugdes contendo
glicose, podem produzir o biofilme similar ao bacteriano, o que explica o aumento da
propor¢cao de ICSRC devido a patdgenos fungicos especialmente em pacientes

recebendo nutricdo parenteral (81).

O terceiro fator importante para a aderéncia microbiana é o material do
cateter. Estudos in vitro demonstram que cateteres de cloreto de polivinil ou
polietileno sdo menos resistentes a aderéncia de microrganismos do que cateteres

feitos de teflon, silicone ou poliuretano (82).
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Em relagao ao tempo de permanéncia na instituicdo, indice de mortalidade e
custos de internacdo dos pacientes com ICSRC, todos esses aspectos aumentam
significativamente. A ocorréncia dessa infeccdo prolonga a internacao de 6,5 a 22 dias
e acrescenta um custo de U$29.000 a US56.000 por episédio de infec¢do. Estima-se
que pacientes nessas condi¢des tenham uma mortalidade de 13% a 28% maior em

relacdo a pacientes da mesma gravidade sem essa complicagdo (83,84).

A sepse relacionada a cateter (SRC) em recém-nascidos também tem se
constituido em séria complicacdo, pois os cateteres intravasculares sdo amplamente
utilizados para inumeros procedimentos em UTI neonatal, possibilitando o rapido
acesso intravenoso para a administracdo de medicamentos e nutricao parenteral,
entre outros (85). Embora a utilizacdo de cateteres seja procedimento fundamental
para a sobrevida dos RN em UTI neonatal, também atua como importante fator de
risco para o desenvolvimento de infeccdao e contribui para o aumento da incidéncia de
infec¢des da corrente sanguinea e consequente aumento nas taxas de morbidade e do

tempo de hospitalizacdo (82).

Assim como nos individuos adultos, cerca de 60% das infec¢des da corrente
sanguinea relacionadas com cateteres em RNs sdo causadas por bactérias gram-
positivas, dentre as quais se destacam as espécies de estafilococos coagulase-negativa,
ja que sdao também os principais componentes da microbiota da pele e mucosas, sendo
reconhecidos como os agentes etioldgicos mais frequentemente envolvidos com
infeccdes em RNSs, principalmente os com muito baixo peso ao nascimento (< 1500g)

(69).
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Até pouco tempo atrds ndo havia consenso entre os estudiosos em rela¢do ao
diagnéstico de infeccbes relacionadas a cateteres. Em 2002 o CDC padronizou esses
conceitos, diferenciando a colonizacao significativa do cateter e a sepse relacionada
com cateter. De acordo com o CDC (82), na colonizacao significativa do cateter hd uma
forte correlagdo entre inflamagdao local do cateter e o isolamento de mais de 15
Unidades Formadoras de Col6nias (UFC) de um micro-organismo do segmento do
cateter. Por isso é frequentemente empregado o termo “infeccdo local” nessa
eventualidade. Outros pesquisadores usam o termo “colonizacdo” para descrever esse
evento em oposicdo ao termo “contaminagdo” quando menos de 15 UFC forem
isoladas. Porém uma cultura positiva de um segmento do cateter na auséncia de
hemocultura positiva ndo deve ser considerada uma bacteremia ou fungemia

relacionada com o dispositivo.

O termo sepse ou ICSRC é o termo empregado no caso de além de uma cultura
semiquantitativa com crescimento > 15 UFC ou cultura quantitativa com 2 1000 UFC
do segmento do cateter, for isolado o mesmo micro-organismo (espécie e
antibiograma) na hemocultura, além da presenca de sinais clinicos de sepse (febre,
hipotermia, apnéias), sem fonte aparente de infeccdo, exceto seu cateter. Portanto, o
diagnéstico definitivo é estabelecido quando o cateter é significativamente colonizado
com o mesmo micro-organismo encontrado na hemocultura (82). Vale acrescentar que
a falta de padronizacdo de critérios clinicos, diagndsticos e a diversidade de conceitos
de infeccdo, comprometem os sistema de vigildncia epidemioldgica das infecgdes, bem

como dificulta a generalizacdo dos resultados de pesquisas realizadas.
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Neste contexto, antes do desenvolvimento da técnica de cultura
semiquantitativa, a maioria dos laboratérios de Microbiologia Clinica utilizava a cultura
em caldo das pontas de cateteres, para avaliacdo qualitativa. Esta técnica resultava em
dados poucos confidveis e sem especificidade, ndo permitindo distincdo entre
colonizagdo e infec¢do. Em estudo realizado em nosso laboratério (ANEXO 4)
comparando a cultura qualitativa com a cultura semiquantitativa no diagndstico de
ICSRC em recém-nascidos da Unidade Neonatal do HC da FMB foi verificado que
embora a cultura semiquantitativa tenha apresentado menor sensibilidade (90%),
apresentou uma maior especificidade (71%) em comparagdo a sensibilidade de 100% e
especificidade de 60% encontradas pela técnica qualitativa, permitindo aos autores
concluir que o método de cultura semiquantitativa de cateter apresentou vantagens
para o diagndstico de ICSRC em RNs quando comparado com o método qualitativo
tradicional.

A confiabilidade da cultura depende da técnica empregada. A cultura
semiquantitativa proposta por Maki et al. (86), que é o método de rolar o cateter em
placa de agar sangue, é o mais utilizado para determinar as taxas de infeccdo da
corrente sanguinea relacionada ao cateter, existindo varios estudos comprovando sua
importancia. Em seu trabalho Maki et al. (86) demonstraram que uma cultura
semiquantitativa da ponta de cateter com > 15 UFC correlacionou melhor com a
presenca de infecgdo, entretanto, esses autores encontraram somente quatro casos de
sepse relacionada a cateter e todos relacionados com numeros de micro-organismos
com crescimento confluente. Analisando esses resultados os autores discutiram que o

ponto de corte 2 15 UFC considerado resultado positivo, necessitava de outras
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avaliagdes para determinagdao do nimero de UFC que melhor se correlaciona com a

presenca de ICSRC, sem reduzir a sensibilidade do teste.

O diagnostico de ICSRC em Unidades Neonatais tem sido realizado usando
métodos que sdo similares aos empregados para o diagndstico dessas infeccdes em
pacientes adultos, conforme o critério proposto por Maki et al. (86). Neste contexto foi
desenvolvido um estudo pelo nosso grupo para determinar o ponto de corte da cultura
semiquantitativa que melhor correlaciona com a presenca de ICSRC em recém-
nascidos (ANEXO 5). Foram estudadas 85 pontas de cateteres provenientes de 63 RN,
sendo que os micro-organismos isolados de cateteres e hemoculturas periféricas
foram identificados e submetidos ao teste de sensibilidade as drogas pelo método de
difusdo da droga com disco. O ponto de corte 6timo foi determinado pela curva de
operacdo resposta (Curva ROC) e o padrdo ouro correspondeu ao diagndstico de
certeza de ICSRC, com o isolamento do mesmo micro-organismo (espécie e perfil de
sensibilidade as drogas) na cultura de cateter e em hemocultura periférica, na auséncia
de outro foco aparente de infecgdo, exceto seu cateter. Dos 11 episddios de infec¢do
diagnosticados, 8 (72,7%) foram associados aos estafilococos coagulase-negativa, dos
guais 6 pertenciam a espécie S. epidermidis. Pela curva ROC, o ponto de corte étimo
para o diagnéstico de infeccdo relacionada a cateter foi 2 122 UFC, com 91,0% de
sensibilidade e 81,1% de especificidade, comparado com 91,0% de sensibilidade e
71,6% de especificidade utilizando o ponto de corte > 15 UFC. O ponto de corte >122
UFC revelou maior especificidade e maior VPP, sem perda da sensibilidade quando

comparado com >15 UFC.
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Em estudo realizado por Collignon et al. (87) com pacientes adultos, os autores
sugerem que o melhor ponto de corte para a deteccao de ICSRC é de >5 UFC, ja que
apresentou maiores taxas de sensibilidade (92%) e a mesma taxa de especificidade
(83%) encontrada para culturas com crescimento >15 UFC. Para determinar se a
cultura semiquantitativa de pontas de cateteres é util para o diagndstico de ICSRC, um
teste com alta especificidade e valor preditivo positivo é necessario e desejado,
entretanto, Collignon et al. (87) encontraram um valor preditivo positivo de apenas
8,8%, com 124 cateteres apresentando resultados falsos-positivos. Por outro lado,
para o ponto de corte de >100 UFC a especificidade seria de 94%, com redugdao dos
falsos-positivos para 46. Segundo Brun-Buisson et al. (88), os autores deveriam
escolher como melhor ponto de corte o crescimento de >100 UFC, ao invés de >5 UFC,
pois um teste de diagndstico com VPP menor que 10% ndo pode ser considerado

adequado para uso no diagndstico clinico.

Em nosso estudo apesar da maioria dos casos de ICSRC apresentarem
crescimento superior a 122 UFC, foi observado um caso de ICSRC por S. aureus cuja
cultura apresentou crescimento de apenas 8 UFC. Outros autores também tém
verificado ICSRC e culturas semiquantitativas com crescimento <15 UFC (87). Esses
resultados podem ser explicados pelo uso de antibidticos antes da cultura ou entdo
pela contaminacdo intraluminal do cateter, que constitui o fator limitante da cultura
semiquantitativa, a qual detecta somente os micro-organismos aderidos na superficie
externa do dispositivo (89). Esta técnica é limitada principalmente em cateteres de
longa permanéncia, nos quais a superficie interna é a fonte de colonizacdo

predominante. Essa desvantagem ndo é verificada nos métodos quantitativos tais
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como o método por virtex ou sonicacdao. No método por viértex descrito por Brun-
Buisson et al. (88), é feito um “flush” interno com agua destilada estéril no segmento
do cateter que descola micro-organismos da superficie interna, seguido por diluicdo
seriada e a semeadura em placa de agar sangue. O crescimento igual ou superior a

1000 UFC/ml é indicativo de ICSRC.

Baseado nos aspectos descritos acima, e tendo em vista que na cultura
semiquantitativa determina-se a presenca de micro-organismos somente da superficie
externa do cateter e na cultura quantitativa além da superficie externa isolam-se
também micro-organismos presentes no seu lumen, outro estudo, com o objetivo
principal de estudar comparativamente a técnica semiquantitativa preconizada por
Maki et al. (1977)(86) e a técnica quantitativa descrita por Brun-Bruisson et al. (88)

estad sendo desenvolvido atualmente em nosso laboratorio.

Uma desvantagem dessas metodologias de cultura semiquantitativa e
guantitativa é a necessidade de retirada do cateter para a realizagao da cultura, de
forma que outras metodologias de diagnéstico de ICSRC que dispensam a retirada do
dispositivo devem ser consideradas. Os métodos mais promissores sdao aqueles que
permitem a manuteng¢do do acesso. Esta vantagem é particularmente marcante em
pacientes criticos, com dificuldade de acesso, e naqueles com cateteres de longa
permanéncia. Isso tem levado ao uso de novas técnicas para o diagndstico de ICSRC
sem remoc¢ao do cateter. Entre essas novas técnicas que sugerem infeccdo sem
remocao do cateter estda o Método Diferencial de Tempo de Positividade (DTP) com
hemoculturas qualitativas coletadas do CVC e de veia periférica, utilizando

monitorizacdo continua do crescimento de micro-organismos, onde o intervalo do
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tempo de positividade da cultura no sangue do CVC e hemocultura periférica maior
gue duas horas, indica positividade de ICSRC. Basta a comparacdo dos registros do
tempo de crescimento das hemoculturas periféricas e do cateter, quando for feito por
método automatizado, se a cultura do cateter positivou duas horas ou mais antes da
periférica, o exame é considerado positivo. A outra técnica é a hemocultura pareada
quantitativa colhida de cateter e veia periférica, onde o crescimento de micro-
organismos pelo menos cinco vezes maior no sangue colhido do cateter do que na veia

periférica, indica resultado positivo (90).

A técnica DTP é uma técnica mais simples que a hemocultura quantitativa e
amplamente disponivel ja que muitos laboratdrios de microbiologia clinica tém
adotado o uso de sistemas automatizados no monitoramento de hemoculturas. Assim,
essa técnica, pode ser utilizada para grandes estudos prospectivos clinicos,
constituindo em um método facil de ser adotado e ndao muito caro para o diagndstico
de ICSRC e que dispensa a remocdo do cateter (91). Em trabalho realizado por Blot et
al. (91), foi possivel fazer o diagndéstico em 16 dos 17 pacientes que tiveram um
resultado positivo da hemocultura colhida do CVC pelo menos 2 horas antes da

hemocultura periférica, com 91% de sensibilidade e 94% de especificidade.

Para a elucidacdo das ICSRC é fundamental determinar a similaridade das
linhagens de micro-organismos isoladas das pontas de cateteres e das hemoculturas.
Os testes bioquimicos podem determinar o género e a espécie do micro-organismo em
guestdo, e o antibiograma pode determinar a similaridade das amostras isoladas de
cateter e hemocultura a partir do perfil de resisténcia da bactéria presente nas

amostras, auxiliando ndo sé no tratamento das ICSRC, mas também no diagndstico
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dessas infeccGes (Figura 1). Em estudo comparativo entre técnicas moleculares e
métodos microbiolégicos na determinacdo das fontes de infec¢cdes nosocomiais
Martin-Lozano et al. (92) avaliaram a utilidade do antibiograma para estudos
epidemioldgicos e concluiram que o diagnéstico da fonte de bacteremia utilizando-se
de critérios clinicos convencionais e/ou microbioldgicos, incluindo antibiograma, nem
sempre sdo precisos e suficientes. Varios dos problemas sdo resultantes da expressao

variavel de caracteristicas fenotipicas que sao utilizadas como parametros.

Por essas razdes, significantes esfor¢os tém sido realizados no sentido de desenvolver
métodos alternativos que combinam facilidade, confiabilidade e baixo custo. Surgiram
entdo as técnicas de tipagem molecular que podem representar um potencial
discriminatdrio adicional, principalmente porque ndo dependem da expressdo de
genes para avaliagdo. Alguns desses métodos sao baseados nos principios da reacao
em cadeia da polimerase (PCR), tais como o RAPD-PCR (Random Amplified Polymorphic
DNA Based PCR) e o REP-PCR (Repetitive Extragenic Palindromic Sequence Based PCR).
O RAPD-PCR é basicamente uma variacdo do protocolo de PCR, com duas
caracteristicas distintas: utiliza um “primer” Unico ao invés de um par de “primers” e o
primer Unico tem sequéncia arbitraria e, portanto sua sequéncia alvo é desconhecida
(93). O REP-PCR faz uso de primers complementares aqueles de ocorréncia natural,
altamente conservado, com sequéncias repetitivas e ndo codificadoras (geralmente 30
a 500pb) (94). Esses métodos apresentam a vantagem de um custo mais baixo e uma

relativa facilidade metodoldgica, quando comparada com outras técnicas.

Buscando-se metodologias com especificidade e sensibilidade mais refinadas e

gue sejam capazes de estabelecer relagbes genéticas entre os isolados obtidos de
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cateteres e hemoculturas, foi desenvolvido em nosso laboratério um estudo por
Pazzini (95) que analisou por meio de técnicas de tipagem molecular o perfil genémico
de micro-organismos isolados de cateteres e hemoculturas através de técnicas
baseadas em PCR e comparou através do agrupamento por coeficientes de
similaridade as amostras isoladas de cateteres e hemoculturas para o diagndstico de

ICSRC em recém-nascidos.

Hemocultura Cultura semiquantitativa de cateter Cultura quantitativa de cateter

Discos: RIF, PEN, CFL, ERI

Discos: VAN, OXA, CFO, GEN

Figura 1: Teste de sensibilidade as drogas antimicrobianas — técnica de disco difusdo
em agar para determinacdo da similaridade de estafilococos coagulase-
negativa isolados de cateter e hemocultura. Vancomicina (VAN), Oxacilina
(OXA), Cefoxitina (CFO), Gentamicina (GEN), Rifampicina (RIF), Penicilina

(PEN), Cefalotina (CFL) e Eritromicina (ERI).

Foram testados primers aleatdrios da Operon Technology Inc. (OPT13, OPR1S,

OPR13, OPK18 e OPERON21) e da Invitrogen (RAPD1, RAPD7, M13, 1026, Random
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primer, ERIC1 e ERIC2) para padroniza¢do das reagGes de RAPD. Foram selecionados
para o estudo os primers mais reprodutiveis, com maior capacidade de diferenciacdo e
com bandas mais bem definidas e fortes para cada grupo de micro-organismos (Figura
2). Para a avaliacdo da capacidade de diferenciacdo dos primers, foram utilizadas
linhagens de padrdo internacional American Type Culture Collection (ATCC) e amostras
da mesma espécie das estudadas, mas ndo relacionadas, como por exemplo, amostras
provenientes de outro hospital. Procurou-se selecionar primers que apresentassem
no minimo seis bandas bem definidas e para melhor reprodutibilidade da técnica de
RAPD-PCR foram selecionados dois primers para cada género ou espécie do micro-

organismo estudado.

Todas as 21 amostras positivas para ICSRC no teste fenotipico (mesmo perfil de
sensibilidade entre os isolados de cateter e hemocultura pelo método de disco
difusdo) foram também positivas para ICSRC pelos métodos genotipicos. Entretanto,
10 amostras foram positivas nos testes genotipicos e negativas no teste fenotipico,
sendo que dessas, 7 foram positivas na técnica de RAPD com os dois primers (RAPD 1
e M13) e na técnica de REP-PCR, e trés foram positivas na técnica de RAPD com o
primer RAPD 1, e somente uma com o primer M13. N3o foi verificada diferenca
estatistica significativa entre os resultados obtidos no teste de disco difusdo e na

técnica de RAPD com os primers estudados.

Os resultados mostraram uma deteccdo significativa de bactérias do género
Staphylococcus em todos os métodos utilizados para avaliagdo de ICSRC (p< 0,0001).
Em relacdo as espécies de Staphylococcus, a analise dos resultados revelou uma

frequéncia maior de S. epidermidis associada a essas infec¢des (p< 0,0001).
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Segundo Tenover et al. (96), a combinacdo de dois ou mais métodos de
tipagem proporciona maior possibilidade de discriminacdo dos padrdes das estirpes
estudadas. Neste sentido, observou-se que apesar das diferencas encontradas nas
técnicas, a realizagao das técnicas de RAPD-PCR e de REP-PCR foi importante para a

seguranca na confirmacgao das ICSRC, além disso, devido a baixa reprodutibilidade do

Dice (Opt:0.80%) (Tol 2.0%-2.0%) (H>0.0% S>0.0%) [0.0%-100.0%)]
RAPD-PCR(Rapdl) RAPD-PCR(Rapd1l) Paciente

o
=]
o

—

431505 08/11/2001 Cateter semi S. aureus
100 431505 08/11/2001 Cateter quali S. aureus A
H-2584 09/11/2001 Hemocultura S. aureus

Dice (Opt:0.80%) (Tol 2.0%-2.0%) (H>0.0% S$>0.0%) [0.0%-100.0%]
RAPD-PCR(Rapd1) RAPD-PCR(Rapd1)

94
96
98
100

100 442706 26/07/2002 Cateter quali  S. epidermidis
923 H-2212 01/08/2002 Hemocultura S. epidermidis
442706 26/07/2002 Cateter semi S. epidermidis

Dice (Opt:0.80%) (Tol 2.0%-2.0%) (H>0.0% S>0.0%) [0.0%-100.0%]

RAPD-PCR(M13) RAPD-PCR(M13)
s g = 8
100 540528 02/05/2007 Cateter Semi  S. epidermidis E
92,3 540528 02/05/2007 Cateter Quant S. epidermidis
H-1874 17/05/2007 Hemocultura S. epidermidis
Dice (Opt:0.80%) (Tol 2.0%-2.0%) (H>0.0% S>0.0%) [0.0%-100.0%)]
REP-PCR REP-PCR
o < © @ S
™ 540528 02/05/2007 Cateter Semi S. epidermidis E
904 540528 02/05/2007 Cateter QuantS. epidermidis
l I l H-1874 17/05/2007 Hemocultura S. epidermidis

Figura 2: Dendogramas obtidos pela técnica de Random Amplified Polymorfic DNA

Based PCR (RAPD-PCR) e Repetitive Extragenic Palindromic Sequence Based
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PCR (REP-PCR) em amostras de Staphylococcus spp. isoladas de cateteres e
hemoculturas para determinacdo da similaridade. S. aureus com o primer
RAPD1 (paciente A), com coeficiente de similaridade 100% e para S.
epidermidis com o primer RAPD 1 (paciente D), RAPD-PCR com o primer M13
(paciente E) e REP-PCR (paciente E), com coeficiente de similaridade entre

90,8 e 94,1%.

método de RAPD-PCR, a realizacdo de duas reacdes RAPD-PCR com diferentes primers

auxilia em atenuar esse problema.

A determinacdo do perfil clonal das amostras de S. epidermidis isoladas de
hemoculturas pela técnica de RAPD-PCR e REP-PCR demonstrou clones de S.
epidermidis persistentes de 1 a 7 anos na UTI neonatal da Faculdade de Medicina de
Botucatu. Todos os clusters majoritarios apresentaram isolados que foram associados
com ICSRC e, em algumas situacdes clusters menores também apresentaram isolados

associados com ICSRC.

Trabalhos realizados por Huebner et al.(97), Neumeister et al. (98) e Villari et al.
(99) também revelaram clones persistentes de S. epidermidis em ambiente hospitalar.
Villari et al. (99) sugerem que uma parcela significativa de infeccdes por S. epidermidis
pode ser atribuida a transmissdo entre pacientes e que certas cepas podem se tornar

endémicas durante longos periodos.

Estes resultados confirmam a importancia da infeccdo cruzada dos ECN na UTI
Neonatal. O sucesso dos clones predominantes nestes estudos pode estar relacionado

a fatores ainda ndo caracterizados que fornecem aos micro-organismos, vantagens na
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colonizacdo ou na sua capacidade de infectar pacientes, sendo que possivelmente

entre esses fatores estdo a formacao de biofilme e a resisténcia a antimicrobianos.

Tenover et al. (96) em estudo para comparacdo de métodos moleculares para a
tipagem de isolados de S. aureus apresentaram alguns padrdes para validade de boas
técnicas moleculares, como reprodutibilidade, poder discriminatério, facilidade de uso
e a facilidade de interpretacdo das técnicas, além de, uma intensidade maior das
bandas que pode auxiliar na interpretacao dos resultados (100). No nosso estudo as
técnicas RAPD-PCR e REP-PCR apresentaram um bom poder discriminatério, pois
diferenciaram as amostras estudadas das cepas ATCC e de isolados ndo relacionados
com um valor de coeficiente de similaridade < 70. Entretanto, o método de RAPD-PCR
com os primers RAPD1 e M13 para amostras de Staphylococcus spp. apresentou
melhores padrdes da bandas quando comparados com o REP-PCR, facilitando assim a
interpretacdao dos resultados. Também foi possivel verificar na determinag¢ao do perfil
clonal das amostras de S. epidermidis isoladas de hemoculturas um maior
agrupamento dos isolados associados com ICSRC, além da maior facilidade de
aplicacdo do método de RAPD-PCR quando comparado com método de REP-PCR.
Apesar de relatos de baixa reprodutibilidade na técnica de RAPD-PCR (101) ndo foi

verificada dificuldade referente a esse aspecto nesse estudo.

As técnicas de tipagem molecular apresentaram um poder discriminatério
adicional, principalmente nas infeccdes causadas por ECN, sendo esse resultado de
grande importancia, uma vez que esses micro-organismos fazem parte da microbiota
normal, e o entendimento das relagGes entre esses micro-organismos é fundamental

para a elucidagdo das ICSRC.
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ABSTRACT

This prospective study evaluated semiquantitative and qualitative catheter-culture methods for diagnosis of
catheter-related infection {CRI) in newboms. Catheter tips from newborns admitted to the Neonatal Unit of
the University Hospital of the Botucatu Medical School, UNESP were included in the study. Catheter cultures
were performed with both semiquantitative and qualitative techniques, For CRI diagnosis, microorganisms
ssolated from catheter cultures and from peripheral blood cultures were identified and submutted 1o agent
susceptibility test. The gold standard was the certain CRI diagnosis when same microorganism (specie and
profile of susceptibility to agents) was isolated from both catheter tips and peripheral blood culture. A total of
85 catheters from 63 newborns were included in the study. The semiquantitative culture method, despite
presenting lower sensitivity (90%%), showed higher specificity (71%) when compared to 100% of sensitivity
and 60%5 of specificity in the qualitative method. The identification of the microorganisms obtained from the
catheter cultures showed a prevalence of coagulase-negative staphylococei (CNS) species. The specie
Staphylococens epidermidia (77.5%) was the prevalent in the catheters with positive semiquantitative cultures.
Among || episodes with CRI diagnosis, 8 (72,7%) were associated with CNS species, of which 6 were 5.
epdermicdis, Two episodes of CRI by §. aurens and one by Candida parapsilosis were also detected. The
semiguantitative catheter-culture method showed advantages for CRI diagnosis in newborns when compared
to the conservative qualitative method,

Key-words: Catheter-related infection, catheter culture, semiquantitative culture, newborns, coagulase-negative
staphylocoeci.

INTRODUCTION

The medical advances achieved 1n neonatal intensive care
units (Neonatal ICU) in the last few decades have enabled a
significant increase in preterm newborns' survival rates,
particularly in those with low birth weight (17,19). Numerous
resources have been routinely used in these units, such as
mechanical ventilation, parenteral nutrition and the insertion of
umbilical catheters as well as the extensive use of antibiotics

qE il

and long periods in neonatal ICU. These factors, despite
contributing to lives of newborns (NB) preservation, act as
predisposing factors to the development of nosocomial neonatal
infections (14,19.25,32 34 35).

Among all the used resources, intravascular catheters are
distinguished. They are fréquently used in numerous
procedures in neonatal ICU, since they allow rapad intravenous
access for the medication administration, parenteral nutntion
and others (31). Although the use of catheters is a fundamental
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procedure for NB's sunvival in neonatal ICU, itis also considered
an important risk factor for infection acquisition. Additionally,
itcontributes to increase the incidence of bloodstream infections
and, therefore, increases morbidity rates and hospitalization
periods (3 ).

Similarly to what occurs in adults, nearly 60% of the catheter-
related bloodstream infections in NB are caused by gram-positive
bactenia, among which coagufase-negative staphylococei (CNS)
species are distinguished as they are associated with 37.7% of
such infections (5). There are some important catheter
contamination sources, however the most frequent is the NB's
flora on the catheter insertion site (31), This explains why CNS
are the most frequent microorganisms associated with such
infections. Since they are the major component of NB skin and
mucosal flora, they are recognized as the most frequent etiofogic
agents in NB intections, mainly in those with fow birth weight
(= 1,5002)(9.16.20),

Catheter-related infections (CRI) are diagnosed when
identical microorganisms are isolated from catheter and blood
cultures in absence of other apparent source of infection, except
the catheter (4). The culture’s reliability depends on the adopted
technigue. The major catheter-culture methods utilized for CRI1
diagnosis are the qualitative and semiguantitative methods. The
qualitative or conservative broth method is the simplest and
the most commonly used. However, the semmquantitative
method proposed by Maki ef «l. (24) is recommended for CRI
diagnosis by the Centers for Disease Control and Prevention
(4), According to Maki’s proposal, semiguantitative catheter-
up culture is considered positive in the presence of 15 or more
Colony-Forming Units (CFU) growth. Hence, this study aimed
o compare two methods for CRI diagnosis in NB.

MATERIALAND METHODS

Sampling

Exghty-five catheter tips from 63 newborns admitted to the
Neonatal Unit of the University Hospital of the Botucatu
Medical School, UNESP, between September 2001 and June
2003, were included in this prospective study.

Catheter tips from patients who had presented one or more
blood cultures collected close to the date of catheter removal
were included, Catheters from NB whose clinical data and
laboratory records referring to a one-week period prior to the
device’s removal date were not available were excluded of the
study. The procedures were approved by Medical School
Research Ethics Commitiee.

Catheter culture

The catheter-tip cultures were performed by Maki's
semiquantitative method (24), The catheters were aseptically
removed by the medical staff and the approximately 5 cm distal
tips were collected, placed in dry sterile vials and immediately
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transported to the laboratory for processing, The segments
were rolled on the surface of Blood Agar plates and incubated
at 37°C for 72 hours. The plates were examined daily and
counted as soon as growth was detected, the result was
expressed in CFU. The catheter ups were also cultured with
Qualitative or Conservative method that consisted in
immersing the catheter tips in Brain Heart Infusion ( BHI) with
subsequent incubation at 37°C for 72 hours. The broths were
examined daily and when cloudy, a subculture was performed
in Blood Agar.

Blood culture

The blood cultures were collected and cultivated by the
Bactec Automated System, according to Koneman ¢r of
guidelines (23).

Microorganism identification

The microorganisms were submitted to Gram staining for
purity assessment and morphology and specific stain
examination. After confirmation of these characteristics,
identification tests were performed as recommended by
Koneman et al, (23).

Identification of coagulase-negative Staphylococci

Identitication was performed according Kloos and
Bannerman (21), Kloos and Schieifer (22) und Cunha ef @l (10}
with a simphified scheme of biochemical tests which includes
the performance of catalase and coagulase tests, as well as of’
sugar utilization tests: xylose, arabinose, saccharose, trehalose,
mannitol, maltose, lactose, xylitol, ribose and fructose. in
addition to the characterization of hemolysins, nitrate reduction,
urease production, omithine descarboxylase and Novobiocin
resistance (3 ug).

Susceptibility test

The susceptibility test was performed using the technigue
of agent diffusion from impregnated discs on agar, according
National Committee for Clinical Laboratory Standards-NCCLS
guidelines (27). For inoculum preparing, BHI cultures of the
microorganisms obtained from catheter tips and blood cultures
were previously incubated for 4 to 6 hours and adjusted to 0.5
McFarland density scale before plating. The following discs
were utilized: Penicillin G (10U, Oxacitlin (1 pg), Tetracycline (30
pg), Chloramphenicol {30 ug), Erythromycin{ 15 ug). Cephalothin
(30 pg), Netilmicin{30 pg), Gentamicin {30 pg), Novebiocin (5
pg). Cefotaxime (30 pg), Cefaclor (30 pg). Levofloxacin (S pg),
Ofloxacin (5 pg). Rifampin (5 pg), Vancomyein (30 pg) and
Teicoplanin (30 pg). Following the incubation at 37°C for 24
hours, the halos were measured (mm). and the results obtained
were compared between the microorganisms 1solated from the
same NB (catheter and blood cultures) in order to observe the
similarity between samples.
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Cunha ef a/. (9), CNS were also the prevalent organisms in
catheter colonization. that is. catheters with growth = 15 CFUL

The comparison between the qualitative and
semiquantitative catheter-culture techniques showed agreement
with data in the literature. In a metaanalysis by Safdar eral. (30),
the sensitivity mean found for the qualitative culture was of
90%. while specificity was 72%. Nevertheless, although the
semiquantitative culture showed lower sensitivity (85%), 1t
exhibited higher specificity (82%). In this study, although the
sensitivity found in the qualitative-culture method was 100% in
contrast to 90% shown by the semiquantitative method,
specificity was lower for the qualitative method, where 60%%
was found in contrast to 71%. The semiquantitative culture
also showed larger positive predictive value (PPV), in addition
to being & more rapid technique, since it is capable of detecting
positive results in up to 24 hours.

It was concluded that the semiquantitative culture is a rapid
and efficient technique for diagnosing catheter-related infection
in NB. However, it requires careful interpretation. and its result
must be part of a set of factors that can indicate diagnosis and
a specific treatment.

RESUMO

Comparacio entre culturas qualitativa ¢
semiquantitativa de ponta de cateter: Diagndstico
laboratorial de infecgio relacionada a cateter em

recém-nascidos

Este estudo prospectivo avaliou 0s métodos seniguantitativo
e qualitstivo de cultura de cateter pars o diagnastico de infecgdo
relacionada a cateter (IRC) em recém-nascidos (RN). Foram
incluidas pontas de cateteres provenientes de recém-nascidos
intemados na Unidade Neonatal do Hospital das Clinicas da
Faculdade de Medicina de Botucatu, UNESP. Foram utilizadas
as técnicas semiquantitativa e qualitativa de cultura de cateter
Para o diagndstico de IRC, os microrganismos isolados das
culturas de cateteres e de hemoculturas periféricas foram
identificados e submetidos ao teste de sensibilidade a
antimicrobianos. O padrdo ouro correspondeu ae diagnostico
de certeza de IRC, com o isolamento do mesmo microrganismo
(espécie e perfil de sensibilidade a antimicrobianos) isolado em
hemoculwura periférica. Foram estudados 835 cateteres
provementes de 63 RN.A cultura semiquantitativa, embora tenhi
upresentado menor sensibilidade (90%), apresentou uma maior
especificidade (71%) em comparagdo & sensibilidade de 100% ¢
espectficidade de 60% encontradas na cultura qualitativa,
Através da identificagdo dos microrganismos obtidos nas
culturas de cateteres, observou-se uma predominincia de
espécies de Estafilococos coagulase-negativa (ECN). A espécie
Staphylococens epidermidis foi a prevalente (77.5%) nos
cateteres com culturas semiquantitativas positivas, Dos |1
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episodios de IRC diagnosticados, 8 (72,7%) foram associados a
espécies de ECN, dos quais 6 eram da espécie S. epidermidis.
Também foram detectados dos casos de IRC por 8. aureuys ¢
um caso por Candida parapsiloyis, O método de cultura
semiquantitalivo cateter apresentou vantagens para o
diagndstico de IRC em RN quando comparado com o método
qualitativo tradicional.

Palavras-chave: Infecgdo relacionada a cateter, cultura de cate-
ter, cultura semiquantitativa, recém-nascidos, Estafilococos
coagulase-negativa,
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CoMUNICACAO BREVE

Usefulness of catheter tip culture in the diagnosis of
neonatal infections

Utilidade da cultura da ponta de cateter no diagndstico de infeccdo neonatal

Camila Marconi', Maria de Lourdes Ribeiro de Souza da Cunha?, Jolo C, Lyra?,
Maria R. Bentlin®, Jackson E. N. Batalha®, Maria Fatima Sugizaki’®, José E. Corrente®,
Ligia M. S. S. Rugolo*

Resumo

Objetivo: Determinar 0 numero de urmdades formadoras de
coliinsas que meshor corredaciona com a infeccio ndaconacs a cateter
em recém-nascdos.

Mdétodos: Esti fol um estudo prospectiva do culturas
semiquantitativas de pontas de cateteres de recém-nascidos da
uridade neonatsl da Faculdade de Medicing de Botucatu, Oy
microrganeemaos i dos de e Ity periféricas
faram identifs e dos ao teste de bidade s drogas.
O ponte de corte otima fol seterminadao peld curva receYvey operating
charactevistic (RQC),

Resultados: Foram estudados 85 cateteres de 63
recim-nascidos. Aespécie Staptplococcus epideniais fol preyalents
(75%) pos . Dos 11 episddios de infeccho diagnosticados,
cito {72,7%) foram assocados fococos C
GOS QUAIS 565 PErenciam a especia 5, epidenmiais, Paucurvaﬂoc.
0 panto de corte 4timo para o dlagndstico de mfeccdo refacionada a
cateter fol 122 unidades formadoras de coddnias.,

Conclusdio: O ponto de corte 122 unidades formadoray de
coldnias melhor s« carrelacionou com o dipgndstico de infeccio
refacionada a cateter em recém-nascidas.

J Pediaty (Rio J). 2009;85(1):80-83; Infeccda reladonaca a cateter,
Cutura de cnteter, OAtIrA semquAntitativy, recém-nascados, estafilococos
coaguiase negatva.

Introducho

Observa-so um aumento progressivo na sobrevida dos
recém-nascidos prematuros e com balxo peso ao nascl-
mento. A utilizagdo de procedimentos lnvasivos, como os
cateteres intravasculares, constitul importante fator de nsco

Abstract

Objective: To determine the number of colony-forming units
(CFU) that best correlates with catheter-refated infections {CRI) In
newborms.

Methods: This was a prespactive study of samiquanttative
ultures of cath tips obtaned from 76 N the neanatad unit
at Faculdace de Mediona de Botucatu, state of She Pauso, Beazd. The
mroorganisms isciated from catheter and peripheral blood coltures
were identified and submitted to & drug susceptibility tesz, The
optimal cutoff point was datermined by the recelver operating
characteristic (ROC) curve.

Results: A total of 85 catheters obtaned from 63 newborms were
sudied, Staphylococtus epdarmicis was the predominant speces
in the catheters (754 ), Exght of 11 (72.7%) CRI cpisodes were

d with I phylococct, six of which were
of the 5. epidermicls type. ROC curve analysis indicated that the
aptimai cutoff paint for the diagnoss of CRIEwas 122 CFU,

Conclusion: The cutoff point of 122 CFU correlsted best with
the diagnosis of CRIin newborns.

J Pedlatr (Rio 1), 2005;85(1):80-63: Catheter-related Infection,

culture, Ive cuture, newbom, cosguiase-negative
Staphylococeus,
paraod Ivi de infecgdes nosocomials, dentre as

quais se destacam as infecgdes relacionadas a cateter
(IRC)4,

As IRC s30 diagnosticadas quando microrganismos Idén-
ticos sdo isolados de culturas de cateteres e das hemacultu-
ras sem fonte aparente de infecgBo, exceto seu cateter®, O
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principal método de cultura utilizada com esta finalidade ¢ o
semiguantitativo, proposto por Mak| et al.* e recomendado
para o diagnostico de 1RC pelo Centers for Disease Control
and Prevention” . Segundo critérios de Maki et al.*, sio consi-
deradas culturas positives de cateter aguelas que apresen-
tam crescimento 2 15 unidades formadoras de coldnias
(UFC), §& que este nimero de UFC melhor correlaciona com a
presenga de infeccdo quando comparado com ¢ método qua-
litativa de cultura de coteter, onde a Infecgdo ¢ contaminagio
530 Indistingulveis, Embora outros autores 1a tenham reali-
2ado estudos para avaliacdo de pontos de corte ¢m pacientes
adultos®*, ndo foram encontrados estudos gue avaliam o
mefhor ponto de corte da cultura semiguantitativa para o ding-
néstico de IRC em recém-nascidos. Sendo assim, este estudo
objetivou determinar o ndmero de UFC que melhor se corre-
laclona com a presenca de IRC em recém-nascdos.

Métodos

Neste estudo prospective, foram incluidas 85 pontas de
cateteras proveniantes de 63 recém-nascidos Internados na
unidade neonatal do MHospital das Clinices da Faculdade de
Medicina de Botucatu (UNESP), SP, no periodo fixado de 2
anos, de setembro de 2001 o agosto de 2003, Os procedimen-
tos foram aprovados pelo Comité de Etica em Pasquisa da
Faculdade de Medicina.

Foram incluldos neste estudo microrganismos isolados a
partir de pontas de cateteres & de hemoculturas de pacientes
que possuiam hemoculturas coletadas proximas & data de
remogao dos cateteres, Foram excluidas as amostras isola-
das de recém-nascdos cujos dados clinicos e laboratoriais
referentes a um periodo de 1 semana anterior e 1 semana
posterior & data de remogio do cateter nbo foram localizados.

As culturas de poatas de cateteres foram realizadas pelo
método semiquantitativo de Mak et al,*, e as hemoculturas
forem colhidas & cultivadas pelo sistema automatizado Bac-
tec, conforme as normas descritas por Koneman et al.%, A
identificacBo dos microrganismos fol realizada conforme pee-
conizado por Koneman et al.*, e, para a Identificagdo das espé-
cies de estafilococos coagulase-negativa (ECN), foram
utilizados 0s Critérios propostos por Kioos & Scheifeir” e Kloos
B Bannerman®, utilizando um esquema simplificade de pro-
vas bloquimicas. O teste de sensibdidade as drogas antimi-
crobianas fol realizado pele téenica da difusio da droga em
agar a partir de discos impregnados, conforme criténas reco-
mendados pelo National Committee for Clinical Loboratory
Standards (NCCLS)”, Os halos de inibicdo foram medidos
(mm), e os resultados foram comparados entre os germes iso-
lagos do mesmo recém-nascido (cateter @ hemocultura) para
verificar a similaridade entre as amostras,

O giagnbstico de certeza de IRC fol definida sequndo cri-
térios propostos pelo Centers for Disease Control (COC)?, pela
presenca de dols ou mais dos seguintes sinais e sintomas:
febre (= 38 9C), hipotermia {< 36 °C), apnéla, bradicardia ou

sinais de choque, além da pr Ga de pelo menos ums hemo-
cultura positiva em paciente cujo cateter vascular apresen-
tou cultura semiquantitativa positiva. 0 mesmo
micrarganismo {espécie e perfil de sensibilidade as drogas)
foi isclado a partir do cateter e da hemacultura periférica, sem
fonte aparente de outro foco de infecgdo, exceto seu cateter.

Para a avaliagdo das pontos de corte da cultura semiquan-
titativa no diagnética de IRC, foram calculadas a sensibill-
dade e especificidade para 09 numeros de UFC das culturas.
0 padrido-ouro correspondeu ao diagnostico de certeza de
IRC, com o isolamento do mesmo microrganismo (espécie e
antiblograma) nas culturas de cateter @ nas hemoculturas,

O ponto de corte atimo fol determinado pefa curva recel-
ver operating characteristic (ROC), através da representa-
¢30 da taxa de verdadelros positivos (sensibllidade) no eixo
y, contra a taxa de falsos positivos (1 - especificidade ) no eixo
x. Foram analisadas todas as contagens obtidas nas culturas
dos cateteres: 1,2,7,8,9,11,12,17,22,23, 30, 36,60, 73,
122,125, 130, 150, 193 e 300 UFC,

Resultados

Foram estudadas BS pontas de cateteres provenientes de
63 recém-nascidos internados na UNESP. A ldentificagdo dos
microrganismos das culturas de cateteres reveiou uma pre-
domindncia de espécies de ECN (81,8%) (Tabela 1), dentre
24 quais o Staphylococcus epldermidis foi a espécie mais fre-
quente (75%),

A andlise do perfil de sensibllidade a drogas dos isolados
provensentes de 17 pacientes cujas culturas de cateter e san-
gue provenientas foram positivas para a mesma espéce de
mecrorganismo permitiu o diagnoastice de IRC em 11 do total
o casos. Com relagdo ans MICrorganismos associados a etho-
logia dos episddios de IRC diagnosticados, oito (72,7%) foram
asspciados a espécies de ECN, dos quais seis { 54,5% ) perten-
clam & espécie Staphylococcus epidermidis, Também foram
getectados dois casos de IRC por 5. aureus e um por Candida
parapsilosis.

Atraves da anilise da curva ROC, o ponto de corte atimo
correspondeu a 122 UFC, J& que apresantou maios sensibili-
dade (91%), malor especificidade (81,1%) e malores valores
preditivos positivo (41,7%) & negativo {98,4%) quando com-
parado aos outros pontos de corte avallados. O cdlculo do
comprimento do intervalo de confianca & 95% (1C95%), mos-
trou que o tarnanho amostral fol adequado para a determina-~
cBo dos pontos de corte estudados, & a rea abaixo da curva
correspondeu a 0,860, indicando bom ajuste da curva ROC.
Do total de 11 casos disgnosticados de IRC, 10 (90,9% ) apre-
sentaram crescimento 2122 UFC e em apenas um caso
verificou-se o crescamento de oito UFC,

Discussio

O diagnadstico das IRC nas unidades neonatais tem sido
realizado conforme o recomendado pelo COC?, sendo simila-
res aos empregados para o diagnostico dessa Infeccdo em
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5. Identificagcdao de Staphylococcus spp.

Apesar do aumento na significancia clinica de espécies de ECN, na maioria dos
laboratérios de rotina, os estafilococos sdao identificados somente com base em
aspectos morfoldgicos das colOnias, coloracdo de gram, producdo de catalase e
coagulase, que permitem apenas a classificacdo de estafilococos isolados de amotras
clinicas somente em S. aureus e ndo-S. aureus, com o Ultimo simplesmente sendo

classificado como ECN.

No entanto, com o aumento na ocorréncia de infeccdes causadas por
diferentes espécies de ECN, torna-se cada vez mais importante aprender mais sobre a
epidemiologia, resisténcia aos antimicrobianos e o potencial patogénico das espécies
individualmente. Isto pode ser particularmente importante em relacdo a isolados de
hemocultura, uma vez que muitas vezes é dificil determinar a significancia clinica do

ECN isolado.

Kloos e Schleifer (9) delinearam uma chave a partir da qual os ECN podem ser
facilmente diferenciados em espécies através de suas caracteristicas bioquimicas. O
esquema proposto por esses autores e modificado por Bannerman (5) é o método
usado convencionalmente. No entanto, este método é relativamente trabalhoso para
ser utilizado na rotina dos laboratdrios de microbiologia clinica devido ao grande

numero de testes bioquimicos.

A identificacdo precisa dos ECN é importante para fazer uma previsdo do
potencial patogénico de cada espécie e do perfil de susceptibilidade a antibidticos,

permitindo assim uma conduta mais adequada na avaliacdo da significancia clinica de
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cada espécie. Ha divergéncias na literatura especifica sobre o significado clinico da
identificacdo de ECN. De acordo com os dados de alguns autores (102), esse
procedimento ndo é clinicamente significativo, embora outros pesquisadores (56)
acreditem que essa identificacdo seja importante na diferenciacdo entre contaminacao
e infeccdo. A identificacdo dos ECN é de grande importancia para a associa¢dao de
certas espécies com infecgdes especificas (103), tendo em vista que alguns dados
sugerem que além de S. epidermidis e S. saprophyticus, que tém sido considerados
patogénicos, algumas espécies como S. haemolyticus, S. lugdunensis e S. schleiferi
estdo mais associados as infec¢des do que outras espécies (104-105). Os isolados
repetidos de ECN de pacientes com doencas invasivas devem ser identificados para
permitir uma comparacao das cepas. Em adicdo, a identificacdo de espécies é um pré-
requisito antes de iniciar os procedimentos para realizacdio de estudos

epidemioldgicos.

O desenvolvimento de métodos para a identificacdo de espécies e subespécies
de estafilococos permite obter informacgdes sobre a variedade de ECN presentes em
amostras clinicas e considera-los como agentes etioldgicos de processos infecciosos.
Nos Uultimos anos, varios sistemas comerciais para a rapida identificacdo de
estafilococos foram desenvolvidos como uma alternativa para os protocolos de
identificacdo cldssica (5). No entanto, estes sistemas de diagndstico
apresentam problemas, tais como custo e tempo de incubacdo, e muitas vezes
fornecendo resultados ndo confiaveis (106-107). Além disso, muitos desses kits foram
projetados para o identificacdo de todas as espécies conhecidas de ECN (provenientes

de amostras clinicas, veterinarias, e de alimentos) e, portanto, ndo sdo muito
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especificos. Com base nas consideracdes acima e tendo em vista a necessidade de
métodos rapidos, simples e confidveis, foi desenvolvido um estudo com o objetivo de
comparar quatro técnicas para a identificacdo de ECN, ou seja, um método de
referéncia (5, 9), o comercial API Staph miniaturizado e dois métodos modificados em
nosso laboratdrio, além da proposi¢cao de uma chave simplificada com a finalidade de
desenvolver métodos alternativos de identificagdo que combinam confiabilidade,
simplicidade e baixo custo, especialmente para locais com recursos limitados (ANEXO

6).

Dois métodos de identificacdo modificados em nosso laboratdrio foram usados
(método simplificado e o método de disco). O método simplificado foi dividido em
duas etapas. Durante a primeira etapa, a fermentacdo de xilose, sacarose, trealose,
maltose e manitol, producdo de hemolisina e crescimento anaerdbio em tioglicolato
foram testados. Os testes utilizados na segunda etapa variaram de acordo com os
resultados obtidos na primeira etapa apds 72 h de incubac3o a 37°C. Os 100 isolados
de amostras clinicas de estafilococos foram testados pelo quatro métodos propostos
simultaneamente. Linhagens de referéncia internacionais (ATCC) de S. epidermidis, S.
simulans, S. saprophyticus e S. xylosus foram corretamente identificadas pelos quatro
métodos. Das linhagens de referéncia somente o S. warneri ATCC 10209 foi
erroneamente identificado pelo sistema API Staph, com a caracterizacdo desta estirpe
como S. saprophyticus (ID% = 58,7%), como S. hominis (ID% = 19,5%), ou como S.
warneri (% 1D = 15,8%). O método simplificado realizado em duas etapas ndo diferiu do
método de referéncia em termos de identificacdo de espécies de ECN. Identificacdo

imprecisa pelo sistema API Staph foi observado para S. epidermidis (2,2%), S. warneri
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(47,1%), S. hominis (25%) e S. haemolyticus (37,5%). A sensibilidade e especificidade
do método simplificado foi de 100% para todas as espécies estudadas. O método de
disco mostrou uma sensibilidade de 93,8% para o identificacdo de S. hominis devido a
ndo-fermentacdo da sacarose no disco, levando a classificacdo desta estirpe como S.
caprae e 100% de sensibilidade para a outras espécies, enquanto a especificidade foi

de 98,8% para S. hominis, 98,9% para S. caprae, e 100% para as outras espécies.

O método simplificado usando o esquema de identificacdo proposto levou a
identificacdo de S. epidermidis, S. hominis, S. xylosus, S. capitis e S. simulans em uma
Unica etapa, com um total de sete testes bioquimicos, um numero inferior ao
empregado no método de referéncia (16 testes). Desde que S. epidermidis é a espécie
mais frequentemente isolada, 70 a 90% das amostras isoladas no laboratdrio clinico

podem ser identificadas utilizando um numero reduzido de testes.

O método comercial API Staph kit apresentou a menor precisao na identificacao
de ECN entre os métodos estudados (84% de concordancia), resultados concordantes
com os obtidos por Bannerman et al. (108) e Renneberg et al. (109). As espécies S.
warneri e S. hominis foram as mais dificeis de identificar. Bannerman et al. (108)
também relataram uma menor precisdao na identificacdo destas espécies. Em estudo
de leven et al. (110), S. hominis foi identificado com o minimo de precisdo pelo sistema
API| Staph ID 32. Este achado pode ser explicado pela falta de testes complementares,
como resisténcia a novobiocina, crescimento anaerdbio em tioglicolato e producdo de
hemolisina. Trés (3%) das 100 cepas analisadas pela APl Staph foram identificadas
erroneamente como S. aureus, fato também relatado por Renneberg et al. (109). O kit

demonstrou ser ineficiente nestes casos, uma vez que nao solicita o resultado do teste
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fundamental e mais amplamente aceito para a identificacdo de S. aureus, ou seja, o

teste de coagulase (23).

Em diversos laboratdrios de rotina a identificacdo de S. saprophyticus é
realizada principalmente com base na resisténcia a novobiocina (5ug), auséncia de
hemdlise, e teste negativo para coagulase e/ou DNAse. Entretanto, tem sido
reconhecido que outras espécies de ECN, incluindo S. cohnii, S. sciuri, S. xylosus e S.
hominis subesp. novobiosepticus sdao também resistentes a novobiocina nessa
concentracdo (23, 111). Esses resultados sugerem que provas adicionais, incluindo
fermentacdo de carboidratos e outros testes, devam ser usadas em conjunto com a
prova de sensibilidade a novobiocina para a correta identificacdo de espécies de ECN

(112).

Nos Uultimos anos, diversos sistemas comerciais para identificacdo de
estafilococos foram desenvolvidos como uma alternativa para o protocolo de
identificacdo classico de Bannerman (5), que é muito trabalhoso e demorado para ser
utilizado na rotina laboratorial. Os sistemas automatizados e kits comerciais, com base
em testes bioquimicos miniaturizados, sao amplamente utilizados atualmente, tanto
em laboratérios de rotina como de pesquisa. No entanto, estes sistemas de
diagndstico apresentam problemas, tais como custo, tempo de incubacdo, e o mais
importante, ainda ndo sdo capazes de fazer uma diferenciacdo confiavel entre as
diferentes espécies de ECN devido a expressao varidvel das caracteristicas fenotipicas.
Além disso, muitos destes sistemas automatizados e kits sdo baseados em resultados

colorimétricos e a subjetividade na sua interpretacdo pode levar a ambiguidade (113).
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Bannerman et al. (108) avaliaram a base atualizada do cartdo de identificacdo
GPI (ldentificagdo de Gram-Positivo) usado com o sistema automatizado de
identificacdo bacteriana Vitek | (Biomérieux) em 500 isolados clinicos. A concordancia
global entre o cartdo GPI e os métodos convencionais foi de 89%. O cartao identificou
92% dos isolados de S. epidermidis, 95% de S. haemolyticus, 88% de S. capitis subesp.
capitis e 100% de S. saprophyticus estudados. Os micro-organismos nao incluidos na
base de dados, como S. lugdunensis, ou foram identificados erroneamente ou nao

foram identificados pelo cartao GPI.

Na avaliacdo realizada por Perl et al. (107), o cartdo GPl identificou
corretamente apenas 67% de 185 isolados. Esses pesquisadores ressaltaram que o
baixo rendimento do cartdo GPl em seu estudo pode ter sido devido a preponderancia

de estafilococos “nao S. epidermidis” entre os 227 isolados avaliados.

Outra técnica utilizada para identificacdo de estafilococos é a técnica da PCR
gue permite a identificacdo genotipica de varias espécies de estafilococos com alta
sensibilidade e especificidade. A técnica de ITS-PCR permite a andlise dos espacos
intergénicos transcritos ou “intergenic transcribed spacers” (ITS) entre os loci génicos
16S e 23S do RNAr, técnica usada frequentemente em PCR “fingerprint” para
identificacdo e discriminacdo de linhagens bacterianas em nivel de espécie e
subespécie (114). Em gel de poliacrilamida ou agarose, as regides amplificadas formam
um padrdo de bandas especifico para cada espécie. Utilizando os respectivos padroes
ATCC, pode-se comparar o padrao de bandas das amostras de referéncia com as
amostras investigadas, ndo restando duvidas quanto a identificacdo precisa das

diferentes espécies de estafilococos. Esse método foi originalmente descrito por Barry
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et al. (115), sendo a identificacdo de Staphylococcus também estudada por Jensen et
al. (116), que aplicaram a técnica com sucesso na diferenciagdo de linhagens de quatro

espécies de estafilococos: S. aureus, S. epidermidis, S. saprophyticus, e S. warneri.

Nos ultimos dez anos, a técnica de ITS-PCR tem sido muito utilizada na tipagem
de linhagens bacterianas, pois as regides ITS possuem grande polimorfismo (116-117).
Esse polimorfismo é devido a presenca de genes de RNAt, responsaveis pelo
comprimento e sequéncia das regides entre operons, semelhantes nas mesmas
espécies (116,118). O estudo da taxa de polimorfismos das regides intergénicas
transcritas (16S e 23S do RNAr) mostrou-se util, tanto epidemiologicamente quanto
taxonomicamente amplificando as regides 16S e 23S do RNAr utilizando os primers G1

e L1 descritos por Jensen et al. (116).

Couto et al. (113) aplicaram a técnica de ITS-PCR para identificar 600 amostras
de estafilococos origindrias de diferentes hospitais, usando como controle positivo 29
linhagens de referéncia (ATCC) das espécies reconhecidas no género Staphylococcus.
As 29 espécies estafilocécicas apresentaram padrao singular de ITS-PCR, provando ser
um método rdpido e seguro para identificacdo de estafilococos de amostras clinicas,

fornecendo alta confiabilidade, reprodutibilidade e rapidez.

Andlises de DNA tem sido o método de preferéncia na identificacdo de micro-
organismos, pois possuem maior especificidade e sensibilidade. Amostras de ECN nao
identificadas em nivel de espécie ou identificadas erroneamente por testes fenotipicos
convencionais podem ser corretamente identificadas através de técnicas genotipicas.

Apesar da diminuicdo dos precos das técnicas moleculares nos ultimos anos, esses
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métodos ainda continuam apresentando um custo muito elevado para serem
utilizados na rotina em laboratérios de microbiologia clinica. Assim, esforcos
significativos tem sido feitos no intuito de desenvolver métodos alternativos de
identificacdo combinando velocidade, confiabilidade e baixo custo. Estudo
desenvolvido em nosso laboratério (ANEXO 7) objetivou comparar trés métodos de
identificacdo fenotipica para estafilococos isolados de infec¢Ges urinarias, incluindo o
esquema simplificado de provas bioquimicas proposto em estudo anterior, a utilizacdo
da prova de sensibilidade ao disco de novobiocina e o sistema automatizado de
identificacdo bacteriana Vitek I, utilizando como método de referéncia a identificacdo

genotipica através da técnica de ITS-PCR.

Entre as 101 amostras estudadas, todos os 17 S. aureus foram positivos para
coagulase, DNAse e gene coa, entretanto, dos 84 isolados de ECN dois apresentaram
DNAse positiva, porém foram negativos para coagulase e gene coa, sendo que as 82
amostras restantes foram negativas para coagulase, DNAse e gene coa. A prova da
DNAse apresentou uma sensibilidade de 100,0% e especificidade de 97,6% e a
coagulase obteve valores iguais ao método genotipico de referéncia (gene coa) com
sensibilidade e especificidade de 100,0% e taxas de concordancia de 98,0% para DNAse

e 100,0% para coagulase.

Em relacdo a comparacdo da sensibilidade e especificidade entre os métodos
de identificacdo para todas as espécies estudadas, o disco de novobiocina obteve
sensibilidade de 89,1% e especificidade de 89,1%, sendo que para Vitek | a
sensibilidade e especificidade foram de 81,2% e 92,0% respectivamente, e para o

método simplificado de provas bioquimicas a sensibilidade e especificidade foram de
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98,0%. Em relacao a identificacdo de S. saprophyticus, o método simplificado de provas
bioquimicas e a prova de sensibilidade a novobiocina tiveram sensibilidade e
especificidade de 100,0%, sendo que o Vitek | apresentou 84,2% de sensibilidade e
100,0% de especificidade. Apesar da rapida identificacdo (2 a 15 horas) e do grande
numero de provas bioquimicas (29 provas), o Vitek | falhou em identificar as espécies
de ECN mais encontradas em amostras de urina (S. saprophyticus), devido
principalmente a ndo detecgdo da resisténcia a novobiocina em alguns isolados (6/9); e
S. epidermidis, o segundo ECN mais frequente em amostras urinarias e o primeiro em
outros materiais clinicos, pela falha na prova da sacarose (5/5). Em relagdo as duas
espécies identificadas erroneamente pelo método simplificado de provas bioquimicas,
S. haemolyticus apresentou resultado incorreto para prova de urease, sendo que o
mesmo isolado também foi urease positiva no Vitek |, sugerindo que raras espécies de
S. haemolyticus possam apresentar urease positiva, e S. epidermidis apresentou prova
da trealose positiva, podendo ter ocorrido uma possivel contaminag¢do do agucar, visto

gue o mesmo isolado foi trealose negativa no Vitek I.

Kim et al. (119), compararam os resultados de 120 amostras clinicas de ECN
identificadas pelo Vitek 2 e pelo Microseq 500 system (Applied Biosystems), um
sistema comercial para andlise do gene 16S RNAr. O Vitek 2 identificou corretamente
105 (87,5%) dos isolados, e incorretamente 6 (5,0%), e quando o resultado com baixo
nivel de discriminacdo e a correta identificacdo foram consideradas em conjunto, o
indice de concordancia foi de 95,0% (114/120). Portanto, mesmo quando foi utilizado
um aparelho mais atual e um software atualizado, as taxas de concordancia entre o

método genotipico de identificacdo e a automacdo, foram inferiores as taxas de
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concordancia entre o método simplificado de provas bioquimicas (98,0%) e o método
genotipico, encontrados em nosso estudo, confirmando que, os sistemas
automatizados apesar de mais rdpidos, ainda ndo sdo capazes de fazer uma

diferenciacdo confiavel entre as diferentes espécies de ECN.

ANEXO 6

CUNHA MLRS, SINZATO YK, SILVEIRA LVA. Comparison of methods for the
identification of coagulase-negative staphylococci. Mem Inst Oswaldo Cruz. 2004;

99(8): 855-60.
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ANEXO 7

Ferreira AM, Bonesso MF, Mondelli AL, Cunha MLRS. Comparison of phenotypic and
genotypic methods for identification of Staphylococcus spp. isolated from patients

with urinary tract infection. (Em preparac¢ao para submissdo).
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Abstract

Urinary tract infection (UTI) is one of the most frequent infectious diseases in clinical practice,
and it is the second most common infection in human. S. saprophyticus is the second most
frequent agent of community-acquired UTI, and it is mainly isolated from the urine of sexually
active young women. This study aimed at comparing three phenotypic methods for identifying
Staphylococcus spp. isolated from patients with UTI by using the genotypic ITS-PCR test as
reference. The 101 staphylococci studied were identified by novobiocin disk testing, Vitek I,
the simplified method of biochemical tests and ITS-PCR. The simplified method of biochemical
tests obtained agreement rates of 98.0% in relation to ITS-PCR, while Vitek | showed 81.2%
and the novobiocin disks 89.1%. No other novobiocin-resistant non-S. saprophyticus was
found. Hence, the novobiocin disks showed to be a feasible alternative for S. saprophyticus
identification in urinary samples in laboratories with limited resources. ITS-PCR and the
simplified method of biochemical tests showed greater reliability than the commercial systems
presently available. This study confirms that the automated systems are not yet able to
perform a correct differentiation of species of CNS and that simple, reliable and inexpensive

methods can be used for identification routine.

Key words: Staphylococcus, urinary tract infection, methods for identification, ITS-PCR,

automated systems.

Sponsorships: S3o Paulo Research Foundation (FAPESP), process 2009/10083-5.
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Introduction

Urinary tract infection (UTI) is one of the most common diseases in internal medicine
(Stamm & Hooton 1993, Warren et al. 1999, Lopes & Tavares 2005, Moura et al. 2009), and it
is the second most common infection in human beings (Valiquette 2001), as it is only less

prevalent than that in the respiratory tract (Hérner 2006).

The etiological agents most frequently involved with community-acquired UTI, in order
of frequency, are: Escherichia coli, Staphylococcus saprophyticus and species of Proteus spp.,
Klebsiella spp. and Enterococcus faecalis. E. coli alone is accountable for 70% to 85% of
community-acquired urinary tract infections (Bishara et al. 1997, Hooton & Stamm 1997,
Gupta et al. 2001). However, when UTI is acquired in hospitals, etiological agents are
diversified. Enterobacteria predominate with a reduction in the frequency of E. coli (although it
usually remains as the primary cause) and an increase in Proteus spp., Pseudomonas
aeruginosa, Klebsiella spp., Enterobacter spp., Enterococcus faecalis (Carton et al. 1989,
Bishara et al. 1997, Hooton & Stamm 1997) and fungi, with distinction for species of the

Candida genus.

Staphylococcus saprophyticus is the second most frequent acute UTI agent in the
community, following E. coli (Henry et al. 1998, Gupta et al. 1999), and it is mainly isolated
from the urine of sexually active young women (Jordan et al. 1980, Abrahamsson et al. 1993,
Svanborg & Godaly 1997), showing undistinguishable symptoms from those caused by
Escherichia coli. Reports of septicemia and pyelonephritis by this organism have also been

recorded (Colledge 1989, Lee et al. 1987).

Other coagulase-negative staphylococci (CNS) are usually considered to show
uncertain pathogenicity for the urinary tract, nevertheless, various researchers have evaluated

the presence of some CNS species (S. haemolyticus, S. epidermidis, S. simulans, S. sciuri, S.
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capitis, S. xylosus, S. warneri, S. cohnii, S. lentus and S. hominis) with clinical significance in

urinary tract infections (Guirguitzova et al. 2002, Alcaraz et al. 2003).

The emergence of Staphylococcus spp. not only as human pathogens, but also as
reservoirs of antibiotic-resistance determinants, requires the development of rapid and
reliable identification methods. In several routine laboratories, S. saprophyticus identification
is performed based on novobiocin (5ug) resistance, hemolysis absence and negative testing for
coagulase and/or DNAse. However, it has been acknowledged that other CNS species,
including S. cohnii, S. sciuri, S. xylosus and S. hominis, are also resistant to novobiocin in this
concentration (Hussain et al. 1986, Konemann et al. 2001). These results suggest that
additional tests, including carbohydrate fermentation and others, must be used conjointly with

the novobiocin sensitivity test for accurate identification of CNS species (Cunha & Lopes 2002).

In the last few years, various commercial systems for staphylococcus identification
have been developed as an alternative for the classic identification protocols by Bannerman et
al. (2003), which are labored and slow to be used in laboratory routine. Automated processes
and commercial kits, based on miniaturized biochemical tests, are widely used nowadays both
in routine laboratories and in research, however, these diagnostic systems pose problems,
such as high cost, incubation time and, most importantly, they are still not capable of reliably

differentiating CNS species due to the variable expression of phenotypic characteristics.

Additionally, many of such automated systems and kits are based on colorimetric
results, and subjectivity in their interpretation may lead to ambiguity (Couto et al. 2001). In
2004 a new identification key was organized by Cunha et al. (2004). The method, which
became known as the simplified method of biochemical tests, is divided into two phases. This
method was compared with the reference method proposed by Kloos & Schleifer (1975) and

Bannerman (2003) and showed 100% agreement in accurate species identification, thus being
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considered highly efficient for routine use due to its sensitivity and specificity, in addition to
using few tests and consequently being more economical and faster than the reference

method by providing results in 72 hours.

Another technique used for staphylococcus identification is the ITS-PCR technique,
which has been widely used for typing bacterial lineages, since the ITS regions have great
polymorphism (Jensen et al. 1993, Gurtler & Stanisich 1996). DNA analyses have been the
preferential method for microorganism identification as they show greater specificity and
sensitivity. CNS samples that are not identified in species level or erroneously identified by
conventional phenotypic tests can be correctly identified by means of genotypic techniques
(Maes et al. 1997, Kawamura et al. 1998). CNS identification is highly important for associating
certain species with specific infections (Rupp & Archer 1994), considering the indication that,
in addition to S. epidermidis and S. saprophyticus, which have been found to be pathogenic,
some species, such as S. haemolyticus, S. lugdunensis and S. schleiferi, are more frequently

associated with infections than other species (Herchline & Ayers 1991, Low et al. 1992).

A lot of effort has been put into developing alternative identification methods
combining speed, reliability and low cost. For these reasons, this study aimed at comparing
three phenotypic identification methods for staphylococci found in urine samples: simplified
scheme of biochemical tests, using tests of sensitivity to novobiocin disks, and the automated
bacterial identification system Vitek |, utilizing genotypic identification as reference through

the ITS-PCR technique.
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Materials an methods

Samples

One hundred and one samples of Staphylococcus spp. isolated from the urine of
different patients were used in the study. The samples were sent to the Laboratory of
Microbiology of the Botucatu School of Medicine University Hospital - UNESP - Univ. Estadual
Paulista, Botucatu, SP, Brazil, from March 10 to November 14, 2008 after being obtained from
different hospital wards, outpatient units, emergency rooms and several health care centers in

Botucatu and region.

The research project was approved by the Research Ethics Committee of the Botucatu

School of Medicine - UNESP (Of.-416/08-CEP).

Inclusion criteria

Male and female individuals of all ages were included. They showed positive
uroculture for Staphylococcus spp. which were compatible with UTI and a colony count that
was equal to or higher than 100,000 colony-forming units per milliliter of urine (= 10° CFU/ml),

according to the evaluation criteria by Kass (1956).

Exclusion criteria
Samples collected from vesical catheters, suprapubic punctures, positive urocultures
with colony count lower than 100,000 colony-forming units per milliliter of urine (<10°> CFU/ml)

were excluded.

Sample size estimation
Sample size was calculated by the Fisher & Belle (1993) formula, using a 95%
confidence interval and 5% accuracy for the expected prevalence of patients with UTI, using as

a base the proportion of patients with UTI caused by Staphylococcus spp., which was of 5% in a
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study conducted in the Laboratory of Microbiology of the Botucatu School of Medicine

University Hospital.

Although the sample size estimation indicated 73 samples as the minimum number, all
the Staphylococcus spp. samples isolated from March 10 to November 14, 2008 which met the

inclusion and exclusion criteria were used, thus totaling 101 samples.

Collection

The patients were instructed to collect medium-jet urine, with previous hygiene of the
genital region. The first jet was discarded, and the medium jet was collected into an
appropriate sterile bottle. The remaining urination was discarded. In children and newborns,
the sample was obtained by using an aseptically placed collection bag. The collector was
replaced every 45 minutes to 1 hour, and hygiene was repeated in order to prevent fecal
contamination. The samples collected at the School of Medicine University Hospital were
transported in ambient temperature (20 to 252C) and processed within up to 1 hour. The
samples collected at the health care centers were transported in thermal boxes under

refrigeration and processed as soon as they reached the laboratory.

Isolation and counting of the number of colonies

Urine was homogenized and seeded by using a disposable loop (0.001 ml or 1 pl),
without centrifugation. The loop was vertically immersed in urine, and seeding was performed
by the depletion technique for quantification. Results were reported in colony-forming units by

milliliter of urine (CFU/ml).

The samples were seeded onto dishes containing Cled (Cysteine Lactose Electrolyte-
Deficient Medium) agar medium, incubated for 18 to 24 hours at a temperature of 35°C, and

the number of colonies was counted.
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Phenotypic identification of Staphylococcus spp.

The isolates were seeded in blood agar with 5% of sheep blood and stained by the
Gram method aiming at its purity and observance of its morphology and specific coloration.
After these characteristics were confirmed, the lineages were submitted to tube catalase,
DNAse and coagulase testing (gold standard) in order to differentiate Staphylococcus aureus
and coagulase-negative staphylococci species as recommended by Koneman et al. (2001). The
Staphylococcus genus was differentiated from Micrococcus based on the bacitracin-resistance
(0.04 U) test indicated by the absence of an inhibition halo or formation of a halo of up to 9
mm, and by sensitivity to furazolidone (100 ug), characterized by inhibition halos >15 mm in

diameter (Baker 1984, Vasconcelos et al. 2011).

Phenotypic identification of Staphylococcus aureus
The coagulase-positive staphylococci, in addition to the previously described tests,
were submitted to the trehalose fermentation test in order to differentiate Staphylococcus

aureus species from Staphylococcus schleiferi subsp. coagulans (Cunha et al. 2004).

For identification using the automated device Vitek | (Biomérieux), the results of the
catalase and coagulase tests were informed by external marks made on the identification

cards.

Phenotypic identification of coagulase-negative staphylococci

The coagulase-negative staphylococci were identified by the simplified method of
biochemical tests described by Cunha et al. (2004), which is divided into two phases. During
the first phase, the fermentation tests of xylose, saccharose, trehalose, maltose, mannitol,
hemolysin production and anaerobic growth in thioglycollate were performed. The tests

performed in the second phase vary according to the results obtained in the first phase and
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include urease production, nitrate reduction, B-D-fructose fermentation, ornithine

decarboxylation and novobiocitin resistance.

In addition to identification by the simplified method, the samples were identified by
the automation device Vitek |, using the GPI (Gram-Positive Identification) card, according to

the manufacturer's instructions.

A presumptive identification of Staphylococcus saprophyticus was performed based on
novobiocin (5ug) resistance and hemolysis absence. The result was considered to be resistant
when observing halos of up to 12 mm or an absence of halos, and sensitive when observing
halos >16 mm (Konemann et al. 2001). Resistant samples were identified as Staphylococcus
saprophyticus, and the sensitive samples were considered to be Staphylococcus epidermidis

species (Trabulsi et al. 1989).

Nucleic acid extraction
Total nucleic acid was extracted from Staphylococcus lineages cultured in blood agar

and individually inoculated in BHI broth at 37°C for 24 hours.

Extraction was performed by the lllustra Kit (GE Healthcare), according to the

manufacturer's instructions, and the extracted DNA was stored under refrigeration at -20°C.

Detection of the coa gene by the polymerase chain reaction (PCR) technique

For the amplification reaction, 1 pl of the DNA sample was added in 49 pl of the
reaction mixture containing MgCl, 4 mmol It M, 200 pmol I'* of each dNTP, 15 pmol I'* of each
primer (coal: 5 GTA GAT TGG GCA ATT ACA TTT TGG AGG 3 and coa2: 5 CGC ATC AGC TTT GTT

ATC CCATGT A 3) and 1 U of Taq DNA polymerase.

Amplification was performed by a thermocycler TC-100™, using the parameters

described by Kearns et al. (1999). The positive result was indicated by observing the presence
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of 117-pb DNA fragments. Reference lineages for positive (S. aureus ATCC 29213) and negative

(S. epidermidis ATCC 35983) coa were used.

The efficiency of amplifications was monitored by electrophoresis of the 3%
Ultrapure™ agarose gel reaction prepared in 0.5X Tris-Borate-EDTA buffer. A marker of 100-pb
molecular weight was used as standard. DNA was stained with SYBR® Safe and later

photographed under UV transillumination.

Genotypic identification of Staphylococcus spp.

The Staphylococcus spp. samples were submitted to genotypic identification using
primers of conserved sequences adjacent to genes 16S and 23S. This method, described by
Barry et al. (1991) and Couto et al. (2001), is known as ITS-PCR (Internal Transcribed Spacer-

PCR).

The technique was performed as described by Couto et al. (2001) using primers G1 (5'-
GAAGTCGTAACAAGG) and L1 (5'-CAAGGCATCCACCGT). The efficiency of amplifications was
monitored by electrophoresis of 3% metagen agarose gel reaction prepared in 1.0 X TBE buffer
and stained with SYBR® Safe. The size of the amplified products was compared with the 100 pb

standard and later photographed under UV transillumination.

Statistical analysis

In order to evaluate the accuracy of the coagulase and DNAse tests and of the
phenotypic identification methods for Staphylococcus spp. (novobiocin disk, simplified
methods of biochemical tests and Vitek | system) tests were applied for sensitivity and
specificity evaluation according to Fletcher et al. (1991) by using the search for the coa gene

and ITS-PCR as gold standard, respectively.
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Results

Comparison between the DNAse test, tube coagulase test and coagulase gene (coa
gene)

Among the 101 studied samples, all the 17 S. aureus were positive for coagulase,
DNAse and the coa gene (Fig. 1); however, of the 84 CNS, two showed positive DNAse, but
were negative for coagulase and the coa gene, and the 82 remaining samples were negative
for coagulase, DNAse and the coa gene. The DNAse test showed 100% sensitivity and 97.6%
specificity, and coagulase showed similar values to those by the reference genotypic method
(coa gene) with 100% sensitivity and specificity and agreement rates of 98.0% for DNAse and

100.0% for coagulase (Table ).

Phenotypic and genotypic identification of Staphylococcus spp.

As to the identification by using the novobiocin disk, 57 S. saprophyticus and 27 S.
epidermidis were identified. The simplified method of biochemical tests identified 57 isolates
as S. saprophyticus, 15 S. epidermidis, seven S. haemolyticus, four S. warneri and one S.
lugdunensis, while Vitek | identified 48 S. saprophyticus, 12 S. epidermidis, nine S. haemolyticus
and four S. warneri. By ITS-PCR (Fig. 2) 57 S. saprophyticus, 16 S. epidermidis, eight S.
haemolyticus, two S. warneri and one S. lugdunensis were identified; however, six samples of
S. auricularis, four of S. simulans and one of S. xylosus were only identified by Vitek |. The 17 S.

aureus found were identified by all the methods (Table Il).

The main failure in S. saprophyticus identification by Vitek | was the non-detection of
novobiocin resistance, which occurred in six of the nine isolates, followed by the positive
arginine test (five isolates), and four isolates showed both tests in disagreement. The five S.
epidermidis identified as S. auricularis by Vitek | were saccharose negative, and the two S.

warneri showed negative urease testing. In relation to the two species erroneously identified
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by the simplified method of biochemical tests, S. haemolyticus showed incorrect results for the

urease test and S. epidermidis for the trehalose test (Table Ill).

Regarding the sensitivity and specificity comparison between the identification
methods for all the studied species, the novobiocin disk showed 89.1% sensitivity and 89.1%
specificity, and as to Vitek I, sensitivity and specificity were of 81.2% and 92.0% respectively,
and as to the simplified method of biochemical tests, sensitivity and specificity were of 98.0%

(Table IV).

Discussion

The comparison of the coagulase test with DNAse production showed that all the
samples identified as S. aureus by the tube coagulase test were also DNAse positive. Rao et al.
(2002) reported four MRSA isolates with negative results for DNAse which were confirmed as
S. aureus by the latex agglutination test for detection of the Cumpling factor, tube coagulase,
identification by the Rapid ID32 Staph kit and typed by PFGE (pulsed-field gel electrophoresis),
identified as variant sub-types of EMRSA-15 (epidemic methicillin-resistant S. aureus) and still
not previously described. However, in our study, no DNAse-negative sample was identified as

S. aureus.

Kateete et al. (2010) also evaluated the sensitivity and specificity of the DNAse test,
where they observed 75.0% sensitivity and 96.0% specificity. These are lower values than
those obtained in this study, which were of 100.0% sensitivity and 97.6% specificity. Such
results are also similar to those found by Bello & Qahtani (2005), according to which sensitivity
and specificity were of 93.0% and 96.0% respectively. The same authors found, among the 180
S. aureus analyzed, 7 (3.9%) isolates producing fibrinolysins that lysed the clot within four
hours, thus showing the importance of reading this test after 1, 4 and 24 hours in order to

prevent identification errors. However, despite the less expressive number of samples
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evaluated in this study, clot lysis was not observed in any of the S. aureus isolates, thus

suggesting that none of the samples produced fibrinolysin.

Cunha et al. (2006) found clinically significant 59 CNS samples and seven DNAse-
producing samples, of which three were S. epidermidis, three S. lugdunensis and one S.
haemolyticus, reporting that enzyme concentration is important for its detection and that it
can be improved by the dialysis bag culture method. In this study, the enzyme concentration
methodology was not used since the DNAse test was one of the tests used with the purpose to
distinguish the S. aureus species from CNS. Even without using the concentration, two (2.3%)
positive samples to the DNAse test were found among the 84 CNS samples, thus confirming
the production of such enzyme by CNS. Therefore, this test must be cautiously used for that
purpose, since it may identify CNS samples as S. aureus or S. aureus as CNS, as reported in

other studies (Rao et al. 2002, Bello & Qahtani 2005, Kateete et al. 2010).

Our results showed that most of the isolated species were of S. saprophyticus (56.4%)
although other species were less frequently found: S. aureus (16.9%); S. epidermidis (15.9%); S.

haemolyticus (7.9%); S. warneri (1.9%) and one S. lugdunensis (1.0%).

Antibiotic resistance is usually codified by plasmids; hence, novobiocin resistance
genes can be transferred inter and between species (D’Azevedo et al. 2007). In this study, no
other novobiocin-resistant non-S. saprophyticus species was found; however, several authors
have reported novobiocin resistance in other CNS species besides S. saprophyticus (Large et al.
1989, Cunha & Lopes 2002, D’Azevedo et al. 2007), including samples isolated from patients

with UTI (Mctaggart & Elliott 1989, Higashide et al. 2008).

Trabulsi et al. (1989) suggested that the three main species of clinical interest could be
identified by the coagulase test and novobiocin sensitivity (S. aureus: coagulase positive and

novobiocin sensitive; S. epidermidis: coagulase negative and novobiocin sensitive and S.
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saprophyticus: coagulase negative and novobiocin resistant). In our evaluation, all S. aureus
and S. saprophyticus were correctly identified by using only the results from the coagulase test
and novobiocin resistance; however, among the 27 novobiocin-sensitive samples identified as
S. epidermidis, other species were found, and 11 samples were incorrectly identified by only
using these parameters; hence, the performance of additional tests is necessary for correct

identification.

In our study, agreement between ITS-PCR and Vitek | was of 81.2%. Vitek | identified
100% of S. aureus, 84.2% of S. saprophyticus, 62.5% of S. epidermidis and 87.5% of S.
haemolyticus; however, it did not identify the isolates of S. warneri or S. lugdunensis.
Bannerman et al. (1993) compared Vitek | (Biomérieux) with these conventional biochemical
tests in 500 clinical isolates, obtaining 89.0% agreement. Vitek | correctly identified 92.0% of
the isolates of S. epidermidis, 95.0% of S. haemolyticus, 88.0% of S. capitis subesp. capitis and
100.0% of S. saprophyticus. They also found three isolates of S. warneri, which were identified
as S. epidermidis, S. simulans, and S. conhii; one S. simulans strain was erroneously identified
as S. warneri or S. hominis. Of the 37 isolates of S. hominis, seven were incorrectly identified,
and three (43.0%) as S. epidermidis, three (43.0%) as S. saprophyticus and one (14.0%) as S.

warneri.

In our evaluation, Vitek | incorrectly identified six samples of S. epidermidis, of which
five were identified as S. auricularis and one as S. simulans; the two S. warneri found by ITS-
PCR were incorrectly identified by Vitek |, one as S. haemolyticus and the other as S.
auricularis, and no agreement between the methods occurred. Of the eight S. haemolyticus,
one was identified as S. epidermidis; of the 57 S. saprophyticus, Vitek | incorrectly identified

nine isolates, four S. warneri, three S. simulans, one S. haemolyticus and one S. xylosus.
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Caierdo et al. (2006) compared 94 CNS isolates by the conventional biochemical
method (Bannerman et al. 1993) with the Vitek | system and found that 20 isolates were
incorrectly identified, of which 11 were S. hominis. The automated Vitek | system was able to
correctly characterize 74 of 94 isolates (78.7%). These were similar results to those obtained in
this study, where Vitek | correctly identified 82 (81.1%) of the 101 isolates; however, that was
slightly lower than the results reported by Bannerman et al. (1993), who correctly identified

454 of 500 isolates (90.8%).

The simplified method of biochemical tests described by Cunha et al. (2004) showed
98.0% agreement with ITS-PCR, with rates of 93.7% for S. epidermidis, 87.5% for S.
haemolyticus and 100% for S. aureus, S. warneri, S. lugdunensis and S. saprophyticus. One of
the great challenges in CNS identification is related to the expression of genes, which may
often not be expressed, thus hindering the identification of certain strains within the same
species. Additionally, isolates from patients submitted to long therapy with antimicrobials may
change their typical biochemical characteristics, and ITS-PCR can then be a tool for identifying

rare phenotypes and aberrant species.

As regards accuracy, the simplified method of biochemical tests and novobiocin-
sensitivity test showed 100.0% sensitivity and specificity for S. saprophyticus identification, and
Vitek | showed 84.2% sensitivity and 100.0% specificity. Despite rapid identification (2 to 15
hours) and the large number of biochemical tests (29 tests), Vitek | failed to identify the CNS
species most frequently found in urine samples (S. saprophyticus) mainly due to the non-
detection of novobiocin resistance in some isolates (6/9), and S. epidermidis, the second CNS
most frequently found in urine samples and the first in other clinical materials, due to failure in

the saccharose test (5/5).
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In relation to the two species erroneously identified by the simplified method of
biochemical tests, S. haemolyticus showed incorrect results for the urease test, and the same
isolate was also urease positive by Vitek |, thus suggesting that rare species of S. haemolyticus
may show positive urease. S. epidermidis showed positive trehalose test results, and sugar
contamination may have occurred, considering that the same isolate was trehalose negative

by Vitek I.

The simplified method showed superiority in identification due to the fact that Vitek |
did not perform essential tests for identifying certain species and to the need for a longer
incubation period for some sugar fermentation tests (72 hours), as observed by Cunha et al.
(2004). The most difficult species to identify were S. warneri and S. haemolyticus, and such
difficulty was also reported by other authors (Bannerman et al. 1993, leven et al. 1995, Cunha
et al. 2004). This finding can be explained by the lack of complementary and essential tests,

such as hemolysin production.

Kim et al. (2008) compared the results of 120 CNS clinical samples identified by Vitek 2
and by the Microseq 500 system (Applied Biosystems), a commercial system for analysis of
gene 16S rRNA. Vitek 2 correctly identified 105 (87.5%) of the isolates and 6 (5.0%) incorrectly.
When the result with low level of discrimination and the correct identification were conjointly
considered, the agreement rate was of 95.0% (114/120). Therefore, even when a more
updated device and software were used, the agreement rates between the genotypic
identification method and automation were lower than the agreement rates between the
simplified method of biochemical tests (98.0%) and the genotypic method in this study, thus
confirming that the automated systems, despite being faster, are still not capable of reliably

differentiating different CNS species.
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The simplified method of biochemical tests showed agreement rates of 98.0% in
relation to ITS-PCR, while Vitek showed 81.2%, and the novobiocin disk presented 89.1% of
agreement with ITS. It is noteworthy that the low agreement of Vitek | is mainly due to the
identification of nine S. saprophyticus identified as being of other species, while the best
correlation of the novobiocin disk with ITS occurred exactly because it identified all S.
saprophyticus and because no other novobiocin-resistant CNS species were isolated among the

studied species in addition to S. saprophyticus.

It is important to note that, in this method, all the novobiocin-sensitive species were
identified as S. epidermidis; hence, when agreement with ITS-PCR was analyzed, there was a
false impression that it would be a good method for S. epidermidis identification (100.0%
agreement); however, other novobiocin-sensitive species (eight S. haemolyticus, two S.
warneri and one S. lugdunensis) would have been identified as S. epidermidis if only this test

had been used, with specificity of the novobiocin disk for this species of 87.0%.

Hence, in laboratories that do not have automation or where biochemical tests are not
performed for species identification, the best recommendation would be to release such

results as CNS, thus preventing identification errors.

The DNAse test showed good correlation with the coagulase test and with the coa
search gene for Staphylococcus aureus identification; however, such test, must be cautiously

used for that purpose since it may identify CNS samples as S. aureus or S. aureus as CNS.

The novobiocin disk showed to be a feasible alternative to identify S. saprophyticus in
urinary samples in laboratories with limited resources, and ITS-PCR and the simplified, method
of biochemical tests showed greater reliability than the automated system for identifying
staphylococci. Despite the reduction in prices of molecular techniques in the last few years,

this method still shows high cost to be used in the routine of clinical microbiology laboratories;
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however, the simplified biochemical method proposed by Cunha et al. (2004) is a feasible
alternative as it offers lower cost, can be easily performed and provides reliable results. Also,
the time for identification can be reduced by performing the urease and novobiocin tests in

the first phase for Staphylococcus spp. identification in urine samples.
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Illustrations

Fig. 1: Electrophoresis in agarose gel for the coa gene (117 pb) search by the PCR technique.
Lane 1: molecular weight marker (100 pb); 3, 6, 7 and 16: positive samples; 2, 4, 5 and 8 to 15:
negative samples; 17: positive control; S. aureus ATCC 29213; 18: negative control; S.
epidermidis ATCC 35983; 19: H,0.

Fig. 2: ITS-PCR (Internal Transcribed Spacer-PCR) for genotypic identification of Staphylococcus
spp species. Lane 1: molecular weight marker (100 pb); 2: S. saprophyticus ATCC 15305; 3 to
12: S. saprophyticus isolates; 13: negative control (H,0).

TABLE |

Agreement and accuracy test for the DNAse and coagulase methods

Methods
Accuracy Test
DNAse Coagulase coa gene

Sensitivity (%) 100.0 100.0 100.0
Specificity (%) 97.6 100.0 100.0
PPV (%) 89.4 100.0 100.0
NPV (%) 100.0 100.0 100.0
Agreement (%) 98.0 100.0 100.0

PPV: positive predictive value; NPV: negative predictive value.
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Comparison of identification methods
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Identification Methods

Species Novobiocin Vitek | Simplified ITS-PCR

N % N % N % N %
S. saprophyticus 57 56.4 48 47.6 57 56.4 57 56.4
S. aureus 17 16.9 17 16.9 17 16.9 17 16.9
S. epidermidis 27 26.7 12 11.9 15 14.9 16 15.9
S. haemolyticus 0 0 9 8.9 7 6.9 8 7.9
S. auricularis 0 0 6 5.9 0 0 0 0
S. simulans 0 0 4 3.9 0 0 0 0
S. warneri 0 0 4 3.9 4 3.9 2 1.9
S. lugdunensis 0 0 0 0 1 1.0 1 1.0
S. xylosus 0 0 1 1.0 0 0 0 0
Total 101 100 101 100 101 100 101 100
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Evaluation of biochemical tests that failed to identify species

ITS-PCR Simplified Method Vitek | System
No. Identification Identification Incor.Test Identification Incor. Test
1 S. saprophyticus . saprophyticus S. warneri Arg +; Rib +
1 S. saprophyticus . saprophyticus S. warneri Arg +; Nov S
1 S. saprophyticus . saprophyticus S. warneri Rib +
1 S. saprophyticus . saprophyticus S. warneri Nov S
2 S. saprophyticus . saprophyticus S. simulans Arg +; Nov S
1 S. saprophyticus . saprophyticus S. simulans Nov S
1 S. saprophyticus . saprophyticus S. xylosus Xyl +
1 S. saprophyticus . saprophyticus S. haemolyticus Arg +; Nov S; Ara +
4 S. epidermidis S. epidermidis S. auricularis Sac -
1 S. epidermidis Staph.epidermidis S. simulans Man +; Tre +
1 S. epidermidis S. warneri Tre + S. auricularis Sac -
1 S. warneri S. warneri S. haemolyticus Ure -
1 S. warneri S. warneri S. auricularis Ure -
1 S. haemolyticus S. warneri Ure + S. epidermidis Ure +; Arg -; Tre -
1 S. lugdunensis S. lugdunensis - S. epidermidis Lac-; Tre -

+ : positive; - : negative; S: sensitive; Incor. Test.: incorrect tests; Arg: arginine; Rib: ribose; Nov: novobiocin; Xyl:
xylose; Ara: arabinose; Sac: saccharose; Man: mannitol; Tre: trehalose; Ure: urease; Lac: lactose. Biochemical test
results were compared to the identification tables described by Konemann et al. 2001.
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TABLE IV

Comparison of sensitivity and specificity between the methods with ITS-PCR

Sensitivity (%) Specificity (%)
Species
Novobiocin Vitek | Simplified Novobiocin Vitek | Simplified

S. aureus 100.0 100.0 100.0 100.0 100.0 100.0
S. epidermidis 100.0 62.5 93.7 87.0 97.6 100.0
S. warneri 0.0 0.0 100.0 0.0 95.9 97.9
S. haemolyticus 0.0 87.5 87.5 0.0 97.8 100.0
S. lugdunensis 0.0 0.0 100.0 0.0 100.0 100.0
S. saprophyticus 100.0 84.2 100.0 100.0 100.0 100.0

Total (%) 89.1 81.2 98.0 89.1 92.0 98.0
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6. Biofilme Estafilococico

Os fatores de viruléncia produzidos pelos ECN e como eles contribuem na
patogenicidade das infeccdes associadas com corpos estranhos estdo em investigacao.
Evidéncias indicam que a patogenicidade pode estar relacionada com a producdo de
um polissacarideo extracelular que permite a aderéncia desse micro-organismo a
superficie lisa, colonizando cateteres, valvulas cardiacas, marcapassos e proéteses
articulares, formando o biofilme (120). Este confere protecdo aos micro-organismos
contra os mecanismos de defesa do sistema imune do hospedeiro e de agentes
antimicrobianos, sendo diretamente pelo bloqueio da penetracdo desses na célula
bacteriana, ou indiretamente por manté-la em um inativo estado de repouso. Por
estas razdes, sua formacao é considerada o principal fator de viruléncia dos ECN e as
mais importantes infec¢cdes causadas por estes micro-organismos sao as que envolvem

corpos estranhos (121).

Muitos autores definem biofilme como associacdes de micro-organismos e de
seus produtos extracelulares, que se encontram aderidos a superficies bidticas ou
abidticas. Sdo complexos ecossistemas microbianos que podem ser formados por
populacdes desenvolvidas a partir de uma Unica ou de multiplas espécies. Na maioria
dos ambientes naturais, o biofilme consiste de multiplas espécies, em contraste, em
infec¢des associadas a biomateriais, aproximadamente 80% das células sdo S.
epidermidis. Esse fenbmeno pode ser explicado pelo facil acesso deste habitante da

pele a cateteres e implantes (122).
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A adesdo de S. epidermidis depende de propriedades fisico-quimicas das
superficies polimérica e bacteriana. Como as superficies plasticas sdo hidrofébicas, e o
principal parametro que determina a adesao é a hidrofobicidade da superficie
bacteriana, a adesdo primdria de S. epidermidis tem sido similar em muitos

biomateriais investigados (123).

Quando um determinado material é implantado em um individuo, os fluidos
corpdéreos como as proteinas do soro e plaquetas passam a recobri-lo, o que
modifica as propriedades das superficies facilitando a aderéncia bacteriana (124-
125). S. epidermidis e S. aureus expressam dezenas de proteinas na superficie
bacteriana, chamadas MSCRAMMs (Microbial Surface Components Recognizing
Adhesive Matrix Molecules), que se ligam especificamente a proteinas da matriz
extracelular do hospedeiro, tal como fibrinogénio, colageno, fibronectina e
vitronectina. Dessas, a mais estudada é a Fbe, também conhecida como SdrG, uma

proteina que facilita a interacdo desses micro-organismos ao fibrinogénio (126).

Também foi demonstrado que amostras produtoras de biofilme,
dependendo das condi¢des de crescimento, contém consideraveis quantidades de
acidos teicdicos extracelulares (ECTA) (127), que aumentam a adesdo a superficies
revestidas com fibronectina, sugerindo um provdvel papel na viruléncia de S.

epidermidis (128).

No segundo estagio da formacgao do biofilme, ocorre a multiplicacdo dos ECN
na monocamada de células fixadas ao plastico ou ao hospedeiro. Para formar as

camadas bacterianas, as células vao se ligando umas as outras através do PIA
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(polissacarideo de adesdo intercelular), uma molécula polissacaridica que favorece
a adesdo entre as células, também chamada de poli-N-acetilglicosamina (PNAG)
(129-130). O PIA esta localizado na superficie celular, ¢ um homopolimero linear de
até 130 residuos de B-1-6-N-acetilglicosamina, composto por duas fracdes
polissacaridicas: polissacarideo | (>80%) com 15 a 20% dos residuos deacetilados e,
portanto carregados positivamente e polissacarideo Il (< 20%) estruturalmente
relacionado ao polissacarideo I, mas com baixa quantidade de residuos D-
glicosamina ndo N-acetilados e contém fosfato e éster ligado a succinato, sendo

anidnico (122,130-131).

A producdo do PIA (Figura 3) é mediada por produtos do gene cromossomal
ica (intercelular adhesion), organizados em uma estrutura operon. Este operon
contém os genes icaADBC (biossintese), mais o icaR, que tem a fungao regulatéria e
é transcrito no sentido oposto. Assim que ocorre a ativacdo deste operon, sao
codificadas quatros proteinas necessarias para a sintese do PIA que sdo IcaA, IcaD,
IcaB e IcaC (130). O PIA é sintetizado a partir de UDP-N-acetilglicosamina por uma
enzima N-acetilglicosaminatransferase, a qual é codificada pelo l6cus de adesdo
intercelular (ica), em particular pelo icaA. A expressao Unica deste gene induz uma
baixa atividade enzimatica produzindo baixa quantidade do polissacarideo.
Entretanto, a expressdo simultdnea do icaA e do icaD promovem um aumento
significativo da N-acetilglicosaminatransferase, que atua formando oligdmeros com
10-20 residuos aproximadamente de pB-1,6-N-acetilglicosamina (130, 132). Foi

demonstrado que icaD sozinho ndo induz atividade enzimatica de transferase,
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enquanto que o icaA isolado induz pouca atividade. Entretanto, quando icaA e icaD

sdo expressos conjuntamente, a atividade enzimatica da transferase é aumentada,

Figura 3: Modelo da biossintese do Polissacarideo de Adesdo Intercelular (PIA).

Fonte: Vuong et al. (134).

formando maior quantidade de PIA. Outra possibilidade proposta é que a proteina
transcrita por icaA, uma proteina transmembrana que contém aproximadamente
412 aminodacidos (133), necessita de icaD para obter uma conformacao ativa. Neste
mesmo trabalho foi mostrado que o produto do gene icaC, uma proteina
hidrofdbica integral de membrana com aproximadamente 355 aminoacidos (133), é
necessaria para a sintese de oligdbmeros de N-acetilglucosamina para reagir com
anticorpos do PIA. O gene jicaC quando expresso concomitantemente com o icaA e

icaD, induz a sintese de oligbmeros mais longos com 130 residuos, e
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presumivelmente também tem a func¢do de exportar a cadeia nascente de PIA. Apds
a exportacdo o PIA é desacetilado pela proteina IcaB que introduz cargas positivas,
gue sdo cruciais para sua localizacdo superficial e funcdo bioldgica. A producdo de
PIA e a sua desacetilacdo tém sido reconhecidas como fatores chave na viruléncia
de S. epidermidis (134-135) e sdo os mecanismos predominantes no acumulo em

biofilme (130).

Varios autores tém enfatizado a producdo de biofilme como um marcador
epidemioldgico da infeccdo (120, 136-137). Por outro lado, outros investigadores
ndo encontraram nenhuma associacdo entre cepas produtoras de biofilme e a
ocorréncia de infec¢Oes causadas por esses micro-organismos (138-140). Com base
nas consideragées acima, decidimos avaliar a viruléncia das amostras de ECN
isoladas de recém-nascidos internados na Unidade Neonatal do HC da FMB (ANEXO
8). O presente estudo mostrou que uma pequena proporc¢do dos isolados, que
produziram biofilme (22,2%) estiveram associados a processos infecciosos, porém
foi verificado uma frequéncia significativamente maior de linhagens de S.
epidermidis produtoras de biofilme isoladas de hemoculturas e de corpos estranhos
do que de secrecdes. As amostras de ECN produtoras de biofilme tém sido isoladas
mais frequentemente de pacientes com sepse do que de pacientes sem doenca
invasiva, indicando o risco de doenca invasiva em pacientes portadores de ECN

produtores de biofilme (137).

Em outro estudo, realizado para verificar os fatores de risco associados a
ndo cura de peritonites em pacientes submetidos a didlise peritoneal ambulatorial

continua (CAPD), foi verificado que a producdo do biofilme foi um fator
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independente associado com a ndo resolucdo de casos de peritonites causados por
ECN (ANEXO 9), sendo que as peritonites causadas por ECN ndo produtores de
biofilme apresentaram chance de cura 27 vezes maior do que nos episddios

causados pelas amostras de ECN biofilme positivas.

Em relacdo a deteccdo da producdo de biofilmes sdo utilizados
principalmente os métodos qualitativos, como o método de aderéncia em tubo de
borossilicato (TM) proposto por Christensen et al. (136), o método do Agar
Vermelho Congo (CRA) descrito por Freemam et al. (141) e o método quantitativo
de aderéncia em placa de poliestireno (TCP) descrito por Christensen et al. (142).
Ainda em complemento a esses métodos sdao utilizados os moleculares como a
reacdo em cadeia da polimerase (PCR), que amplificam genes envolvidos na
producao do biofilme. Uma colecdo de 80 amostras de estafilococos coagulase-
negativa (ECN) isoladas de materiais clinicos, provenientes de recém-nascidos (RN)
da Unidade Neonatal do HC da FMB e 20 de fossas nasais obtidas de individuos
sadios foram estudadas em nosso laboratério quanto a producdao de biofilme,
objetivando avaliar trés métodos fenotipicos de detec¢do de biofilmes em ECN e a
pesquisa dos genes icaA, icaD e icaC utilizando a técnica de PCR (ANEXO 10). Entre
os métodos fenotipicos foram utilizados os métodos de aderéncia em placa de
poliestireno (TCP), aderéncia em tubo de borossilicato (TM) e o método do Agar

Vermelho Congo (CRA).

Na pesquisa da producdo de biofilme pela técnica de aderéncia em tubo de
borossilicato (Figura 4), foi verificado que das 100 amostras estudadas, 82 foram

produtoras de biofilme, sendo 44 amostras isoladas de ponta de cateteres, 23 de
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hemocultura e 15 de fossas nasais. Com relacdo a andlise de cada espécie,
observou-se que 70 (85,4%) amostras de S. epidermidis foram positivas. A
producdo de biofilme também foi verificada em S. warneri (4), S. cohnni (3), S.
xylosus (2), S. saprophyticus (2) e S. lugdunensis (1). Os resultados mostraram que o
teste de aderéncia ao tubo de borossilicato apresentou 100% de sensibilidade e
100% de especificidade, quando comparado com a técnica de PCR (presenca

concomitante dos genes icaA e D ou icaACD).

Figura 4: Pesquisa da producdo de biofilme pelo método de aderéncia em tubo (TM)
em amostras de Estafilococos coagulase-negativa. 1: amostra ndo produtora
de biofilme, 2 e 3: amostras produtoras de biofilme, 4: S. epidermidis ATCC

12228 - (controle negativo), 5: S. xylosus ATCC - 29979 (controle positivo).

O teste de aderéncia a placa de poliestireno (Figura 5) com leitura no filtro
de 540nm, apresentou 96% de sensibilidade e 94% de especificidade para a
presenca dos genes icaA e D ou icaACD concomitantes, quando comparado com a

PCR.
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Em relacdo a utilizacdo do teste CRA, de acordo com o proposto por
Freeman et al. (141), espécies produtoras de biofilme formam col6nias negras
secas no CRA, enquanto que as ndo produtoras formam col6nias vermelhas. Das
100 amostras de ECN estudadas, 76 formaram coldnias negras no Agar Vermelho
Congo (Figura 6), com 44 amostras revelando coloragdao preta brilhante e 32
amostras com coloragdo preta e seca. Os resultados mostraram 24 amostras com
as coloragGes variando entre rosa (2%), vermelha (5%) e bord6 (17%). Assim, foi
necessario adotar uma escala de cinco cores comparando os resultados das placas
do CRA com a técnica de PCR com a finalidade de analisar a variagdo da coloragao
das col6nias com a presenca dos genes ica. Dessa forma, foram classificadas as
amostras positivas em preto brilhante (PB) e preto seca (PS) e as negativas em
vermelha (V), rosa (R) e bord6 (B). Em estudos realizados por outros pesquisadores
utilizando o CRA, também foram adotadas escalas de cores para se obter um
melhor diagndstico, porém com algumas variacdes nas tonalidades em relacdo a
escala proposta nesse estudo. Estudos realizados por Vogel et al. (120) e Arciola et
al. (79) tem classificado as amostras positivas com as colora¢cées muito negro (vb),
negro (b) e quase negro (ab) e as negativas como bord6 (brd), vermelho (r) e muito

vermelho (vr).

O método do Agar Vermelho Congo apresentou sensibilidade de 89% e
especificidade de 100% em comparagao com a presenca concomitante dos genes

icaA e icaD ou icaACD.

Os dados obtidos nesse estudo ndo revelaram diferenca em relacdo a

frequéncia da producdo de biofilme entre os isolados de amostras clinicas e de
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fossas nasais de portadores saudaveis em todos os testes utilizados para a pesquisa
de biofilme. A producdo de biofilme similar em amostras de ECN isoladas de
diferentes origens, incluindo espécimes clinicos, ambiente e da microbiota de

pessoas saudaveis, também foi relatada por outros pesquisadores (143-144).

Figura 5: Pesquisa da producdo de biofilme pelo método de aderéncia em placa de
poliestireno (TCP) em amostras de Estafilococos coagulase-negativa.
Coluna 1, Linhas A, B, C, D (TSB estéril); Coluna 13, Linhas E, F, G, H S.
epidermidis ATCC 12228 (Controle Negativo) — Coluna 2, Linhas A, B, C, D
S. xylosus ATCC 35984 (Controle positivo); Colunas — 3, 7, 8, 10, 11, 17
amostras classificadas como fraco aderente — 4, 6, 14, 15,16, 18, 19, 20,
21, 22 amostras classificadas como fortes aderentes — 5, 9, 12, 23 e 24

amostras ndo aderentes.
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Os resultados mostraram uma amostra positiva pelo método do teste de
aderéncia a placa de poliestireno e negativa para a presenca dos genes ica,
indicando a formacdo de biofilme PlA-independente. Nos casos da formacao de
biofilme independente de PIA, proteinas adesivas podem substituir o
polissacarideo, sendo que a proteina mais importante envolvida na formagdo de

biofilme é a Aap- proteina associada ao acimulo (145).

Figura 6: Pesquisa da producdo de biofilme pelo método de Agar vermelho Congo
(CRA) em amostras de Estafilococos coagulase-negativa. A S. simulans ATCC
27851, controle positivo, com colorac3do preto brilhante no Agar Vermelho
Congo. B Amostra negativa para produgdo de biofilme no Agar Vermelho

Congo, S. cohnni (coloragcdao vermelha).

Em estudo desenvolvido por Rohde et al. (146), 27% das linhagens produtoras
de biofilme isoladas de infeccbes de proteses ortopédicas formaram biofilme
independentes de PIA, sendo que na maioria dos casos a formacdo de biofilme

parecia ser mediada pela Aap. Aap é uma proteina de 220 kD que precisa se
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proteoliticamente clivada a uma forma menor de 140 kD para induzir a formacdo

de biofilme (147).

Também tem sido sugerido que a expressdo de Bap (Proteina associada ao
biofilme) leva a formacdo de biofilme, mesmo na auséncia do operon icaADBC,
ressaltando a importancia dessa proteina no estabelecimento de biofilmes. Ha
evidéncias da significancia de Bap durante mastite causada por S. aureus em
bovinos (148). Um gene homodlogo de bap, chamado bhp, ocorre em S. epidermidis
de uma maneira similar a bap em amostras isoladas de animais. No entanto, o
mecanismo pelo qual Bap e, eventualmente Bhp contribuem para a formacdo de

biofilme ainda ndo esta estabelecido (148-149).

Recentemente também tem sido demonstrado a importancia do DNA
extracelular na formacdo de biofilmes em S. epidermidis (150). A importancia do
DNA genomico extracelular (eDNA) como um componente estrutural do biofilme
foi demonstrada pela primeira vez em Pseudomonas aeruginosa (151), mas foi
posteriormente demonstrado em uma variedade de espécies bacterianas. Varios
estudos sugerem que a liberacdo de DNA extracelular de S. epidermidis é
principalmente causado pela atividade da autolisina Atle (gene atle) (152), sendo
que o eDNA é requerido para adesdo inicial nas superficies, bem como na etapa
subsequente durante a maturacdao do biofilme. O tratamento das células de S.
epidermidis com DNAse | inibiu a formacdo de biofilme no tempo inicial, sugerindo
qgue a liberacdo de DNA contribui para a fixacdo dos S. epidermidis nas superficies.
Em S. aureus a lise celular e a liberacdo de eDNA tem sido associadas a presenca

do gene de autolisina (mureina hidrolase) gene cidA, enquanto a producdo de
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termonuclease tem mostrado papel na degradacdo do eDNA e dispersdao do
biofilme (153). Estudos em desenvolvimento em nosso laboratério tem como
objetivos detectar a presenca dos genes Aap, bap, bhp e atle em S. aureus e

Estafilococos coagulase-negativa isolados de leite de ovinos com mastite.

O biofilme garante o estabelecimento de um sistema de comunicacao que
coordena as atividades metabdlicas em beneficio mutuo, assim como a producao
de fatores de viruléncia que facilitam a disseminacdo desses microrganismos no
hospedeiro. Um fator que contribui para a sobrevivéncia das bactérias dentro do
hospedeiro permitindo que estas controlem de maneira eficiente os seus
mecanismos de viruléncia, inclusive a formacdo do biofilme, ocorre através de um
processo conhecido como quorum-sensing (QS), no qual a comunica¢do bactéria-
bactéria baseia-se em moléculas sinalizadoras, chamadas auto-indutores, através
das quais podem regular seu comportamento de acordo com a densidade
populacional. Com isso, as bactérias podem perceber o momento em que estdo em
alta densidade celular para expressar fatores de viruléncia e garantir que o ataque
conjunto ao hospedeiro seja eficiente. Quando um pequeno nimero de bactérias
libera auto-indutor no ambiente, sua concentracdo é muito baixa para ser
detectada; porém, quando estdo em alta densidade populacional, a concentracdo
de auto-indutores alcanca um nivel suficiente para fazer com que as células
respondam aos estimulos, ativando ou reprimindo genes alvo. Dessa maneira, este
sistema permite que as bactérias coordenem seu comportamento de acordo com

as condicbes do ambiente, adaptando-se de acordo com a disponibilidade de
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alimento, temperatura, pH, osmolaridade, bem como a expressdo de fatores de

viruléncia, producdo de antibiodticos, formacdo de biofilmes e outros (130).

S. aureus regula seus fatores de viruléncia através de dois sistemas quorum-
sensing (QS), que regulam um ao outro (154-155). O QS1 consiste na ativacdo do
RNAIII através da RAP (proteina ativadora de RNA), uma proteina de 21-KDa que
induz a fosforilacdo da proteina alvo de RAP (TRAP) (155-156). Conforme as
bactérias vao se multiplicando, a RAP atinge um limiar de concentracdo (em meio a
fase de crescimento exponencial) induzindo a fosforilacdo da sua molécula alvo, a
TRAP (157). A fosforilacdo da TRAP ativa a sintese do QClI, que é composta pelos
produtos do sistema agr (gene regulador acessorio). No locus agr, dois promotores
com orientagbes opostas, P2 e P3, produzem dois transcritos, RNAIl e RNAIII,
respectivamente. O RNAIIl é formado por 510 nucleotideos responsaveis pela
transcricao de genes de muitos fatores de viruléncia, como toxinas extracelulares,
enzimas e proteinas de superficie celular presentes em S. aureus (158). O RNAII é
formado por quatro genes, agrA, agrB, agrC e agrD, arranjados em um operon
(agr), e juntos trabalham para induzir a sintese do RNAIIl. Os produtos dos genes
agrB e agrD, respectivamente as proteinas agrB e agrD se juntam formando um
polipeptideo autoindutor (AIP). A AgrC é uma proteina transmembrana com
receptores para AIP e quando AIP se liga a proteina AgrC, este fosforila a proteina
AgrA ativando-a. A proteina AgrA fosforilada age como um indutor dos promotores
P2 e P3. A sintese do RNAIII é induzida quando a concentrac¢do do AlP, especifico no
meio, atinge determinados niveis que geralmente sdo detectados na passagem da

fase exponencial de crescimento para a fase estacionaria. O produto final da



132

cascata do locus agr é o RNAIIl, um RNAm que funciona como indutor ou repressor

dos genes acessorios (155-156, 158).

Os sistemas QS1 e QS2 (Figura 7) se interagem, pois, a interacdo entre a
fosforilacdo da TRAP e AgrC através de seus respectivos auto-indutores, RAP ou
AIP, regula a expressdo de moléculas de adesdo ou toxinas, ativando a expressao
de exotoxinas na presenca de alta densidade celular e a supressdo de adesinas,
com consequente disseminacdo dos micro-organismos pelo tecido do hospedeiro.
Sendo assim, a TRAP demonstra ser uma molécula chave na regulacdo da
patogénese, pois quando sua expressao é inibida por mutagénese ou por peptideos
inibitorios, as bactérias ndo formam biofilmes, ndo produzem toxinas e ndo causam

doencas (159-160).

Um peptideo (YSPWTNF-NH2), conhecido como RIP (peptideo inibidor de
RNA) pode inibir a atividade do RNAIll, impedindo a fosforilacio da TRAP,
interferindo no sistema quorum sensing. O RIP tem se mostrado muito eficaz no
tratamento de infecgdes estafilocdcicas associadas a dispositivos médicos,
incluindo aquelas causadas por cepas de S. aureus e S. epidermidis resistentes a
multiplas drogas (157, 161). Estudos com implantes em animais para observacdo da
producdo de biofilme, e a utilizacdo do peptideo inibidor de RNA (RIP), mostraram
gue a injecdo do peptideo (RIP) nos animais inibiu o RNAIIl, impedindo a
fosforilacdo da proteina (TRAP), interferindo no sistema quorum-sensing, e como
resultado houve uma baixa producdo de biofilme e infec¢des (162). Outros estudos
mostraram que o RIP ao interferir no sistema quorum-sensing, além de ser muito

eficaz na terapia de prevencdo de infecgGes estafilocécicas associadas a
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dispositivos, também reduz a carga bacteriana e pode ser Gtil para o tratamento de
feridas infectadas, podendo representar uma alternativa interessante para o futuro

em relagdo aos antibidticos convencionais (163).

Figura 7: Interacao de TRAP e Sistema Agr (Fonte: Balaban et al. 2001)

Em relacdo aos antibidticos, as bactérias nos biofilmes, geralmente
apresentam um aumento na concentragao inibitéria minima (CIM), resultando em
reducdo da suscetibilidade. Varios fatores contribuem para o aumento dessa
resisténcia aos antimicrobianos, por exemplo, o modo de crescimento do biofilme
permite que as bactérias sobrevivam a exposicdo a varios antimicrobianos em

concentracGes até 1000 vezes maiores em relacdo as bactérias plancténicas (164).

Estudos mostraram que a relativa resisténcia aos antimicrobianos pode ser
devido a penetracdo limitada destes, pois algumas partes do biofilme sdo dificeis

de atingir ou a atividade metabdlica é lenta. Alguns antimicrobianos reduziram a
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atividade em ambientes privados de oxigénio, o que também contribui para a
resisténcia do biofilme, devido a disponibilidade de oxigénio ser reduzida nos niveis
mais profundos (165). Outro fator pode ser a expressao de certos genes dentro do
biofilme que conferem aumento da resisténcia aos antimicrobianos entre as
espécies gram-positivas, principalmente os estafilococos, revelando preocupagdes

guanto ao uso de antibidticos e a necessidade de novos agentes (164, 166-167).

Devido aos Estafilococos coagulase-negativa serem uma das principais
causas de infec¢Oes relacionadas a dispositivos médicos, pela sua capacidade de
aderéncia e a consequente formacdo do biofilme, nos quais as bactérias
apresentam resisténcia a multiplas drogas antimicrobianas, tornando o tratamento
de infeccbes do biofilme um esforco dificil e caro, outro estudo em
desenvolvimento em nosso laboratério objetiva o estudo da estrutura do biofilme
bacteriano em diferentes espécies de ECN por microscopia eletrénica de varredura,
avaliacdo da antibioticoterapia utilizada para tratamento dessas infec¢gdes em
biofilmes e células livres e a busca de alternativas para prevenc¢ao da formacgao de

biofilme estafilocdcico utilizando o RIP em modelos experimentais in vitro.
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CUNHA MLRS, RUGOLO LMSS, LOPES CAM. Study of virulence factors in coagulase-
negative staphylococci isolated from newborns. Mem Inst Oswaldo Cruz. 2006; 101:

661-8.


http://lattes.cnpq.br/1197755531108177
http://lattes.cnpq.br/1742303453523352

136



tion of xylose, arabinose, sucrose, trehalose. mannitol,
maltose, lactose, xylitol, rbose and fructose, character-
1zation of hemolysis, nitrate reduction, urease, decarboxy-
lase ornithine, and resistance to novobiocin.

The following intemational CNS reference strains were
used as controls: N, epidermidis (ATCC 12228), S sy
(ATCC 27851), 8 warneri (ATCC 10209), 5. xvlosis (ATCC
29979), and §. saprophyvticus (ATCC 15305).

Clinical relevance - Data were obtained by analysis
of the patients” medical records, Data regarding perinatal
infection risk factors were reviewed, including prolonged
membrane rupture (> 24 h), gestational age, birthweight,
and invasive procedures such as arterial or venous um-
bilical catheterization, central venous or peripheral cath-
eterization, mechanical ventilation, surgical procedures,
peritoneal dialysis, parenteral nutrition, chest drainage.
and ventriculoperitoneal shunts. The possibility that for-
eign bodies had been removed during CNS infection was
also examined.

The progression of the clinical situation of the new-
born during the week before and after CNS isolation was
analyzed, with emphasis on diagnosis and clinical charts
suggestive of CNS infection, characterized by insidious
and non-specific symptoms, more frequently affecting
general health, thermal instability, and apnea (Hall et al.
1987).

With progression of the clinical situation, alterations
in the blood count and’or positivity for C-reactive protein
were determined at the time of ONS isolation. Normal he-
matological parameters were those proposed by Manroe
etal. (1979). The deaths observed were attributed 1o CNS
infection occurring within the first 72 h after agent isola-
tion, and possible association with CNS between days 4
and 7 after CNS isolation.

Another aspect investigated and considered to be of
clinical relevance was the previous use of antibiotic
therapy, including antibiotics adequate for ONS after bac-
tenological diagnosis, as well as the use of specific anti-
biotics such as vancomycin, oxacillin, or teicoplanin,

The CNS isolated in the present study were classified
as “significant” and “contaminant™ according to modi-
fied CDC criteria (Garner et al. 1996), as follows:

“Significant™ - CNS isolated from newborns who pre-
sented three or more of the following features: risk factors
for infection, clinical or hematological alterations, and
adequate antibiotic therapy. Isolates were also consid-
ered to be significant in patients who presented only two
of these features and who died without receiving adequate
antibiotic therapy.

“Contaminant” - CNS isolated from newborns who
presented only risk factors for infection and/or only one
of the other features (clinical or hematological alterations,
or adequate antibiotic therapy). Isolates from newborns
who presented all three features, but showed a satisfac-
tory course of the infection without the administration of
adequate antibiotics were also considered to be contami-
nants. The isolation of another etiological agent from in-
ternal fluids and foreign bodies at the time of CNS isola-
tion was also used as a criterion for the classification of
contamination.

137

Studdy of stime production - Shime production was ana-
lyzed as described by Christensen etal. (1982).

Determination of hemolysin production - The pro-
duction of hemolysins and cytolytic toxins was determined
on plates containing blood agar base consisting of 5%
rabbit blood and 5% sheep blood incubated at 37°C for 24
h. A positive result was indicated by the formation off
hemolysis zones around the isolated colonies.

Determination of lipase and lecithinase - Lipolytic
activity (Jessen et al. 1959) was determined on plates con-
taining blood agar base enriched with 0.01% CaCl,.2H,0
and 1% Tween 80, A positive result was defined as the
formation of opacity around the colonies after incubation
at 37°C for 18 h, followed by incubation for 24 h at room
temperature. The production of lecithinase (Owens 1974)
was studied in Baird-Parker medium. A positive result was
indicated by the formation of an opaque halo around the
colonies,

Determination of DNAse and I'NAse - Nuclease
(DN Ase) and thermonuclease (TNAse) were determined
by the metachromatic Toluidine blue O-DNA agar diffu-
sion technique according to Lachicaetal. (1971). Positive
results were interpreted by comparing the halos obtained
with the 8. awreus reference strain (ATCC 25923 ), DN Ase,
and positive TNAse.

Culture supernatants obtained by the sac culture
method (Donnelly et al. 1967), as described below, were
also tested for DNAse and TNAse production.

Production of toxiny - The toxigenic profile of the iso-
lates was determined using the sac culture method of toxin
production (Donnelly et al. 1967). Culture supernatants
obtained were stored at -20°C until the time of use.

Detection of enterotoxins and TSS1-1 - Enterotoxins
and toxic shock syndrome toxin | (TSST-1) were detected
by the reversed passive latex agglutination (RPLA) assay
as described by Shingaki et al. (1981). The SET-RPLA-
T and TST-RPLA-TD940 (Oxoid Diagnostic Reagents)
kits were used for the detection of enterotoxin A (SEA),
enterotoxin B (SEB), enterotoxin C (SEC) and enterotoxin
D(SED), and of TSST-1, respectively, The culture super-
natant was previously treated with 5% (v/v) normal rabbit
serum or 5% purified rabbit IgG to prevent the occurrence
of nonspecific reactions ( Pereira et al. 1997). Samples that
presented nonspecific reactions even after these proce-
dures were filtered through a Millipore membrane (8 um)
and, if necessary, diluted 1:10 with 0.02 M phosphate
bufferin 0,9% NaCl,pH 7 4.

The following international ONS reference strains were
used as controls: 8. aurens (ATCC 13565, SEA producer),
S. anrens (ATCC 14458, SEB producer), S. aurcus (ATCC
19095, SEC producer), and 8. anreus (ATCC 23235, SED
producer).

Statistical analysis - The data were analyzed by the
% testor Fisher's exact test, with n < 20. The nonparamet-
ric Mann-Whitney test was used for the analysis of new-
born birthweight and age. The level of significance was
set at p < 0.05 for all tests.



RESULTS

Organisms - A total of 117 CNS were isolated from
different matenals collected from 107 newborns. Sixty 1s0-
lates were obtained from blood cultures collected between
1990 and 1996, 41 isolates were from foreign bodies (30
from catheter tips, 10 from cannula tips, 1 from a chest
drain tip), 13 from secretions (2 drain secretions, S gastric
secretions, 6 tracheal secretions), and three from urine, all
obtained between 1994 and June 1996,

Ldentification of CNS - 8. epidermidiy was the CNS
species most frequently isolated, corresponding to 91
(77.8%) isolates. The remaining species were distributed
among 5. haemolyricus (7 1solates, 6%), 8. lugdunensis
(7 solates, 6%), S. hominis (5 1solates, 4.3%), S, simulany
(4 isolates, 3.4%). S. warneri (2 isolates, 1.7%), and S.
xylosus (1 isolate, 0.8%).

Clinical relevance - Of the 60 blood culture 1solates,
35 (58.3%) were interpreted to be significant and 25 (41.7%)
to be contaminants, Of the 41 CNS isolated from foreign
bodies, 21 (51.2%) were considered to be significant, in-
cluding 14 isolates from catheter tips (66,7%), six from
cannula tips (28.6%), and one from a chest drain tip (4.7%).
Of the 13 isolates from secretions, four were considered
to be significant, including one from chest drain secretion
and three from tracheal secretion.

Of the 107 newboms, 54 had CNS infection and 53
were infection-free. Table | shows that 27 (50%) of the
infected newborns presented a birthweight < 1300 g, sig-
nificantly different from infection-free newboms (20.8%).
Median birthweight also showed a significant difference
between the CNS-infected group (14935 g) and the infec-
tion-free group (2270 g). Median age at CNS isolation dif-
fered significantly between the infection group (10 days
oldyand the infection-free group (4 days old). Most CNS-
infected newborns (42, 77 8%) were submitted to two or
more invasive procedures, including the use of a catheter
in 48 (88.9%), parenteral nutrition in 35 (64.8%), and me-
chanical ventilation in 33 (61.1%),
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The results showed a higher frequency of 5. epi-
dermidis associated with infection (86.7%) than with con-
tamination (68.4%) (p < 0.05). No significant differ-
ences were observed for the other species.

Chinically significant CNS were isolated at a higher
proportion from blood than secretions (p < 0.05), but there
was no statistically significant difference when compared
to foreign bodies.

Stime production - Fig. 1 shows that 20(17.1%) of the
117 ONS isolates were positive for slime production, in-
cluding 18.7% of S. epidermidis strains, 28.6% of 5.
lugdunensis strains, 20% of 8. hominis strains. 8. hae-
molvticus, S, simulans, S, waraeri or 8. xylosus strains
were negative for slime production.

Table Il shows that 12 (23.1%) of the 52 significant 5.
cpidermidiy isolates were slime producers compared to
five (12.8%) of the 39 contaminant solates, with no sig-
nificant difference between groups. Slime production was
not observed in any of the other significant species
Among contaminant samples, two of the four S fug-
dunensiy samples and one of the five 8. hominis samples
produced slime.
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Fig. 1. production of slime by coagulase-negative staphylococct
according to spectes and clinical material. 8- Stophylococcns

TABLE 1
Pennatal risk factors of coagulase-negative staphylococet infection

Risk factors With infection
N %
Median BW (g) 1495
BW < 1300 g 27 50
Median age (days) 10
Catheter 48 88.9
Chest druinage 10 18.5
Mechanical ventilation 33 61.1
Parenteral nutrition 15 648
Ventriculoperitoneal shum 3 55
Non-removal of 3 547
foreign body
Membrane rupture > 24 h 18 333
Twa or more foreign bodies 42 77.8
Total of nconates 54 50.5

Infection free Toral
N % N % p value
2270 1985 0.0011
11 20.8 39 364 0.0002
R 7 0.0042
33 623 81 757 0.0004
s 94 15 14 ns
18 M Si 47 0.0138
22 41.5 s7 533 0.0040
2 38 ) 4.7 ns
17 321 48 448 0.0010
17 321 3s 327 ns
20 377 62 579 0.0001
53 495 107 100

BW: birthweight; ns: P > 0.05 (values did not differ significantly at the 5% level of significance).
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tamination (68.4%) (p < 0.05). No significant differ-
ences were observed for the other species.

Chinically significant CNS were isolated at a higher
proportion from blood than secretions (p < 0.05), but there
was no statistically significant difference when compared
to foreign bodies.

Stime production - Fig. 1 shows that 20(17.1%) of the
117 ONS isolates were positive for slime production, in-
cluding 18.7% of S. epidermidis strains, 28.6% of 5.
lugdunensis strains, 20% of 8. hominis strains. 8. hae-
molvticus, S, simulans, S, waraeri or 8. xylosus strains
were negative for slime production.

Table Il shows that 12 (23.1%) of the 52 significant 5.
cpidermidiy isolates were slime producers compared to
five (12.8%) of the 39 contaminant solates, with no sig-
nificant difference between groups. Slime production was
not observed in any of the other significant species
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dunensiy samples and one of the five 8. hominis samples
produced slime.

Fo

£

2

22

=

>

Eilb

g 10

=

E -

o

=

Blood Foreing body Secretion  Urine Total

DS oprch Bs fyticus BS ugdunensis @S A
DS simula &8 warnesn WS xplosus o Tota

Fig. 1. production of slime by coagulase-negative staphylococct
according to spectes and clinical material. 8- Stophylococcns

TABLE 1
Pennatal risk factors of coagulase-negative staphylococet infection

Risk factors With infection
N %
Median BW (g) 1495
BW < 1300 g 27 50
Median age (days) 10
Catheter 48 88.9
Chest druinage 10 18.5
Mechanical ventilation 33 61.1
Parenteral nutrition 15 648
Ventriculoperitoneal shum 3 55
Non-removal of 3 547
foreign body
Membrane rupture > 24 h 18 333
Twa or more foreign bodies 42 77.8
Total of nconates 54 50.5

Infection free Toral
N % N % p value
2270 1985 0.0011
11 20.8 39 364 0.0002
R 7 0.0042
33 623 81 757 0.0004
s 94 15 14 ns
18 M Si 47 0.0138
22 41.5 s7 533 0.0040
2 38 ) 4.7 ns
17 321 48 448 0.0010
17 321 3s 327 ns
20 377 62 579 0.0001
53 495 107 100

BW: birthweight; ns: P > 0.05 (values did not differ significantly at the 5% level of significance).
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TABLE 11
Frequency of enzyme- and slime-producing coaguluse-negative staphylococet 1solates according to species and clinical relevance

S epidermidiy - S haemolviicus

sm ce S C S
Enzymes 529 39 2 L) 3
Hemolysin 7 4 2 3 1
Lipase 6 8 1 1 0
Lecithinase I | 0 | 0
DNAse 3 6 1 1 3
TNAse 2 3 0 0 1
Shime 12 s 0 0 0

S Staphylococens, a: totnl number of strains: S: clinically significant strains | C: contaminant strains; ns: P> 0.05 (values did

differ significantly at the 5% level of significance),

Enzyme production - The distribution of significant
S, epidermidis 1solates according to enzyme production
is shown in Table I1. Enzyme concentration is important
for the identification of CNS producers of DNAse and
TNAse. Direct detection of DNAse and TNAse in super-
natants from overnight cultures in BHI broth only revealed
production by one §. lugdunensis strain. However, when
the culture supernatants were concentrated by the sac
culture method (Donnelly et al. 1967), production was
observed in vanous species.

Of'the 52 clinically significant 8. e¢pidermidis isolates.
seven produced hemolysin, six lipase, three DNAse, and
two TNAse. No significant difference in enzyme produc-
tion was observed between the S, epldermidis contami-
nant isolates and the clinically significant isolates.

The two chinically significant enzyme-producing .
haemolyticus isolates produced hemolysin, one produced
lipase. and one produced DNAse (Table 11). Among the
three clinically significant 8. lugdunensis isolates. one
produced hemolysin, all three produced DNAse, and one
produced TNAse (Table 11).

Provduction of enterotoxing and TSNT-1 - Fig. 2 shows
that 44 (37.6%) isolates produced one or a combination of
two or more enterotoxins, The distribution of ONS toxin
producers according to chnical relévance is shown in Table
IT1. Of the 52 clinically significant S. epidermidis isolates,
18 (34.6%) produced enterotoxins, 14 of them producing
only SEC, one concomitantly producing SEA and SEB,
two producing SEB and SEC, and one simultancously pro-
ducing SEA, SEB. and SEC. There was no sigmficant dif-
ference in enterotoxin production between clinically sig-
nificant and contaminant 8. epidermidis isolates.

Simultaneous production of SEA and SEB and SEB
and SEC was also observed in one clinically significant 5.
lugdunensis strain (Table 111). Isolated production of SEC
was observed in one isolate each of contaminant §,
haemolyticuy, S. lugdunensis, S, hominis, and S, simulans
(Table T11). The only 8. séimulans strain considered to be
significant also produced SEC, whereas S, warneri and 8.
xvlosus produced no enterotoxins. None of the 117 CNS
studied produced SED or TSST-1.

S hegdunensis

Species

S haminiy S simulans S warneri
C S C S C S C
4 0 s | 3 | |
4 0 0 0 0 | 0
1 0 0 0 2 0 1
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Fig. 2: production of enterotoxins by coagulase-negative staphylo-
cocet accordmy to species and chinical matenial. S0 Sraphylococ-
CUN

DISCUSSION

CNS are important microorganisms indigenous to hu-
mans and have emerged over recent years as etiologic
agents in a series of infections (Hall et al. 1987, Kloos &
Bannerman 1995). In a study carried out by the Centers
for Disease Control and Prevention (Atlanta, GA) between
1986 and 1994, involving 99 hospitals, 13,179 cases of
infection in newborns were confirmed. with CNS being
the agents most frequently isolated in hospital infections
{Gaynes et al. 1996). In the 1990s, CNS appeared as the
main cause of sepsis in neonatal intensive care units, with
an incidence of 33 to 35% among very low birthweight
infants (< 1500 g) (Kacica et al. 1994). The occurrence of
CNS in neonatal intensive care units has been attributed
to the higher survival rates of premature low birthweight
newborns and to procedures such as the use of vascular
catheters, parenteral nutrition, mechanical ventilation, and
prolonged hospital stays (Fleer & Verhoef 1984),

In the present study. N. epidermidis was the most fre-
quently isolated species ( 77.8%). in agreement with other
investigators (Hall et al. 1987, Neumeister etal. 1995). It
was also the most frequently isolated species in clinically
significant situations, such as newborns with infection
(88.9%). The predominance of 5. epidermidis among CNS
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TABLE 11
Frequency of toxin-producing coagulase-negative staphylocoeci strains according to species and clinical refevance

S. epidermidis S haemolysicus

S cr» S €
Toxmns 524 39 2 5
SEA 0 0 0 0
SEB 0 0 0 il
SEC 14 17 0 I
SED 0 0 0 0
TSST-1 0 0 0 0
SEA+SEB | 0 0 0
SEB-SEC 2 2 0 0
SEA+SEB-SEC | 0 ] 0
Total 18™ 1 9% 0 |

Species
5 Ingdunensi:
3 ¢

S hominis 5. simulans

~
~
1

N Cm=CcCocooQ wn
cococo=cog | &
cccocceocce ow
ccococ—cc w
ccocco—cs —-w
coccc=ce W

=

5 Staphylococens; a: total number of stramns; S: clincally significant strams: C: contaminant strains: SEA: enterotoxin A; SEB:
enterotoxin B: SEC: enterotoxin C; SED; enterotoxin D; TSST-1: toxie shock syndrome toxin-1; ns: P> 0.05 (values did not differ

significantly at the 5% level of significance).

species causing infection in newborns has been recog-
nized by other investigators, with its frequency ranging
from 60 to 90% (Hall et al. 1987, Neumeister et al. 1995),

Although S. epidermidis is the most frequent etio-
logical agent, other pathogenic CNS species have been
isolated from various clinical sources (Kloos & Bannerman
1995). In the present study, other species were found to
be associated with infection, including two 8. haemo-
Nvticus strains, three S, fugdunensis strains, and one strain
each of 8. simulany, S. warneri, and S. xviosus. Hall etal.
(1987) 1solated three S. haemaolvticus strains, two S,
hominiy strains, two S, warneri strains, and one S,
simulans strain from children with clinical and laboratory
evidence of sepsis and also pneumonia.

There are few reports of infection with 8. lugdiunensiy
in newborns, probably because this species has only been
described recently (Freney et al. 1988), However, studies
on adult patients have shown that this species is an op-
portunistic and significant pathogen (Fleurette etal. 1989,
Lambe etal. 1990),

The mechanisms by which CNS provoke infections
have not been completely elucidated. However, in oppor-
tunistic situations, these MICroorganisms cross protec-
tion barriers such as the skin and mucosa and colonize
sites adjacent to the normal flora. Several authors have
emphasized the production of exopolysaccharide or shime
as an epidemiological marker of infection (Christensen et
al, 1982, Hall etal. 1987, Vogel 2000). On the other hand,
other investigators have found no association between
slime-producing strains and the occurrence of infections
caused by these microorganisms (Christensen et al, 1983,
Riley & Schneider 1992).

The present study shows that a small proportion of

the isolates which produce this exopolysaccharide (22.2%)
are associated with infectious processes, Other authors
also found no evidence of slime being a virulence factor
(Christensen etal. 1982). Riley and Schneider (1992) also
suggested that slime production does not seem (o be an

important virulence factor of 8. supropivticus isolated
from women with urinary tract infection.

Various experiments using animal models have been
carried out to determine the importance of slime as a viru-
lence factor. Baddour et al. (1984), in an experimental study
on catheter-induced endocarditis in rats, observed a dif-
ference in virulence between 8. epidermidis and 8.
fromimis. All amimals inoculated with 8. epidermidis de-
veloped endocarditis compared to only 12.5% of animals
moculated with 8. hominis (p < 0.001). However, the au-
thors found no association between slime production and
the development of endocarditis, suggesting that this
polysaccharide is not a critical determinant of virulence.
Additionally, Patrick etal. (1992). using mice with subcu-
taneous implants, observed that slime-producing samples
did not increase the risk of infection, The authors sug-
gested that traumatized tissue, associated with the pres-
ence of catheters, might be a sufficient condition for the
development of infections caused by CNS, and that fac-
tors other than slime-mediated colonization determine the
pathogenicity of these microorganisms.

However, if shime production promotes adherence 1o
prostheses, thus acting as a virulence factor, infection
control becomes more difficult since it protects NS cells
from antimicrobial agents and the host's natural defense
mechanisms, Gray et al. (1984) reported that the mucous
substance produced by CNS can interfere with the cell-
mediated immune response. Davenport et al. {1986)
showed that only 32% of infections caused by slime-pro-
ducing CNS were cured by antibiotics, whereas a 100%
success rate was achieved for non-producing strains.
These results suggest that the control of infections caused
by slime-producing CNS requires the removal of the pros-
thesis, as well as conventional antibiotic therapy.

Slime production can also vary among different spe-
cies, According to Christensen et al. (1983), this charac-
teristic is more frequent in strains of 8. capitis, §.
epidermidis, S. hominis, and S. saprophyticus. Among



the ONS species isolated in the present study, slhime pro-
duction was observed in S. epidermidis, §. lugdunensis,
and 5. hominis. Shime production by 8. fugdunensis has
also been reported by Fleurette etal. (1989),

The study of ONS pathogenicity has also shown that
various metabolites are produced by these microorgan-
isms, including enzyvmes and toxins which may play arole
in the pathogenicity of these microorganisms (Gemmell
1987). Other authors have observed the production of
hemolysins or cytolytic toxins by CNS. In the present
study, hemolysins were produced by isolates of S. epider-
midis, S. haemolyticus, 8. lugdunensiy, and S, warneri,
but not by strains of S. hominis, S. simulany, and §.
Avloxus. Similar results have been reported by Kloos and
Schleifer (1975), Fleurette et al. (1989), Lambe et al. (1990),
and Cunha etal. (2004),

The production of ipase, DNAse, and TNAse by these
organisms has also been reported. Lambe ct al. (1990)
verified that most S. cpidermidis, S. warneri, and S.
hominis strains included in their study produced hipase
and DNAse. In the present investigation, except for 5.
hominis and 8. xylosus, all species produced lipase. With
regard to DNAse and TNAse production, production of
these enzymes was observed in strains of 8. epidermidis,
S lugduneasis, and 8. stmulans, and production of DNAse
by 8. haemolvticus. Production of TNAse by S. lugdu-
nensiy has also been demonstrated by Fleurette et al,
(1989). Gramoli and Wilkinson (1978) detected TN Ase pro-
duction in some strains of 8. xylosus, S. simulans, S. capi-
fis, and S, scri

Among the species included in the present study. 5.
epidermidis was the only one that produced all of these
exoenzymes, but when the isolates involved in the etiol-
ogy of the infections were compared with the contami-
nant isolates, no significant difference was observed.
These findings are similar to those reported by Nataro et
al. (1994), and suggest that the infections caused by these
microorganisms do not only depend on virulence factors
but also on the conditions that predispose the host w0
infection, including factors innate to newborns and the
use of invasive procedures. Analysis of risk factors in
newborns indicated that a birthweight < 1500 g, the pres-
ence of foreign bodies — catheters, mechanical ventila-
tion, parenteral nutrition etc. — and non-removal of for-
eign bodies were factors significantly predisposing to CNS
infection.

In the present study, concomitant production of SEA
+ SEB and SEB + SEC and isolated production of SEC
were observed in these organisms. Production of SEC was
also detected in one S. haemolviicus strain, one S, hominis
strain, and one S. simudlans strain, but production of SED
and TSST-1 was not observed in any of the ONS studied.

Valle et al. (1991) found a toxigenic capacity in 45
(16.5%) CNS isolated from goats, including §. epidermidis,
S, haemolyticus, 8. warneri, and 8. xylosus, which simul-
taneously produced TSST-1 and TSST-1 + SEC. Crass and
Bergdoll (1986) reported the isolated production of SEA
and SEC, or in combination with TSST-1. by CNS isolated
from patients with toxic shock syndrome or other infec-
tions. However, production of TSST-1 by CNS has been
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questioned by other investigators who did not confirm
these findings (Parsonnet et al. 1987, Kreiswirth et al,
1987).

Although much controversy about the production of
these toxins by CNS still exists, the present results and
those reported by other authors demonstrate that their
toxic ability cannot be ignored. According to Bergdoll and
Chesney (1991), these microorganisms have been associ-
ated with the etiology of senous staphylococci infections,
and there Is no reason not to consider them as toxic.

The exact role of extracellular staphylococci products
in the pathogenicity of a systemic infection is still un-
clear. Enterotoxins and TSST-1 have received renewed
attention by researchers due 1o their “superantigen” prop-
erties. As “superantigens”, enterotoxins bind directly to
the class [ major histocompatibility complex. without the
typical process of normal antigens, resulting in the stimu-
lation of many T cells and, therefore, an overproduction
of cytokines such as interleukin-1 (IL-1), IL-2, pgamma in-
terferon, and tumor necrosis factor alpha (Marrack &
Kappler 1990). Current evidence indicates that the physi-
ological events that occur in neonatal sepsis are medi-
ated by activated cytokines in response to the presence
of bacterial components (Kilpatrick & Harris 1998). The
fact that these toxins are superantigens and that the re-
lease of immunological mediators increases the inflamma-
tory response observed during the pathogenesis of sep-
sis and neonatal shock suggests that enterotoxins and
TSST-1 may play an important role in the progression of
infections caused by toxigenic CNS strains,

The existing divergences regarding the toxigenicity of
CNS emphasize the need for further studies using sensi-
tive and reliable genotypic techniques to confirm the abil-
ity of these staphylococei to produce toxins.

Our study revealed the presence of one or more viru-
lence factors in 77.8% of the CNS strains isolated. sug-
gesting that CNS virulence factors provide a selective
advantage for skin colonization of hospitalized newbomns.
Very low birthweight newboms submitted to invasive pro-
cedures show a higher risk of subsequent infection with
these strains,
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7. Toxinas Estafilococicas

Varios fatores de viruléncia sdao responsdaveis pelos sintomas e gravidade das
infeccBes causadas por Staphylococcus spp. Esses fatores incluem as toxinas o, 3, y e 9,
a leucocidina Panton-Valentine e um grupo de superantigenos toxicos pirogénicos (23).

As toxinas estafilocécicas podem ser enquadradas, de forma geral, em dois
grupos: agentes ativos em membranas, que compreendem as toxinas alfa, beta, delta
e gama, e a leucocidina; e as toxinas com atividades de superantigenos (SAgs), que
incluem a familia das toxinas pirogénicas (PTs) que sdo as enterotoxinas estafilocdcicas
(SEs), a Toxina 1 da Sindrome do Choque Téxico (TSST-1) e a familia das toxinas
esfoliativas (ETs) (168). Alguns dos genes dessas toxinas podem ser frequentemente
transportados por elementos genéticos modveis, tais como fagos e ilhas de
patogenicidade (SaPl), as quais sdo segmentos de DNA de variados tamanhos,
potencialmente moveis, codificadores de genes associados a viruléncia, sendo
transferidos horizontalmente entre as cepas. Como exemplo, pode-se citar genes que

codificam enterotoxina B e C, e a toxina da sindrome do choque téxico (169).

Segundo Peacock et al. (170), o nimero de genes associados a viruléncia
carreados por uma cepa bacteriana é o produto da interacdo entre as taxas de
aquisicdo do gene, o custo para manutencao bioldgica e a taxa de faléncia da cepa
causadora da doenca. Como a vasta maioria das infec¢des graves por Staphylococcus
spp. ndo pode ser explicada pela acdo de somente um determinado fator de viruléncia,

é imperativa a acao de varios desses fatores durante o processo infeccioso.
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Além do biofilme, Staphylococcus spp. produzem outros fatores de viruléncia
tais como, hemolisinas, lipases, proteases e toxinas que também podem ter um papel
ainda ndo determinado na patogénese de sérias infec¢des. No minimo trés toxinas
citoliticas ou lesivas a membrana sdo produzidas por estafilococos, incluindo-se a
toxina alfa (o), beta (B) e a delta (8) (171-174). Estas toxinas também foram descritas
como hemolisinas, com base em sua capacidade de lisar hemdcias, mas como sua
atividade bioldgica ndo é restrita as hemdcias, introduziu-se o termo toxina citolitica

(175).

Destas, a hemolisina ou toxina delta vem merecendo atencdo de
pesquisadores pelo seu envolvimento com a enterocolite necrosante (NEC), que
afeta recém-nascidos (172-174, 176). Varios autores tém descrito a ocorréncia de
enterocolite necrosante em associacdo a ECN (177-178). A toxina delta pode
danificar uma variedade de células como resultado de sua ac¢do tipo detergente nas
membranas celulares e, tem sido diferenciada de outras hemolisinas pela sua
termoestabilidade e neutralizacdo pela lecitina (179). Estudos indicam ainda que a
toxina delta possa ter um papel importante na patogenia de doengas intestinais,

podendo variar desde uma diarréia aguda a uma grave enterite (176, 179).

A producdo de hemolisina alfa também estd associada a patogenicidade de
Staphylococcus spp., pelo fato de ser conhecida sua capacidade de danificar o
tecido apds o estabelecimento do foco de infeccdo (180), e de sua acdo
dermonecrética e letal para animais experimentais (181). Stephen e Pietrowski

(179) observaram variacdo na suscetibilidade de hemacias de diferentes espécies a
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toxina alfa e, dentre elas, as de coelho revelaram ser 1.000 vezes mais suscetiveis

do que as humanas.

Estudo realizado pelo nosso grupo para comparar a evolucdo das
peritonites causadas por S. aureus e espécies de ECN em pacientes em didlise
peritoneal da Unidade de Dialise do HC da FMB (ANEXO 3) revelou que a producdo
de hemolisina alfa foi relacionada com a pior evolugdo das peritonites, com uma
taxa de resolucdo de 8,2 vezes maior para as peritonites causadas por
Staphylococcus spp. ndo produtores dessa toxina. Esse resultados corroboram com
o dados publicados pela Haslinger-Loffler et al. (182) que sugerem que a-
hemolisina desempenha um papel especifico na patogénese da peritonite. Esses
autores mostraram que somente S. aureus invasivos e produtores de a-hemolisina
induziam morte de células mesoteliais caspase-independente. Esses resultados
indicam que a a-hemolisina representa um importante mecanismo de S. aureus
de causar danos persistentes no peritonio durante as peritonites. Ao contrario de S.
aureus, nao foram verificados efeitos citotdxicos pelas linhagens de S. epidermidis

testadas que ndao eram invasivas e nao produziam a a-hemolisina.

Recentemente outro estudo realizado na mesma Unidade de Dialise, porém
analisando somente os episédios de peritonites causados por S. aureus num
periodo de quinze anos (1996 a 2010), indicou a produgdo da B-hemolisina como
fator independentemente associado a nao resolucdo das peritonites (ANEXO 11). A
toxina beta, também chamada de esfingomielinase C, é uma proteina termolabil
toxica para varias células, incluindo hemacias, leucdcitos e macréfagos (179). Esta

enzima catalisa a hidrdlise de fosfolipidios da membrana de células suscetiveis,
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revelando ser a intensidade de lise proporcional a concentragao de esfingomielina
presente na membrana citoplasmatica exposta na superficie celular (180). A
incubacdo de pequenas quantidades de toxina beta com hemadcias de carneiro a
37°C, resulta em pouca ou nenhuma lise. Entretanto, sua propriedade hemolitica é
aumentada pela subsequente exposicio das hemdcias a temperatura de 4°C,
fendmeno esse conhecido como lise “hot-cold”. A B-Hemolisina nao lisa a maioria
dos tipos de células do hospedeiro, mas as deixa vulnerdveis a uma série de outros

agentes liticos, como a-hemolisina e a leucocidina Panton-Valentine (183).

Em um modelo de lesdo pulmonar em ratos, Hayashida et al. (183)
relataram que nos animais infectados com S. aureus deficientes em B-hemolisina as
lesdes foram significativamente atenuadas em comparagdao com 0s animais
infectados com S. aureus capaz de expressar essa toxina. Esta doenga experimental
foi caracterizada por intensa inflamacdao neutrofilica e reducao da expressao de
syndecan-1 em células epiteliais alveolares e pbde ser reproduzida pela
administracdo de B-hemolisina recombinante, mas n3ao por mutantes para B-

hemolisina com deficiéncia na atividade de esfingomielinase.

Recentemente Huseby et al. (184) mostraram que a B-hemolisina forma
ligacbes cruzadas com DNA extracelular, independentemente da atividade da
esfingomielinase, produzindo uma nucleoproteina insoltvel in vitro e contribuindo
para a formacdo de biofilme. Usando um modelo de endocardite infecciosa em
coelho, os autores observaram que essa toxina estimula a formacao de biofilme in

vivo.
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Outra importante citotoxina que vem merecendo a atencdo de varios
pesquisadores é a Leucocidina Panton-Valentine (PVL) codificada pelos genes lukS-
PV e lukF-PV, e atualmente encontrada principalmente em amostras de S. aureus
resistentes a meticilina adquiridos na comunidade (CA-MRSA). A Leucocidina
Panton-Valentine (PVL) é uma toxina associada com extensa necrose tecidual,
responsavel por infeccdes de pele graves e pneumonias necrotizantes. A
leucocidina foi associada a infeccdo de pele e de partes moles por dois estudiosos,
Panton e Valentine, no ano de 1932. Os genes lukS-PV e lukF-PV que codificam a
PVL sdo carreados por um bacteriéfago especifico (phiSLT) que infecta e lisogeniza
células de S. aureus integrando os genes da PVL no cromossomo desses micro-
organismos. Quando as proteinas LukS-PV e a LukF-PV sdo transcritas e secretadas,
formam um heptadmero causando lise na membrana de leucécitos
polimorfonucleares (PMNs). Dependendo da concentracdo da toxina, os PMNs
podem sofrer lise ou apoptose. Devido a essas evidéncias, provavelmente a acdo da
PVL ndo esteja diretamente associada a necrose tecidual, mas sim relacionada aos
granulos lisossomais citotoxicos liberados pela lise dos PMNs, ao oxigénio reativo

liberado dos granuldcitos ou, ainda, a cascata inflamatoria (185).

Estudo realizado em nosso laboratério com amostras isoladas de culturas
clinicas e de vigilancia de pacientes do Hospital Estadual Bauru (186) revelou 18,1%
das amostras de S. aureus resistentes a meticilina (MRSA) positivas para o gene pvl/
comparado com 7,5% em amostras de S. agureus sensiveis a meticilina (MSSA)
(p<0,009). Embora varios autores relatem que a producdo dessa toxina é mais

frequente em S. aureus resistente a meticilina, resultados obtidos em outro estudo
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desenvolvido em nosso laboratério com amostras de S. aureus isoladas de
infeccOes de pele mostraram que todas as amostras de S. aureus que apresentaram
o gene da PVL foram sensiveis a oxacilina e nenhuma das amostras de CA-MRSA
carreou o gene da PVL (187). Esses resultados estdo de acordo com o modelo de
Boyle-Vavra e Daum (185) que sugerem que primeiro S. aureus sensivel a oxacilina
é infectado e lisogenizado pelo fago que carreia os genes da PVL para depois

adquirem por transferéncia horizontal o gene mecA.

Além das citotoxinas os estafilococos também podem produzir toxinas
superantigénicas e entre essas estdo as enterotoxinas que sdo exoproteinas
hidrossoluveis, com peso molecular de 26.000 a 29.000 Da, ricas em lisina, acido
aspartico e glutamico, com duas cisteinas formando ponte de dissulfeto (188).
Apresentam-se relativamente resistentes ao calor e as enzimas proteoliticas
tripsina, pepsina, renina e papaina o que permite a sua passagem pelo trato

gastrintestinal sem perda de atividade (189).

A purificacdo e a caracterizagao das enterotoxinas estafilocécicas tiveram
inicio em 1959 (190) e, atualmente, sdo 23 as enterotoxinas sorologicamente
distintas e designadas pelas letras SEA a SEIV (191,192). Todas mostram atividade
superantigénica, enquanto, apenas algumas (SEA a SEl, SER, SES e SET) tém
provado ser eméticas (193-194). De acordo com o Comité International de
Nomenclatura dos Superantigenos Estafilocdcicos, somente os superantigenos que
induzem emese apds a administracdo oral em um modelo experimental de
primatas devem ser designadas como enterotoxinas estafilocécicas. O Comité

também recomenda que outras toxinas similares que ndo apresentam
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propriedades eméticas em modelos animais primatas ou que ainda ndo foram
testadas devem ser designadas como enterotoxinas-like estafilocécicas (SEl) do tipo

X (195-196).

Uma toxina envolvida na Sindrome do Choque Toéxico foi inicialmente
designada como enterotoxina estafilocdcica F (SEF) (188). No entanto, ndo mostrou
a atividade emética in vivo apds administracdo oral que é caracteristica de uma
enterotoxina verdadeira, e portanto foi mais tarde designada como TSST-1 (197).
Todos os genes que codificam toxinas estdo localizados em elementos genéticos
moveis, incluindo bacteriéfagos, ilhas de patogenicidade (SaPl) e plasmideos (198-
200). Os genes de enterotoxinas SEB, SEC, SEG, SEl, SEIM, SEIN, SEIO, SEIK, , SEIQ e
TSST-1 estdo localizados em ilhas de patogenicidade (201-205). Os genes das SEA,
SEE e SEIP estdo localizados em profagos (203, 206-207), ao passo que, aqueles de
SED, SElJ e SER sdo encontrados no plasmideo plB485 (208-210). Dentre as quatro
ilhas de patogenicidade descritas em S. aureus, SaPI3 tem grande importancia por
reunir genes de SE em um cluster denominado enterotoxin gene cluster ou cluster
egc, o qual agrupa os genes codificadores de SEG (seg), SEI (sei), SEIM (selm), SEIN
(seln) e SEIO (selo), além de dois pseudogenes (¢pentl e ¢ent2), ainda sem fungdo
biolégica determinada (202, 211). A transferéncia horizontal de genes de
enterotoxinas entre linhagens de estafilococos constituem um papel importante na
evolucdo de S. aureus e de ECN como patdogenos. Para uma melhor compreensao
da patogenicidade ou viruléncia dos estafilococos, é importante saber sobre a real

extensdo da diversidade de superantigenos estafilocdcicos (210).
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A deteccdo de enterotoxina estafilocdcica é decisiva para confirmar um
surto de intoxicagdao alimentar e determinar a enterotoxigenicidade de linhagens
(212). Os métodos de imunodifusdo em agar foram os primeiros desenvolvidos,
aplicando-se a difusdo simples unidimensional, difusdo dupla, técnica de
microlamina e difusdo em tubo capilar (212). Uma questdo tem sido levantada a
respeito da sensibilidade dos métodos de difusdo em gel para deteccdo de
enterotoxinas. Porcentagens significantes de linhagens toxigénicas produzem
concentracdes de 1 ng/ml ou menos, estando portanto, abaixo dos niveis

detectdveis pelos métodos de difusao (213).

Neste sentido, desenvolveram-se os métodos de hemaglutinacdo reversa
passiva (RPHA), aglutinacdo de latex (RPLA), radioimunoensaio (RIA) e ensaio
imunoenzimatico (ELISA), que apresentam sensibilidade de 1,0 a 0,1 ng/ml (212,
214). Porém, a deteccdo de ng pode ser dificultada por reac¢des falso-positivas
decorrentes da interferéncia de componentes alimentares, antigenos microbianos
e metabdlitos extracelulares, o que pode comprometer as metodologias ja

desenvolvidas (212, 214-215).

Além disso, o anti-soro é comercialmente disponivel apenas para SEA, SEB,
SEC, SED e SEE. Testes experimentais tém sido desenvolvidos para algumas das
novas toxinas (SEG, SEH e SEl), mas ndo sdo comercializados devido a dificuldades
na purificacdo e preparacdo de anticorpos especificos (216). Uma grande
variedade de métodos baseados no ELISA tém sido descritos para deteccdo de SE
(217), incluindo o sistema de triagem automatizado VIDAS Staph Enterotoxin Il -

SET2 (BioMerieux), kit Tecra™ (3M) e Kit Elisa Transia '™ (Transia - Diffchamb S.A.
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Lyon, France). No Brasil, o kit de aglutinacdo reversa e passiva de latex (RPLA,
Oxoid) tem sido usado com bastante frequéncia para a detec¢do de enterotoxinas
em alimentos e sobrenadantes de cultura (174, 215, 218). Esses Kits sdo muito
utilizados pela sua simplicidade e sensibilidade, mas podem apresentar resultados
falsos positivos devido a reagdo entre os antigenos e a ocorréncia de reagdes

inespecificas.

Com o intuito de resolver o problema desenvolveram-se técnicas de
amplificacdo como a Reacdo em Cadeia da Polimerase (PCR) que permite a
identificacdo de genes responsaveis pela producdo de enterotoxinas e TSST-1 com
alta sensibilidade e especificidade. Johnson et al. (219) desenvolveram um
protocolo para a deteccdao de genes para enterotoxinas A a E e TSST-1, utilizando
oligonucleotideos sintetizados a partir das analise computadorizada das sequéncias
dos genes de enterotoxinas estafilocécicas A a E (sea, seb, sec-1, sed, see) e tst,

publicadas anteriormente.

Apesar da pouca ateng¢dao que tem sido dada ao perfil toxigénico dos ECN,
alguns pesquisadores enfatizam que esses micro-organismos podem produzir a
TSST-1 e/ou uma das enterotoxinas estafilocdcicas, isolada ou concomitantemente,
ndo podendo assim, serem ignorados quanto a sua importancia clinica e

capacidade toxigénica (220-222).

No estudo de Crass e Bergdoll (220), as linhagens que produziram somente
TSST-1 ou TSST-1 e enterotoxina A, concomitantemente, foram isoladas em sete

(50%) de 14 mulheres com sindrome do choque téxico (TSS). Os ECN foram
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também isolados de quatro pacientes com TSS que tinham cultura positiva para S.
aureus, sendo contudo observado que somente as linhagens de ECN eram
produtoras de toxina. Linhagens de ECN produtoras de TSST-1 e de enterotoxinas A
e C também foram isoladas de pacientes com outras infec¢des e de alimento
implicado em um caso de intoxicagdo alimentar. Resultados similares foram
obtidos por Kahler et al. (221) em um caso de Sindrome do Choque Téxico (TSS) em
gue a estirpe produtora de TSST-1 foi isolada da vagina da paciente, enquanto que
nenhum S. aureus foi encontrado. Valle et al. (223), estudando a producdo de TSST-
1 por linhagens de estafilococos isoladas de cabras, verificaram que 16,5% das

linhagens de ECN isoladas eram produtoras dessa toxina.

Varios trabalhos que utilizaram a reacdo em cadeia da polimerase (PCR)
para a confirmacdo da enterotoxigenicidade de estafilococos mostraram
divergéncia entre os resultados obtidos com ensaios imunolégicos e a PCR (219,
224), indicando a possibilidade de erro devido a ocorréncia de resultados falso
positivos. Nesse sentido varias pesquisas foram desenvolvidas em nosso
laboratdrio com o objetivo de comprovar a capacidade enterotoxigénica dos ECN.
O primeiro estudo (ANEXO 12) teve como objetivo principal a detec¢do de genes de
enterotoxinas em estafilococos coagulase-negativa isolados de alimentos. Das
vinte amostras de ECN isoladas, trés apresentaram o gene sea e uma amostra
apresentou o gene sec-1. O gene sea foi detectado em uma amostra de S.
epidermidis, em uma amostra de S. xylosus e em uma de S. hominis, enquanto que
o gene sec-1 foi detectado em uma amostra de S. xylosus, porém essas toxinas ndo

foram detectadas pelo método RPLA.
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Udo et al. (225), investigando manipuladores de alimentos encontraram
amostras de ECN e S. aureus produtores de enterotoxinas e TSST-1 pelo método
RPLA. Do total de ECN investigados, 14,1% foram produtores de enterotoxinas ou
TSST-1, sendo que amostras das espécies S. hominis, S. warneri, S. saprophyticus, S.
epidermidis, S. xylosus, S. haemolyticus e S. schleiferi foram positivas para as
toxinas SEA, SEB, SEC e/ou TSST-1. Marin et al. (226) descreveram estudo realizado
com estafilococos produtores de enterotoxinas em amostras de presunto pelo
método RPLA. Dos 135 estafilococos isolados, dois pertenciam a espécie S.

epidermidis e um foi produtor da SEC.

Johnson et al. (219) observaram que em 2 das 88 linhagens de S. aureus o
fenotipo determinado pelo RPLA divergiu do gendtipo observado na PCR. Essas
linhagens apresentavam genes sec e tst e ndao produziam as toxinas quando
detectadas pelo RPLA. Schmitz et al. (227) avaliaram 50 isolados de S. aureus
guanto a presenca de genes de sec, seb e tst, e observaram duas linhagens que

apresentavam o gene sec, mas nao produziam SEC pelo RPLA.

Em um segundo estudo desenvolvido pelo nosso grupo (ANEXO 13) a
técnica de PCR foi utilizada para a detec¢do dos genes responsaveis pela producao
de enterotoxinas e TSST-1 em 120 linhagens de S. aureus e 120 linhagens de ECN
isoladas de recém-nascidos e os resultados obtidos foram comparados com a
deteccdo de enterotoxinas pelo método RPLA. Do total de 120 isolados de S.
aureus, 38,3% foram produtores de enterotoxinas pelo RPLA, enquanto que a PCR
detectou genes em 46,6% das amostras. Resultados similares foram verificados em

linhagens de ECN, com uma frequéncia superior de positividade para a detec¢do de
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genes especificos pela PCR (40,0%) quando comparado com a producdo de

enterotoxina pelo método RPLA (26,7%).

Entretanto, outros autores ndo obtiveram resultados positivos para a
presenca de genes codificadores de enterotoxinas em amostras de ECN de isolados
clinicos, como em estudo realizado por Becker et al. (228) utilizando a técnica de
PCR multiplex. Kreiswirth et al. (229) utilizando a técnica de hibridizacdo de DNA
avaliaram vdrias espécies de ECN quanto a presenca de genes responsdaveis pela
expressdo de TSST-1. Esses autores incluiram no estudo algumas amostras
relatadas por Crass e Bergdoll (220) como amostras produtoras de TSST-1. Em
nenhuma das amostras de ECN foi confirmada a presenca do gene tst, além de
duas amostras TSST-1 positivas, identificadas anteriormente como ECN,

apresentarem-se coagulase positivas, indicando um erro de identificacao.

Outros autores também questionam a capacidade dos ECN de serem
produtores de enterotoxinas e TSST-1 e sugerem que essas amostras possam ser S.
aureus mutantes 0s quais ndo expressam a enzima coagulase (230-231). Com o
intuito de descartar essa possibilidade, em nosso laboratdrio todas as amostras de
ECN que apresentam genes que codificam toxinas sdo submetidas a uma
identificacdo genotipica para a confirmacgdo da espécie. A técnica ITS-PCR ndo deixa
duvidas quanto ao padrdao de bandas caracteristico referente a cada espécie
investigada quando comparada com espécies de referéncia internacional (ATCC),
além de excluir possiveis erros que possam ocorrer na identificacdo fenotipica.

Embora tenham ocorrido algumas discrepancias entre esses métodos, em relagcdo a
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diferenciacdo da espécie, todas as amostras identificadas como ECN pelo método

fenotipico confirmaram ser ECN pela técnica genotipica.

Eliminando-se possiveis erros de identificacdo, a divergéncia nos resultados
obtidos em relagdo aos ECN serem capazes de produzir ou ndo toxinas pode estar
relacionada a escolha da técnica adequada para extracdo do DNA e deteccdo de
genes responsaveis pela expressdo dessas enterotoxinas. A padronizacdo das
técnicas que vai desde o emprego de meios de cultura, pH, temperatura e
concentracdes de nutrientes ideais, bem como o uso de controles de extracao,
parametros utilizados nas rea¢des de amplificacdo e enzimas, é fundamental para o
bom desempenho da pesquisa. Sabe-se que uma das desvantagens da PCR
multiplex é que ela destaca a presenga dos genes que estdo em maior frequéncia,
mascarando ou nao detectando os que aparecem em menor frequéncia, diferente
da técnica PCR que utiliza um par de primers para cada reacdo, a qual é feita

isoladamente para cada toxina investigada.

A técnica de PCR detecta os genes de interesse independentemente de sua
expressao, assim, os genes responsaveis pela produg¢ao das enterotoxinas podem
estar presentes e ndo estarem ativos. O desenvolvimento das técnicas moleculares
possibilita a deteccdo do RNA mensageiro (RNAm) através da técnica de Reacdo em
Cadeia da Polimerase - Transcriptase Reversa (RT-PCR). Por essa técnica o RNAm é
convertido a cDNA (DNA complementar) pela enzima transcriptase reversa, sendo a
expressdo do gene proporcional ao numero de copias de RNAm do gene de
interesse. O cDNA é amplificado pela técnica de PCR com a utilizacdo dos primers

especificos para confirmar a expressdo, o que ndo deixa duvidas quanto ao
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potencial toxigénico do micro-organismo. Em estudo posterior, com a utilizacdo da
técnica de RT-PCR para a deteccdo de SEA, SEB, SEC, SED e TSST-1 em amostras de
S. aureus e ECN (ANEXO 14) foi verificado a expressdao de RNAm que codifica as
toxinas estafilocdcicas em 43 (39,8%) das 108 amostras positivas pela técnica de
PCR. A expressdao de toxinas pelos ECN foi significativamente inferior quando
comparada a dos S. aureus, correspondendo a 13,9% do total de amostras com
potencial toxigénico. O S. epidermidis foi a espécie mais toxigénica entre os ECN,
sendo que cinco amostras foram positivas para a expressao de RNAm que codifica
as SEA e SEC. Entre as outras espécies de ECN, somente S. lugdunensis apresentou

resultado positivo pela técnica de RT-PCR, para a SEC.

A técnica de RT-PCR também foi utilizada para a deteccdo de RNAm que
codifica as enterotoxinas SEE, SEG, SEH e SEl em 90 amostras de S. aureus e 90
amostras de ECN (ANEXO 15) revelando a expressdao de RNAm em 42 (50,6%) das
83 amostras positivas pela técnica de PCR. O RNAm detectado correspondeu as
toxinas das classes SEG, SEH e SEl. A expressao de toxinas pelos ECN foi inferior
quando comparada a de S. aureus, correspondendo a 34,5% do total de amostras
produtoras, sendo que a expressdo das toxinas pelas amostras de S. aureus
correspondeu a 59,3%. S. epidermidis foi a espécie mais toxigénica entre os ECN,
sendo que sete amostras foram positivas para a expressao de RNAm que codifica as
enterotoxinas SEG, SEH e SEI. Entre as outras espécies de ECN, somente as espécies
S. warneri e S. lugdunensis apresentaram resultado positivo pela técnica de RT-PCR,

sendo que a primeira foi positiva para SEl e a segunda para SEG e SElI.
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Algumas associacdes encontradas pela técnica de PCR chamam atencdo por
existirem em varias amostras como a presenca concomitante dos genes seg e sei
em 16 amostras de S. aureus e em 10 de ECN. A coexisténcia dos genes seg e sei
pode ser devida a sua localizacdo cromossémica, ambos pertencem a um operon
do egc (enterotoxin gene cluster), o qual contém cinco genes de enterotoxinas (seg,
sei, selm, seln e selo) e estd localizado em ilhas de patogenicidade de S. aureus
(SaPls). Maiques et al. (232) reportaram que uma SaPl encontrada em um linhagem
de S. aureus foi capaz de ser transferida por um bacteriéfago para outra espécie de

estafilococos, tal como S. epidermidis.

Finalmente, nossos resultados sobre a capacidade de linhagens de ECN
expressarem superantigenos estafilocécicos foram corroborados pelo estudo
publicado recentemente por Madhusoodanan et al. (233) que comprovaram a
primeira evidéncia de uma ilha de patogenicidade em um isolado clinico de S.
epidermidis (SePl). O genoma dessa cepa foi analisado e confirmou-se a presenca
de uma SePI-1 que codifica os genes das SEC-3 e SEIL, sendo também confirmado a
expressao desses superantigenos por RT-PCR quantitativo (qRT-PCR) e por western

immunoblotting.

O método de RT-PCR mostrou ser uma técnica rdpida e eficaz, deixando
evidente a capacidade dos ECN de expressarem os RNAm que codificam essas
enterotoxinas, porém, como depende da ativacdo dos genes, uma maior
investigacao de fatores do meio e esclarecimento dos mecanismos regulatdrios que

possam estar interferindo em sua expressao devem ser avaliados.
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A expressdo dos genes codificadores de fatores de viruléncia de S. aureus é
coordenada por reguladores globais. Esses reguladores ajudam a bactéria a se
adaptar a um ambiente hostil pela producdo de fatores que as capacitam
sobreviver e subsequentemente causar infeccdo no momento apropriado. Varios
dos reguladores de viruléncia globais, como o sistema agr (gene regulador
acessorio), sar (regulador acessorio estafilocdcico) e sae (elemento acessoério
estafilocdcico), tem sido bem caracterizados (234). Outros sistemas, tais como arl
(I6cus relacionado a autolisina), sar homoélogos (rot-repressor de toxinas, mgrA —
regulador global multiplo, sarS, saR, sarT, sarU, sarV, sarX, sarZ e tcaR — associado
a teicoplanina), o sistema srr (resposta respiratoria estafilocécica) e trap (alvo da
proteina ativadora de RNA Ill) requerem estudos futuros para determinar seus
exatos papéis na regulacdo da viruléncia (234). De todos esses sistemas
regulatdérios existentes, o mais caracterizado é o agr. Novick e lJiang (235)
descreveram a expressao do locus agr como um importante regulador em muitos

dos fatores de viruléncia de S. aureus.

O locus agr (gene regulador acessério) € um agrupamento de genes com
atividade quorum sensing, o mecanismo pelo qual a bactéria consegue “perceber”
a densidade celular do meio em que se encontra através da comunicacao entre as
células presentes, permitindo uma reacdo fenotipica de acordo com a fase de
crescimento em que a cultura se encontra. O quorum sensing é importante em
Staphylococcus porque certas proteinas, tais como os fatores de viruléncia, sé
devem ser expressas em determinada fase de crescimento (235). Esse sistema

coordena a expressdo dos genes que estdo ligados as necessidades bioldgicas de
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Staphylococcus, permitindo a adesdo as células e ao tecido do hospedeiro, a
disseminacdo no organismo, e a degradacao de células e tecidos, tanto para a sua

nutricdo quanto para a protecdo contra a defesa do hospedeiro (236).

A expressdo do sistema agr contribui com a patogénese estafilocdcica em
diferentes momentos da infeccdo. Considerando-se a curva de crescimento de
Staphylococcus observa-se, com excecdo da enterotoxina A que é produzida
durante todas as fases de crescimento, que todas as exoproteinas sdo secretadas
na fase pds-exponencial. Por outro lado, as proteinas associadas a membrana e as
adesinas sao produzidas durante a fase exponencial e ndo na fase pds-exponencial

(237).

Sdo descritos quatro polimorfismos do locus agr em Staphylococcus, sendo
denominados agr |1, II, lll e IV (238). Nesses grupos ha variacdo nos genes agrB, agrC
e agrD, e consequentemente no AIP e na proteina AgrC, sendo a ligacdo da AIP com
seu receptor especifico para cada grupo alélico. Quando ocorre ligacdo de um AIP
de um grupo alélico no receptor AgrC de outro grupo, o AIP ndao produz fator
intrinseco e nao produz o sinal através da proteina AgrC, funcionando portanto,
como um antagonista. Um AIP sé é agonista para seu proprio grupo alélico, de
forma que bactérias de grupos agr diferentes interferem na regulacdo de proteinas

acessorias umas das outras (239).

Novick et al. (235) descreveram a expressdo do locus agr como um
importante regulador de muitos fatores de viruléncia de S. aureus. Embora varios

autores contestem o potencial toxigénico de ECN (230-231), o operon agr que
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possui importante papel na regulacdo da expressdo de toxinas estafilocdcicas, tém
sido encontrado também em outras espécies de estafilococos, tais como S.
intermedius (240), S. lugdunensis (241) e S. epidermidis (242). A predominancia de
S. epidermidis e a deteccdo de S. lugdunensis entre as espécies de ECN toxigénicas
em nosso estudo podem estar associadas a esses sistemas regulatérios
estafilocdcicos também estarem presentes nessas espécies. Nesse sentido, estudos
em desenvolvimento em nosso laboratério tem justamente como objetivo principal
detectar o sistema agr em diferentes espécies de ECN e analisar a relagdo com a

presenca e expressao de superantigenos estafilocdcicos.

Verifica-se, entdo, que os estafilococos podem usar combinag¢des de
diversos fatores de viruléncia, os quais podem resultar em sindrome clinica e
possivelmente contribuir para a dispersao bacteriana no organismo do hospedeiro.
Os superantigenos tém a propriedade de estimular a atividade dos linfocitos T,
levando a producdo de altos niveis de citocinas, que podem levar a anergia,
inflamacao, citotoxicidade, dele¢dao de células T e auto-imunidade (191, 243) o que

facilita a colonizagao do individuo.

Espécies de Staphylococcus, comensais ou patogénicas, possuem uma gama
extensa de fatores de viruléncia que podem ser expressos ou ndo, dependendo do
momento da vida do micro-organismo, de seu ambiente e dos sistemas
regulatdrios presentes que podem afetar diretamente a producgao de toxinas. Esses
fatores, responsaveis pela invasao tissular direta ou pela toxigenicidade devido a
acdo de toxinas liberadas, sdo muito importantes na alta prevaléncia e sucesso

desses micro-organismos em infec¢Ges tanto na comunidade quanto em hospitais.
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As bases moleculares da patogenicidade dos estafilococos sdo multifatoriais,
dependendo da presenca e também expressdo de varios genes acessoérios. Dessa
forma, a presenca de genes toxigénicos nas amostras de estafilococos sem
transcricdo de RNAm do gene nao exclui a possibilidade de producdo de toxinas em
determinado momento, seja a produgao in vivo ou em meios de cultura sob

condigdes dtimas.
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ANEXO 11

Barretti P, Moraes TMC, Camargo CH, Caramori JCT, Mondelli AL, Montelli AC, Cunha
MLRS. Peritoneal Dialysis-Related Peritonitis Due to Staphylococcus aureus: A Single-

Center Experience over 15 Years. (Submetido para publicacao).
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Abstract

Peritonitis caused by Staphylococcus aureus is a serious complication of peritoneal
dialysis (PD), which is associated with poor outcome and high PD failure rates. We
reviewed the records of 62 S. aureus peritonitis episodes that occurred between 1996
and 2010 in the dialysis unit of a single university hospital and evaluated the host and
bacterial factors influencing peritonitis outcome. Peritonitis incidence was calculated for
three subsequent 5-year periods and compared using a Poisson regression model. The
production of biofilm, enzymes, and toxins was evaluated. Oxacillin resistance was
evaluated based on minimum inhibitory concentration and presence of the mecA gene.
Logistic regression was used for the analysis of demographic, clinical, and
microbiological factors influencing peritonitis outcome. Resolution and death rates were
compared with 117 contemporary coagulase-negative staphylococcus (CoNS)
episodes. The incidence of S. aureus peritonitis declined significantly over time from
0.13 in 1996-2000 to 0.04 episodes/patient/year in 2006-2010 (p = 0.03). The oxacillin
resistance rate was 11.3%. Toxin and enzyme production was expressive, except for
enterotoxin D. Biofilm production was positive in 88.7% of strains. The presence of the
mecA gene was associated with a higher frequency of fever and abdominal pain. The
logistic regression model showed that diabetes mellitus (p = 0.009) and B-hemolysin
production (p = 0.006) were independent predictors of non-resolution of infection. The
probability of resolution was higher among patients aged 41 to 60 years than among
those >60 years (p = 0.02). A trend to higher death rate was observed for S. aureus
episodes (9.7%) compared to CoNS episodes (2.5%), (p =0.08 ), whereas resolution
rates were similar. Despite the decline in incidence, S. aureus peritonitis remains a
serious complication of PD which is associated with a high death rate. The outcome of
this infection is negatively influenced by host factors such as age and diabetes mellitus.
In addition, B-hemolysin production is predictive of non-resolution of infection,

suggesting a pathogenic role of this factor in PD-related S. aureus peritonitis.
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Author Summary

Gram-positive cocci are the main etiological agents of peritoneal dialysis (PD)-related
peritonitis. Staphylococcus aureus is associated with more severe episodes of
peritonitis, a higher risk of hospitalization, catheter removal, and death. In this first Latin
American study, we analyzed a series of S. aureus peritonitis cases seen over a period
of 15 years. We reviewed clinical and microbiological characteristics of S. aureus
peritonitis in PD patients, including virulence factors (biofilm, enterotoxins, toxic shock
syndrome toxin-1, a- and P-hemolysins, lipase, lecithinase, nuclease, and
thermonuclease) and oxacillin resistance determined based on the presence of the
mecA gene and minimum inhibitory concentration. The incidence of peritonitis due to S.
aureus declined significantly over time, but the infection was associated with poor
outcome. The outcome of PD-related peritonitis is negatively influenced by host
factors such as age and diabetes mellitus. Beta-hemolysin production is the only factor
predictive of non-resolution, suggesting a pathogenic role of this factor in PD-related S.
aureus peritonitis. The role of B-hemolysin in the pathogenesis of S. aureus infections
continues to be poorly understood and has not been previously reported in PD-related

peritonitis.
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Introduction

Peritonitis is a serious complication of peritoneal dialysis (PD) and is responsible for a
high rate of technique failure and death in PD patients [1]. Gram-positive cocci are the
main etiological agents of peritonitis in the world, with coagulase-negative
staphylococci (CoNS) being the most common microbial agents, whereas
Staphylococcus aureus is associated with more severe episodes, a higher risk of
hospitalization, catheter removal, and death [1,2]. Although S. aureus is responsible for
a small proportion of peritonitis episodes in most countries, it continues to be the
leading cause of this infection in some Latin American countries, particularly in Brazil
[3].

A poor prognosis of PD-related S. aureus peritonitis has been frequently
reported [2,4,5], but there are only two reports [6,7] that specifically describe the clinical
outcome and predictors of treatment response in this infection. In the largest series,
Govindarajulu et al. [6] showed that methicillin-resistant S. aureus (MRSA) peritonitis
was independently predictive of an increased risk of permanent hemodialysis transfer
and tended to be associated with a high risk of hospitalization. Szeto et al. [7] reported
a lower primary response rate and complete cure rate for episodes caused by MRSA
compared to episodes due to other S. aureus. In both cases the clinical outcome of S.
aureus peritonitis was not encouraging. The rates of relapse, catheter removal and
hospitalization were 20%, 23% and 67%, respectively, in the study of Govindarajulu et
al. [6]. In the series of Szeto et al. [7], only 51% of patients with methicillin-susceptible
S. aureus peritonitis and 46% with MRSA peritonitis presented complete cure without
relapse, recurrent or repeat episodes, or need for catheter removal.

In addition to antibiotic resistance, the severity of S. aureus infections is
associated with virulence factors produced by this bacterium, such as enzymes
(coagulase, lipase, and nucleases) and multiple toxins with diverse activities. One

family of protein toxins are the staphylococcal enterotoxins and the related toxic shock
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syndrome toxin-1 (TSST-1) that act as superantigens [8]. The biofilm produced by most
S. aureus strains facilitates bacterial adhesion to catheters and colonization and
simultaneously worsens the response to infection, protecting bacterial cells from the
host’s natural defense mechanisms and from the action of antibiotics [8,9]. Although
these products may influence clinical outcome, their role in PD-related S. aureus
peritonitis is still not fully defined. Data published by Haslinger-Loffler et al. [10] suggest
that a-hemolysin plays a specific role in the pathogenesis of peritonitis. Using cultured
human peritoneal mesothelial cells, these authors showed that a-hemolysin produced
by S. aureus was able to induce caspase-independent cell death. In a recent study, our
group demonstrated that biofilm and a-hemolysin production were the only
independent predictors of non-resolution of staphylococcal peritonitis [11]. However,
the small number of S. aureus episodes analyzed was an important limitation of that
study.

For the last 15 years we have monitored clinical and microbiological
characteristics of S. aureus peritonitis in PD patients, including virulence factors
produced by this pathogen and presence of the mecA gene that confers resistance to
methicillinfoxacillin. The objective of the present study was to describe the experience
of a single Brazilian center with PD-related S. aureus peritonitis, focusing on host and

bacterial factors that influence peritonitis outcome.

Results

A total of 682 peritonitis episodes were diagnosed in our unit between 1996 and 2010.
The overall peritonitis rate was 0.96 episodes per patient per year. Seventy-three
(10.7%) episodes were caused by S. aureus. After application of the exclusion criteria,
62 episodes that occurred in 56 patients were analyzed. The demographic and

baseline clinical data of the patients are summarized in Table 1. The clinical findings in
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peritonitis episodes were expressed in Table 2. The incidence of S. aureus peritonitis
declined significantly over time and was 0.13 episodes per patient per year in 1996-
2000, 0.10 in 2001-2005, and 0.04 in 2006-2010 (p = 0.03). The annual S. aureus
peritonitis rate is presented in figure 1; a strong decline of the incidence was observed
after 2003. Vancomycin was used in 35 (56.5%) episodes. Overall, 32 (51.6%)
episodes were resolved; among cases that were not resolved one (0.16%) relapsed, 18
(29%) required removal of the catheter due to refractory peritonitis, five (8%) were
resolved with a second antibiotic regimen, and six (9.7%) progressed to death. Of 117
contemporary CoNS peritonitis episodes, 63 (53.8%) were resolved and three (2.5%)
progressed to death. The death rate tended to be lower among episodes caused by
CoNS than among S. aureus episodes (p = 0.08), whereas resolution rates were
similar (p = 0.16).

All strains were susceptible to vancomycin (MIC < 3 pg/ml) and seven (11.3%)
were resistant to oxacillin (MIC = 4 pg/ml). The vancomycin MIC or proportion of
oxacillin-resistant isolates did not change significantly over time (Figure 2). The mecA
gene was detected in seven (11.3%) strains.

The rates of toxin and enzyme production by S. aureus are shown in Table 3.
No associations were observed between the production of virulence factors and the
frequency of initial clinical findings. However, fever was observed in 83.3% of episodes
caused by bacteria expressing the mecA gene, whereas this clinical symptom was
present in only 24% of episodes due to mecA gene-negative strains (p = 0.03). In
addition, there was a trend towards a higher rate of abdominal pain (100%) among
strains expressing the mecA gene compared to mecA gene-negative isolates (64.8%)
(p = 0.08). The production of virulence factors and presence of the mecA gene were

not associated with catheter removal, hospitalization, or death rate.
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Gender, age, vancomycin use, presence of diabetes, production of virulence
factors (B-hemolysin, lecithinase, deoxyribonuclease, SEC, and TSST-1), presence of
the mecA gene, and dialysis vintage were associated with a higher chance of non-
resolution in univariate analysis (Table 4), and were therefore included in the
multivariate logistic regression model. Multivariate analysis showed that the presence
of diabetes and B-hemolysin-production were factors independently associated with a
higher odds ratio of non-resolution of peritonitis episodes. In contrast, age of 41-60
years was associated with a lower chance of non-resolution when compared to age
>60 years. No significant association with peritonitis outcome was observed for the

other variables (Table 4).

Discussion

The present results showed a marked decline in the incidence and proportion of
peritonitis episodes caused by S. aureus over the past 15 years, in agreement with
other studies [3,12]. The introduction of safer connection systems and the routine use
of prophylactic antibiotics at the catheter exit site possibly contributed to the reduction
of the incidence of S. aureus peritonitis; however the strong decline in the incidence
observed after the introduction of the prophylaxis with mupirocin reinforces the role of
this strategy on S. aureus peritonitis prevention. In addition, in the present series we
observed a higher death rate among S. aureus episodes compared to episodes caused
by CoNS as previously reported [1].

There are few studies reporting the influence of demographic and clinical
factors on the prognosis of S. aureus peritonitis episodes. Szeto et al. [7] observed an
association between adjuvant rifampicin treatment and a significantly lower risk of
relapse, whereas the complete cure rate was similar for cephalosporin and vancomycin

empiric treatment protocols. Govindarajulu et al. [6] found that the presence of



186

peripheral vascular disease and the use of vancomycin compared to cephalosporins
were significantly associated with an increased risk of relapse of S. aureus peritonitis.
According to these authors, female gender and middle tertile of age were independent
predictors of a lower risk of relapse. Similarly, we observed that patient age of 41 to 60
years was associated with a higher chance of peritonitis resolution when compared to
older patients. In addition, the presence of diabetes was an independent predictor of
non-resolution of peritonitis. It is known that the immune response is dysregulated in
diabetic patients, increasing the risk of developing infection. In addition, advanced
glycation end-products act on peritoneal mesothelial cells, with a potentially negative
impact on the local immune response [13]. Although diabetes has been reported to be
a risk factor for peritonitis [14], to our knowledge, there are no studies showing
diabetes to be a predictor of poor outcome after a peritonitis episode. In the present
series, vancomycin use was not an independent predictor of outcome, in agreement
with the study of Szeto et al. [7]. We observed no influence of other demographic or
clinical factors on resolution rate. Similar results have been reported by Krishnan et al.
[15] in a retrospective series of peritonitis episodes of different causes.

Little is known about the influence of specific virulence factors on peritonitis
caused by S. aureus. MRSA peritonitis has been associated with poor outcome in the
two largest series of S. aureus peritonitis [6,7]. In the present series, we found a low
oxacillin resistance rate, which was confirmed by determination of the mecA gene. On
the other hand, the S. aureus strains studied presented expressive enzyme, toxin, and
biofilm production. In contrast to previous studies we found no association between
oxacillin resistance and resolution rate; however, in the present series only seven
peritonitis episodes were caused by oxacillin-resistant S. aureus, a fact that may have
influenced the results. Episodes caused by mecA-positive S. aureus isolates were
associated with more severe initial clinical symptoms. Studies investigating the role of

the mecA gene in the virulence of S. aureus are scarce in the literature. Fowler Jr et al.
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[16] found an increasing proportion of MRSA among strains isolated from nasal
carriage, uncomplicated bacteremia, and bacteremia with hematogenous
complications. Analyzing the same sample later, Gill et al. [17] confirmed a higher
frequency of the mecA gene among S. aureus strains isolated from severe infections.
In our laboratory [18] analyzing 336 MRSA and 107 MSSA strains, we observed a
significantly higher proportion of strains expressing SEA, SEB, SEC and TSST-1 genes
among MRSA. Taken together, these findings show that, although the number of
strains expressing the mecA gene was small in this series, a role of the mecA gene in
S. aureus virulence cannot be ruled out.

Among bacterial factors studied, B-hemolysin production was significantly and
independently associated with lower resolution odds. The role of B-hemolysin in the
pathogenesis of S. aureus infections has not been previously reported in PD-related
peritonitis. Nevertheless, some pathways may be suggested based on the findings of
experimental models. B-Hemolysin is one of the toxins produced by S. aureus which
acts as a sphingomyelinase, degrading sphingomyelin in the outer layer of cell
membranes [19]. Deletion of the catalase and B-toxin genes in S. aureus strains has
been shown to cause strong attenuation of virulence in intramammary and
subcutaneous experimental infections of ewes and lambs and in a murine skin abscess
model [19]. Using a mouse model of lung injury, Hayashida et al. [20] found that
animals infected with [(-hemolysin-deficient S. aureus presented significantly
attenuated lesions compared to those infected with S. aureus expressing this toxin.
This experimental disease was characterized by intense neutrophilic inflammation and
reduced expression of syndecan-1 in alveolar epithelial cells and could be reproduced
by administration of recombinant -hemolysin, but not of mutant B-hemolysin deficient
in sphingomyelinase activity.

Extracellular DNA is a major structural component in the biofilms of pathogenic

S. aureus. Huseby et al. [21] showed that B-hemolysin forms covalent cross-links to
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itself in the presence of DNA, irrespective of sphingomyelinase activity, producing an
insoluble nucleoprotein matrix in vitro. Using an infectious endocarditis rabbit model,
the authors observed that this toxin stimulates biofilm formation in vivo. B-Hemolysin
does not lyse most types of host cells but leaves them vulnerable to a number of other
lytic agents, such as a-hemolysin and Panton-Valentine leukocidin [20]. We recently
demonstrated that a-hemolysin production predicts poor outcome in peritonitis
episodes caused by S. aureus and CoNS [11].

A reservoir of phospholipids exists on the peritoneal surface and the main
constituents of peritoneal phospholipids are phosphatidylcholine and sphingomyelin
[22]. Indeed, evidence suggests that the phospholipids present on the peritoneal
surface are derived from peritoneal mesothelial cells. In this respect, B-hemolysin, a
sphingomyelinase, may participate directly in biofilm formation, contributing to a poorer
outcome of peritonitis episodes, or may render host peritoneal cells susceptible to other
pathogenic factors.

Surprisingly, biofilm production was not a predictor of peritonitis resolution.
However, the percentages of non-producers was low, a fact impairing the comparison
with biofilm producers; therefore, a role of biofilm production in peritonitis outcome
cannot be ruled out. Finally, other S. aureus virulence factors that act in a synergistic
and coordinated fashion may play a pathogenic role.

The present study has several limitations, the most important of them is the
absence of more accurate tests to assess production of B-hemolysin such as mRNA
levels using quantitative real time-PCR or specific detection such as by ELISA or
Western Blot. Also, the small number of cases analyzed that may reduce its statistical
power, and since it is a single-center study its results cannot be extrapolated.
Nevertheless, it is the first Latin American study analyzing a series of S. aureus

peritonitis cases. In this respect, S. aureus remains the most frequent PD-related
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etiology in several Latin American countries, including Brazil [3]. Furthermore, this
study focused on the role of virulence factors on the outcome of this infection.

In conclusion, despite a strong reduction in the incidence of S. aureus
peritonitis, our results showed a poorer outcome of episodes caused by this bacterium
when compared to episodes due to CoNS, particularly a higher death rate. Among
demographic factors, older age and diabetes were predictors of a lower resolution rate.
These findings highlight the importance of peritonitis as a serious complication of PD,
particularly among elderly and diabetic patients. R-Hemolysin production was the only
virulence factor that negatively influenced peritonitis outcome; however further studies
using specific tests to detect the presence of R-hemolysin are necessary to confirm this

result.
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Materials and Methods

All episodes of ambulatory PD-related peritonitis caused by Staphylococcus
aureus between January 1996 and December 2010 were reviewed. The diagnosis of
peritonitis was made when at least two of the following criteria were present: 1)
presence of a cloudy peritoneal effluent; 2) abdominal pain; 3) dialysate containing
more than 100 white blood cells per pl (at least 50% polymorphonuclear cells), and 4)
positive culture of peritoneal effluent [23,24]. Exclusion criteria were episodes of
relapsing S. aureus peritonitis, presence of concomitant exit site or tunnel infections,
and incomplete clinical data. Resolution was defined as the disappearance of signs
and symptoms within 96 h after the beginning of antibiotic therapy and a negative
peritoneal fluid culture at least 28 days after treatment completion [23,24]. Relapse was
defined as an episode due to the same organism, or a negative culture result that
occurs within 28 days of completion of antibiotic therapy for a prior S. aureus episode
[23,24]. Death related to peritonitis was defined as death of a patient with active
peritonitis, or admitted with peritonitis, or within 2 weeks of a peritonitis episode [23,24].
Non-resolution was the term used for cases presenting initial non-resolution, relapse,
peritoneal catheter removal due to refractory peritonitis, need for a second antibiotic
regimen, or death.

The following information was recorded for each case: 1) episode: date, clinical
findings, treatment, and outcome (resolution, relapse, catheter removal, or death); 2)
presence of diabetes mellitus; 3) demographic data: age, gender and race (Caucasian,
non-Caucasian), and dialysis treatment time; 4) dialysis modality (continuous
ambulatory peritoneal dialysis or automated peritoneal dialysis); 5) educational level
(illiterate, elementary, secondary, and higher).

The study was approved by the Research Ethics Committee of the Faculty of
Medicine of Botucatu, Brazil (OF. 028/08-CEP). This study was exempted from the

requirement to obtain written informed consent from the participants and/or their legal
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guardians because the Staphylococcus strains included in the study had already been
isolated and stored in the Culture Collection of the Department of Microbiology and
Immunology, UNESP, Botucatu, S&o Paulo, Brazil.

Patients were treated within 24 h of the onset of the first clinical signs or
symptoms using contemporary empiric antibiotic recommendations [23-25]. From 1996
to 2000 (period 1) empiric antibiotic therapy consisted of intraperitoneal (i.p.) cefazolin
plus amikacin. Two protocols were used from 2000 to 2005 (period 2): the first
consisted of i.p. cefazolin plus amikacin and the second of i.p. cefazolin plus
ceftazidime. After 2005 (period 3) all episodes were first treated with i.p. vancomycin
plus amikacin. Therapy was evaluated and adjusted as soon as the culture results
were available. The duration of antibiotic therapy was 21 days.

In the period 1 no antibiotic prophylaxis at exit site was prescribed and two
connection systems were used: the Y set system and the twin bag system, which was
introduced in 1999; automated PD (APD) was used from 1998. In the period 2 no
antibiotic prophylaxis at exit site was prescribed until 2003, when daily mupirocin cream
application at exit site began to be recommended; the twin bag system or APD were
prescribed for all patients. In the period 3 until December 2006 all patients were
oriented to daily mupirocin cream application, and from January 2007 daily gentamicin
cream application at exit site was prescribed to all incident patients; the twin bag
system or APD were prescribed for all patients.

The incidence of S. aureus peritonitis was calculated for the three subsequent
periods of 5 years and is expressed as episodes per patient per year.

The initial cultures were performed with the Bactec® Automated System
(Becton Dickinson Company, Sparks, Maryland, USA) and then seeded onto blood
agar. The isolates were Gram stained to confirm purity and to determine morphology

and specific color. After confirmation of these characteristics, tests for identification of
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the isolates were performed as recommended by Koneman et al. [26]. The isolates
were stored in a culture collection.

The in vitro susceptibility of S. aureus to oxacillin and vancomycin was
evaluated based on the minimum inhibitory concentration determined by the E-test (AB
Biodisk, Solna, Sweden). This quantitative method uses a transparent strip of inert
plastic that contains drug concentrations ranging from 0.002 to 256 pg/ml. The
proportion of strains susceptible to each drug was defined based on the 2011 CLSI
breakpoints [27]. Strains presenting intermediate values were considered to be
resistant.

Whole nucleic acids were extracted from S. aureus strains cultured on blood
agar, individually inoculated into brain heart infusion (BHI) broth, and incubated at 37°C
for 24 h. Nucleic acids were extracted using the illustra blood genomic Prep Mini Spin
kit (GE Healthcare, Little Chalfont, Buckinghamshire, UK) according to manufacturer
instructions. Staphylococcal cells were first digested with lysozyme (10 mg/ml) and
proteinase K (20 mg/ml). Next, 500 pl extraction solution was added to the mixture.
After centrifugation at 5000 g for 1 min, the supernatant was transferred to a GFX
column and centrifuged at 5000 g for 1 min. The supernatant was discarded and 500 pl
extraction solution was added to the column. After centrifugation and disposal of the
supernatant, 500 ul wash solution was added to the column. The column was then
centrifuged at 14,000 rpm for 3 min and transferred to a 1.5-ml tube. Milli-Q water (200
pl) preheated to 70°C was used for elution. The isolates were centrifuged at 5000 g for
1 min and the GFX column was discarded. Extracted DNA was stored under
refrigeration at 4°C.

PCR amplification was performed in 0.5-ml microcentrifuge tubes containing 10
pmol of each primer, 2.0 U Taq DNA polymerase, 100 uM deoxyribonucleotide
triphosphates, 10 mM Tris-HCI (pH 8.4), 0.75 mM MgCl,, and 3 ul nucleic acid in a total

volume of 25 pl. mecA gene amplification was carried out in an appropriate thermal
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cycler using the mecAl (AAA ATC GAT GGT AAA GGT TGG) and mecA2 (AGT TCT
GCA GTA CCG GAT TTG) primers as described by Murakami et al. [28]: 40 cycles of
denaturation at 94°C for 30 s, annealing of primers at 55.5°C for 30 s, and extension at
72°C for 1 min. After completion of the 40 cycles, the tubes were incubated at 72°C for
5 min and then cooled to 4°C. The S. aureus ATCC 33591 and ATCC 25923
references strains were included in all reactions as positive and negative controls,
respectively.

The efficiency of amplification was monitored by electrophoresis on 1.5%
agarose gel prepared in 1X TBE buffer and stained with ethidium bromide. The size of
the amplified products was compared with a 100-bp standard and the gels were
photographed under UV transillumination.

Biofilm production was evaluated according to Christensen et al. [29]. Colonies
isolated on blood agar were inoculated into tubes measuring 12.0 x 75.0 mm and
containing 2.0 ml trypticase soy broth and incubated at 37°C for 48 h. Next, 1.0 ml
0.4% trypan blue or Toluidine blue O solution was added to the tubes. After gentle
shaking to guarantee staining of the material adhered to the inner surface of the tubes,
the dye was discarded. A positive result was defined as the presence of a layer of
stained material adhered to the inner wall of the tube. The presence of a colored ring
only at the liquid-air surface was classified as a negative result.

Production of a- and B-hemolysin were determined on plates containing blood
agar supplemented with 5% rabbit blood and 5% sheep blood, respectively. The plates
were incubated at 37°C for 24 h. The formation of hemolysis zones around the isolated
colonies indicated a positive result.

Lipolytic activity was evaluated on plates containing blood agar enriched with
0.01% CacCl,:2H,0 and 1% Tween 80. A positive result was defined as the formation of
opacity around the colony after incubation at 37°C for 18 h, followed by incubation at

room temperature for 24 h [30]. The production of lecithinase was evaluated using
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Baird-Parker medium. The formation of an opaque halo around the colony indicated a
positive result [31].

Nuclease (DNAse) and thermonuclease (TNAse) were determined by the
metachromatic Toluidine blue O agar diffusion-DNA technique according to Lachica et
al. [32]. Supernatants obtained by the sac culture method of Donnelly et al. [33] as
described below were transferred to the wells of plates containing metachromatic
Toluidine blue O agar. The culture supernatant was first heated in a water bath for 20
min for the detection of TNAse. Nuclease (DNAse and TNAse) activity was evaluated
by measuring the diameter of pink halos (mm) formed on the medium. Positive results
were interpreted by comparing the halos with those obtained for a standard DNAse-
and TNAse-positive S. aureus strain (ATCC 25923).

For the evaluation of the production of enterotoxins and TSST-1, the sac culture
method [33] was used to determine the toxigenic profile of the strains. Dialysis sacs
filled with 50 ml double-concentrated BHI broth were placed in U-shaped Erlenmeyer
flasks and autoclaved at 121°C for 15 min. A loopful of organisms was added to 18 ml
sterile 0.2 M phosphate buffer in 0.9% NacCl, pH 7.4. After incubation at 37°C for 24 h
on a shaker at 200 rpm, the cultures were centrifuged at 8000 g for 10 min at 4°C and
the supernatants obtained were stored at -20°C until the time of use. The extracellular
products were detected by reverse passive latex agglutination (RPLA) using the SET-
RPLA-T900 and TST-RPLA-TD940 kits (Oxoid Diagnostic Reagents, Cambridge, UK)
for the detection of enterotoxins A (SEA), B (SEB), C (SEC) and D (SED) and TSST-1,
respectively, according to manufacturer instructions. Samples that presented
nonspecific reactions after this treatment were filtered through a Millipore membrane
(0.22 pum) and, if necessary, diluted 1:10 with 0.02 M phosphate buffer in 0.9% NacCl,
pH 7.4. A positive reaction was classified as (+), (++) and (+++) according to the
agglutination pattern described by the manufacturer of the kit. The formation of a rose

button was interpreted as a negative result.
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Statistical analysis.

Peritonitis incidences were compared using the Poisson regression model. The
association between microbiological characteristics (oxacillin resistance, presence of
mecA gene and production of pathogenic factors) and the frequency of clinical findings
at initial presentation (abdominal pain, fever, nausea or vomiting, and arterial
hypotension) was analyzed by the chi-square or Fisher's exact test. These tests were
also used to compare resolution and death rates between S. aureus peritonitis
episodes and 117 contemporary CoNS cases. Multivariate analysis by logistic
regression was used to test baseline demographic, clinical, and microbiological factors
that independently predicted the outcome of a peritonitis episode. Outcome was
classified as two mutually exhausted and exclusive results (resolution or non-
resolution). For this purpose, univariate analysis using the chi-square or Fisher’'s exact
test (binary variables) or logistic regression (continuous variables) was first performed
to select the variables that would enter the final model, with p > 0.20 being used as an
elimination criterion. A p value less than 0.05 was considered to be significant. All

statistical analyses were performed using the SPSS 16.0 software (SPSS®, Inc.).
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Figure legends

Figure 1. Annual Rate (episodes/patient/year) of Staphylococcus aureus Peritonitis

from January 1996 to December 2010.

Figure 2. Vancomycin Minimum Inhibitory Concentration (MIC50) and Proportion of
Oxacillin-Resistant Staphylococcus aureus Strains Isolated from Peritoneal Dialysis

Patients with Peritonitis between 1996 and 2010.
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Table 1. Summary of Patient Characteristics at Baseline (n = 56)

Frequency %

Age (years)

<20 4 7.2

21-40 12 214

41-60 20 35.7

>60 20 35.7
Male gender 23 41.1
Presence of diabetes 28 50
Educational Level

Elementary 30 53.6

Secondary 8 14.3

Higher 6 10.7

llliterate 7 12.5

Unknown 5 8.9
PD modality

APD 9 16.6

CAPD 47 83.3

PD, peritoneal dialysis; APD, automated peritoneal dialysis; CAPD, continuous ambulatory

peritoneal dialysis.



Table 2. Clinical findings in S. aureus peritonitis episodes
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Sign or symptom N %

Cloudy Dialysis Effluent 60 96.8
Abdominal pain 42 67.7
Nausea or vomiting 26 41.9
Fever 18 29.0
Hypotension 12 19.3

Table 3. Production Rates of Pathogenic Factors by S. aureus strains Isolated from 62

Peritonitis Episodes

N %
Enzymes
a-Hemolysin 27 435
B-Hemolysin 24 38.7
Lipase 52 83.9
Lecithinase 57 91.9
Deoxyribonuclease 58 93.5
Thermonuclease 56 90.3
Toxins
SEA 7 11.3
SEB 17 27.4
SEC 12 19.4
TSST-1 17 27.4
Biofilm 55 88.7

SEA, SEB, SEC, enterotoxins A, B and C, respectively; TSST-1, toxic shock syndrome toxin-1.



Table 4. Odds Comparison of Peritonitis Resolution by Logistic Regression Analysis

p value
Factor (univaria p value OR 95% ClI
(multivariate)
te)
Gender (female) 0.109 0.143 4.551 0.599-34.611
Caucasian race 0.642
Age (years) 0.042
<20 0.999 Exp(3.849) 0.000-
21- 40 0.871 0.845 0.111-6.466
41- 60 0.020 0.091 0.012-0.684
> 60 (reference)
Educational level 0.934
Elementary
Secondary
Higher
llliteracy
Vancomycin use 0.037 0.242 0.325 0.049-2.140
Presence of diabetes 0.042 0.009 14.682 1.960-112.676
Enzyme production
a-Hemolysin 0.632
B-Hemolysin 0.077 0.006 16.597 2.246-122.615
Lipase 0.204
Lecithinase 0.185 0.697 2.248 0.038-131.697
Deoxyribonuclease 0.033 0.999 Exp(6.296) 0.000-
Thermonuclease 0.934
Presence of mecA gene 0.195 0.838 1.430 0.046-44.342
Biofilm production 0.623
Toxin production
SEA 0.265
SEB 0.312
SEC 0.071 0.217 5.621 0.363-87.052
TSST-1 0.205 0.399 0.365 0.035-3.805
Dialysis vintage (months) 0.07 0.092 0.943 0.880-1.010
Dialysis modality 0.477

(APD vs CAPD)
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SEA, SEB, SEC, enterotoxins A, B and C, respectively; TSST-1: toxic shock syndrome toxin-1;

APD, automated peritoneal dialysis; CAPD, continuous ambulatory peritoneal dialysis.
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Figure 1
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ABSTRACT

Staphylococeal food poisoning is caused by ingestion of enterotoxins preformed in the food contaminated
essentially through human manipalation or raw material obtained from animals. Although coagulase-positive
Staphvlococcus aurens is the main agent responsible for food intoxication, some researches emphasise that
coagulase-negative staphylococct (CNS) are able o produce staphylococcal enterotoxins and may be o
potentinl cause of food poisoning, In the present study CNS were tsolated from foods and the toxigenic
capacity of the strains determined. A 1o1al of 88 food samples were analysed and 22.7% were positive for ONS
strams. Staphylococcal counts rnged from 3.0 x 107 to 1.4 x 10/ CFU/g or mL of food examined. 8. epidermidis
predominated among the isolates (40%). Further isolates included S. xydasuy (20%), S, warraert (20%5),
5. succharotytions (15%), and S. hominis (3%). Four isolates were positive for enterotoxin genes, as detected
by polymerase chain reaction, with sea being the predominant gene. Although no enterotoxin production was
detected by the reverse passive latex agglutination method. the data showed that the toxigenic capacity of
ONS should not be ignored, requiring investigation of this group of microorganisms in food

Key words: coagulase-negative staphylococer, PCR. enterotoxins

INTRODUCTION

Stapivlococcus anrens enterotoxins are the most frequent
causes of food possoning, with outbreaks caused by
mishandling of foods after heat treatment (21.23), The heat
destroys the vegetative bactenal microbiota in food. and the
non competitive staphylococei, introduced by inadequate
handling process, may grow.

Although entesotoxins are produced mainly by coagulase-
positive staphylococct, some coagulnse-negative staphylococci
(CNS), involved in a variety of human and animal infections
(11), have also raised interest. Very litle s known about the
growth of ONS in foods These strains have rarely been
impliciated in food poisoning because they do not grow rapidly
in foods. Nevertheless CNS can contaminate foods because
humans are commeon carriers of these microorganisms and some
may be related to specific human infections (4).
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Since immunoassuys require a detectable amount of toxin,
molecular techniques can complement the assay through detection
of stuphylococcal enterotoxin genes s important tool i the
microbiology laboratory. Taking into sccount that the wxigenic
potential of ONS is often neglected, i the present study enterotoxin
genes in ONS strains isolated from foods were analysed by PCR
and the results correlated with latex agglutmation assay data,

MATERIALSAND METHODS

Food samples
A total of 88 food samples were analysed, including bakery

goods (n=38), milk (n=18), snacks (n=1 1), white cheese (n=10),
sandwich (n=8,) and pork meat (n=3), purchased from local
markets or delicatessens in Botucaty, SP (Brazil) fora period of
twelve months {2003). The mtesval between the sampling and
the analysis was less than one hour,
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Isolation of staphylococei

Twenty-five grams of cach sumple was suspended i 225
mL peptone water, and 0.1 mL of 10-' 1o 10 dilutions was spread
on the surfuce of Baird-Parker agar. The plates were incubated
for 48 hat 37°C and typical colonies (black to dark grey, smooth,
convex, well-defined contours, surrounded or no by a dull halo)
were counted and the number expressed in CFU/g or mL.

Identification of coagulase-negative staphylococci

Representatives of each colony type were checked by Gram
method for purity and morphology, and submitted to catalase
and coagulase tests. The genus Staphylococens was
differentiated from Micrococens by glucose oxidation and
fermentation tests, resistance to bacttracin (0.04 U, absence of
an inhibition halo or formation of a halo of up to 9 mm). and
sensitivity to furazolidone (100 mg, inhibition halo of 15 to
35mm)(2).

ONS were identified by simplified biochemical test scheme
proposed by Kloos and Schieifer (10) and Kloos und Bannerman
(11). which is based on the utilization of xylose, arabinose,
sucrose, trehalose, mannitol, maltose, lactose, xyvlitol, nbose,
and fructose, characterization of hemolysis, reduction of nitrate,
presence of urease and omithine decarboxylase, and resistance
to novobiocm.

Toxin production

Suphylococcal enterotoxin was produced using the dialysis
bag method described by Donnelly er o/ (8). A 30 o 40 cm
dialysis bag (Cut-O4F 12,000-16,000 MW, Inlab) was previousiy
washed with distilled water. closed at one end, filled with 30 mL
of double-concentrated brain heart infusion broth (BHI), and
the other end closed. The bag, bended to a “U™ shape, was
placed ina 250 mi Erlenmeyer flask and autoclaved for 15 min
at 121°C. The flask was added of 13 mL of 0.02 M phosphate
buffer pH 7.4 1 0.9% NaCl, moculated with staphylococe
previousty cultured in S mL BHI at 37°C/18 h. After incubation
at 37°C. 200 rpm for 24 b, the culture was centrifuged at 000 ¢
10 min at 4°C and the supernstants stored a1 -20°C and in liguid
nitrogen until use.

Detection of enterotoxins

For the detection of toxins by reverse passive latex
agglutination (RPLA) method, the supernutanis concentrated
in dialysis bags (8) were filtered through an 8 pm Millipore
membrane to avoid nonspecilic reactions. Extracellular
enterotoxing were detected by RPLA method as described by
Shingaki ¢ al. (20) using the SET-RPLA-T900 kit for the
detection of SEA, SEB, SEC and SED (Oxoid Diagnostic
Reagents). Briefly, microplate wells with a V-shaped bottom were
inoculated with 25 pl of the supernatant and 25 ul. latex
sensitised with unti-enterotoxins. Standard toxins (provided by
manufiacturer, Oxoid Diagnostic Reagents) were used as positive

controls and the occurrence of nonspecific reactions was tested
by addition of 25 pL of the supematant 1o 25 ul. of control latex.
The plates were covered with cellophane and homogenised in i
micromixer for 3 min. After mcubation for 20 to 24 h at
environmental temperatuee, the results were recorded according
to the agglutination pattern described by the manufacturer.
Positive reactions were classified as (+), (++), and (+++), while
formation of a pink bud was interpreted as a negative result.

Detection of enterotoxin genes
DNA extraction

Total DNA was extracted from CNS strains coltured on
blood agar, inoculated individually into BHI broth and incubated
at 37°C7 24h. The GFX kit { Amersham Biosciences) was used
for DNA extraction by manufactures's protocol, which consists
of initua] digestion of the staphylococcal cells with lysozyme
(10 mg/mL) and protemnase K (20 mg'mL). Then 500 pl_ of the
extraction solution was added, and the mixture was centrifuged
(3000 g/ | min). The supernntant was then transferred to a GFX
column and centrituged (S000 g/ | min). The eluent was
discarded, and 500 pl. of extraction solution was again added
to the column. After centrfugation and disposal of the collected
eluent, 500 pl. of the wash solution was added to the column
und the column was centrifuged at 20800 ¢ 3 min. The column
was then transferred toa 1. 5-mL wbe and 200 pl. Milli-Q water
heated at 70°C was used for elution under centrifugation (5000
g’ 1 min).

PCR

PCR was carned out in 0.5-mL microcentnfuge tubes added
of 20 pmol of each primer { Table 1), 2.5 U Tag DNA polvmense,
200 uM ANTPs, 20mM Tris-HCL pH 8.4,0.75 mM MgCl.. and
3 L DNA (total volume of 50 pl.). A negative control in which
DNA was replaced with water was run in parallel inall reactions.
Amplificanon was performed with an MJ Research PTC-100
thermocycler as described by Johnson ¢ wl. (9) with some
maodification, which consisted of a first cycle at 94°C for 4 min,
denaturation at 94°C for 2 min, annealing at 35°C for | minand
30 sec, and extenston at 72°C for 1 min and 30 sec, followed by
# second cycle of denaturation at 94°C for 2 min, snnealing al
53°C for | min and 30 sec, and extension at 72°C for 1 man and 30
sec. In the third cycle, the annealing wemperature was reduced
10 S1°C, followed by additional 37 cycles at 94°C for 2min, 51°C
for I minand 30 sec and 72°C for 1 minand 30 sec. At the end of
the 40 cycles, the tubes were incubated at 72°C for 7 min and
stored at 4°C.

Analysis of the amplified products

Amplification efficiency was determined on 2% agarose gels
in | X TBE buffer stained with ethidium bromide. The size of the
amplified products was compared with 50- and 100-kb standards
and the gels were photographed under UV transillumination.
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RESULTS

Table 2 shows the distribution of CNS sccording to species
and food analysed, slowing that twenty food samples were
pasitive for ONS spectes. Ofthe 20 ONS solates, 12 were 1solated
from bakery goods, 2 from milk, | from cheese, 2 from sandwiches,
and 3 from pork meat.

CNS counts in the foods ranged from 3.0 x 10710 1.4 x 10
CFU/g or mL, except for snacks, where no stuphylococen were
isolated (Table 3),

N epidermidis was the most predominant specie, accounting
for 40% of all ONS, followed by 8 xvlosnus (20%%), 8. warmer
(20%6), 8 saccharolytions (15%), and N, bomimis (3%),

The gene specific analysis by PCR for enterotoxin production
revealed sea gene in three ONS isolates, while sec-1 gene was
detected n only one isofate { Table 4). Despite potentially toxigenic
strains of CNS were detected by molecular tool, the analysis of
enterotoxin by RPLA method showed negative results.

The sea gene was detected in one S epidermidis 1solated
fram chocolate cream-filled puffs, in one S oosey ssolate from
cream-filled puflfs and in one S homimis from apple pie. The sec-
1 gene was detected mn only one S, _cylosny isolated from frun pie.

DISCUSSION

As shown in Table 2, S, epudermidiy was the most frequently
isolated species (40%), This species 15 a common inhabitant of
human skin and mucows membranes of individeals manipulating
food and animals, and ts able to contaminate raw products and
processed foods (4).

Both S warners and S xv/oses were the second mast frequent
species in our study (20%). In a study carnied out by Udo et al.
(24) with restaurant workers, the prevalent CNS species on the
hands of food handlers were 8. homumy (23.6%), N wornerd
(20.6%) and S. epidermidix (3.4%). Since human nares and
fingers are the maim sources of 8, anreus (16,22), and because
CNS inhabit the human skin and mucous membranes, these
microorganisms ¢an contaminate food if these are not handled
properly. Therefore, enterotoxigenic CNS strains may contribute
to staphylococcal food poisoning (4).

In the present study, staphylococcal enterotoxin genes were
detected in one S epidermidis isolate, two 8. xalosus isolates
und one 8 hominiy isolate ( Table 4).

Valle e of. (25) determined the enterotoxigenic character of
staphylococct isolated from the skin, nasal mucosa and mitk of

Table 1. Primers used for the detection of staphylococcal enterotoxin genes.

Primers 5" 1o 3" nucleotide sequence Target Amplicon size (bp)
send TIG GAA ACG GIT AAA ACG AA Enterotoxin A 120
veal GAA OCT TCC CAT CAA AAA CA Enterotoxin A
sebl TCG CAT CAA ACT GAC AAA CG Enterotoxin B 478
xeb2 GCA GGE ACT CTA TAA GIG CC Enterotoxim B
vee! GAC ATA AAAGCT AGG AAT T Enterotoxin C 27
seel AAA TCG GAT TAA CAT TAT CC Enterotoxin C s
yed! CTA GTT TGG TAA TAT C1C CT Enterotoxin I W7
yed2 TAA TGC TAT ATC TTA TAG GG Enterotoxin D
Source: Johasan of af., 1991 (%)
Tabke 2. Frequency of coagulase-nepative staphylococct (CNS) isolated from foods
Species Isolates  Bakery goods  Snack Milk White cheese  Sandwich  Pork meat
=20 n-38 =11 n=18 =10 -8 =3
S, eptdermibdiy 8(40.0) 44200) 2(10.0) - 2(100) .
A xvfosuy 4420.0) 420.0) - - - <
N hominis 1(50) 1500 - - - -
N warner 4(200) 31500 - L300 - -
S, saccharalvticnus 3150 - - - - 3(15.0)
Total 204100.0) 12¢60.0) 2(100) 1(5.0) 2(100) 315

209

N= Number of isolates ONS of the 88 samples analysed. o = Total number of samples analysed.



Table 3. Number of coaguluse-negative staphylococe: (CNS) in foods.

enterotoxin- producmg CNS from food mplicated 1

a food poisoning outhreak.

Food Isolates oo iy Average Count Comparing the PCR and RPLA data, the isolates

N C9 CFUgormL were shown to be PCRpositive for enterotoxin gene

Bakery poods{n=38) 4 (200) 8 epidermidis 135100 did not evidence detectable production of enterotoxin
4{200) S xles 60x10° by RPLA method. Similar findings have been reported

1 (50) S hominis Ssx10 by others {9, 19) and might be due to toxin production

JU50) S warneri I2x below the detection limit of the RPLA method or 10

Milk (n=18) 2100y S epicermidis 12x100 the non-expression of genes. According to Schmitz
White cheese (n=10) 1 (50) 8 wamieri 14x10r etal (19). in clinical practice, staphylococeal strains
Sundwich {n=8) 2(100) S epudermidis T2x1¢ carrying a toxin gene should be considered potentinl
Pork meat (n=3) 3(150) 8 saccharolyicns 30X 1P producers of this toxin since toxin production i vive

n = Total number of samples aalysed.

Table 4. Detection of toxin genes by PCR i ONS species isolated
from foods,

swea seb see-d sed

H
3

epidermidix |
aylosuy | - S =
xpdosuy .
honminix 1
warner -
saceharolyricus - - - -

Total 3 - | -

sea, sely, sece |, and yed: enterotonins genes A, B C and D, respectively,

133 healthy goats. Twenty-two percent of ONS strains produced
enterotoxing, including S caproe, N xfosus, & warners and §
epidermidis

Analysis of the toxigenic profile of ONS isolated in our study
by PCR revealed the presence of the seu genc in one 8. xyiosus
isolate, one 8. howunix isolate and one S epdermidiy 1solate
(Table 4). 1t has been widely accepted that most staphylococeal
food intoxscations are caused by the ingestion of enterotoxin A
(17,18,26). The presence of the see-1 gene was observed in one
& xvdosuy isolate. All theses toxigenic ONS were isolated from
bakery poods. Bakery goods covered and filled with cream are
leading causes of food poisoning worldwade (1.5,7),

The enterotoxigenicity of CNS has been described by
several investigators (6,14,25), and questioned by others (3),
but few studies have been conducted to determine the
enterotoxigenic capacity of CNS in foods. In this study, 4 small
number of CNS harboured enterotoxin genes but, their
detection was important because confirms that ONS ssolated
from foods can produce enterotoxins. These results confirm
the findings reported by Crass and Bergdoll (6) who isolated

cannot be excluded. Many factors affect S anreus
growth and enterotoxin production in foodstulls, such
as the presence of specific amino acids that vary with
the strains (15), glucose, pH, acetic acid, lactic acid,
sodium chloride and competing microorganisms (12). Thus
considerable research effort is sull required for better
understanding of the interactions between CNS and the food
matrix, and the mechanisms of enterotoxin production in
foodstuffs,

PCR was found 1o be i rapid and refiable method for the
identification of genes responsible for the production of
staphylococcal toxins. The determination of the enterotoxigenicity
of strains s mainly based on immunological methods, which
depend on the concentration of the woxm produced and, therefore,
might not detect Jow-producing strains,

The importance of our results lies not only in scientific
aspects considering the scarcity of available data in this respect,
but in providing practical information about food safety, which
is of greal importance since some ONS species, such as 8.
xydasus, ure used as a starter culture in fermented meat products
(13). In addition, the present results confirm the need for further
studies in order to better characterize the enterotoxigenic
potential of CNS in foods,
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RESUMO

Detecciio de genes de enterotoxinas em estafilococos
congulase-negativa isolados de alimentos

A intoxicaglo alimeniar estafilocdcica ocorre devido a
ingestio de alimentos contaminados com enterotoxinas, Essa
contaminagdo tem sido onunda, principalmente, da manipulagio
humana, ou de matérins-primas procedentes de animais
portadores. Embora Staphydococcny anreus coagulase positiva,
sejn o principal agente de intoxicacho alimentar, alguns
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pesquisadores enfatizam gue os estafilococos coagulase-
negativa (ECN) podem produzir as enterotoxinas estafilococicas,
podendo contribuir para o intoxicagdo alimentar. Este estudo
teve como objetivos isolar os ECN de alimentos e verificar a
capacidade enterotoxigénica dessas linhagens. Foram estudadas
88 amostras de alimentos, sendo que 22,7% foram positivas
para ECN com crescimento entre 10° ¢ 10° UFCig ormL. A
espécie predominante dentre as hinhagens isoladas foi S
eptderntidis (40%), seguido por S, warners (20%), 8. xvfosus

e
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pyrogenic loxic superantigens consisting ol toxic shock
syndrome toxin | (TSST-1) and staphylococeal entero-
toxins that cause staphylococeal food poisoning (24).
Due to thewr superantigen nature, enterotoxins and
TSST-1 directly bind to the major histocompatibility
complex class I molecule without undergoing the typi-
cal processing of normal antigens, a fact resulting m
increased T cell stimulation and, consequently, exces-
sive production of cytokines such as interleukin | (IL-
1} [L-2, interferon gamma and tumor necrosis factor
alpha (29), Current evidence indicates that the physio-
logical effects of neonatal sepsis are mediated by
cytokines activated in response to the presence of bacte-
rial components inside the cell {20).

Stuphylococeal enterotoxins are water-soluble exo-
proteins with o molecular weight ranging from 26 10 29
kDa and are characterized by a disulfide loop close to
the center of the molecule (5, 16). The punfication and
characterization of staphylococcal enterotoxins started
in 1959 (3). and today 14 serologically distinet entero-
toxins designated by different letters are known: SEA,
SEB. SEC,, SEC., SEC,, SED. SEE. SEG. SEH, SEI,
SEJ, SEK. SEL, and SEM (1, 3, 4, 8-10, 17, 30, 33,
39, 40,

Although little attention has been puid o the toxi-
genie profile of CNS, some investigators have empha-
sized that these microorganisms ¢an produce TSST-1
alone or in combination with a staphylococcal entero-
toxin, and therefore their clinical importance and toxi-
genic capacity cannot be ignored (11, 19, 37),

The detection of staphylococcal entertoxins is deci-
sive for the confirmation of an outbreak and for the
determination of the enterotoxigenicity of strains (6). A
large number of serological methods for the detection of
enterotoxins 1 food and culture media have been pro-
posed (6). However, the immunological methods used
for toxin detection we time consuming and do not
always wentify toxm-producing strains because toxin
production depends on the growth conditions which
differ from in vive conditions (17). In addition,
immunological methods can yield fulse-positive results
because of cross-reactions between antigens and the
occurrence of nonspecific reactions (27, 28, 38),

Since detectable amounts of toxin are required when
mnunological methods are used, the development of
molecular biology techniques for the detection of
staphylococeal enterotoxins represent an important ool
in the microbiology laboratory. Based on these aspects
and taking into account that the pathogenic potential of
CNS is often neglected, the objective of the present
study was to identify enterotoxin and TSST-1 genes by
PCR 0 strams of CNS and 8. awrens ssolated from
patients and o compare the results with those of a latex

agglulination ussay.
Materials and Methods

Isolares. A 1otal of 240 staphylococcal strains,
including 120 ONS and 120 8, aurens strains, isolated
from clinical samples obtained from newborns hospi-
tulized at the Neonatal Unit, University Hospitul, Botu-
catu Medical School, SP, Brazil wese studied,

The following toxigenic S, aurens interational refer-
ence strains were used as positive control: SEA-produc-
ing 8. awrens ATCC 13565, SEB-producing 8, aureus
ATCC 14458, SEC-producing 8. aureus ATCC 19095,
and SED-producing 8. anrens ATCC 23235,

ldentification of S. aurcus and coagulase-negative
staphvlococci. The isolates obtained Trom clinical
specimens were seeded onto bload agar and Gram-
stumned in order to confirm their punty and to determine
their morphology and specific color.  After confirma-
tion of these charactenstics, the isolates were submitted
to catalase and coagulase tests, The genus Staphiylo-
coceus was differentiated from Micrococcus species on
the basis of oxidation and glucose fermentation tests,
resistance/susceptibility to bacitracin (0.04 U) indicated
by the absence or presence of an up 1o 9 mm inhibition
halo, and susceptibility to furazolidone (100 pg) charac-
terized by inhibition halos measuring 15 0 35 mm in
diameter (2).

CNS were identified according to the criteria pro-
pased by Kloos and Schieifer (21) ad Kloos and Ban-
nerman (23) using & simple biochemical test scheme
based on the utilization of the sugars xylose, arubinose,
stucrose, trehalose, mannitol, maltose. lactose, xylitol,
ribose and fructose, a coagulase test, hemolysin charac-
terization, mitrate reduction, the presence of urcase and
ornithine decarboxylase, and suscepubility o novo-
biocin,

The lollowing CNS mternational reference strams
were used as control: 8, epidermidis (ATCC 12228), S.
simulans (ATCC 27851), 8. warneri (ATCC 10209),
and 8. yvlosus (ATCC 29979),

Alter species identification, the solutes were stored in
liquid nitrogen.

Toxin production. For the detection of toxins by the
reverse passive latex agglutination (RPLA) methd,
supernatants were concentrited using dialysis bags
(12). For this purpose. 30 (o 40 cm dialysis bags were
previously washed with distilled water, tied at one end,
then filled with 50 ml double-concentrated brain heart
infusion (BHI) broth and tied at the other end. The
bags thus prepared were placed in 250 ml Erlenmeyer
Hasks m such o way as 10 form a “U" at the bottom of
the flask. The fasks were sutoclaved for 15 min ar 121
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Table 1. Primers for the detection of staphylococeal enterotoxm genes

Ciene &' 10 3" nucteotude sequence

seal TTG GAA ACG GTT AAA ACG AA
sewl GAA CCT TCC CAT CAA AAA CA
sehl TOG CAT CAA ACT GAC AAA CG
yeh2 GOA GG ACT CTA TAA GG ¢
wel GAC ATA AAA GOT AGG AAL T
wel AAA TOG GAT TAA CAT TAT CC
ved ! CTA GTT TGG TAA TAT CTC CT
sedd2 TAA TGC TAT ATC TTA TAG GG
ol ATG GCA GCATCA GCT TGA TA
12 TIT CCA ATA ACC ACC OGT TT

Target
Enterotoxin A
Enterotoxin A
Emerotoxm B
Emterotoxm B
Enterotoxin ¢
Enterotoxin '
Entesotoxin D
Enterceonm D

Toxie shock syndrome toxin |1
Toxie shock syndrome toxin |

Source: Johnson et al (18)

< TBE bulfer stamed with ethidium bromide. The
e of the amplified products was compared with 50
10X bp standards and the gels were photographed
der UV transillumination,

Statistical analvsis. The results were compared by
= chi-square test for ndependent samples or by the
sher exact test when less than 20 isolates were charac-
azed. The level of significance was set at F<<0.05 for
fesls.

Results

Isolates

Among the 120 CNS strains onginating from 111
newboms. 64 CNS were isolated from blood culwres,
41 from foreign bodies (30 from catheter tips. 10 from
cannula tips, and one from the tip of a chest drain). and
15 from secretions. Of the 120 8. anrens strains ongi-
nating from 107 newborns, 25 were isolated from blood
cultures, 44 from foreign bodies (25 from catheter tips,
16 from cannula tips, and three from the tip of chest
drains), and 51 from secretions.

% of isolates
s =
NN NN X %

% f&)‘f’,’k ,}"

Fig. | Dastribation of congolase-negative staphylococe species isolated from newboms,
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Identification of Coagulase-Negative Stapliviococci
Figure 1 shows the distribution of the isolated CNS
samples accordmg to species. S, epiderniidis was the
most frequently soluted species, accounting for 77.5%
ol the population studied.  The remaming solates were
distributed among S, faenolylhicus (6.6%), N, lugdunen
VN (5.0, S heneineis (4.29%), N, siolans (3.3%), 8,

werneri (1.7%). and N, xwWaoswus (1.7%)

Oprimization of DNA Extraction and PCR Conditions

DNA extraction. A better amplification efficiency
wis observed when the DNA was extrascted with the
GEX (Amersham Biosciences) kit and the DNAzol
(Invitrogen) kit preceded by cell lysis with lysozyme
und prvtemase K

1 2 3 4 5617 3

1 2 3 4 85 67 89

Fig. 2. The PCR products of the enterotoxin C genes in ONS isolates

Johmson ot al, (18) (A) and

wgative for sec ! Janes 1= amgd 6—17: ONS isolates positive |

: -
mes 1,2 584

L 19 ¢ ane 20: 50-bp modecalar we

for se¢ !
16: 8. awreus ATCC 19098 (secd ) bane 17; 30 bp t

by oar parameters descnbed in “Matens

fecular weight i

Although the DNAzol kit yielded good results, it is
possible that DNA is lost during aspiration of the super-
natants, which does not occur when using the GEX
columns. In view of these aspects and because extrac-
tion with the GFX kit 1s casy and rapid and shows good
reproducibility, we used this procedure lor extracting
DNA from the staphylococeal ssolates studied

PCR. Amplification was initially performed using
the parameters described by Johnson et al, (18) (Fig. 2
A). However, better PCR results (Fig. 2, B) were
obtuned with the modified protocol desenibed in “Stan
dardization of PCR.” which was thus used in the present
study to mcrease the efheiency of detection

9 10 1112 13 1415 16 17 1819 20

%
200
150

10 11 12 13 4 15 16 17

%

150
150

aplified according 1o the panmeiers by
« s Metbods™ (B). (A) Lane 5: ONS solate
the sec ! gene; line I8: S, aurens ATCC THOS (e f)

ht iuker. (B) Lanes 6,912, and 14: ONS 1solales negative
8,00, 11, and 32 ONS solotes posisive for the sev )

gene; lane 150 pegative comtrol: lane
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Toxigenicity of the Staphylococcal Isolares

Table 2 and Fig. 3 show the distribution of N, anrens
and CNS samples according 0 toxm production and
presence of toxin genes, Of the 120 8. anrens 1solales,
46 (38.3% ) produced SEA. SEB. SEC. SED or TSST-1
alone or in combination and the 1xin-specific genes
were detected i 56 (46,7%), compared 10 32 (26.7%)
and 48 (40.0% ) CNS samples. respectively.

The disinbution of toxigenic N, awrens struns
according 1o clinical material (blood, forcign body and
secretion) did not differ significantly at the 5% level,
while a significant difference was observed among CNS
strains, with & higher percentage of toxin-producing

strains being observed in samples isolated from blood
cultures.  On the other hand, detection of oxigenic
genes did not differ between isodates from blood and
foreign bodies, but showed a significant differences
between samples isolated from blood culture and secre-
tions,

Most of the isolates that produced 1oxins detected by

the RPLA assay were also positive for the detection of

the comresponding genes by PCR, However, two CNS
isolates that tested positive by RPLA [or the production
of TSST-1 and one struin that tested positive for the
production of SEB+SEC were negative lor the genes
by PCR. With respect to 8, awerens, only the sea gene

Table 2. Distributson of staphylococc solated from pewborns acconding to toxigenicity of the sirains, detection method asd clinscal

material

R S.aurens
Blood Foreign body — Secretion
Nem25 N=a4 N=51

N “%w N * N 5 N

Toul

N 120

- NS o )
RBlood Foreign body  Secretion Total
Neohd N=4] N=15 N=120

N % N F N ¥ N ®

RPLA® 7 280 IS 341 24 470 46 383 27 422 ¥ 73 2 133 32 261

PCR** Ly 320 20 454 W M9 56 47 3 M0 14

* Detection of 1oxin production by the agglstination assay.
** Detection of toxm genes by PCR

REN | 2 133 48 400

* Viddues followed by different letsers mdsciate @ ssansucally significans diflerence {(£< 0.05)

0

SIS S

| mRPLA

OrcR |

Fig. 3. Detection ol toxm production and loxin genes in coagulase-pegative staphylococe ssofales.
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was detected in one SEA+SEC producing isolate,
while in one SEA +SEB producing isolate only the seb
gene was identified (Table 3),

Similar results were obtained for the various CNS
species studied, with a higher positivity being observed
for the detection of the corresponding genes by PCR
compared 1o the determination of enterstoxin production
by the RPLA method (Table 4). Of the 93 8. eplder-
mieliy strains, 29 (31.2%) produced toxins and genes for
one, two or more toxins were identified in 38 (40.9%).

Analysis of the distnbution of the CNS samples
according to species and clinical material revealed a
significantly higher frequency of isolation of toxigenic
8. epidermidiy from blood cultures than [rom foreign
bodies and secretions, while no  difference was
observed for the other species,

Toxin production and toxin genes were identified in
8. haemalyticus and 8, tigdunensis (Table 5). The sea
gene was detected in only one of the five . hominis
strams and in one of the two S warneri isolates (Table

Table A Distribution of staphylococct isolated Trom newbosns acconging to toxigenicary of

the strains and detection method

Toxin production Toxin genes
“Toxin - RPLA o PCR
S. aureux NS 8. awereny ONS
SEA 8 0 9 7
SEBR 1§ o 17 1"
SEC T £ 15 26
SED 1 il 2 0
TSST1 o T S 5
SEA+SEB' s 0 4 0
SEA+SECT 2 0 I 2
SEA+TSST-1 0 0 | 1
SEB=SEC! 0 I 0 0
SEC=TSST-1 2 s 3 5
SEA+SEC + TSST-1" 0 1 0 |
Tol a6 32 S0 4R

SEA, SEB, SEC, and SEIX enteratoxins A, B, C and D, respectively, TSST-1: toxie

shock syndroae toxn 1! Cona

production of entervtoxins A and B, " Concomitant

production of enterotoxins A and C. ' Concomitant production of eaterotoxin A and
ISSEL * Concomitant production of enterotoxins B and €, * Concomstant production of
enterotoxin C and TSST-1.° Concomitant peoduction of enterotoxins A . C and TSST-1.
“' Valoes followed by dilferent letters indicate a statistically significant difference

(P=008).

Table 4. Distribution of coagul

method and clinical maserinl

gative staphylococer 1solated from newbosns according to toxigemicaty of the strams, detection

RILA* PR
No. of isolates ! No. woeal No. ol solates / Nowoeal
Specics No. of e e e o
isolules Blood Foreign  Searetion Toeal Blood Foreign  Sexcretion Toeal
Doy N (%) body M%)
S. epideramicdis 93 25/40 RIK g [N 2(31.2) 280800 LR el ey AR(A0.9)
S, haemolyticar K 16 o2 an 1(12.5) 26 W2 on 3(3i75
S. lugdunensis 6 1 11} 12 20 213 w1 172 kU0
8. hominis 5 Wi o3 w w5 w1 1 ol 15
S. sirmnderers Rl (N2 w wi nd w2 i Wi 18]
S, warners 2 (13| w1 o na Wl 1 oo 12
5. xylosney 2 (L4} w1 o 02 w1 1 on 12
Total 120 262 3 I5 20267 e 14041 215 S804

* Detecticn ol toxin producton by the latex agghutinatson assay, ** Detection of toxin genes by POR. " Values followed by diflerent

letiers indacate a stotisteally significant differcnce (P<20.03),
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Table 5. Frequency of toxigenic coagulase negative staphylococe (CNS) 1solates according Lo species and detection methud

(ONS species

Toxin S. epédermidis S, haewotvticay S, lugdk S.hominis S, simad 5. warneri 8. xvioxux
N=93 N=§ N=f N=5 N=d N=2 N=2
_RPLA® PCR*™® RPLA. PCR RPLA PCR RFLA PR RPLA PCR RPLA PCR RPLA PCR

SEA 0 4 ] 1 0 0 0 1 0 0 o 1 0 0
SEB 0 | 0 0 0 ] 0 O 0 0 0 0 0 0
SEC 15 20 1 2 2 i 0 0 0 1 0 0 0 0
SED 0 0 ] 0 0 0 0 0 1l 0 0 1] [ 0
TSSTE] 7 5 0 4] 0 0 0 0 0 0 0 0 0 0
SEA+SER' 0 0 il 0 ] 0 1] O 1 il 0 0 1] 0
SEA+SECY 0 2 0 0 0 0 0 0 1] 0 0 0 0 0
SEA+TSST-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SEB=SEC | 0 ] 0 0 0 0 0 0 0 0 0 0 0
SEC+TSST-1' 5 5 0 0 0 0 0 0 1] 0 0 0 0 0
SEA+SECHTSSTT 1 1 0 0 n 0 0 0 [ 0 0 0 0 0

3 0 1 0 1 0 1 0 1

lotal 29 3R 1 3 2

* Detecton of toxin production by the Laes agglutination sssay. ** Detection of woxin genes by PR SEA, SEB. SEC, wx! SED:
enterotoxing A, B, C and D, respectively. TSST-1: toxie shock syndeome toxin | ' Concomitant production of eptesotoxins A ad B
* Concomitant prodaction of enterogoxins A and €' Concomitimt production of enteroeoxin A and TSST-1, * Concomitant production of
enterotoxins B and €. * Concomitant production of enterotoxin € and  TSST-1.* Concomitant production of entertoxins A | € and

ISST-1.

5). The secl gene was identitied in one of the four 8.
simudans isolates, while one of the two S vvlosuy
struins presented 4 combination of the yea-+1st genes
(Table 5). Companson of the CNS species regarding
their capacity to produce detectable amounts of toxin
revealed a significant difference between S, epidermidis
(31.2%) and the other species (11.1%). However. no
difference in the presence of toxin genes wis observed
between species,

Furthermore, no difference i toxim production and
the presence ol the corresponding genes was observed
between §. aurens and S, epidermidis, or between S,
aurens and the CNS wsolates as a whaole.

Companson of the type of toxmn produced by CNS
und 8. anreus revealed a higher frequency of the sec/
gene among CNS isolates and of the seb gene in N,
anrens, as well as a higher frequency of production of
these specific toxins.

Discussion

The ability of CNS to cause infections has been well
documented (13); however in many cases CNS isolated
from laborutory cultures arc still considered to be conta-
minants of little clinical importance.

The progress made in the classification of staphylo-
cocel and in the development of detection methods does
not only permit the clinician to come mn contuct with &
variety of species present in clinical samples but also o
support the notion that CNS are real cticlogical agents,

The mechanisms whereby CNS cause infections
have not been completely established.  On the skin,
CNS generally show a benign relationship with the
host. However, if the skin barrier 1s damaged by trauma
or implantation of a foreign body, these microorganisms
can enter the circulation and, depending on their ability
1o adhere und escape the immune system. might multi-
ply and produce substances toxic to the host.

Studies of the pathogenesis of CNS have shown that
these mucroorgamsms produce vanous metabolites,
including enzymes and toxins (14). CNS have been
isolated [rom infections associated with the develop-
ment of toxic shock symdrome (7. 11, 19). However, the
production of TSST-1 by CNS has been guestioned by
other mvestigators who did not confirm these findings
(25.32).

The determmation of the production of staphylococ-
cal toxins is still mainly based on immunological meth-
ads, which depend on the concentration of the toxin
produced and, therefore. might not detect low-producing
strans. The classical methods used for the detection of
enterotoxins and TSST-1 in culture supematants are
immunodiffusion, RPLA and ELISA. However, these
methods are time consuming and do ot always dentify
toxin-producing  strains  because  toxin  production
depends on the growth conditions which differ from (n
vivo conditions (15). In addition, immunological meth-
ods can yield false-positive results doe to cross-reac-
tions between antigens and the occurrence of nonspecif-
ic reactions (27, 28, 38),
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Analysis ol the toxigenic profile of CNS strains
showed that 26.7% of the isolates produced some type
of toxin and one or more toxin-specific genes were
detected in 40% . These results confirm the findings of
Crass and Bergdoll (1) and Kahler et al. (19) who iso-
lated enterotoxin- and TSST-1-producing CNS from
patients with toxic shock syndrome and other infec-
tions, and [rom food implicated in a food poisoning
outbreak.

In the present stdy, S epidermidis strains were
found to produce SEA. SEB, SEC and TSST-1 alone or
n combination. SEC production was observed i once S,
faemolvticus isolate amd two 8. lugdunensiy isolates.
SEC and TSST-1 production by S. epidermidis, S.
feemolvticns, S, warners and 8. xvlosus has also been
reported by Valle et al. (37) for struns isolated from
goals.

Our results showed a higher frequency of CNS
strains containing the see-! gene alone or in combina-
tion with other genes. This finding differed significantly
from those obtamed for 8. aurens where the seb gene
predominated.  According to Niskanen and Koirunen
(31), SEB-producing 5. anrens strams have more fre-
quently been wlentified among staphylococer isolated
from humun clinical samples, while SEC-producing
stramns are commonly of animal ongn,

Comparison of the results obiaimed by PCR and
RPLA revealed that some PCR-positive isolates did not
show detectable production upon RPLA. Similar find-
ings have been reported by others (1%, 34) and might be
due to wxin production below the detection limit of the
RPLA assay or 1o the non-expression of genes.
According 10 Schimitz et al. (34), in clinical practice,
staphylococcal strains carrying a toxin gene should be
considered potential producers of this toxin since toxin
production in vive cannot be excluded,

On the ctler hand, in the present study production of
TSST-1 and SEB 4+ SEC was detected in 8. epidermidis
and production of the SEA+SEB und SEA+SEC com-
binations was observed i 8. aurens, while the corre-
sponding genes were not identified by PCR. Tsen and
Chen (36) also found S, awreus strains positive for SEA
by RPLA and negative by PCR. These findings might
be the result of the occurrence of cross-reactions and
nonspecific reactions in the latex agglutination sssay
(27, 28, 38).

The study of the toxigenic potential of CNS s
important for the determination of the etiological sig-
nificance of these species. We observed o higher fre-
quency of 8. epidermidis 1solates producing detectuble
amounts of toxin compared 10 other species, as well as &
predominance of toxigenic S. epidermidis strains isolat-
ed from blood cultures. These results demonstrate that

these  microorgunisms  are  important  nosocomial
pathogens, and should therefore not be ignored or con-
sidered to be contaminants when isofated from blood,
In these cases, microbiological results and the clinical
signs present should be analyzed together in order 1o
obtain a better assessment.

PCR was [ound 10 be a rapid and rehable method for
the identification of genes responsible for the production
of staphylococeal wxins, with further perspectives for
ity widespread use in other situations, In addition, the
present results suggest the need for further studies in
order to betler charactenze the pathogenic potential of
ONS and indicate that attention should be paid 1o the
toxigenic capacity of this group of microorganisms,

We thank Fundagio de Amparn & Pesguisa do Estado de Sio
Pualo (FAPESE) and Fundugdo para o Desenvolvamento da
UNESE (Fumlunesp) for inancial suppoet.
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cause of staphylococcal community-acquired infections
in most countrics (1). However, in the last few decades,
CNS have been identified as causing serious infections due
to the increasing use of invasive procedures, such as in-
travascular catheters and prostheses in immunocompro-
mised and intensively-treated patients, pre-term infants,
patients with neoplasia and transplanted individuals (2),

Various virulence factors are responsible for the symp-
toms and severity of infections caused by S. aureus, among
which SEsand TSST-1 are noteworthy. Together, they form
the group of superantigens (3),

Staphylococcal 1oxins were firstly described in 1959 by
Bergdoll eral. (4). Currently, there are 23 serologically dis-
tnct enterotoxins, including SEA to SEIV (5, 6). All share
superantigenic activity, whereas only a few of them (SEA
to SEL, SER, SES, and SET) have been proved to he emetic
(7, 8). The International Nomenclature Committee for
Staphylococcal Superantigens proposed that only staphy-
lococcal superantigens that induce emesis after oral ad-
ministration in an experimental model of primates should
be designated as staphylococcal enterotoxins, The com-
mittee also recommended that other similar toxins that
do not exhibit emetic properties in primate animal mod-
els, or that have not yet been tested, should be designated
as staphylococeal enterotoxin-like toxins type X (9, 10),
One toxin involved in the TSS was initially designated as
SEF (11). However, it did not show the in-vive biological
activity which is characteristic of a true enterotoxin and
was later designated as TSST-1 (12). The TSST-1 encod-
ing gene has little gene sequence homology with the genes
encoding staphylococcal enterotoxing and with those of
streptococcal pyrogenic exotoxins (13). Despite this fact,
these toxins are structurally and functionally similar {14),

Staphylococeal intoxication occurs after ingestion of
food contaminated with the enterotoxins produced by
bacteria of the Staphylococcus genus, and 8. aureus is its
major agent. However, some authors have reported the iso-
lation of other enterotoxigenic coagulase- positive species,
such as S, mtermedius and S, hyicus (15, 16).

Enterotoxigenicity of other CNS, including S. cofinii,
S. epidermidis, S. saprophyticus, S. scuri, S. warneri,
S. chromiogenes and S. lentus has also been reported
(17-21).

In addition to their important role in staphylococcal
food intoxication, enterotoxins are also capable of acti-
vating nonspecific T-cell proliferation and are therefore
referred to as superantigens. Bacterial superantigens can
nonspecifically activate T cells because they bind exter-
nally to the VA domain of the T-cell receptor and o chain of
the class-11 MHC molecule present in antigen-presenting
cells, without having been previously processed. Such
binding produces a signal which induces proliferation and
polyclonal activation of approximately 10 to 30% of the T-

cell repertoire, CD4 T cells comprising the predominant
responsive population. Hence, there is substantial pro-
duction of pro-inflammatory cytokines such as [FN-p,
TNF-ce and 1L-2 by T cells, and such as [L- | and TNF-« by
monocytes, The massive production of pro-inflaimmatory
cytokines triggers an intense inflammatory reaction, lead-
ing to damage to the host's tissues (22),

Various methods for detecting the presence of entero-
toxins have been developed, immunoassays being the most
commonly used due to their simplicity and sensitivity
(231, However, such methods do not always detect toxin-
producing strains as their production depends on growth
patterns that do not represent in-vivo conditions (24).

With the development of molecular biology, some tech-
niques for detecting the presence of these enterotoxins
have been proposed. Currently, PCR is one of most fre-
quently used methods because it enables identification
of the genes responsible for enterotoxin production with
high sensitivity and specificity (25, 26).

Although toxigenic genes have been reported in CNS
species (27, 28), many authors still question their tox-
igenic potential and suggest the possibility of errors in
species identification (29, 30). By using ITS-PCR, Couto
et al, identified ditferent CNS species (31), thus amplify-
ing an extremely conserved region in the genus, Hence,
genotypic identification confirms phenotypic identifica-
tionand excludes the possibility of error. The advancement
of genotypic methods also provides the possibility of de-
tecting the mRNA sequence responsible for the expression
of the target enterotoxin by using RT-PCR, Confirmation
of the presence of the sequence of mMRNA which encodes
synthesis of the toxin climinates doubts concerning the
microorganism's toxic potential.

Disagreement in relation to the enterotoxigenicity of
CNS and their capacity to cause food intoxication and/or
other associated diseases indicates a need for further in-
vestigation using reliable techniques that can confirm the
capacity of such staphylococci to produce toxins. Hence,
this study aimed to: (i) identify samples of §, aureus and
CNS isolated from clinical materials obtained from new-
borns; (ii} confirm phenotypic identification by ITS-PCR;
(iii} detect the presence of genes which encode enterotox-
ins and TSST-1 and: (iv) detect the expression of mRNA
responsible for the production of such toxins.

MATERIAL AND METHODS

Ethics statement

This research was approved by the Research Ethics Com-
mittee of the Faculty of Medicine of Botucatu, Brazil (OF,
26/2005-CEP). This study was exempted from the re-
quirement to obtain written informed consent from study
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participants and/or their legal guardians because the sam-
ples of Staphylococeus included in the study had already
been isolated and stored in the Collection of Cultures of
the Department of Microbiology and Immunology, Botu-
catu, SP, UNESP, Brazil.

Microorganisms

One hundred and eighty staphylococci samples were stud-
ied. They included 90 samples of CNS and 90 samples of
S. aureus from biological material collected from new-
borns hospitalized at the University Hospital of the Botu-
catu School of Medicine,

Toxigenic international-reference S. anureus strains were
used as positive controls, including SEA-producing S, au-
reus ATCC 13565, SEB-producing S, aurens ATCC
14458, SEC-producing S. aureus ATCC 19095 and SED-
producing S. aureus ATCC 23235,

Phenotypic identification of Staphylococcus
aureus and coagulase-negative staphylococci

The organisms in the samples were identified by catalase
and coagulase tests, glucose fermentation and oxidation
test, bacitracin resistance ((.04U) and furazolidone sensi-
tivity (100 geg) (32), The criteria proposed by Kloos and
Schleifer (33), Kloos and Bannerman (34} and Cunha et al,
(33) were followed for identification of CNS according to
a simplified biochemical testing scheme.,

Genotypic identification of
coagulase-negative staphylococci

DNA extraction

DNA was extracted from Staphylococcus strams cultivated
in blood agar, individually inoculated in BHI broth and
incubated at 37°C for 24 hr.

For extraction, the Hlustra Kit (GE Healthcare, Little
Chalfont, UK) was used. First, staphylococci cells were
digested with lysozyme (10 mg/mL) and proteinase K
(20 mg/mL). Next, 500 ;L of the extraction solution was
added to the mixture, which was centrifuged at 10,000 x ¢
for 4 min. Then, the supernatant was transferred toa GFX
column and centrifuged at 5000 = g for I min, The col-
lected fluid was discarded, and 500 j L of extraction solu-
tion was again added to the column. After centrifugation
and discarding of the collected fluid, 500 L. of the wash-
ing solution was added to the column and centrifuged at
20,000 x g for 3 min, Next, the column was transterred
toa L3-mL tube, and 200 gL of Milli-Q water heated to
70°C was used for elution,

Nucleic acid amplification (polymerase chain reaction)
The genotypic technique wsed for identifying CNS
was ITS-PCR, which enables  the identification

of different  Staphylococcus species  through  ampli-
fication of an  extremely conserved region  using
primers G1 (5-GAAGTCGTAACAAGG-3) and LI (5"
AAGGCATCCACCGT-3") obtained from the conserved
sequences adjacent to genes 165 and 23 § (31). For §, au-
reus detection, primers Sa442-1 ¢ Sa-422-2, which amplify
a conserved fragment of 108 bp specific for 8. anreus ac-
cording to Martineau et al. (36) and the primers for de-
tection of the coa gene described by Kearns eral. (37) were
chosen.

Internal transcribed spacer-PCR and PCR  using
primers specific for S, aureus and the coa gene were used
to identify CNS positive for the production of toxins, or
genes encoding such toxins, and therefore confirm that
these samples were actually CNS species and not mutant
S. aureys samples that did not produce coagulase. For con-
trols, international-reference ATTC strains of each Staphy-
lococcus species were used.

The PCR reactions were performed in 0.5-mL micro-
centrifuge tubes in total volumes of 50 L containing
20 pmol of ¢ach primer, 2.5U of Tag DNA polymerase,
200 M of deoxyribonudeotide triphosphates, 20 mM
of Tris-HCI (pH 8.4), 1.5 mM of MgCl;, and 5 ul of
the sample. Negative controls were provided for all reac-
tions by substituting water for the nucleic acid. Incubation
was performed in a PTC-100 thermocycler (M) Research,
Waltham, MA, USA) as follows: denaturation at 94 C for
4 min, followed by 25 cycles consisting of denaturation at
94 C for 1 min, ramp-primer annealing up to 35 C for
2 min followed by 7 more min at 55°C, ramp extension
up to 72" C for 2 min followed by 7 more min at 72'C.
After completing the 25 cycles, the tubes were incubated
at 72°C for 7 min before cooling to 4" C.

The parameters of amplification using primers specific
for S wureus and the coa gene were the same as those
described by Martineau ef al. (36) and Kearns et al. (37),

For test control results, the following international-
reference strains were used: S, epidermidis (ATCC 12228),
S.simulans (ATCC27851), S, warneri (ATCC 10209), 8. xy-
lasus (ATCC 29979), 8. saprophyticus (ATCC 15305), . ho-
minis (ATCC 27844), S, aureus (ATCC 13565), S. aureus
{ATCC 14438), S. aurcus (ATCC 19095), and S. aurcus
{ATCC 23235).

In order to visualize the products amplified by ITS-PCR,
19 polyacrylamide gel electrophoresis was performed ac-
cording to the protocol described by Sambrook and Russell
{38} and later stained with 0.2% silver nitrate.

Detection of enterotoxins and toxic-shock
syndrome toxin-1 genes

Nucleic acid amplification (polymerase chain reaction)
The PCR reactions were performed in 0.5-mL microcen-
trifuge tubes in total volumes of 50 u L. containing 20 pmol
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of each primer (Table 1), 2.5U of Tag DNA polymerase,
200 M of deoxyribonucleotide triphosphate, 20 mM of
Tris-HCI (pH8.4), 1.5 mM of MgCl, and 5 pL of the
sample. Negative controls were provided for all reactions
by substituting of nucleic acid by water. Incubation was
performed in a PTC-100 thermocycler (M) Research) as
follows: first cycle at 94 C for 4 min, denaturation at 94 C
for 2 min, primer annealing at 55 C for 2 min and exten-
sion to 72°C for one min and 30 s, followed by a second
denaturation cycle at 94°C for 2 min, primer anncaling at
53°C for 2 min and extension to 72°C for one min and 30 s,
In the third cycle, the annealing temperature was reduced
to 51°C for 2 min followed by 37 more denaturation cycles
#t 94" C for 2 min, primer annealing at 51" Cand extension
10 72°C for one min and 30 3. After completing 40 eycles,
the tubes were incubatesd at 72°C for 7 min before cooling
o4 C

Detection of enterotoxin and toxic-shock
syndrome toxin-1 mRNA expression by
polymerase chain reaction

RNA extraction

Total RNA was extracted from Staphylococcus spp. sam-
ples cultivated in blood agar, individually inoculated into
BHI broth and incubated at 37" C for 24 hr. Extraction was
performed by Trizol (Invitrogen, Carlsbad, CA, USA), The
cells were lysed by 1.0 mL of Trizol and the homogenate
transferred to 1.5-ml tubes to which 0.2 mL of chloro-
formium was added, and again homogenized for 3 min
at 15-30°C, Following this process, the homogenate was
centrifuged at 12,000 x g for 15 min at 5°C, and then
the aqueons phase containing total RNA was collected
and transferred to another tube. RNA precipitation was
performed by adding 250 gL of isopropyl alcohol with
incubation at ambient temperature for 10 min and cen-
trifugation at 12,000 x g for 10 min at 5 C, and then total

Table 1. Primers for detection of staphylococcal enterotonn penes

RNA washing was performed by 1 mL 709 cthanol to
which was added 0.1% of DEPC,

Twenty-five uL of Milli-Q water with DEPC and RNA-
guard (Amersham Bioscience, Piscataway, NJ, USA), at a
concentration of 1/10, was added to the total RNA ex-
tracted, and this mixture incubated for 10 min at 56 C.
From the mixture of 25 ulL, 11 puL were removed for un-
treated cDINA acquisition. In order to control total RNA
extraction by eliminating all DNA that may have been
extracted together with total RNA, | L. of 10U/ L RNase-
Free Dnase (Promega, Madison W1, USA) + | uL of
DNAse buffer (10x reaction buffer) were added 10 the
remaining RNA (14 L), The mixture was incubated for
30 min at 37°C, and then | gL of DNAse stop solution
(Promega, Madison WI USA) was added and the mixture
again incubated for 10 min at 65 'C, cDNA was not ob-
tained for a part {6 L) of such DNAse-treated RNA, This
was used for enzyme-action control, and the remaining
11 pL were used for cDNA acquisition,

¢DNA acquisition

One pl of random primer at 75 ng/uL was added 1o a
0.5-mL microtube (RNAse/DNAse free) with 11 uL of the
sample (2.5 regof total RNA ). Next, the mixture was heated
to 700'C for 10 min for RNA denaturation and rapidly
cooled to 4°C. Later, 4 peL of the reverse transcriptase
buffer (first strand buffer 5x ), 2 uL of dithiothreitol 0.1 M
and 1 pL of nucleotides (ANTP mix 20 mM) were added
to the mixture. The reaction was then heated 10 25'C for
2 min for primer binding. After heating, 1 gL of reverse
transcriptase, Superscript RT 1 (Invitrogen) was added
to the reaction, and the mixture taken to a PTC-100 M]
Research Thermocycler for cDNA acquisition.

For cDNA acquisition, cycles of 25°C for 5 min, 42°C
for 30 min, 70°C for 15 min, and then cooling to 4'C were
used, The ¢DNA obtained was stored at =20° C until use,

Primer 5 10 3 nudennde sequance Target

seql ITGGAAACGGTIAAAACGAA Enterotoxn A

seaZ GAACCTTCCCATCAAAAACA Enterotaxin A

sebi TCOCATCARACTOACAAACG Enterotoxn B

seb2 GCAGGTACTCTATAAGTGCC Enterotoxin B

sact GACATAAAAGCTAGGAATTT Enteratoxin ¢

sec2 AMATCGGATTAACATTATCC Enterotoxin C

wdl CTAGTTIGGTAATATCTCCT Entetotoxin D

sed2 TAATGCTATATCTIATAGGG Enterotoxin D

tst1 ATGGCAGCATCAGCTTGATA T shock syndrome taxn 1
2 TITCCAATAACCACCCGTTT Towe shock syndome toxn 1
fRANA 1651 CCTATAAGACTGOGATAACTTC GGG RNA 165

RNAYES 2 CTTTGAGTTTCAACCTTIGCGGTCG tRNA 165

Source. Johnsan ef al, (25) Mason ! &/ (37)
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The protocol described under the heading "Nucleic acid
amplification (polymerase chain reaction)' in Materials
and Methods was used for cDNA amplification,

For internal control of RNA extraction, 165 riboso-
mal RNA was searched by using primers 1651 and 1652
{Table 1), which correspond to the regions of the TRNA
gene that are conserved among staphylococci and specific
to the genus (39).

Visualization of amplified products

The efficacy of amplifications was monitored by submit-
ting the reaction to electrophoresis in 2% agarose gel pre-
pared in 1.0x TBE buffer and staining with ethidium bro-
mide. The size of the amplified products was compared
with standards of 50 and 100 bp and later photographed
under ultraviolet transillumination.

Toxin assay using a commercially available
kit

To confirm toxigenic capacity in CNS strains positive for
RT-PCR, the sac culture method of toxin production was
used (40) and the extracellular products detected by RPLA
as described by Shingaki er al. (41). For this, 30 to 40 cm
dialysis tubes, previously washed in distilled water, were
tied closed at one end, immediately filled with 50 mL of
BHI broth in double concentration, and tied closed at the
other end. These sacs were placed in U-shaped 250-mL
Edenmeyer flasks and the fasks autoclaved for 15 min
at 121°C. A loopful of organisms previously cultivated
in 5.0 mL of BHI broth at 37 C for 18 hr were added
to 18.0 mL of sterile phosphate buffer 0.2 M, pH 7.4, in
0.99 NaCl, These mixtures were then transferred to the
Erdenmeyer flasks containing the sacs and incubated at
37°C for 24 hr on a shaker at 200 rpm, After incuba-
tion, the cultures were centrifuged at 8000 x g/4 C for
10 min and the colture supernatants obtained were tested
by RPLA.

For these tests a SET-RPLA-T900 kit {Oxoid Diagnos-
tic Reagents, Cambridge, UK) was used for detecting SEA
and SEC. A 96-well microplate, with V-shaped bottom,
was filled with 25 L samples of the above culture super-
natant filtered through a Millipore membrane (8.0 pm) to
avoid the occurrence of nonspecific reactions. Then 25 L
of sensitized latex was added with the anti-enterotoxins.
Standard toxins were used as positive controls, and the
nonspecific reactions analyzed by adding 25 uL of the
culture supernatant and 25 uL of the control latex. These
prepared microplates were covered with cellophane and
the reagents homogenized in @ micro-mixer for 3 min,
After incubation for 20 to 24 hr at ambient tempera-
ture, the results were registered with the aid of a light
on a dark background. Positive reactions were classified

a5 +, ++. or +++, according to the pattern of agglu-
tination described by the kit manufacturer. The forma-
tion of a rose button was interpreted as being a negative
result.

Toxin gene sequencing

To confirm the detection of toxins genes in CNS, the PCR
products of each species positive for toxin genes were as-
sessed by DNA sequencing.

The basic procedure used was that described by
Sanger et al. (42), After the PCR procedure, resid-
ual oligonucleotide primers, ANTPs and enzyme were
removed using S400 HR Columns (GE Healthcare),
as per the manufacturer’s protocol. Amplicon sam-
ples were then analyzed and quantified on 2% agarose
gels stained with ethidium bromide (0.5 mg/mL) and
compared using the Low DNA Mass Ladder (Invitro-
gen). The samples were submitted to cycle sequenc-
ing using the kit ABI Big Dye Terminator (v3.1, Perkin
Elmer, Applied Biosystems, Foster, CA, USA) and primers
sense or antisense to each toxin genes (Table 1),
as recommended by the manufacturer, The dita were ob-
tained in an automated DNA sequencer model the ABI
Prism model 377 DNA Sequencer (Applied Biosystems,
Foster, CA, USA). The Clustal X program was used to
align nucleotide sequences. The obtained sequences were
submitted for analysis to GenBank by using BLAST to con-
firm the toxin gene (http://www.ncbi.nih.gov/BLAST).

Statistical analysis

The obtained data were analyzed by the »* test when no
expected values < 5 were found, and by the likelihood
ratio test for differences of proportions with y* spproxi-
mate distribution when expected values <3 were observed,
Fisher's Exaact test was used for 2 x 2 tables,

The results of ONS identification by the phenotypic and
genotypic methods were compared by calculating Pear-
son's correlation coefficient.

RESULTS

Identification of coagulase-negative
staphylococci

Phenotypic identification (Fig. 1) was distributed as
follows; 68 (75.6%) samples of Sepidermidis, five
(5.6%) samples of S fugdinensis, two (2.2%) samples of
8. warneri, seven (7.8%) samples of S. hacmolyticus, four
(4.4%) samples of 8, hommis, three (3.3%) samples of
S. sumulans and one sample (1.1%) of §. xylosus, In ad-
dition to phenotypic identification, 60 CNS samples were
submitted to genotypic identification by ITS-PCR (Fig. 1),
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Tonganic capac

ity of CNS

OS. epidermidis
B8 haemaolyricus
BS xvlosm

MS warneri WS hominis
B lugdunensis B S saprophyticus
WS simulany

b
Qs epidermidis IS warner! WS howminis
S haemolyticu BS lugounensis BS xlasus
Fig. 1. {a) Genotypic and (b) i: i "‘) iy egedunensis olasus
identification of CNS species. —

including 38 samples of S, epadermidis which were positive
for the presence of genes encoding staphylococcal toxins
All samples referring to the other CNS species were iden

tified by the genotypic method (r = 22),

Comparison of the two technigues for identifying these
samples showed nine (15.0%) discrepancies between the
methods (Frg. 1), With the new technique, the den
tification of some species changed. Five S. epidermualis
samples identified by biochemical testing were not con-
firmed by the genotypic technique. Three such samples
were re-identified as S warners and two as S, fomins,
Two samples identified as S foemolyticus by the phe-
notypic method were also re-identified as S, warners, In
addition, one sample of S. hominis was re-identified as
S saprophyticus, and one sample of S warners identi-
fied by ITS-PCR as S epidermidis. No strain of CNS in-
cluded in the study amplified with primers of cou gene and
primers specific for S aurens, thus confirming them all to
be CNS.

Figures 2 and 3 show a picture of polyacrylamide gel
for CNS identification by the ITS-PCR and gel elec-
trophoresis using primers specific for S, aureus and the
o gene.

Fig. 2. Polyacrylamide gel o ph is for CNS identificat
by ITS-PCR. Cokumns, 12 Sample of §. spoaus, 21 5, oo ATCC 294979,
3: Samgle klentified &6 5 wamen by tha phenatypue methad, but with 3

genolypx

ATCC 102

not S epvdermis, 4 Sample of 5. warmen, 50 5 warmes

&: Samplo of 5 epdermahs, 7 Mofecularweight marker

CC1e0eh

12228, 130 5 aurews AICC 13565 14,1

S, avpas
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is for detoction of the gene coa (117 bp) in coagul gati

Staphyh T
Lanes: 1, 5 gdunensis; 2-6 5. epdermnicis negatne strars; lane 7, positve contral {5, sureus ATCC 2821 3); lane 8, negatve contral (S api-
denmids ATCC 12228} bne 9, water, lane 10, molecular weight marker (100 bp) (b) Agarase gel electrophoress for detection of the gene
53442 (V0B bl in coaguisecregative Staphplococtus strains by PCR. Lares: 1, 5 pdnensss, 2-&, 5. epdarmaads negative strans, Lne 7,
postive controd (5 avews ATCC 292131 lane 8, regative control (5, epdaermus ATCC 12228) lane 9, water; lane 10, molecusar weight

Fig. 3. (a). Agarose gel electroph by PCR.

marker {100 bp)

Toxigenic profile determination by
polymerase chain reaction

PCR showed that, of the 90 samples isolated from
S, anrens, 59 (65.6% ) were positive for the genes encoding
enterotoxins A, B, C, D and/or TSST-1, whereas of %0 CNS
samples, 49 {34.4%) were positive for the presence of some
of these genes. Of the total number of 180 staphylococci
samples, 108 (60.0%) showed genes responsible for the
production of enterotoxins A, B, C, D or of TSST-1.

As illustrated in Table 2, gene sec-] was the most fre-
quently detected in S, aureus samples, being found alone
or associated with other toxin genes in 26 (44.1%) of the
toxigenic samples, Gene see occurred in 19 (32.2%); gene
sebin 16 (27,1% ), and gene ts1 in 8(13.6%) of the toxigenic
samples.

Of the 49 toxigenic CNS samples, gene sec-T was also the
maost prevalent, being found in 33 (67.4%) of the tested
samples, whereas gene e was observed in 14 (28.6%) of
the toxigenic samples, gene sel in only one and gene tst in
13 (26.5%) {Fig. 4),

Analysis of the presence of different toxin genesin 5. a-
reus species, when compared to that in the S epadermudis
species and other CNS, showed the presence of gene sl
particularly in S aureus, the difference being statistically
significant { P < 0,00020, sce Table 2).

When the CNS species were evaluated for toxigenicity,
33 (51.6%) of the 64 samples isolated from S, epidermidis
were found to be positive. OFf the six 8. warneri samples
investigated, all showed toxigenic genes whereas, of the

Table 2. Tagenic profile of staphytocorn isofated from rewborns by
the PCR tachnique

Towin ganes Jpeds

FCR 5 avreus S epidenmvds Others Total # value
563 " 5 4 20 05683
wh 12 1 0 13 00020
sec-1 20 15 8 4] 07308
sod ) 0 o 1 04986
st 4 5 o 9 01488
5094500 4 0 0 a4 00587
L e 3 2 1 & 05920
seR 15t 1 0 L 2 02951
SeC-14rsrtt 3 A 2 3 05754
e+ Sec-1405000 0 0 1 0 1 03482
Total 59 33 16 108 03052

. concomitant presence of genes of enterotonins A and 8, *,
cancomitant preserce of genes of enterctoxms A and C "
cancomitart presence of genes ol enterotowins A and TSSTH,
sss contomitant presence of genes of enterptoians € and TSST
1; "4, concomitant presence of genes of enserotaans A, C and 15551

five S, hominis species evaluated, three were shown to be
toxigenic. A similar result was found for the five S. lug-
dunensts samples, with three toxigenic samples. Of the five
S. haemolyticus samples isolated, two were positive for the
presence of toxigenic genes. Species S. saprophyticus and
8. xylosus, with one sample each, were also shown to be
toxigenic. On the other hand, the three S, simulans samples
did not show the genes under investigation,
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Toxigenin

Fig. 4, Agarose gel electrophoresis

showing the products amplified by PCR for
the gene of toxic shock toxin 1, TSST-1 (350
bp). Lines

1.4 1 6, 7, 8 CNS

10, 11,12

Toxigenic profile determination by the
reverse transcription polymerase chain
reaction technique

The samples of S, aureus (1= 59) and CNS (n = 49) which
were shown to be toxigenic by PCR were submitted to
RNA extraction, in order 10 investigate toxin expression by
RT-PCR, The internal control of RNA extraction through
the 168 ribosomal RNA scarch showed & positive result for
all samples

Of the 108 toxigenic samples identified by PCR, 43
{39.8%) were shown to be positive for toxin expression
when submitted 1o the RT-PCR technique, Its expres
ston corresponded to 37 (34,3%) S avrews samples and 6
[5.6%) CNS samples (Table 3).

In relation to the total number of toxigenic samples,
there was a statistically significant difterence (P < 0.001)
between S aureus (= 37) and CNS samples {n = 6) in
positivity for toxin expression { Table 4),

The S aurens samples expressed mRNA for all tested
toxin classes, that is, SEA, SEB, SEC, SED and TSST-1,
whereas the ONS samples only expressed mRNA for SEA

and SEC (Tablc 4). Of the 16 8. aurcus samples presenting

Toble 3. U van al staphy accornd
Ing to tangemiaty of sampkes Dy the PCR ane gels
Speces
S anes NS Tota
N B 1] b N
PCR :] % 49 544 13 ol
RLPCE 3 13 ¢ 56 108 194

capacity o

f CNS

s 6 7 N 9 w0 n n

13 1415

Table 4. Toogenic profike determmation mn Staphylococous spp. by 1he
RT.PCR techmigue
S

Sy Y AuTeus S amaermghs hers Total Py
£ ) 3 0 1

1" 0 ) 1
£ | 2 1 13
£ | 0 0

| 0

4 ) 4

1 )

y 0 )
Total 5 1 13 0ot

toxigenic genes for SEB, their expression was confirmed
by RT-PCR in 13, corresponding to 81.3% of the total
S

y

confirmed in 12 (63.2%) of the 19 samples with the sea

rus genes for thar toxin, SEA expression was also

gene (Fig. 3). As to SEC, expression was observed in 13
(50.0%) of the 26 samples presenting gene sec-1, TSST-1
was found in three of the eight samples presenting the gene
responsible for its production. The only sample presenting
the SED gene confirmed its expression when evaluated by
RT-PCR (Table 5)

Of the 14 CNS samples presenting genes for SEA, ex-
pression of that toxin was confirmed in three whereas, of
the 33 samples with genes for SEC by PCR, expression
was confirmed in only three (Fig. 6). None of the 13 sam-
ples presenting genes for TSST-1 showed toxin expression
when investigated by RT-PCR (Table 5).
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Fig. 5. Agarose gel electrophoresis for SEA investigation (120 bp)
in 5. awreus samples by RT-PCR e, Lanes 1, SEA-producng sampie
WIthout RRA treatment with DNASE; 2, SEA-produong ssenple prevousty
weated with DNAse prioe 1o ¢cONA acquisition; 3, RNA without cDNA
C 13565: 5. Molecula-

Acquisition lenzyme controll, 4. 5 aursus 4

weight marker 1100 bp)

Table 5. Companson of the PCR and RFACR techougues in 5. aureus

and CNG samples

PCR RT-PCR
Toxmdenterotaxin genes 5 aunms ChNS £ aureus NS
T SEA n 9 9 3
weiviE8 12 ! n 0
sec- 1/SEC 0 23 10 3
1ed SED 1 0 1 0
IrATSST 4 5 1 0
end sets 4 0 2 0
e sec 1t 3 3 1 0
L0+ttt ! | 0 0
Sec- 1515800 3 6 2 0
fEd+5e-1 -+ 158 D ! Q 0
Total <9 45 37 6

roncomtant presence of geres af enterot:

xen A ang B
concomitant preserce of geces of enterctowrs A and C; ***
sk

concomitant presence of geres of eateratoxrs C and TSST

carcomaant peesence of genes af enterotooins A and

100 concomitant presence of genes of enterotoxing A, € and TSST-1

Toxin assay using commercially available kit

Toxin detection by the RPLA method confirmed entero-
toxin production in CNS strains positive by RT-PCR. The
five samples of 3. epidermidis positive for expression of
mRNA encoding SEA and SEC, and the only sample of
S. lugdunensis with a positive result by RT-PCR for SEC
were all determined by RPLA to indeed produce these
enterotoxins,

Toxin gene sequencing

Amplicons from three samples of S, epidermidis were se-
quenced, one harboring the sec-1 gene only, one paositive
for both the sec-1 and st genes and one positive for the sea
gene. PCR products from other CNS species harboring
penes of staphylococeal toxins were confirmed by DNA
sequencing, including one sample of S, warneri positive
for both the sec- 1 and sea genes, one S, lugdunensis isolate
positive for the sec-1 + tst genes and one S, fieminis isolate
also positive for both the sec-1 and tst genes. Amplicons
from S. aurcus ATCC 13565 positive for sea, S. aurcus
ATCC 19095 positive for see-T and S, awreus positive for
rst were also analyzed by DNA sequencing.

After BLAST analysts, the sequences of sea, sec-J and tst
amplicons from CNS species were 100% identical 10 the
published sequences of S, aurens (GenBank accession n”
STATOXAA, SAENTC] and AY074881.1, respectively).

DISCUSSION

Staphylococci are microorganisms frequently found in
hospital environments and are associated with a wide vari-
ety of infections. Various virulence factors are responsible
for the pathogenicity of staphylococci, among which su-
perantigenic toxins, enterotoxins and the TSST-1 toxin are
noteworthy.

Amaong toxigenic species, S. aureus is the best known
and most thoroughly described in published reports (43~
45); however, some studies have also reported toxin pro-
duction by CNS (18-21, 46),

In this study, the toxigenic potential of 90 8, aurews sam-
ples and 90 CNS samples was evaluated by PCR for the de-
tection of genes which encode staphylococcal enterotoxins
and TSST-1 and by RT-PCR for the capacity of such sam-
ples to express those genes, The samples were submitted to
phenotypic identification, and all CNS samples present-
ing toxin genes were subjected to genotypic confirmation
of the identity of their species by ITS-PCR. Compari-
son of the results of species identification showed good
correlation between the methods, S, epadermidis species
was found to be the most frequent, corresponding to 64
(71,0%) of the 90 ONS samples investigted. S. warners,
S haemolyticus, S, lugdunensis, S. howunis, S. sonulasns,
S. xyfosus and S, saprophyticus were also identified, These
results are similar to those described by Udo et al. {19)
and Kloos and Bannerman (2), who also found a higher
frequency for 5. epidermidis.

Of the 180 studhed samples, when investigated by PCR
108 (60.09%) were positive, for genes decoding staphy-
lococcal toxing. OF these, 59 (34.6%) corresponded to
S. aureus samples and 49 (45.4%) to CNS samples. The
toxigenic profile study of CNS showed 54.4% of samples
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Toxigenc capacity of CNS

Fig. 6. Agarose gel electrophoresis for
detection of SEC {257 bp) in CNS by RT-PCR,

Lanes 1, 2. 3, negative strans, 4, SEC-producrng

Atment with

ng

y without ¢cDMNA arvpilication, 7,
SEC-regative strains. 10, 5. aureus ATCC 19035

11, molecular verght marker (100 bpl

with one or more genes, S, eprdermidis being the species
presenting the highest toxigenic potential. Of the 64 8, epi-
dermudis samples investigated, 51.6% showed isolated or
associated genes for toxing A (sen), C {sec-1) and TSST
I (1st). However, other CNS species isolated were also
positive by PCR. Among them, S, warners, in which all
six isolated samples were shown to be toxigenic for the
genes sea and/or sec-1, is noteworthy. Three S. Jugdunensis
samples showed the genes sec-1; in one of them this was
assoctated with the gene e, Three samples of S, o,
twoof 8. haemolyticus and one each of 8. saprophyticus and
S. xplosus also showed the genes sea, sec-T and/or #st. The
only species that did not show toxin genes was S, sirulang,
with three negative samples.

Various environmental factors and regulatory systems
within microorganisms can directly affect toxin produc
tion. Hence, the presence of toxin genes in the staphylo-
cocct samples does not guarantee the occurrence of toxin
production at any particular moment, whether in vive or
in culture media under optimal conditions.

Some authors, such as Cunha et al,, have also reported
the presence of toxigenic genes in CNS (27). They re-
ported identifying enterotoxigenic CNS among CNS iso-
lated from food, Ofthe twenty ONS samples isolated, three
showed the gene sea, and one presented the gene sec- 1. The
gene seq was detected in one sample of S, epidernidis, one
of S xylosus and one of S, hornis, whereas the gene sev- 1
was detected in a sample of 8. xplosus. When evaluating
NS for the presence of toxin genes, Schmitz et al. also

found two positive samples for the gene see-I in 30 in
vestigated samples (46). However other authors, such as
Becker et al., failed to identify toxin genes in CNS samiples
from clinical isolates using the multiplex PCR technique
(47). Kreiswirth and Novick evaluated various CNS for

the presence of genes responsible for TSST-1 expression
by utilizing the DNA hybridization technique (48), These
authors included some samples that had been reported
by Crass and Bergdoll to be TSST-1-producing samples
in their study (49), The presence of the gene 15t was not
confirmed in the CNS samples studied. In addition, two
TSST-1 pasitive samiples previously identified as CNS were
shown to be coagulase positive, indicating an identifica-
tion error

Other authors have also questioned the capacity of CNS
to produce enterotoxins and TSST-1 and suggested that
such samples may be mutant 8. aureus which do not ex-

press the coagulase enzyme (29, 30, 50). With the pur
pose of pointing out his possibility that all CNS samples
can present toxin genes, genotypic identification was per-
formed for species confirmation in this study, The ITS.
PCR technique left no doubt about the identity of cach
investigated sample because of the charactenstic band
patterns found and compared to international-reference
species (ATCC); in addition this technique corrected any
errors that may have occurred in phenotypic identifica
tion. Although some discrepancies between these methods
were found in relation to species differentiation, all sam-
ples identified as CONS by the phenotypic method were
confirmed to be CNS by the ITS-PCR technique. In ad-
dition, PCR using primers specific for S. aureus and de-
tection of the coa gene confirmed that all CNS samples
studied were indeed CNS and did not amplify with these
primers.

Disagreement in findings regarding whether or not
CNS are able to produce toxins can be reduced or elim-
mnated by choosing an adequate technique for DNA ex-
traction and detection of the genes responsible for the
cxpression of such enterotoxins, thus eliminating possible

300
20
100

233



identification errors, Standardization of technique, rang-
ing from the growth media, pH, temperature and ideal
nutrient concentrations as well as the vse of extraction
controls, and variables used in amplification and enzyme
reactions, is fundamental for the good performance of a
study. It is known that one of the disadvantages of multi-
plex PCR is that it emphasizes the presence of more fre-
quently found genes, thus masking or not detecting those
appearing less frequently. In contrast, PCR uses a different
pair of primers for each reaction performed and cach toxin
investigated.

Our results show a predominance of the gene sec-! in
samples of CNS, either isolated alone, or associated with
other genes. However, the gene sel predominated in the
analysis of toxin gene type in relation to clinical mate-
rial, having mainly been found in S, anrces samples iso-
lated from forcign bodics and secretions. This result can
be explained by the fact that the S. aurens samples in-
cluded in this study were most frequently obtained from
such clinical materials, 77.7% of them having been iso-
lated from foreign bodies and secretions and 22.3% from
blood.

However, PCR detects genes contained in the strains re-
gardless of their expression, for even if the gene is present
in the microorganism, it may not be active. RT-PCR de-
tects the mRNA sequence responsible for expression of the
target enterotoxin, thus eliminating doubts concerning the
microorganism’s toxic potential,

Our studies showed expression of the mRNA which
encodes staphylococcal toxins in 43 (39.8%) of the 108
positive samples by the PCR technique, The mRNA de-
tected corresponded to toxins of classes SEA, SER, SEC
and/or TSST-1. Significantly fewer CNS than 8. awreus
expressed toxin, CNS comprising 13.9% of the total
number of producing samples. S, epidenmidis was the
most toxigenic species among the CNS, five samples be-
ing positive for expression of mRNA encoding SEA and
SEC. Among the other CNS species, only S Jugdunern-
sis showed a positive result by the RT-PCR technique for
SEC.

Some authors using the RPLA method have also
reported enterotoxin and TSST-1 production by S, epi-
dermidis, S. haemolyticus and S, warneri {31). When in-
vestigating food handlers by the RPLA method, Udo eral,
also found samples of CNSand 8. aurens which produced
enterotoxins and TSST-1 (19}, Of the total CNS inves-
tigated, 14.1% produced enterotoxins or TSST-1, sam-
ples of 8. hominis, S. warneri, S. saprophyticus, S. epider-
midis, S, xplosus, S, haemolyticus and S, whlesferi being
positive for toxins SEA, SEB, SEC and/or TSST-1. Marin
et al. have described a study conducted on enterotoxin-
producing staphylococci in ham samples by the RPLA
method (52). Of the 135 staphylococci isofated, two be-

longed 1o the S. epidermidis species, and one produced
SEC,

When studying S. aureus samples with one or more spe-
cific genes for expression of staphylococcal toxins, Cunha
et al, found 46.7% of positive samiples by the PCR tech-
nigue, whereas only 38.3% of the samples were shown to
produce the respective toxins by the RPLA method (28).
Also, in the same study, the RPLA method confirmed pro-
duction of toxins in 26.7% of the 40% of the CNS samples
with one or more specific genes for toxin expression. In
a studly aiming at evaluating the virulence factors of CNS
isolated from newborns, by using the RPLA method the
authors found that 37.6% of CNS produced SEA, SEB or
SEC (53).

The 5. aurens toxigenic samples investigated in this
study showed more production of SEB (68.8%) and
SEA (38.5%) when evaluated by the RT-PCR technique.
According to Niskanem and Koiranem, SEB-producing
S. aureus strains are more frequently observed among
staphylococd isolated from clinical samples from humans,
whereas SEC-producing strains are vsually of animal
origin (54},

Various studies have described staphylococcal regu-
latory systems, such as systems agr (55), sar (56}, rot
(57), which can directly affect staphylococcal enterotoxin
production, Novick described expression of locus agr as
an important regulator in many S. anreus virulence fac-
tors (58). Although several authors have questioned the
toxigenic potential of CNS (29-30), operon agr, which
plays an important role in regulating staphylococcal toxin
expression, has also been found in other Staphylococ-
cus species, such as S, intermedius (59}, S. lugdunensis
(60) and S, epadermudis (61). Locus agr of S. epiderniidis
shows 68% homology when compared with an agr locus
of 8. aureus (61), in addition to presenting genes agrA,
B, C and D, which are involved in regulation of toxin
production.

In addition to these regulatory systems within the mi-
croorganisms, some external factors may act directly on
enterotoxin production. It is known that enterotoxin pro-
duction is optimal at neutral pH and that it decreases
in acid pH. Bergdoll reported that glucose in the culture
medium has an important inhibitory effect on entero-
toxin production, particularly for enterotoxins SEB and
SEC (62). Such inhibition is due to a pH decrease resulting
from glucose metabolism. According to Regassa eral. (63)
and Novick (58), glucose and pH decrease may be associ-
ated with agr expression. Pereira ef al. have analyzed SEA
and SEB production by CNS at different temperatures,
pH and NaCl concentrations (64). The greatest produc-
tion occurred at a temperature of 39.4 C and at pH 7.0,
Therefore, enterotoxin synthesis may differ depending on
laboratory and natural conditions.
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The exact mechanisms by which such systems are ac-
tivated or inhibited have not yet been fully clarified. The
presence of an agr locus in the S epidermidis species,
and their capacity to produce delta toxin associated with
the agr system, makes it evident that the system is ac-
tive and neither excludes nor guarantees the occurrence
of enterotoxin production at any particular moment (61),
Hence, the predominance of 8. epidernidisamong the tox-
igenic ONS species may be associated with the particular
staphylococcal regulatory systems that are present in that
species,

Various immunologic methods have been described for
detecting staphylococeal enterotoxins and TSST-1, includ-
ing immunodiffusion, reverse and passive latex agglutina-
tion (RPLAJ, and ELISA tests and kits that are commer-
cially available. However, those methods do not always
detect toxin-production, because some strains produce
such a small amount of toxin that it is beneath the detec-
tion limit of the method used (27). Other disadvantages
of immunologic tests are nonspecific reactions and cross-
reactions between antigens that can produce false-positive
results (65).

When we evaluated the toxigenic potential of our sam-
ples by detecting genes producing enterotoxins and TSST-
1, we eliminated all the disadvantages associated with
immunologic methods, because if the specific gene for
production oF & certain toxin is present in the sample, the
possibility of toxin production cannot be disregarded (46,
63),

In this study, we found PCR to be rapid and reliable for
determiming the presence of specific genes for staphylo-
coccal toxins, and also confirmed CNS identification by
ITS-PCR, thus excluding the possibility that the samples
were mutant 8. awrens. We also showed that RT-PCR is a
rapid and effective technique for demonstrating the capac-
ity of CNS to express the mRNA encoding these entero-
toxins; however, as expression depends on gene activation,
further investigation of environmental factors and clari-
fication of the regulatory mechanisms that may interfere
with such expression must be evaluated.

The results obtained identify CNS as important
pathogens with significant toxigenic potential, empha-
sizing that greater attention must be given to such mi-
croorganisms, which have often been dismissed as merely
contaminants.
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contaminants of dinical samples by clinicians and micro-
biologists  (Kloos and  Bannerman  1994).  However,
although widely used for chnical diagnosis, this disting-
tion represents o challenge regarding the role of these
micro-organisms in infectious processes,

Various virulence factors are responsible for the symp-
toms and severity of infections caused by Staph. aurcus,
Staphylococeal enterotoxins (SEs), which cause staphylo-
coccal food poisoning, are a group of superantigens
(Koneman et al. 1997). The exact role of these extracellular
products in the pathogenesis of a systemic infection 1s still
unclear. At present, 23 serologically distinct enterotoxins,
including SEA to SEIV, have been identified (Bergdoll er al.
1959, 1965; Avena and Bergdoll 1967; Casman of al. 1967;
Reiser et al. 1984; Yu-Cheng and Wong 1995; Munson
et al 1998; Zhang er al. 1998; Jarraud er al. 2001; Letertre
etal 2003 Omoe efal 2005 Thomas eral 2006
Schlievert and Case 2007; Ono et al. 2008; Larkin er al.
2009), All share superantigenic activity, whereas only few of
them (SEA 1o SEL SER, SES and SET) have been proved to
be emetic (Lina of al. 2004}, The Intermational Nomen-
clature Committee  for  Staphylococeal  Superantigens
proposed that only staphylococcal superantigens inducing
emesis after oral administration in an experimental mode
of primates should be designated as SEs. The committee
also recommends that other similar toxins that do not
exhibit emetic properties in primate animal models or that
hive not yet been tested should be designated as SE-like
toxins (SEI) type X (Lina of al. 2004).

The detection of SEs s deasive to confirm an outbreak
of food poisoning and to determine the enterotoxigenicity
of the strains (Bergdoll 1990), Immunological methods
were first developed for this purpose, but their sensitivity
and practicality are questionable. In addition, these meth-
ods are time-consuming and not always detect toxin-
producing strains. In an attempt to solve this problem,
amplification techniques such as the polymerase chain
reaction (PCR) were developed, which permit the identifi-
cation of enterotoxin genes with high sensitivity and
specificity. Johnson et al. (1991) developed a protocol for
the detection of SEA to SEE and TSST-1 genes using
oligonuckeotides synthesized based on the computer anal-
ysis of the sea, scb, sec, sed, sec and st gene sequences
published previously. Jarraud ef al. (1999), investigating
the role of enterotoxins in staphylococeal toxic shock
syndrome, included the SEG and SEI genes in their study.

Although the presence of toxigenic CNS species has
been reported in the literature (Orden eral 1992;
Vernozy er al. 1996; Udo er al. 1999; Cunha er al. 2006,
2007), many investigators question the toxigenic potential
of these micro-organisms.

Furthermore, PCR s a highly sensitive and specific
method for the genotypic identification of  different
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staphylococcal species. Couto ef al (2001), using inter-
genic transcribed spacer (ITS)-PCR, identified different
CNS species by amplifying a region that s highly con-
served in the genus, This technique permits the analysis
of ITS between the 165 and 23S rRNA gene loci and is
frequently used in fingerpnint PCR for the identification
and discrimination of bacterial strains at the species and
subspecies level (Daffonchio er ol 2003).

IINA analysis is the preferred method for the identifi-
cation of micro-organisms because of its higher specificity
and sensitivity. CNS isolates not identified to the species
level or errancously identified by conventional phenotypic
tests may be correctly identified by genotypic methods,
such as DNA-DNA hybridization (Kawamura ¢t al. 1998)
and ITS-PCR (Maes efal. 1997). The latter technique
determines the rate of polymorphisms in transcribed
intergenic regions (165 and 235 rRNA) to genetically dis-
tinguish intra- and interspecies strains (Daffonchio ef al.
2003) and has been found 1o be useful in epidemiological
(Kostman ¢t al. 1992; Giirtler 1993) and taxonomic stud-
ies (Barry ef al. 19915 Jensen ef al. 1993). Mendoza et al.
(1998) amplified the 168 and 235 rRNA regrons in 220
Staphplococeus isolates using primers G1 and L1 described
by Jensen ef ul. (1993) and showed that this techmque is
an important tool for the identification of these strains.
Various studies have reported the usefulness of ITS-PCR
for the wentification of staphylococci (Mendoza ef al
1998; Shittu et al, 2004; Fujita et al. 2005), According to
Couto er al. (2001), the method is simple and permits the
rapid identification of a large number of isolates with a
high degree of reliability.

The divergences regarding the enterotoxigenicity of
CNS and their potential to cause food poisoning highlight
the need for further studies using refiable techniques
to demonstrate the toxin-producing capacity of these
staphylococet. Therefore, the objective of this study was
to investigate the toxigenicity of Staph, asreus and CNS
straing using RT-PCR in view of the lack of international
and  Brazlian studies applying this technique to the
evaluation of toxin production in CNS. This study will
permit to confirm the toxigenic capacity of CNS to better
characterize the pathogenic potential of this group of
micro-organisms, In addition, it permits the detection of
SEG, SEH and SE, enterotoxins that cannot be detected
by commercially avaifable immunological methods.

Materials and methods

Micro-organisms

A total of 180 staphylococeal strains, including 90 CNS
and 90 Sraph. avrews strains, isolated  from  clinical
samples (blood, cannula, catheter tip, chest drain and
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different secretions) were analysed. The samples were
obtained from newborns hospitalized at the Neonatal
Unit of the University Hospital, Botucatu Medical School,
between 1990 and 2005.

Identification of Staphylococcus aurens

The 1solates obtained from the dimcl specimens were
seeded onto blood agar and stained by the Gram method
for the determination of purity and observation of
morphology and specific staining, After confirmation of
these characteristics, the strains were submitted to catalase
and coagulase tests. The genus Staphylococcus was differ-
entiated from Micracoceus by testing the oxidation and
fermentation of glucose, resistance to bacitracin (0404 U)
indicated by the absence of an inhibition halo or the
formation of & halo of <9 mm and susceptibility to
furazolidone (100 pug) characterized by inhibition halos
measuring 15-35 mm in diameter (Baker 1984), After
species confirmation, the isolates were stored in nutrient
broth containing glycerol ar =70°C,

For Staph. aurens detection, primers Sad42-1 ¢ Sa-
422-2 that amplify a conserved fragment of 108 bp spe-
cific for Staph. aurens according to Martineau er al.
(1998) and the primers for detection of the o gene
described by Kearns ef al, (1999) were chosen,

Genotypic identification of coagulase-negative
staphylococci

All CNS isolates were submitted to genotypic identifica-
Hon using primers targeting conserved sequences adjacent
to the 165 and 235 genes. This method described by
Barry et al. (1991) and Couto ¢f al (2001) is known as
ITS-PCR. This technique was used to reidentify ONS
striains previously charscterized by phenotypic methods
as described in section Identification of Staphylococcus
avrens, to permit the safe and reliable identification of
strains positive for the production of toxins or genes
encoding these toxins and, thus, to confirm that these
straing are indeed ONS species and pot Staph. purens
mutants that do not produce coagulase. International
ATCC reference steains were used s control for each
Staphplococens species.

DNA was extracted as described in section DNA extrac-
tion, according to the method of Couto er al (2001)
using primers G (5-GAAGTCGTAACAAGG) and L)
{3 CAAGGCATCCACCGT). Amplification consisted of a
denaturation step at 94°C for 4 min, followed by 25
cycles of ampiification for 1 min at 94°C, ramping to
55°C for 2 min, 7 min at 53°C, rampmg to 72°C for
2 min, 2 min at 72°C and an additional extension step
at 72°C for 7 min (Couto ef al 2001}, The following
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international reference strains were used as control for the
test results: Staph, asreus (ATOC 13565), Staph. aurcus
(ATCC 14458), Staph, aurens (ATCC 19095), Stapls. wureus
{ATCC 43300), Stapl. aureus {ATCC 23235), Staplylococcus
auriculars (NTCC 33753}, Suaphylococcus capitis ssp, capitis
(ATCC 27843), Swphylococcus  capitis  ssp,  ureolyticns
(ATCC 49325), Staphylococens caprae (ATCC 355381,
Staphylococens colmii (ATCC 49330}, Staphylococeus cohe
sp. ool (ATCC 29974), Staphplococens  epidermidis
(ATCC 12228), Staph. epidermidis (ATCC 35983), Staphy-
lococcus Taemolyticus (ATCC 29970), Staphylococcus ho-
minis  (ATCC  27844),  Staphylococcus  homimis  ssp,
novobiosepticis  (ATCC 700237),  Staphylococens. lentus
(ATCC 700403},  Sraphylococcus  lugdunensis  (ATCC
700328), Staphylococcus  saprophyticns  (ATCC  15305),
Staphylococeus  schileiferi ssp,  schleiferi (ATCC 43808),
Staphylococens sciurt ssp. saiur (ATCC 29062), Staph, sim-
ulans (ATCC 27851), Staphylococcus xylosies (ATOC 29979)
and Staphylococcus warneri (ATCC 10209).

The efficiency of the amplification reactions was moni-
tored by electrophoresis on 3% MetaPhor agarose gel in
I« TBE buffer. The gel was stuined with ethidium bro-
mide or Syber Safe (Invitrogen, Carlsbad, CA). The size
of the amplified products was compared with a 10-bp
molecular standard, and the gels were photographed
under UV transillumination,

The results were analysed by the chi-square test when
there were no expected values less than five and by the
likelihood ratio test for the differences of proportions
with an approximate chi-square distribution when the
expected values were less than five, Fisher's exact test was
used for 2 % 2 contingency tables. The Tukey's test for
the companson of proportions was used to determine sig-
nificant differences in the presence of genes and specics
between the types of clinical material.

Detection of enterotoxin genes

DNA extraction

Total DNA was extracted from Staphylocaccus strains cul-
tured on blood agar and then inoculated individually into
brain-heart infusion broth and incubated for 24 h at
37°C. The IMustra kit (GE Healthcare, Linle Chalfont,
UK) was wed for DNA extraction. First, staphylococeal
celly were digested with 10 mg ml™' Iysozyme and
20 mg mi~" proteinase K. Next, 300 gl extraction solution
was added, and the mixture was centrifuged at 10 000 g
for 4 min, The supernatant was then transferred to a GFX
column and centrifuged at 5000 g for | min, The col-
lected fluid was discarded, and 500 pl extraction solution
was again added to the column, After centrifugation and
discarding of the collected fluid, 500 il washing solution
was added and the column was centrifuged at 20 000 g
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for 3 min. The column was then transferred to a 1'5-ml
tube and eluted with 200 gl Milli-Q water heated 1o
70°C.

The extracted DNA was diluted 1100, and absor-
bance was read at 260 and 280 nm for the determination
of concentration and purity of the sample. DNA concen-
teation  was  calculated  as  followss  concentration
(g ml™") = Ay x 50 x dilution fuctor.

Amplification of nucleic acids (PCR)

PCR was carried out in 0:5-ml centrifuge tubes contain-
ing 10 pmol of each primer (Johnson ¢t al. 1991; Jarraud
of al. 1999; Mason et al. 2001), 25 U Taq DNA polymer-
ase, 200 pmol 7' deoxyribonucleatide  triphosphates,
20 mmol 1" Tris=HCL, pH 84, 075 mmol I"" MgCl,
and 3 gl of the sample in a final volume of 25 gl A
negative control in which the nucleic acid was replaced
with water was included in all reactions. Amplification
was carried out in an M] Rescarch PTC-100 thermo-
cycler (M] Research, Waltham, MA| using the following
parameters: one cycle at 94°C for 4 min, denaturation at
94°C for 2 mun, primer annealing at 55°C and extension
at 72°C for | min 30 s, followed by o second cycle of
denaturation at 94°C for 2 min, annealing at 53°C and
extension at 72°C for 1 min 30 s, In the third cycle, the
annealing temperature was reduced to 51°C, and 37 cydes
were carried out using the last parameters, After complet-
ing 40 cycles, the tubes were incubated at 72°C for 7 min
and then cooled to 4°C,

Detection of enterotoxins by RT-PCR

Extraction of RNA
Total RNA was extracted from Staphylococcus strains cul-
tured on blood agar and then inoculated individually into
brain-heart infusion broth and incubated for 24 h at
37°C. RNA was extracted with the Trizol reagent (Invitro-
gen), Briefly, the cells were lysed with 1-0 ml Trizol, and
the homogenate was transferred to 1:5-ml tubes contain-
ing 02 ml chloroform and again homogenized for 3 min
at 15-30°C. Next, the homogenate was centrifuged at
12 000 g for 15 min at 5°C, and the aqueous phase con-
taining total RNA was collected and transferred to
another tube, For RNA precipitation, 250 yd isopropyl
alcohol was added and the mixture was incubated at
room temperature for 10 min and then centrifuged at
12 000 g for 10 min at 5°C. The total RNA extracted was
washed with 1:0 ml 70% ethanol containing 0:19% diethyl-
pyrocarbonate (DEPC). Purified total RNA was treated
with DNase to degrade contaminating genomic DNA
(Omoe et al. 2002).

The extracted nucleic acid was diluted 15 100, and
absorbance was read at 260 and 280 nm for determination
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of the concentration and purity of the sample. RNA
concentration was calculated as follows: concentration
(g ml™") = Aye % 40 x dilution factor.

Synthesis of cDNA
In a 05ml microtube (RNase/DNase freel, 5pl of
random  primers (75 ng sl ') was mixed with 10 gl
RNAguard (20 U; GE Healthcare), 5-45 pl of the sample
(25 pg total RNA) and 60 pl (gsp) Milli-Q water plus
DEPC. The mixture was heated 10 70°C for 10 min for
RNA denaturation and cooled quickly to 4”C., Next, 20 yl
Sx first-strand buffer, 10 ul 01 mol 17 dithiothreitol and
5yl 20 mmol "' NTP mix were added, and the reaction
was heated to 25°C for 2 min for primer ligation. After
heating, 5 pl 20 U Suoperscript™ reverse transcriptase 11
(Invitrogen) was added and cDNA was synthesized in an
M Research PTC-100 thermocycler, The final reaction
volume was 100 gl

The following parameters were used for cDNA synthe-
sist 25°C for 5 min, 42°C for 50 min and 70°C for
15 min, The reaction was then cooled to 4°C. The ¢cDNA
obtained was amplified by PCR, and the amplified
products were visualized by electrophoresis as described
in section Amplification of nudleic acids (PCR).

Statistical analysis

The results were analysed by the comparison of propor-
tions regarding the presence of genes or mRNA encoding
SEs. Tukey's test was used for the comparison of three
proportions and a comparison test for proportions when
only two groups were analysed. The level of significance
was set at P < 005 for all tests, The results of genotypic
and phenotypic identification were compared by Spear-
man’s correlation test,

Results

Identification of Staphylococcus aureus and
coagulase-negative staphylococci

The distribution of the 180 Staphylecoccus spp. isolates
and of the 90 CNS isolates according to clinical material
is shown in Table 1. Genotypic identification showed thar
Staph. epidermidis was the most frequently isolated CNS
species among the 90 strains analysed (n = 64, 71°1%),
followed by Staph, warmeri (n =8, 89%) and other
species such as Staph. tugdunensis, Staph. haemolyticus,
Staph. hominis,  Staph. simulans,  Staph. xylosus  and
Stoph. saprophyticus (1 = 26, 289%). No strain of CNS
included in the study amplified with primers of coa gene
and primers specific for Staph. aurens, thus confirming
them all to be CNS (Fig. 1).
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NS, cosguiase-negative staphylococct see, presence of 1he entero-
tosin € gene, say, presence of the enterotann G gene, sef, presence
of the enterotonn W gene, sei, presence of the enterotonn | gene

other CNS wirains (P =0244) or between the Staph.
aurens isolates and CNS species other than  Staph,
cpidermidis (P = $-494),

Statistical analysis of the frequency of each  gene
revealed some differences. The fraquency of the see gene
did not differ significantly between species (P > 0005). In
contrast, the seg gene was more frequent in Staph, gurens
when compared with the group of CNS as a whole,
Staph. epidermidis and other CNS species (P < 0:05), but
no difference was observed among CNS species. No dif-
ference in the frequency of the seh gene was observed
between Staph. anrews and Staph. epidermeidis, but this
gene was more frequent in Staph, aureus and Staph, cpide-
rirtidis when compared with other CNS species. Similardy,
the sei gene was more frequent in Staph. aureus compared
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with CNS species, except for Staph. epiderinidis, but no
difference in the frequency of this gene was observed
between Staph. epidermidis and the other CNS species
(Table 3),

The distibution of toxigenic Stupl. aureus  straing
according to biological material (blood, forcign body and
secretion) is shown in Table I, and the distribution of
toxigenic CNS straing is shown in Tables 1, 2 and 3.

For the analysis of the number of toxigenic Sraphylo-
coceus spp. in clinical samples, catheter, cannula and chest
drain samples were pooled in a group called foreign
badies. This group was compared with blood and secre-
tion samples, and no significant difference (P > 005) in
the frequency of enterotoxin genes was observed between
strains isolated from these different types of clinical mate-
rial. The genes studied were detected in Staph. epidernmdis,
Staph. warseri,  Stapl. haemolyticus,  Staph, lugdunensis,
Staph. honrinis and Staph. simtulans. No ent in genes
were found in Swaph. xylosus and  Staph. saprophyticus,
Staphylococcus epidermidis and  Stapi. warneri presented
the highest frequency of genes (Table 3),

Determination of the toxigenic profile of the isolates
by RT-PCR

RNA was extracted from the Staph. aurvas (n = 54) and
CNS (1 = 29) isolates found to be toxigenic by PCR as
described in section Extraction of RNA for the investiga-
tion of toxin gene expression by RT-PCR. The internal
control of RNA extraction (165 rRNA) was detected in all
struins

RT-PCR used for the detection of mRNA of the genes
responsible for the production of SEE, SEG, SEH and SEI
revealed the expression of the seg, seg and/or se genes in
32 (593%) of the 54 toxigenic Staph. aureus strains,

Table 3 Frequency of maguase-negative staphylococtal seces camyng the geniny encoding enterotooans SEE. SEG, SEH and SEI

Entemtonn genes
Tota numbee Nurmnber of
Spoces of stram tongen strainy.  see welse)  wo  Ioh e wy/ay see e soh o+ sel
Stphylocoatus epidermids a4 18 - 1 7 1
Staphylococcls warner! B 5 1 - - - -
Staphylococcus heemnofticus 4 1 - - - - ] -
Staphydococcus ugaunenss 3 3 - - - J 1 -
Staphylacoccus homing 6 1 - - - t - -
Staphylocaccus semakans 2 ! - - - - 1 -
STaNyIOC00CUs sapeophyncus 2 - - - - - — ~
Staphylocaccus xlons 1 - - - - - -
Tots 90 29 1 1 E 3 10 |

see, provonce af tho enterotwin € gene; seg, presance of the enterctoxin G gene; oh, presence of the enteroton H gane, sy, prosance of the
entwotonn | gene, s + 58, concomitant presence of the anterotann G and | genes, see + 5eft « 38, contomesant presence of the erterosomn

E. H and | genes.
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Among the 64 Staph. epidermidis strains investigated,
281% carried the see (SEE), seg (SEG), sele (SEH) and sel
(SEl} genes alone or in combination. However, other CNS
species also tested positive by PCR. For example, the see
gene was detected alone or in combination in five of the
cight Staph. warneri isolates. Three  Staph. lugdunensis
isolates were also toxigenic, with predominance of the sei
gene alone or in combination. One Staph. horminis isolate
was positive for the sei gene, and the seg and sei genes were
detected in one Staph, haemolyticus isolate, Only one
Staph, strudans isolate carried the seg and sef gene combina-
tion. None of the genes studied was detected in Staple.
saprophyticus or Staph. xylosus isolates. Predominance of
CNS strains carrying the sei gene alone or in combination
with other genes was observed in the present study.

Some gene combinations detected by PCR call atten-
tion because they were observed in various strains, such
is the combination of the seg and sei genes detected in 26
Staph, aurens and CNS isolates. Luz (2008) analysed
Staph. aurews strains isolated from milk and cottage
cheese regarding the presence of the seg, seh, sei and sef
genes and also found a prevalence of strains {25%) carry-
ing the combination of the seg and sev genes. Other studies
also reported a predominance of the sg/soi gene combi-
nation in Staph. aureus strains isolated from clinical and
nasal samples (Becker ef all 2003; Nashev er al 2004).
Similar results regarding the presence of this gene combi-
nation were reported by Jarraud er al (1999, 2002) and
Omoce et al. (2002). Jarraud et al. (1999) isolated 12
Staph, aurens strains from patients with toxic shock syn-
drome and staphylococcal scarlet fever that only carried
the seg and ser genes, Jarraud ef al. (1999, 2002) analysed
the disteibution of the seg and sei genes in 230 Staph. our-
ens strains isolated from different clinical materials and
demonstrated a prevalence of these genes in strains iso-
lated from nasal carriers and from patients with toxaemia,
The coexistence of the seg and sei genes might be due to
their chromosome location as both genes are found in a
tandem orientation and belong to an operon, called the
enterotoxin gene cluster (¢ge), which contains five entero-
toxin genes (seg, sei, sem, sent and seo) and two pseudo-
genes (@ entl and @ ent2) {Farraud e al. 2001).

The presence of this gene combination indicates a high
toxigenic potential of CNS strains that are often over-
looked and only considered to be contaminants. This fact
emphasizes the importance of this gene combination for
the pathogenicity of the staphylococcal strains sofated
from clinical samples collected wt the University Hospital
of the Botucatu Medical School, Furthermore, a combina-
tion of three genes was also detected in three Staph.
aureus isolates (see, seg and sei in two and seg, seh and sei
in one) and in one CNS isolate (see, seh and sei), demon-
strating a high pathogenic potential of the strain,
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Other enterotoxin genes  frequently detected in the
strains studied were the seg and seh genes m Staph. aureus
and the ser and see genes in CNS, Other enterotoxin genes
were also present but ar a lower frequency, a fact that
does not rule out the pathogenicity of the gene products
when expressed, In contrast, other investigators did not
detect toxin genes in clinical CNS isolates, for example,
Becker ef al. (2001) using multiplex PCR. These differ-
ences in the results might be explained by the different
methods used for detection of the genes. Various PCR
methods are available for the typing of staphylococcal
toxins (Johnsen et al. 1991; Schmitz o al. 1998), Most
methods require various steps for the distinction between
differemt  enterotoxin  (se) genes. More  recently, @
multiplex PCR method was described for the typing of
Staph, aureus toxins (Becker ef al. 1998; Monday and
Bohach 1999; Mchrotra et al. 2000), This technique is
based on the combinations of specific primers targeting
the se gene or the combinations of universal forward
primers and specific reverse primers (Sharma et al. 2000),
One of the disadvantages of multiplex PCR is low sensi-
hility compared with unique PCR, generating a need for a
higher initial concentration of the target sequences. This
factor is associated with competition between primers for
target sequences and reaction components. Because of
that and polymorphisms of sequences, preliminary assays
are necessary for optimization and determination of more
adequate concentrations of reagents and sample’s DNA to
amplificate all wanted sequences equally (Perry et all
2007), The PCR in the present study was performed sepa-
rately for each toxin investigated, thus facilitating the
detection of isolated genes,

PCR has been shown 1o be a useful, rapid and reliable
tool for the detection of enterotoxin genes (Johnson et al.
1991; Becker et al. 1998; Tamaparu ef ol 2001). However,
PCR is only able to demonstrate the presence or absence
of a certain gene in the strain but dees not indicate the
production of enterotoxing. Demonstration of the capac-
ity of o strain to produce sufficient amounts of SE to
induce disease requires the development of biological
assays or immunological methods for the detection of
these toxins (Omoe ¢f al. 2002). In this respect, RT-PCR
permits the detection of messenger RNA  sequences
responsible for the production of enterotoxins, thus dem-
onstrating gene activity. The presence of toxin mRNA
sequences leaves no doubt regarding the toxigenic poten-
tial of the micro-organism.

To complement the present study, RT-PCR was used
to detect mRNA sequences responsible for the production
of the target enterotoxin in staphylococcal striins positive
for the presence of some enterotoxin gene. Despite
reports demonstrating the presence of toxin genes in CNS
species (Cunha ef al. 2006, 2007), many investigators still
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question their toxigenic potential, with the use of this
genotypic technigue being important for the confirmation
of the toxigenicity of CNS species,

The present study revealed the expression of staphylo-
coccal toxin mRNA in 42 (5069%) of the 83 PCR-positive
strains. The mRNA detected corresponded to toxins of
the SEG, SEH and SEI classes. Toxin expression was lower
in CNS (345% of all producing strains) than in
Staph. aureus isolates (59-3%). Staphylococcus epidermidis
was the most toxigenic CNS species, with seven isolates
expressing mRNA for SEG, SEH and SEL Among the
other ONS species, only Sraph. warneri and  Staph.
Iugdunensis presented a positive RT-PCR result, with the
observation of expression of SEI mRNA in the former
and of SEG and SEI mRNA in the latter. Udo (1999),
investigating  food handlers, identified enterotoxin-pro-
ducing CNS and Stapl. aureus strains using reverse and
passive latex agglutination (RPLA). Toxin production was
observed in 34'5% of CNS isolates that carried entero-
toxin genes, whereas Staph. hominis, Staph, saprophyticus,
Staph. xylosus, Staph. haemaolyticus or Staph. simulans did
not produce any of the enterotoxins studied. Marin ef al,
(1992) studied enterotoxin-producing  staphylococei in
ham samples by RPLA. Among the 135 staphylococcal
isolates, two belonged to Staph. epidermidis and one was
a producer of the classical enterotoxin SEC. In the study
of Cunha er al, (2007} investigating Staph. anreus isolates
carrying one or more staphylococcal toxin genes, 467%
of the isolates tested positive by PCR, whereas production
of the respective toxins was only observed in 383% of
the strains when analysed by RPLA. In the same study,
40% of the CNS strains carried one or more toxin-spe-
cific genes and toxin production was confirmed in 267%
of these isolates by RPLA. In another study investigating
virulence factors of CNS isolated from newborns, Cunha
et al. (2006) demonstrated by RPLA that 37:6% of the
strains were producers of the classical enterotoxins SEA,
SEB and SEC, Similar results have been reported by Crass
and Bergdoll (1986) and Kahler ef al (1986) who isolated
CNS-producing enterotoxins and TSST-1 from patients
with toxic shock syndrome and other infections, s well
as from foods related to outbreaks of food poisoning,

The predominance of certain enterotoxin genes alone
or in combination observed in some species such as
Staph. epidermidis, Staph. warneri and Staph. lugdunensis
points to differences in the pathogenic potential of CNS
species and demonstrates the importance of correct iden-
tification of these micro-organisms, One important step
of the present study was the genotypic identification of
the CNS isolates by ITS-PCR using conserved primer
sequences targeting regions adjacent to the 168 and 23§
genes. This method was described by Barry ef al. (1991)
and Couto er al. (2001) to rule out the possibility that
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toxigenic isolates are mutant Staplh. aurcus strains that do
not produce coagulase and to confirm the 1oxigenic
capacity of CNS. Other investigators also questioned the
capacity of CNS to produce enterotoxins and suggested
that these strains mught be Staph. aurens mutants that do
no express the coagulase enzyme (Victor ef al, 1969;
Lotter and Genigeorgis 1975; Fox ef al. 1996). Therefore,
to rule out this possibility, all CNS isolates were submit-
ted 10 genotypic identification for species confirmation,
ITS-PCR produces a characteristic band pattern for cach
species when compared with the international references
species (ATCC). In addition, this method permits to rule
out possible errors that may occur in phenotypic identifi-
cation, Excluding possible identification errors, the diver-
gence in the results obtained regarding the ability of the
CNS isolates to produce toxins might be related to the
choice of the adequate technique for DNA extraction and
detection of genes responsible for the expression of these
enterotoxins. Standardization of the techniques includes
the use of ideal growth media, pH, temperature and
nutrient concentrations, as well as the use of extraction
controls, parameters used in the amplification reactions
and enzymes that are fundamental for the good perfor-
mance of the investigation.

Staphylococcus aureus produces a wide variety of viru-
lence factors, including adbesion molecules, peptidoglycan,
enzymes und extracellular toxins (Archer 1998). The
importance of these micro-organisms as pathogens resides
in the combination of toxin-mediated virulence, invasive
potential and resistance profile to antimicrobial agents (Le
Loir ¢t al. 2003), Genetic variation between Staph, daureis
strains is associated with the pathogenic potential of these
strains (Bohach eral. 1990; Day eral 2001) and is
observed in constitutive and accessory genes {Lan and
Reeves 2000), A large number of toxigenic Staph, aurcus
and CNS strains were identified in the present study, with
most of these isolates carrying more than one toxin gene,
thus demonstrating the toxigenic potential not only of
Staph. aureus but also of CNS,

In the present study, concomitant expression of various
enterotoxin genes was abserved especially in Staph, aurens
isolates. According to Peacock ef al. (2002), the number of
virulence-associated genes carried per bacterial strain is the
product of the interaction between rates of gene acquisi-
tion, cost for biological maintenance and the rate of decay
of the strain causing disease, Because most severe infections
caused by Staph. aureus cannot be explained by the action
of a single virulence factor, it is possible that various factors
act together during the infectious process, A signilicant
expression of SEG and SEH by Staph. awureus strains was
observed in the present study, Similar results have been
reported by Luz (2008) who observed the expression of
toxin genes in 20% of Staph. aureus isolates, with four of
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12 tsolates expressing only the seg gene, four expressing the
seh gene, onc expressing the sei gene, one expressing the
seg/seh combination, one expressing the seg/sef combina-
tion und one expressing the seg/sei/sej combination,

The present results showed the concomitant production
of toxins by CNS species, although at a lower proportion
when compared with Staph, aureus. According to Lisa
(2004), at least 34 different extracellular proteins are pro-
duced by pathogenic staphylococcal strains, with several
of these proteins already possessing a defined role in the
pathogenesis of staphylococcal disease. Some of the genes
encoding these factors are frequently located on mobile
genetic clements such as phages and pathogenicity islands,
These elements are potentially mobile DNA segments of
variable size that cirry virulence-associated genes (Kapper
and Kacker 1999) and are transferred horizontally
between strains (Betley and Mekalanos 1985; Lindsay
er al. 1998 Yamaguchi et al. 2000; Yoshizawa et al. 2000},
Mechanisms that facilitate the escape of micro-organisms
from the host immune system favour bacterial survival
and colonization. As a consequence, strains that present
more effective escape mechanisms are more prevalent,
The ability of Staph, aurens 1o escape the host defence
system is related, at least in part, to its enterotoxin-
producing capacity {Lan and Reeves 2000).

The present results highlight CNS as important patho-
gens and demonstrate their toxigenic potential, Thus,
greater attention should be paid to these micro-organisms
that are often considered to be mere sample contami-
nants, especially in the case of samples obtained from
neonatal ICU patients whose results should be considered
with greater care. Despite the lack of statistical signifi-
cance, a higher frequency of Staph. epidermidis isolates
producing detectable amounts of toxins was observed
when compared with other CNS species. In addition,
most Staphylococcus spp, strains expressing these genes
were isolated from blood samples; a finding demonstrat.
ing that these micro-organisms are important nosocomial
pathogens that should not be ignored and considered as
contaminants when isolated from blood cultures. In these
cases, the laboratory microbiological results need to be
analysed together with dinical signs and symptoms of the
patient. Sepsis is one of the most common causes of
neonatal mortality in hospitals (Koneman er al. 1997),
Therapeutic  procedures  such  as  catheter  insertion,
infusion techniques and contamination of electrolyte
solutions such as parenteral nutrition are frequent sources
of bloodstream infection (Le Loir er al. 2003),

Molecular methods contribute to the understanding of
the complex genetics of staphylococcal virulence mecha-
nisms and permit to determine the pathogenic potential
of bacterial isolates by evaluating the presence of genes
encoding virulence factors as well as their expression,
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PCR was found to be a rapid and reliable method for the
detection of specific staphylococcal toxin genes. In addi-
tion, I'TS-PCR permitted to confirm the identification of
CNS, thus excluding the possibility that these isolates
were Staph. aurens mutants. RT-PCR was also found to
be a rapid and efficient method that was able 10 demon-
strate the capacity of CNS to express enterotoxin mRNA,
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8. Resisténcia aos Antimicrobianos

A aquisicdo de resisténcia a varios antimicrobianos tem sido o principal
problema para o tratamento de infec¢bes causadas por Staphylococcus spp. em

hospitais e na comunidade.

Na era pré-antibidtica, o progndstico de tratamento para as infec¢Oes
estafilocécicas severas era extremamente pobre. A introducdo da penicilina na
terapéutica em 1944 resolveu temporariamente o problema dessas infec¢des. No
entanto, em 1946 surgiram as primeiras amostras resistentes, com 6% de S. aureus
produtores de penicilinase. Em 1948, mais de 50% das amostras de S. aureus do
ambiente hospitalar eram resistentes a penicilina (244). Esta proporcdo cresceu
subsequentemente para cerca de 80 a 90% (245). A disseminacdo progressiva dessas
amostras reduziu drasticamente o valor terapéutico desse antimicrobiano, sendo que
atualmente, apenas um pequeno percentual de amostras de S. aureus se apresenta
sensivel. Dados similares sdo verificados no Brasil (246) e de acordo com os dados de
estudo local realizado com amostras de S. aureus isoladas de hemoculturas de
pacientes do HC da FMB, 93% das amostras de S. aureus sao resistentes a essa droga

(ANEXO 16).

Os ECN também demonstram elevada resisténcia a penicilina, cerca de 70%
segundo estudo realizado por Tavares (247), e > 70% segundo estudo realizado com
745 linhagens de ECN isolados de um hospital universitario na China entre 2004 e 2009

(248). Segundo estudo realizado por Cunha et al. (249) a produgdo da enzima -
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lactamase foi verificada em 89,3% das amostras de ECN isoladas de hemoculturas. A
resisténcia a penicilina é atribuida a producdo de enzimas capazes de inibir a acdo da
droga, conhecidas como penicilinases ou mais genericamente [-lactamases, capazes
de hidrolisar o anel B-lactamico das penicilinas (20). A produgdo de penicilinase pode
ser mediada por plasmidio, mas a integracdo cromossomal desse gene é frequente

(250).

O emprego da meticilina e outras penicilinas semi-sintéticas, tais como a
oxacilina e a meticilina resistentes a acdo de penicilinases, iniciado em 1959,
representou uma etapa significativa na terapia antiestafilococica. Contudo, a
resisténcia a essas drogas foi detectada cerca de dois anos apds (251). As amostras
resistentes a meticilina se espalharam rapidamente e sua frequéncia tem aumentado
em diversas regides geograficas, sendo responsaveis, particularmente por surtos de
infeccbes hospitalares (250). Quando a resisténcia foi descrita em 1961, a meticilina
era utilizada nos testes de sensibilidade e no tratamento das infec¢des causadas por S.
aureus. Entretanto, no inicio de 1990 a oxacilina que é da mesma classe de drogas, foi
selecionada como o agente de escolha para tratamento e testes de sensibilidade,
sendo a sigla MRSA (Staphylococcus aureus resistente a meticilina) ainda utilizada para
descrever a resisténcia devido ao papel historico (245).

A resisténcia intrinseca a oxacilina em S. aureus é mediada pela producao de
uma proteina ligadora de penicilina (PBP) suplementar (PBP 2’ ou PBP 2a), que
apresenta baixa afinidade as penicilinas semi-sintéticas, sendo o determinante
genético desta proteina de natureza cromossémica, o gene mecA. Para destruir as

bactérias, muitos antibidticos se ligam as PBP de forma a torna-las inativas. Essas
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proteinas estdo envolvidas na construcdo da parede celular dos micro-organismos e
sem a parede corretamente montada, as bactérias ndo conseguem manter sua
integridade e morrem. Enquanto normalmente as amostras de estafilococos
empregam trés proteinas ligadoras de penicilina, PBPs 1, 2 e 3 na sintese da parede
celular, os estafilococos resistentes a meticilina ou oxacilina (MRSA) possuem um PBP
suplementar, PBP 2’ ou PBP 2a. Portanto, quando o gene mecA esta presente, a célula

é capaz de crescer na presenca de oxacilina e de outros B-lactamicos (250,252).

Esse gene é carreado em um elemento genético moével identificado como
Cassete Cromossémico Estafilocécico mec (SCCmec), integrado em um local especifico
do cromossomo chamado orfx e composto pelo complexo do gene mec, pelo complexo
do gene ccr e pelas regides J. O complexo mec é composto do gene mecA e de seus
genes regulatorios mecl e mecRl, o complexo do gene ccr é responsavel pela
integracdo e excisdo do SCCmec no cromossomo. Ja as regides J ndo sdo essenciais ao
cassete cromossOmico, mas podem carrear genes que codificam resisténcia a agentes
antimicrobianos ndo B-lactamicos e a metais pesados (253). Até o momento foram
descritos onze tipos de SCCmec (Tabela 1), que sdo definidos pela combina¢do dos
tipos de complexo do gene ccr e a classe do complexo do gene mec, sendo os subtipos
definidos por polimorfismos da regidao J] em uma mesma combinacdo dos complexos

mec e ccr(253).

Embora a resisténcia mediada pelo gene mecA esteja presente em todas as
células da populagcdo com resisténcia intrinseca, esta pode ser expressa somente por
uma pequena percentagem delas, levando ao que se chama de resisténcia

heterogénea. A expressdo de resisténcia nas linhagens com resisténcia intrinseca tem
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sido categorizadas em quatro classes de expressdo fenotipica, classes 1 a 4, com a

classe 1 sendo a mais heterogénea e a 4 a homogénea (254).

Na cultura de linhagens com resisténcia heterégenea de classe 1 a grande
maioria das células (99,9 ou 99,99%) apresentam concentracdo inibitéria minima (CIM)
de 1,5 a 3 pug/ml, mas essa cultura também contém um baixo nimero de bactérias
(107 a 10®) que poderiam formar coldnias mesmo na presenca de 25 ug/ml ou mais
de oxacilina. Nas culturas de linhagens de classe 2, a maioria das células (> 99,9%)
apresentam CIM de 6 a 12 pg/ml, e nessas culturas a frequéncia de células altamente
resistentes (capazes de crescer na presenga de 25 ug/ml) é maior (10°) do que nas
linhagens de classe 1 (254). As culturas de linhagens de classe 3 sdo compostas de
bactérias (99 a 99,9%) que apresentam altos niveis de resisténcia a oxacilina (CIM= 50
a 200 pg/ml), mas geralmente possuem uma subpopulagdo (10) de células altamente
resistentes, capazes de formar colénias mesmo na presenca de 300 a 400 pg de
oxacilina/ml. As culturas de classe 4 sdo compostas de células com resisténcia
homogénea, com todas as células apresentando altos niveis de resisténcia, com CIM

de 400 a 1000 pg/ml (254).
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Tipo Complexo gene mec Complexo Elementos genéticos
SCCmec gene ccr Adicionais
B(IS431-mecA-AmecR1-y1S1272) 1 (A1B1)
Il A(IS431-mecA-ymecR1-mecl) 2 (A2B2) pUB110, Tn554
1] A(IS431- mecA-ymecR1-mecl) 3 (A3B3) SCCyg, pI258,Tn554, pT181,
yTn554
v B(IS431-mecA-AmecR1-yiS1272) 2 (A2B2)
v C2(IS431-mecA-AmecR1-15431)” 5(C1)
vi B(IS431-mecA-AmecR1-y1S1272) 4 (A4B4)
vil C1(IS431-mecA-AmecR1-15431)"" 5(€1)
viil A(IS431-mecA-AmecR1-mecl) 4(A4B4)  Tnss4
X C2 (IS431-mecA-AmecR1-1S431) 1(A182)
X C1(I1S431-mecA-AmecR1-1S431) 7 (A186)
Xl 8 (A1B3)

E(blaZz-mecA,54251-mecR1LGA251-

meclLGA251)

“Duas 15431 arranjadas na mesma diregdo.

“Duas 15431 arranjadas em direcdes opostas.

pUB110: carreia o gene ant(4’) que codifica resisténcia a varios aminoglicosideos, kanamicina, tobramicina e bleomicina.

Tn554: carreia o gene ermA gene, codifica resisténcia constitutiva e induzivel a macrolideos, lincosamina e estreptogramina.

(MLS).

SCChg: cassete cromossémico estafilocécico de resisténcia a metais pesados.

pI258: codifica resisténcia as penicilinas e metais pesados (mercurio).

pT181: codifica resisténcia a tetraciclina.

yTn554: codifca resisténcia ao cadmio.
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Outras modalidades de resisténcia também tém também sido descritas em
linhagens que ndo apresentam o gene mecA e s3ao denominadas borderline. A
resisténcia borderline pode ser devido a dois mecanismos, o primeiro seria a inativacdo
de oxacilina mediada pela hiperproducdo de B-lactamase (255) e o segundo seria a
resisténcia modificada, chamada de MOD-SA, mediada pela alteracdo das PBPs
intrinsecas com afinidade alterada para a oxacilina (254). Essas modalidades de

resisténcia apresentam baixo nivel de resisténcia, CIM de 8 pug/ml (252).

A expressdo fenotipica codificada pelo gene mecA é afetada por vérios fatores,
incluindo pH, temperatura e osmolaridade (256). Quando condi¢des apropriadas sdo
utilizadas para a detec¢do laboratorial de MRSA, incluindo a suplementacdo do Agar
Mueller-Hinton com NaCl e a temperatura e o tempo adequados, conforme
preconizado pelo Clinical and Laboratory Standards Institute (CLSI) (257), a deteccao é
obtida sem muitas dificuldades. Entretanto, para as linhagens mais heterogéneas, a

deteccdo pode ser mais dificil, mesmo com os métodos de referéncia (252).

A detecgdo adequada de resisténcia a oxacilina mediada pelo gene mecA é
importante para o laboratério clinico. Embora os métodos preconizados detectem a
maioria das linhagens oxacilina resistentes, ha duas situacdes que requerem etapas
adicionais para confirmar essa sensibilidade ou resisténcia. A primeira é a ocorréncia
de linhagens extremamente heterogéneas e que sdao determinadas como sensiveis
pelos métodos de referéncia. A segunda é a ocorréncia de resisténcia borderline (CIM
proximo do breakpoint para sensibilidade) que deve ser diferenciada da resisténcia
mediada pelo gene mecA, visto que a significancia clinica da resisténcia determinada

pelo gene mecA é muito maior. Estudos experimentais com animais e alguns dados
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clinicos mostraram que o uso de antibiéticos -lactamicos foram efetivos nas infecgdes
causadas por linhagens sem o gene mecA e com baixos niveis de resisténcia
(borderline) (258-259). Entretanto, infec¢Oes causadas por isolados com o gene mecA

requerem tratamento com vancomicina (260).

Os métodos de referéncia preconizados pelo CLSI para a deteccao de
resisténcia a oxacilina em S. aureus incluem a determinacao da CIM pelos métodos de
diluicdo da droga em dgar ou em caldo, o método de difusdo com disco, o teste de
triagem com agar Mueller Hinton (MH) adicionado de 4% de NaCl e 6ug de oxacilina e

o teste de difusao com disco de cefoxitina (257, 261).

Nos métodos de diluicdo, a sensibilidade de detectar isolados com resisténcia
mediada pelo gene mecA varia de 98 a 100% (262). Embora poucos relatos
documentem o grau de heterogenicidade das amostras testadas, é suposto que as
linhagens resistentes ndo detectadas pelos métodos de diluicdo seriam linhagens mais

heterogéneas (252).

Estudos que avaliaram o desempenho da difusdo em disco para a deteccdo de
MRSA mostraram que este método é menos confidvel para linhagens heterogéneas. Os
estudos que usaram linhagens confirmadas com heterogéneas, relataram uma
sensibilidade de 61% de um total de 80 linhagens mecA positivas, sendo muitas
heterogéneas. Felten et al. (263) relataram uma sensibilidade de 88,5% para linhagens
de classe 1 (extremamente heterogéneas) e de 96,4% para linhagens de classe 2 (263).
Velasco et al. (264) verificaram que os métodos baseados na difusdo em agar com

disco, E-test e microdilui¢ao frequentemente ndao foram completamente confidveis na
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deteccdo de linhagens com o gene mecA. Do total de 51 amostras positivas para o
gene mecA, trés foram reportadas como falso negativas por esses métodos. Segundo
estes mesmos autores o disco de cefoxitina (30 pug) como método de triagem
apresentou melhores resultados, com 100% de sensibilidade e 98,0% de
especificidade. Resultados similares foram encontrados recentemente por nosso grupo
com S. aureus isolados de pacientes das Unidades de Pediatria da Faculdade de
Medicina de Botucatu, sendo que a deteccdo pelo método de disco difusdo com
cefoxitina apresentou 100% de sensibilidade e 98% de especificidade comparado com
94,4% e 98,8% de sensibilidade e especificidade, respectivamente, para o disco de

oxacilina (ANEXO 17).

Entretanto estudo realizado pelo mesmo grupo com amostras de S. aureus
isoladas de hemoculturas de pacientes adultos do mesmo hospital mostrou uma
menor sensibilidade para os métodos de disco difusdao, com 86,9% e 91,3% de
sensibilidade para os discos de oxacilina e cefoxitina, respectivamente e a mesma
especificidade (91,3%). O método de triagem apresentou sensibilidade similar (91,3%)
ao disco de cefoxitina e a mesma especificidade. Os melhores resultados foram
obtidos com o E-test com 97,8% de sensibilidade e a mesma especificidade observada

para os outros métodos (ANEXO 16).

Estudo realizado por Cunha et al. (249), em isolados de ECN provenientes de
pacientes do Hospital das Clinicas da Faculdade de Medicina de Botucatu, mostrou
uma taxa de 82,5% de resisténcia a oxacilina, sendo que a sensibilidade obtida no teste

de difusdo com discos de oxacilina e cefoxitina foi a mesma (95,3%). O método de E-
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test foi o que apresentou maior sensibilidade (98,8%), com a mesma especificidade

(83,3%) encontrada nos outros métodos.

Considerando que os métodos fenotipicos para deteccdo de MRSA podem
algumas vezes fornecer resultados questiondveis, tem sido proposto testes
moleculares para a detec¢do do gene mecA ou de seu produto PBP 2a. A pesquisa do
gene mecA usando a técnica da Reacdo em Cadeia da Polimerase (PCR) é considerada
o padrdo ouro para deteccdo de MRSA (261). Segundo o CLSI (261) os testes para
deteccdo do gene mecA ou da proteina codificada por esse gene (PBP 2a), sdo os testes
mais adequados para a determinacao de resisténcia a oxacilina e podem ser utilizados

para confirmar os resultados obtidos pelos testes com disco nas infec¢Ges mais graves.

As amostras MRSA s3o normalmente resistentes aos demais B-lactamicos,
macrolideos, aminoglicosideos, cloranfenicol, quinolonas e tetraciclina (265-266). Com
base em observacbes in vitro, o CLSI (261) preconiza que S. aureus resistentes a
oxacilina, devem ser reportados como resistentes a todos os B-lactamicos, incluindo
cefalosporinas e carbapenens. As infeccGes causadas por MRSA sdo entdo tratadas
com um antibidtico glicopeptideo, a vancomicina, introduzida em 1968 e ainda eficaz

para o tratamento dessas infeccbes.

Com o desenvolvimento de Enterococcus resistentes a vancomicina em 1988 e
o potencial de transferéncia dessa resisténcia para S. aureus, a vigilancia de resisténcia
a vancomicina tem sido objeto de grande interesse cientifico por todo o mundo. Em
1996, o primeiro isolado clinico de S. aureus com sensibilidade reduzida a vancomicina,

valor de CIM na faixa intermedidria (CIM = 8 ug/ml), chamado de S. aureus
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intermediario a vancomicina (VISA) foi relatado no Japdo (267). Em adicdo, em junho
de 2002, oito pacientes com infeccdes causadas por S. aureus com sensibilidade
reduzida a vancomicina, foram confirmados nos Estados Unidos (268). Um més depois
o CDC relatou o primeiro relato de S. aureus resistente a vancomicina (VRSA, com CIM
= ou > 32 ug/ml) em um paciente em Michigan, Estados Unidos. A amostra isolada do
paciente continha o gene vanA e também o gene mecA de resisténcia a oxacilina. A
presenca do gene vanA neste VRSA sugere que a resisténcia pode de ter sido adquirida
através da passagem de material genético de enterococos resistentes a vancomicina
para S. aureus. Em outubro do mesmo ano (268) foi documentando o segundo isolado
clinico de VRSA em um paciente na Pennsylvania. O isolado VRSA também continha o
gene vanA e o gene mecA. A presenca do gene vanA também sugere que o
determinante de resisténcia foi adquirido de Enterococcus resistente a vancomicina
isolado do mesmo paciente. Em abril de 2004, foi relatado o terceiro VRSA isolado de
um paciente em Nova York. O isolado também continha os genes mecA e vanA de
resisténcia a oxacilina e vancomicina, respectivamente. Segundo o CDC os trés isolados

VRSA ndo eram epidemiologicamente relacionados (268-269).

O CDC (270) confirmou recentemente o décimo primeiro caso de S. aureus
resistente a vancomicina (VRSA) nos Estados Unidos (Tabela 2). Esses dados reforcam
a importancia do papel dos laboratérios clinicos no diagnédstico de casos

de VRSA para assegurar o pronto reconhecimento, isolamento e controle da infec¢do.
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Tabela 2: Histérico dos casos de Staphylococcus aureus Resistentes & Vancomicina
(VRSA) nos Estados Unidos e informagdo geografica.

Caso Estado Ano Idade Origem Diagndstico Doengas de base
1 Michigan 2002 40 Ulcera plantar e cateter Infecgdo de Diabetes, didlise
tecido mole
2 Pennsylvania 2002 70 Ulcera plantar Osteomielite Obesidade
3 New York 2004 63 Urina de tubo de Sem infeccdo  Esclerose Multipla
nefrostomia Diabetes, Calculos
renais
4 Michigan 2005 78 Ferida no dedo do pé Gangrena Diabetes, doenca
vascular
5 Michigan 2005 58 Ferida cirdrgica apds Infeccdo de Obesidade
paniculectomia sitio cirdrgico
6 Michigan 2005 48 Ulcera plantar Osteomielite Ulcera Crénica
7 Michigan 2006 43 Ferida no Triceps Fasciite Diabetes, dialise,
Necrotizante Ulcera crénica
8 Michigan 2007 48 Ferida no dedo do pé Osteomielite Diabetes,
obesidade, Ulcera
cronica
9 Michigan 2007 54 Ferida de sitio cirdrgico ~ Osteomielite Diabetes,
apds amputacdo do pé encefalopatia
hepatica
10 Michigan 2009 53 Ferida plantar Infecgdo de Diabetes,
tecido mole obesidade, lupus,
artrite reumatdide
11 Delaware 2010 64 Drenagem de ferida Infecgdo Diabetes, doenca
protética renal, didlise

Fonte: CDC (270)
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A prescricdo do antimicrobiano apropriado por profissionais de salde e a adesdo as
diretrizes para controle e vigilancia de MRSA e enterococos resistentes a vancomicina
(VRE) sdo necessarias para evitar o surgimento de mais cepas VRSA.

No Brasil, cepas VISA foram descritas por Oliveira et al. (271), sendo quatro
cepas isoladas de pacientes da Unidade de Queimados e uma cepa de paciente da
Unidade de Ortopedia, com todos os pacientes submetidos ao tratamento com
vancomicina por mais de 30 dias. O desenvolvimento da sensibilidade intermedidria a
vancomicina pode estar relacionado com o contato prolongado do micro-organismo
com esse antimicrobiano, despertando uma preocupacao epidemiolédgica para a
deteccdo e controle dessa resisténcia nos hospitais brasileiros. A resisténcia
intermediaria a vancomicina pode envolver altera¢cdes metabdlicas com espessamento
da parede bacteriana, devido a aceleracdo na sintese de peptidoglicano. Assim, mais
sitios D-alanil-D-alanina estdo disponiveis para a ligacdo da vancomicina, que acaba se
esgotando e ndo inibe a sintese do peptidoglicano, levando ao espessamento da

parede (272).

Assim como S. aureus, quando os ECN sdo multiresistentes aos antibidticos
comumente usados, o glicopeptideo vancomicina tem sido considerado como o
antibidtico de escolha (25). Entretanto, Veach et al. (273) isolaram linhagens de S.
haemolyticus resistentes a vancomicina de pacientes submetidos a terapia prolongada
com esse antimicrobiano. As linhagens de S. haemolyticus isoladas dos pacientes que
estavam em tratamento com vancomicina mostraram uma diminuicdo na
suscetibilidade a essa droga quando comparadas com as linhagens isoladas antes da

antibioticoterapia (273). Embora sejam raras, essas linhagens podem ser o sinal do
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inicio da resisténcia a um importante antibidtico usado no tratamento das infeccdes

estafilocdcicas.

No ano de 2006, foi isolado de uma crianga de cinco anos no Hospital San
Jerbnimo de Monteria na Colémbia, uma cepa de S. cohnii proveniente de liquido
pleural com resisténcia a vancomicina. Este paciente se apresentava em terapia
prolongada com vancomicina e a concentracdo inibitéria minima (CIM) pelo método
de E-test foi de 64 pg/ml. O mesmo isolado apresentou resisténcia a oxacilina,

teicoplamina, ceftazidima e trimetropim-sulfametoxazol (274).

Outro relato, desta vez em amostras de ECN provenientes de pacientes
saudaveis foi descrito por Palazzo et al. (275) no Brasil. Um total de quatro amostras
de Staphylococcus spp. (1 S. epidermidis, 1 S. haemolyticus e 2 S. capitis) resistentes a
vancomicina foram isoladas de trabalhadores de uma escola particular e de um
hospital localizado na regido de Ribeirdo Preto. A concentragdo inibitéria minima que
estas amostras apresentaram quando testadas pela técnica de E-test variou entre 16
pug/mL e 2256 pug/mL. Nos estudos realizados por Palazzo et al. (275) o gene van nao
foi o mecanismo responsavel pela resisténcia de suas amostras, pois 0s genes vanA e
vanB nao foram detectados, sugerindo que a espessura da parede bacteriana pode ter

contribuido para a resisténcia a vancomicina.

A escolha de um método laboratorial adequado influencia na habilidade da
vigilancia da resisténcia aos glicopeptideos e faz com que a prevaléncia mundial efetiva
dos isolados seja ainda desconhecida (245). Apesar do teste de disco difusdo ser o mais

utilizado na rotina laboratorial, ndo é o teste recomendado para a detec¢do de VISA ou
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VRSA (261, 270). Os métodos recomendados pelo CDC (270) e CLSI (261) sdo a
determinacdo da CIM ou o teste de triagem em agar BHI contendo 6 pug/mL de
vancomicina. Todos Staphylococcus spp. que apresentarem crescimento na triagem
devem ser confirmados em relacdo a presenca de cultura pura e testados por um
método para determinagcdo da CIM da vancomicina. Assim como MRSA, o VISA
expressa resisténcia de maneira heterogénea. As coldnias que expressam a resisténcia
a vancomicina possuem crescimento mais lento, dificultando a deteccao por métodos
rotineiros usados para testes de sensibilidade na maioria dos laboratdrios clinicos
(disco difusdo). Por essa razdo, S. aureus com CIM entre 2 e 4 ug/mL devem ser
criteriosamente analisados (245). Staphylococcus spp. com sensibilidade diminuida a
vancomicina apresentam opg¢des de tratamento limitadas e requerem precaugdes do
controle da infecgdo para diminuir a transmissao e minimizar a instalagdo de possiveis

surtos.

Outras classes mais recentes de antibidticos, como estreptograminas
(quinupristina/dalfopristina), oxazolidona (linezolida), glicilciclina (tigeciclina) e
lipopeptideos (daptomicina), podem ser op¢bes no tratamento de VISA ou VRSA.
Entretanto, nos estafilococos ja foram selecionados alguns mecanismos especificos de
resistir aos novos antibidticos. Embora estes isolados resistentes sejam raros, sob um
ponto de vista pessimista pode-se dizer que uma vez que ja existam cepas resistentes,
a vida util destes novos antibidticos ja estd ameacada. Sob um ponto de vista mais
otimista, pode-se dizer que a disponibilidade de varias alternativas antimicrobianas

contra os micro-organismos multiresistentes, pode atrasar a disseminacdo da
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resisténcia (276). O uso criterioso dessas novas classes €, no entanto, imperativo para

que possamos preservar essas opgdes terapéuticas.
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ANEXO 16

MARTINS A, PEREIRA VC, CUNHA MLRS. Oxacillin Resistance of Staphylococcus aureus
Isolated from the University Hospital of Botucatu Medical School in Brazil.

Chemotherapy.2010; 56: 112-9.


http://lattes.cnpq.br/9735485654252852

269



ry this gene. Borderline resistance s the result of two
mechanisms: inactivation of oxacillin mediated by the
hyperproduction of f-Jactamase (4, 5], or & modified re-
sistance, called MOD-SA, which iv mediated by the pro-
duction of modified penicillin binding proteins with al-
tered affinity for oxacillin [4).

Oxacillin resistance of S aureus can be detected by
genotyple and phenotypic methods, The former present
high sensitivity and specificity, whereas the latter are of
low cost and easy to perform; however, phenotypic meth:
ods present lower sensitivity and specificity compared to
mobecular tests [1),

The standard methods adopted by the Clinical and
Laboratory Standards Institute (CLS1) for the detection
of oxacillin resistance In S aureus (nclude the determing-
tlon of the mintmum inhibitory concentrution (MIC) by
agar or broth dilution, disk diffusion and screening test
on Mueller Hinton agar supplemented with 6 jug/ml oxa
cillin and 4% NaCl. Recently, the cefoxitin disk diffusion
method has also been included [6-8]. Although the E-test
has not been standardized by the CLSI, this method cur-
rently presents an alteenative for MIC determination, [s
the study of Tveten et al. {91, the agar dilution test showed
97,6 sensitivity and 95.4% specificity, whereas the E-test
presented 100% aensitivity and 95.4% specificity, thus
demonstrating that the [-test is a good phenotyplc test
for determining 8, aurens resistance,

Antimicroblal treatment of 8. awreus infections hay
become increasingly more restricted due to the increase
In axuctllin resistance over the past few years. The alm of
the present study was to identify oxacillin resistance in 5,
wnreus by disk diffusion methods, screening test, E-test
and detection of the mecA gene by PCR. S, atrews (solates
were collected from blood cultures of patients hospital
tzed in different wards of the University Hospital of Bo-
tucatu Medical School between 2002 and 2006,

Materials and Mathods

Samplig

Atotal of 102 Staphyfovocews spp. isolates were Inclisded in this
study. The (solates were callerted from blood culiures of patlnts
Tospitalized (n different wards of the Untversity Hospital of Bo
tucatt Medical School between 2002 and 2006 and stared [0 the

ciltnre collection of the Department of Micrablodogy, [nstitute of
Blosclences, Botucaty, Strains were Lolated lng to Kone-
man ot al, 10).

Identification of §, wureus

The tsalates obtained from the clinical specimens wore weeded
onto blood agar and sained by the Gram method in order 1o guar

Onacillin Mesistance of 5. wureus In Beaxil

ansee their purity and (0 observe thele morphology and specific
walnk Agur ¢Zn!umum\ of these charscteristis, 'mmu
were submitted to catalase and coagulase tests, The genus Staph
ylococcus was differvntioted from the genus Micrococcus by the
oxidation lermentation test und by bacitracin reststance (0.04 1),
Pacitracin resistance was ieatified by o growth inkibition zone
of U to % mm (0 dlameter of the absence ol such ¢ zore. 1n addi-
tion, The isolates were tested for susceptibality to furazotidone (100
migh charscterized by o growth inhibitlon sone ranging from 15
b A5 e b dlaeneter [11). The congulase test was performed in
under Lo Qifferentiste S ot from coo‘:'l:: e staphylo.
cocct (10}, Fermentation of maltose, trel ansd mannitol and
reslstance o polymyxin B were tested (o differentiate S, aurvie
from other coagulase postive nuprglocml such an 8, lterme-
i, S, eehleifiert mubip. cougrdans and S hylcus. Aftes spocies con
{irmation, the Isalates were stored at -70"C In nutrient broth con.
1aining glyceral. Iolates whase phenotyple entification wasdif-
Tcult were submittod to PCR for amplification of the Sa 442 gene
sccording to the protocol described by Martineao et al, [12], using
the primers Spdd2 1 (3-AAT CTT TGT COU TAC ACG ATA

TTC ACG ') and Sadd2-2 (5-CGT AAT GAG ATT TCA
GTA GAT AAT ACA ACA-Y)

Ap; D'::umm il Cefonitin wnd Ceactlitn Disk Diffusion
Meth,

Susceptibility to meacillin waa deternvined by the agar dilution
method wsing impregoated disks sccording 0 the criteriz exal-
Iiabed by the CLSI (6, 18], [nocula were prepared by incubation (n
brain heart (sfusion broth for 24 b and then adpusted to 05 M
Parlund turbidity standard. Oxacillin () ygg) and celoxitin (W ug)
Ainka were used. S v roference strainy Amwerican Ty .
ture Collection (ATCC) 25923 (oxacillin musceptible and mecA
negative) and ATCC A350) (onacitlin reststant and rmecd positive)
wirre waed as controls in all exporiments

Scroening Test on Mueller Hi

Agur Supplesmented with

0 pugfiml Oxactilin and 4% NaCl

The servening test uning Mueklor-Hinton agar suppletented
with 6 pg/mi coxaciilin and 4% NaCl was perfarmad in onder 1o
determine the resistance of 5 aeress 1o oxachllin (1) Inocula
were prepared by incubation in braln heart (nfusion broth for
24 hand then adjusted 1o 0.5 McFarland turbidity standard. After
preparation of the inoculum, the strains were spol noculsted
onto the agur wirface with a sterile swab. The plates were inca-
Dated ut 35°C for 24 b, The presence of MRSA was conflrmed by
the growth of at least mne u::wm the agnr surface.

DNA Extrachion

Genomic DNA was extracted from 8 awoeis straing cultired
o lood agar and tadividually inoculated tivto bealn hoart lnfu
sion brath and incubmted at 37°C for 24 h. Extraction wis per-
formed wing the ustre blood genamicProp Minl Spin Kit (GE
Healtheare) according to the manufacturer's insructions.

DNA Amplification
INCIL was performed in 0,5-mi microcentrifuge tubes contiin-

Ingg 10 pmol of each peimer, 2,0 U Tag DNA polymerase, 100 yss
triphosphate deoxyribonucleotides, 10 mm Tria-HCL pH K4, 075
mne MgCly and 3 pd DNA (0 a total velume of 23 pl, The fullow-
L primers were used mecA ] (AAA ATC GAT GGT AAA GGT
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The present results showed low sensitivity (86.9%) of
the disk diffusion method for the detection of oxacillin
tesistance. Swenson [20] reported low sensitivity of disk
diffusion tests, ranging from 61 to 88.5%. Studles evalu-
ating the performance of disk diffusion tests for the de-
tection of MRSA showed that this method is less reliable
in the case of heterogeneous strains [21).

In the present study, the specificity of the oxacillin
disk diffusion method was 91.1%. Higher specificity rates
have been reported by Boutiba-Ben Boubaker et al. [22]
(99.1%) and by Zho et al. [23] (98.3%).

Cefoxitin is considered to be an excellent inducer of
mecA gene expression [24). Recent studics evaluating the
cefoxitin disk diffusion method for the detection of meth-
Icillin resistance showed good performance of the test,
with sensitivity and specificity of —100% [24-26]. How-
ever, in the present study, the specificity of the cefoxitin
disk diffusion method (91.1%) was similar to that of the
oxacillin disk, Some investigators reported better results
with the cefoxitin disk compared to the oxacillin disk [24,
27, 28}, The quality of the impregnated cefoxitin disks is
a relevant factor for the detection of oxacillin resistance
by oxacillin and cefoxitin disk diffusion methods, Souza
Antunes et al, [29] reported differences in the detection
of oxacillin resistance between different brands of oxacil
lin and cefoxitin disks.

Zhu et al. [23] observed a higher sensitivity (96.6%)
and specificity (94.9%) of the cefoxitin disk diffusion
method than those found In the present study. However,
the rates obtained by these authors are lower than those
reparted in most studies showing a sensitivity of ~100%.
A possible explanation for this difference in sensitivity
and specificity might be related to heterogencous resis-
tance among isolates. Although few studics regarding
heterogeneity among lsolates are available, one may sup-
pase that the resistant strains not detected by diffusion
methods are more heterogencous.

The sensitivity and specificity of the screening test
were 91,3 and 91.1%, respectively. The performance of the
screening test using Mueller- Hinton agar supplemented
with 6 pg/mi oxacillin und 4% NaCl also depends on the
level of heterogeneity among the strains tested. Sensitiv-
ity was Jower (<95%) in studies including a lnrger number
of heteroresistant strains, although sensitivity >97% was
reported in other studies [20, 21). Perez et al. [§], investi-
gating isolates from hospitals located in the southern re-
glon of Brazil, obtained a higher sensitivity (98.5%) and
specificity (100%) with the screening test compared to
mecA gene detection. [n a comparative study, Swenson
[20] evaluated different methods for the Identification of

Oxacillin Resistance of 5, auresr in Brazil

MRSA isolates, and the screening test presented 90% sen-
sitivity and 92% specificity, in agreement with the present
results. Laboratory detection of MRSA 45 usually reliable
when suitable conditions are used, including the supple-
mentation of Mueller-Hinton agar with NaCl, and tem.
perature and incubation pertods as recommended by the
CLSL However, detection of some heterogencous strains
might be more difficult, even when standard methods are
used [20).

The recent introduction of molecular techniques for
the detection of oxacillin resistance has shown excellent
results. These techniques are based on the detection of
the mecA gene, which encodes the major mechanism of
oxacillin resistance. In the present study, 46 (45.1%) of the
102 isolates were mecA positive. A similar rate (41.3%) of
mecA-positive 5. aurcus isolates wax reported by Perez et
al. [8] in a study conducted at hospitals Jocated in the
southern region of Brazil.

Although 100% sensitivity of phenotypic methods us-
ing cefoxitin has been reported in the literature, a lower
sensitivity was observed for the phenotypic methods test-
ed here. These findings emphasize the importance of mo-
lecular techniques for the confirmation of oxacillin resis-
tance in 8. aurcus isolated from serious infections in or-
der to provide adequate treatment and 1o prevent MRSA
transgmission in hospital settings.

The E-test, an alternative to the microdilution assay,
presented higher sensitivity (97.8%} in the detection of
oxacillin resistance than the other phenotypic methods
and the same specilicity (91.1%). Although the E-test is
not the standard method for the detection of oxacillin
resistance in S, aurews, several investigators who com-
pared this method with broth microdilution and agar di-
lution obtained similar or better results with the E-test [9,
30, 31}, MIC determination methods are time-consum-
ing and therefore cannot be routinely used for surveil-
lance of MRSA. In this respect, the E-test is a good phe-
notypic test which is easler to perform.

With respect to multidrug resistance of the MRSA and
MSSA isolates, the percentages of MRSA isolates resistant
to erythromycin and trimethoprim-sulfamethoxazole
were similar to those reported by Chi et al. |32] (82.1%
resistant to erythromycin and 86.9% resistant to tri-
methoprim-sulfamethoxazole). The MICs, and MICy
of trimethoprim-sulfamethoxazole and netilmicin were
higher in MRSA isolates, and a difference in the MICq, of
erythromycin was observed between MRSA and MSSA
isolates. The finding of a higher MIC of these drugs in
MRSA isolates might be related to the prevalence of the
SCCmec cassette type present in each hospital, since the

Chemotheragy 2018.56:112-119 nu7z
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cassettes found in nosocomial isolates normally carry re-
sistance to erythromycin and  trimethoprim-sulfa-
methoxazale [33, 34]

Although no association exists between the chromo-
somal cassettes thar induce resistance to omucillin in
Staphylococcus and resistance to netilmicin, the frequen-
<y of resistance to the latter was also high. Anupurba et
al [35] reported resistance 1o netilmicin in 47.5% of
MRSA isolates, 2 rate lower than that found in the present
study (78.3%).

The tests used for the detection of oxacillin resistance
in the hospital of the present study revealed a higher prev-
alence of MRSA in the intensive care unit, in agreement
with Cavalcanti ¢t al. [36], who abso reported 3 high prev-
alence of MRSA isolates in intensive care units.

Other modalities of resistance, called borderline resis-
tance, have been reported for strains that do not carry the
mecA gene (MIC value dose to the susceptible break-
paint). In the present study, 5 isolates were resistant to
oxacillin by the phenotypic methads, did not carry the

some clinical data have shown that B-lactam antibiotics
were effective against infections caused by strains that
did not carry the mecA gene and low resistance
levels (boederiine) [37, 38). On the other hand. infections
caused by mecA positive isolates require vancomycin
treatment [34].

A reduction in the frequency of MRSA was observed
over the last 2 years {2005 and 2006) in the hospital where
the study was carried out, in contrast to the gradual in-

References
1 Misamaten K, Chai L, Karada M. 3a T The

4 Wy SB, Cande DM, Haller E. Carrate 77,
Sors A Dintridution sod aoalyss of 8263
omacomial fnctioes i the Fopial Saw
Pauke: 1995 w1989 Rew Mo 5 Paule S
Pasd Mied 19501 365 174

£ Kesern 15, G Z. Sanbis G Sk | Suabo
L [esestigaton of beta- i

crease in the percentage of MRSA during the first 3 years,
The reduction in MRSA was particularly sharp (n 2006,
a finding that might be related to improvements in hos-
pital infection control practices and in the rational use of
antibiotic therapy.

An accurate detection of mecA mediated oxacillin re-
sistance is (mpoctant for clinical laboratories. Althoogh
standard methods are able to identify most oxacillin-re-
sistant strains, there are two situations in which addition-
al procedures are required to confirm sasceptibility oc re-
sistance. The first situation refers to the occarrence of ex-
tremely strains identified as sensitive by
standard methods. The second situation refers to the hor-
derline resistance of strains, which must be differentiated
from mecA resistance, since the clinical significance of
the fatter is much higher. In the peesent study, B-lactamase
hyperproduction and heterogeneous MRSA populations
seemed 10 be the major causes of false-positive and false-
negative results in the detection of exacillin resistance by
phenotypic methods, respectively. This fact highlights the

We thank the Fundacio de Ampuro ) Pesguiss do Estado de
S30 Paulo for financiel sapport 0060276500

IS0 N in wapbylocscck feom e cok Eax |
Clims Mixcrvbwed infest Dis J0070%-257- TR
¥ Towten Y. lemhine A Digrascs A Melby KX,

tals - antemrubial Soewirdihiz aad e EU
Prject ANS Imtermatenul
2008, 54 200247
1" Chemutberspy 200055113114

274



10 Keeeman EW, Allan SD, Janda NM, Schre-

PO, Wise [ Color Atlas ané

Texthook of D Micreliclogy, od &
Philadelphia, hpplnoou. 1997, | 1395,

11 Baker IS Comparison of varsous methods
for diffecentiation of el and mi-
crococet, | Clin Microbinl 198619575822,

12 Martiness P, Picasd FJ, Roy PH. Ouelietie M,
Bergeron MG: Spocies-specific and ubiqui-
tonas- DNA-based asmays for raphd identifice-
tion of worus awrens, § CHn Micro-
biol 19985:618-62).

13 Chinical and Labscatoey §

TR ITEN h A Tt

Sardel

21 Felien A, Grandry B, Lagrasge PM, Casln |
ey o theve techniiies fie &

of lowlevet meshicillincextant Seapiyls-
coccuy mmress (MRSAE & disk dllfndm

31 Velasco D, del Mar Tomas M, Cartelle M,
Beceino A, Perer A, Malima I, Monre K, Vil-
lisoeva R Bou G: Evadeation of Jifferent

&mv.lmny Testing, 18th Informatiocal
Sopplement MIDD-SI& Wayne, National
Comumittee on Clinical Laboralory Stan-
darels, 2008

4 Clisvical and Lab 151 dards 1
Pezfe Stapd

15 Murakami K, Minamide W, Wada X, Neka-
muars E, Yeraoka H, Watasabe S 1demifica
mo!nuhldﬂumm srm oﬁm

Nurvholl”l.&no—nu

16 Ghesbal U, Prasad KN, Singh M. Ujwari DF,
Anwl AA u-pnllw evaluation of
¥ ypuc and bods for the
éetection ol exacillin resistancy in

~

Sox MC In lmhbtmylhmy!uhcuo(

dlagnestic tata. An smrodestion 10 aritical

study of the Mteratuee. Asn Intern Med 1686,

1oLo0-e6,

1] Mdmlﬂ.ﬁmhn&ﬂ.\hgaﬂl:m.»
ndwtico, in Fpideminlogia Clizdca. Ports
Alégre, Artes Méddica, 1991, pp 68107,

19 A:‘hxﬁl.htuuyubﬂ Originasd evals.

tion of DNA amociated with resistance o

0 Swemson M. Neves testa for derection uf sxs-
Cillin-resistant Stapkylosocoss wwrcss. Clin
Miczobiol Newshet! 2000:24156- 102

Oactllln Resistance of . gurens in Brazi

methods for detecting retbicilin (oxaciliin)
reeibod with cefoxitin snd | i Stuphid, aurens. [ Anti
Visek 2 system, and the MRSA-screen I-m microb Chomother 2005;55:379-342,
agh test, | Clan Microbia) 200248 X3 Chi CY, Ho MW, 1o €M, Lia #C, Wang
L766-1771. 1H, Fung CP: Melecular eptdeminiogy ef
2 lunh-emw-htl.mmuh yoecquised  methiciliin
hdalleh 1. 0 X X Mabjoubs [, Kam- Staphod - st ialnatench-
mous A, Masimanmi A, Ben Redjeb 5: Bvalu- ing bospizal binl 1 i Infoct
ation of & cefoxitin disk Gffusion test for the 074N I0-316
mmdmdumduudm. 33 o T, Katapama Y. Asads K, Mort N, Teat-
swntis. Clis Microblol Infect i K, Tiensasitorn C, M) X
mn&m-m Suructursl comparison of Lkree types of
1) 2w LX, Zhang ZW, C. Yong HW, taphyk \} b mec
mqﬂ.chuﬂ Evalustion of the CLSE grated s the chy in methicil
cefonitin Mg bot fur lim Staphy, anrews, Aslrsi-

detecting methicillin resistance & staphyylo -
coce], €310 Microbiol Infect 2008, 12: 1050
s

M Beockema NM, Van TT, Mogsan TA, Mar-
whall SA, Wanhauer DM Camparisan of
oefoxitin mod oxactllin Sisk diffuson seth-
nds for detection of mecA-medisted vxis-
unes w Mhﬂvmmu aureus (s a large-

scale wtudy. | Clin Microblol 200%47:

n7.218.

anhudmbuhl-uau)hdm
tion of methicllin-ren Saay

mwmmu&xm 1336

4 Martng A, Cuoka MRS: Methicillin ress-
'tnu In Staphylocactns suress and cosgu-
and molecular aupects. Miciobiol Immunel
2007517895

35 Asupurba §, Sees M Nuth G, Shersg BM.
Galatl AK, Mobapatra TM. Prevalence of
tocthicillin tesistant staphylococcus surcus

anrews. Eas 1 Cin Microbil infct Dis 2004,
23:389-392,
26 Mtkimml.\.w;nm »

l. ‘h cetection of muﬁmm

uphty uurens, | Amti & Che
mother 2005,55306-510.
71 DM Antit

bybcnm.lnlmukmb.‘pnum
16:53-810

» C&mml«bmutounﬂd?m
(CDC): Vanoyys i resstant
cus aureue -~ Pemtaylvania, MMWR M
Moesal Wkly Rep 200231002,

29 Souss Astunes AL, Secchi €, Rener KC, Ro-
drigues Peree LR, Petxoto de Freicas AL,
Alves d'Asevedda P Draluation of oxecillis
and celoxdtin desks lor dmm- n{ resls-
Tance in 1
Mem Tnst Oswaldo Crae 2007102718723

w PM-ugNl.hhmD.lnhL.Mamnl
Lemeland [¥: Comparison of ATH steph.
man-gw&.unmm

of txacilin Iy

nphﬂooo:l pomm lClhlu
croniol 1594, 36:42-57

ima testiary referral al ks eastern Lttar
Pradesh lndlan | Micublol 2003;21:
9.9

3 Cavaleanti SM. Franga EX Cabral C, Vileds
MA. M; xro F, M D, Med
AC Provakence of cus e o

troduced into inlensive care units of 2 Uni-
versity Hospital Srax | Infect Dis 20088
.03,

37 Masssnari RM, Maller MA, WMM DS,
H GT, M:Natt LA, W RF,
lﬁnmlnﬂuhun(wqum:wl
{in resl
trolofmmmlnhalon"n
fec) Dis 1988, 158: 302 - 705

M Thauvie-Eliopoulos C, Rice LB,
cu Moeliering RC Ir Bffcacy of axacdlia

-walbaciam comdunation o
u:pcﬂuull wndocanditi cwased by Seta-
' Byperproducieg Staplyi
awryns. Antumicsod  Ageens  Chemother
1990:34:718- 752,

Chiesvolberapy 20M86112-119 19

275



276

ANEXO 17

PEREIRA VC, MARTINS A, RUGOLO LMSS, CUNHA MLRS. Detection of Oxacillin
Resistance in Staphylococcus aureus isolated from the neonatal and Pediatric Units of a

Brazilian Teaching Hospital. Clin Med Pediatr. 2009; 3: 23-31.


http://lattes.cnpq.br/9735485654252852
http://lattes.cnpq.br/1197755531108177

277



Pereira et al

278

been described in strains that do not possess the
mecA gene, with these strains being called border-
line resistant. Borderline resistance is caused by
two mechanisms: inactivation of oxacillin due to
p-lactamase hyperproduction’ and modified resis-
tance, known as MOD-SA, due to the production
of modified intrinsic PBPs with affinity for altered
oxacillin.*

The reference methods for the detection of
oxacillin resistance in S. aureus recommended by
the Clinical and Laboratory Standards Institute
(CLSIY include the determination of the minimum
inhibitory concentration (MIC) of the drug by the
agar or broth dilution method, disk diffusion
method and, more recently, the cefoxitin disk dif-
fusion test,*

Since phenotypic methods for the detection of
MRSA may yield questionable results, molecular
tests for the detection of the mecA gene or its prod-
uct PBP 2a have been proposed. Detection of the
mecA gene by the polymerase chain reaction (PCR)
is considered to be the gold standard for the diag-
nosis of MRSA. The determination of oxacillin
resistance in Staphylococcus 1s important to guide
therapy and to prevent unnecessary treatment of
the patient with vancomycin, an antibiotic associ-
ated with therapeutic complications and whose use
may lead to the selection of resistant strains. The
prevalence of MRSA presents varies widely, par-
ticularly as a function of the size and type of the
health institution. Thus, the objective of the present
study was to determine oxacillin susceptibility in
S. awreus strains isolated from patients hospitalized
in the PICU and NICU of the University Hospital
of the Botucatu School of Medicine (HC-FMB)
using the oxacillin and cefoxitin disk diffusion
methods. These methods were compared to mecA
gene detection by PCR,

Materials and Methods

Strains

A total of 100 S. aureus strain isolated from the
following materials were studied: 25 blood
cultures, 21 secretion, 12 catheters, 3 cannulae and
one chest drain from 62 patients hospitalized in the
NICU of HC-FMB, and 36 blood cultures, one
pleural fluid sample and one peritoneal fluid
sample from 38 patients hospitalized in the PICU
between 1991 and 2007. The strains were isolated
as described by Koneman et al.”

Detection of oxacillin resistance

by the 1 ug oxacillin and 30 ug cefoxitin
disk diffusion method and by the agar
screening test using Mueller-Hinton
agar supplemented with 4% NaCl

and 6 ug/mL oxacillin

Oxacillin sensitivity was tested by the agar disk
diffusion method according to the criteria of the
CLSL? The inocula were prepared in brain-heart
infusion (BHI) broth and incubated for 4 to 6 h and
turbidity was set to 0.5 McFarland standard. The
following disks were used: 1 pg oxacillinand 30 ug
cefoxitin. Once the density was adjusted, the
inoculum was spread with a sterile swab on
Mueller-Hinton agar and the disks impregnated
with the drug were applied. The plates were
incubated for 24 h at 35 °C and antimicrobial
activity was evaluated by determining the diameter
of the inhibition zone as recommended by the
CLSL® The S. aureus ATCC 25923 (negative
control) and ATCC 33591 (positive control) refer-
ence strains were used in all experiments.

For the detection of MRSA, Mueller-Hinton
agar plates containing 6 pg/ml oxacillin and
4% NaCl were used.” The inoculum was prepared
by previous incubation in BHI broth for 24 h and
turbidity was set to 0.5 McFarland standard. After
preparation of the inoculum, the strains were
seeded in spots on the agar surface with a sterile
swab. The plates were incubated for 24 h at 35 °C
and the presence of MRSA was defined as the
growth of at least one colony on the agar surface.

Detection of the mecA gene by PCR

Total nucleic acids were extracted from S. aureus
strains cultured on blood agar, individually inocu-
lated into BHI broth and incubated for 24 h at
37 °C. DNA was extracted using the GFX kit
(Amersham Pharmacia Biotech). Briefly, staphy-
lococeal cells were first digested with 10 pg/ml
lysozyme and 20 pug/ml proteinase K. Next, 500 ul
of the extraction solution was added and the
mixture was centrifuged at 5000 x g for | min. The
supernatant was then transferred to a GFX column
and centrituged at 5000 x g for I min, The collected
fluid was discarded and 500 ul of the extraction
solution was again added to the column. After
centrifugation and discarding the collected fluid,
500 pl of the washing solution was added to the
column which was centrifuged at 14,000 x rpm for
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3 min. The column was then transterred to a 1.5-ml
tube and 200 pl Milli-Q water heated to 70 °C was
used for elution. The isolates were centrifuged at
5000 x g for 1 min and the GFX column was dis-
carded. The extracted DNA was stored in a refrig-
erator at 4 °C.

PCR was carried out in 0.5-ml microcentrifuge
tubes in a total volume of 25 pl containing 1 pM
of each primer, 2.0 U Taq polymerase, 100 uM
deoxyribonucleotide triphosphates, and 150 pg
nucleic acid. The following primers were used:
mecAl (forward)—5" AAA ATC GAT GGT AAA
GGTTGG 3", and mecA?2 (reverse) - STAGT TCT
GCA GTA CCG GAT TTG 3'. The size of the
amplified product is 533 bp. PCR was carried out
in an appropriate thermocycler using the followin
parameters as described by Murakami et al.’
40 cycles of denaturation at 94 °C for 30 s, anneal-
ing at 55.5 °C for 30 s and extension at 72 °C for
I min. After the 40 cycles, the tubes were incubated
at 72 °C for 5 min before cooling to 4 °C. Interna-
tional reference strains were used as positive
(S. aurens ATCC 33591) and negative controls
(S, aureus ATCC 25923) in all tests.

The efficiency of the amplification reactions
was evaluated by electrophoresis on 2% agarose
gel prepared in 0.5X TBE bufter and stained with
cthidium bromide. The size of the amplified
products was compared with the 100-bp standard
and the gels were photographed under UV
illumination,

Determination of B-lactamase
production and B-lactamase
hyperproduction

The production of B-lactamase by the S. aureus
isolates was tested using disks impregnated with
Nitrocefin (chromogenic cephalosporin, cefinase,
BBL). The disk was moistened with one or two
drops of sterile distilled water and placed on the
S. aurens colonies previously incubated for 24 h at
35 °C on the Mueller-Hinton plates used for the
disk diffusion test with oxacillin (1 pg) and cefoxitin
(30 pg). because these drugs stimulate B-lactamase
production in Staphylococeus.

A positive reaction was indicated by the devel-
opment of a red color, whereas the absence of a
change in color indicated a negative reaction. For
B-lactamase-negative strains, the reaction was
reexamined after 1 h according to manufacturer
recommendations. For correct analysis of the

results, the tested disks were compared with
positive (S, aureus ATCC 29213) and negative
(5. xvlosus ATCC 29979) control strains.

The isolate that was negative for the mecAd gene
and presented resistance to oxacillin by the pheno-
typic methods was tested to determine whether it
was a hyperproducer of B-lactamase. This strain
was tested using disks containing amoxicillin
(20 pg) and clavulanic acid (10 pg). The sensitiv-
ity breakpoint was the formation of an inhibition
zone =20 mm after incubation for 24 h at
35 oC.lO

Statistical analysis

Sensitivity and specificity tests'' were performed
to compare the agar screening method, disk diffu-
sion test with cefoxitin and oxacillin and PCR. The
last method is considered to be the gold standard
for the detection of intrinsic oxacillin resistance
(detection of the mecA gene).

Sensitivity was defined as the proportion of
PCR=-positive S. aureus isolates (detection of the
mecA gene) that were resistant to oxacillin using
the following phenotypic methods: disk diffusion
with cefoxitin and oxacillin, and agar screening
test (Mueller-Hinton agar supplemented with
6 ng/ml oxacillin and 4% NaCl).

Specificity was defined as the proportion of
PCR-negative S. aureus isolates (no detection of
the mecA gene) that were sensitive to oxacillin
using the following phenotypic methods: disk dif-
fusion with cefoxitin and oxacillin, and agar
screening test (Mueller-Hinton agar supplemented
with 6 pg/mL oxacillin and 4% NaCl).

Results

Detection of oxacillin resistance

by the 1 ug oxacillin and 30 g cefoxitin
disk diffusion method and by the agar
screening test using Mueller-Hinton
agar supplemented with 4% NaCl

and 6 ug/mL oxacillin

Among the 100 8. aureus strains isolated
from PICU and NICU patients of HC-FMB,
11 (11%) were found to be resistant to oxacillin
in the | pg oxacillin disk diffusion test. In seven
(7%) isolates, growth of colonies was observed
inside the inhibition zone, suggesting heterogenous
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Table 1. Presence or absence of the mecA gene in strains tested by the oxacillin and cefoxitin disk diffusion

method and the agar screening method.

PCR*" Phenotypic test
Disk diffusion Screening
method"”

Oxacillin (1 pg) Cefoxitin (30 pg)

s R S R S R
mecA + (N =18) 1 17 0 18 0 18
mecA - (N =82) 81 1 81 1 81 1
Total (N =100) 82 18 81 19 81 19

“Polymerase chain reaction,

“Muellar-Hinton agar containing 6 ug/mL oxacillin + 4% NaCl
“Qxaciilin-sensitive sampie

"Oxacilin-resistant sample

The seven (25%) MRSA strains isolated
between 1991 and 1994 and the two (8%) MRSA
strains isolated between 1995 and 2000 originated
from the neonatal unit. In contrast, the seven
(29.2%) MRSA strains isolated between 2001 and
2004 were from children of the pediatric unit, Of
the two oxacillin-resistant strains isolated between
2004 and 2007, one (4.4%) was from the neonatal
unit and the other (4.4%) was from the pediatric
unit (Table 4 and Fig, 4).

Discussion
The prevalence of oxacillin-resistant S. aurens in
hospitals has increased in most countries, Prevalence
rates of MRSA may vary, particularly as a function
of the size and type of the medical institution. In
the present study, 100 8. aureus strains isolated
from inpatients of the PICU and NICU of HC-FMB
were tested for MRSA.

Although high frequencies of oxacillin-resistant
S. aureus have been reported especially in large
hospitals and university hospitals, in the present
study the percentage of MRSA isolated from

inpatients of the PICU and NICU of HC-FMB
between 1991 and 2007 was only 18%. Similar
results have been reported for PICU and NICU
patients with bacteremia in the United Kingdom,
with a percentage of MRSA of 15.5%."* Further-
more, the prevalence of MRSA observed here was
lower than that reported in studies conducted in
other countries. In the United States, a prevalence
of MRSA infection of 47% was reported in a hos-
pital in Texas in 2003." A study conducted in India
found a prevalence of oxacillin-resistant S. aureus
of 66% among NICU inpatients." Similar rates
have been reported in studies conducted in Japan
and lIsrael, with MRSA infection rates of 52.5%
and 60%, respectively, among inpatients of an
NICU. 416

In the present study, phenotypic tests such as
the disk diffusion method and agar screening test
were compared with a genotypic method (mecA
gene detection by PCR). The cefoxitin disk
diffusion method presented 100% sensitivity and
98.8% specificity and was superior to the oxacillin
disk diffusion method (94.4% sensitivity and

Table 2. Determination of the sensitivity and specificity of phenotypic and genotypic methods for the detection

of oxacillin resistance in S. aureus strains.

Phenotypic test _ MecA Sensitivity  Specificity
Positive Negative % %
(N=18) (N =82)

Oxacillin disk (1 ug) 17 81 94.4 98.8

Cefoxitin disk (30 pg) 18 81 100 98.8

Screening method® 18 81 100 98.8

"Mueller-Hinton agar containing 6 ug/mL oxaciliin + 4% NaCl
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Table 3. Determination of oxacillin resistance in Staphylococcus aureus strains according to hospital unit and

clinical matenal.

_ Neonatalunit Pediatric unit

N NICU N MRSA % N PICU N MRSA %
Blood culture 25 3 12 36 7 195
(N=861)
Secretion 21 4 19 0 0 0
(N=21)
Peritoneal fluid 0 0 0 1 0 0
(N=1)
Pleural fluid 0 0 0 1 1 100
(N=1)
Catheter 12 3 25 0 0 0
(N=12)
Cannula 3 0 0 0 0 0
(N=3)
Chest drain 1 0 0 0 0 0
(N=1)

N, total number of strains,

N MRSA, number of oxacillin-ressstant S. aweus strains

N NICU, number of strains originating from the neonatal unit
N PICU, number of strains onginating from the pediatnc unit

98.8% specilicity) in terms of the detection of
oxacillin-resistant S, aureus. Similar results have
been reported by Velasco et al.'” According to these
authors, the 30 pg cefoxitin disk diffusion method,
recently recommended by the NCCLS® and CLSI®
as a screening test, was the best method showing
100% sensitivity and 98% specificity. Recent stud-
ies evaluating cefoxitin disks for the detection of
MRSA also obtained good results, with a sensitiv-
ity of about 100% and specificity of 99%,'**!
Cauwelier et al.” evaluated methicillin resistance
in 155 clinical MRS A isolates by different methods
including oxacillin and cefoxitin disks, latex
agglutination and an agar screening test. The
cefoxitin disk diffusion method presented 100%
sensitivity and 99% specificity, whereas sensitivity
fell 1o 91.7% in the oxacillin disk diffusion test.
According to these authors, compared to the gold
standard (mecA gene detection), the disk diffusion
method with 30 pg cefoxitin is preferable to the
1 pg oxacillin disk diffusion method for the detec-
tion of MRSA.

The mecA gene was detected in all isolates that
were resistant in the Mueller-Hinton agar screening
test. The sensitivity of the method was 100% and
specificity was 98.8%. The performance of the
screening method using Mueller-Hinton agar
supplemented with 4% NaCl and 6 pg oxacillin

depends on the degree of heterogeneity of the
isolates tested, with lower sensitivity (=95%)
being reported in studies including a larger number
of heteroresistant strains and values >97% in other
studies.” " In this investigation, the sensitivity of
the agar screening test for the detection of MRSA
was similar to that of cefoxitin disks and higher
than that of the oxacillin disk diffusion method.
The high sensitivity of the agar screening method
might be explained by the small number of
heteroresistant strains. Different results have been
reported by Cauwelier et al.>” who observed 91.7%
sensitivity and 100% specificity. The authors attrib-
uted the low sensitivity in the detection of hetero-
geneous populations to the high variability in the
expression of PBP 2a.

Other resistance mechanisms have been
described in strains that do not possess the mecA
gene, with these strains being called borderline
resistant. There are two mechanisms of borderline
resistance, one is the inactivation of oxacillin due to
hyperproduction of f-lactamase’ and the other is
modified resistance, called MOD-SA, due to the
production of modified intrinsic PBPs with affinity
for altered oxacillin.* However, these mechanisms
are characterized by low levels of resistance (MIC
of 8 pg/ml).** In the present study, one isolate
presented resistance to oxacillin in all phenotypic
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9. Epidemiologia de Staphylococcus spp. Resistentes a Meticilina

Linhagens endémicas de MRSA carreando determinantes de resisténcia
multipla tornaram-se um problema mundial a partir do inicio da década de 80 (234).
Recentes avancos cientificos considerando a origem genética da resisténcia a
meticilina em S. aureus tém alavancado um maior entendimento da epidemiologia do
MRSA. Andlises genéticas detalhadas de cepas de MRSA de diversas partes do mundo
revelaram que a transferéncia do gene mecA do MRSA para S. aureus suscetivel a
meticilina (MSSA) ocorreu poucas vezes, assim sendo, a crescente incidéncia do MRSA
resulta da disseminagdo mundial de apenas alguns clones, e ndo da emergéncia de
novos clones de MRSA a partir de cepas sensiveis (277-278). Esses resultados sugerem
que todos os pacientes que apresentam infec¢des ou colonizagdo por MRSA
adquiriram suas cepas de uma fonte externa. A transmissdo de clones de uma cidade a
outra, de um pais a outro e até mesmo de um continente a outro foi determinada pela

transferéncia de pacientes infectados ou colonizados com MRSA (279).

Utilizando-se a combinacdo de varias técnicas de tipagem molecular foram
identificados seis clones de MRSA amplamente disseminados por todo o mundo. Esses
clones denominados de Ibérico, Brasileiro, Hingaro, Nova lorque/Japdo, Pediatrico e
EMRSA-16 sdo responsaveis por 68% dos MRSA e representam linhagens bem
sucedidas em termos de habilidade de causar infec¢do, persisténcia e capacidade de
disseminacdo de uma area geografica para outra e até mesmo entre continentes (280).
Esses clones foram nomeados de acordo com a drea geografica onde foram

primeiramente descritos (clone epidémico brasileiro, ibérico, clone Nova lorque
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/Japdo), pelas caracteristicas epidemioldgicas dos pacientes em que foram descritos
(clone pediatrico), pelo nimero baseado em seu padrdo de PFGE (USA 100, USA 800)

ou pelo tipo fagico (EMRSA-15, EMRSA-16)(281).

O clone epidémico Brasileiro (CEB) foi descrito inicialmente em 1993 (282), em
um estudo realizado na cidade de Sao Paulo, e encontra-se amplamente disseminado
por varias regides do mundo, incluindo paises da América Latina e Europa (283-284).
No Brasil, este clone pbdde ser identificado em diferentes hospitais, de todas as regides
do pais, frequentemente associado a surtos epidémicos (246, 285).

Estudos epidemioldgicos moleculares destacam a continua evolucao
global/propagacdo dos clones de MRSA, com crescente resisténcia a antibidticos e
viruléncia. Temos uma compreensao apenas parcial dos fatores contributivos para a
propagacao dos clones de MRSA, mas é provavel que alguns desses fatores sejam:
migracdao de popula¢des humanas, métodos ineficazes de controle da transmissao de
MRSA por pacientes infectados e estratégias de tratamento pouco eficientes, inclusive
o uso/escolha inadequados de antibidticos. Em hospitais, pacientes ja portadores de
MRSA no momento da internagdao tem maior risco de sofrer uma infec¢cdo derivada das

bactérias colonizadas, ou de transmitir MRSA para outros pacientes (286).

Taxas de colonizacdo ou infec¢do com MRSA podem variar de acordo com a
localizacdo geografica, tipo de servico hospitalar e populacdo especifica. Pacientes
colonizados contaminam o ambiente com suas cepas facilitando a transmissdo
cruzada. Esse fato ressalta a importancia de medidas de precaucdo e isolamento de
pacientes colonizados ou infectados por MRSA, complementadas por protocolos

eficazes de higiene, limpeza e manutencdo dos ambientes hospitalares (287).
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As infecgbes por MRSA sdao associadas com considerdavel morbidade e
mortalidade, sendo também mais dispendiosas de se manejar quando comparadas a
outras infec¢des (288). Esse aumento consideravel nos gastos relativos ao manejo
dessas infec¢Oes deve-se a hospitalizacdo prolongada, ao aumento dos cuidados em
isolamento, além de cuidados médicos adicionais e da sobrecarga financeira em

terapia secundaria.

Alguns estudos sugerem que a triagem de pacientes de alto risco para
colonizagao por MRSA é uma medida custo efetiva para limitar a disseminagao desses
organismos nos hospitais (289). O sucesso no controle de MRSA tem sido grande em
paises que aderiram a rigorosas politicas de controle de infeccdo hospitalar baseadas
na transmissdo e na restricdo do uso de antibidticos. Portanto a rdpida e confidvel
deteccdo de pacientes carreadores de MRSA é crucial na estratégia de controle de
infeccdo. Wernitz et al. (290) mostraram que a triagem extensiva de MRSA na
admissdao hospitalar, apesar do custo, mostrou um importante impacto positivo na

reducdo das taxas de infeccdo por MRSA.

A disseminacdao de MRSA em centros de assisténcia a saude é dificil de
controlar e varios guidelines internacionais recomendam medidas que incluem
culturas ativas de vigilancia para identificacdo de pacientes colonizados ou infectados
com MRSA, rigidas medidas de precaucao e isolamento, e a quarentena para pacientes
recém admitidos no servico hospitalar até que se afaste a possibilidade de colonizagao
por MRSA (291). A Holanda é um exemplo de pais onde ha uma rigorosa politica de
“busca e destruicdo” (search and destroy) de MRSA e um baixo nivel endémico desses

micro-organismos. Todos os pacientes e profissionais da saude sdo considerados
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colonizados até que provem o contrario e sujeitos a intensos e dispendiosos
procedimentos de controle de infeccdo. Neste caso uma rapida triagem de MRSA é
importante para identificar os ndo carreadores que podem ter esses procedimentos

relaxados.

A tipagem dos tipos de cassete SCCmec é util como ferramenta epidemiolégica
(292), uma vez que diferentes tipos sao mais prevalentes em ambientes hospitalar ou
comunitdrio. O MRSA adquirido na comunidade (CA-MRSA) é um patdgeno
potencialmente emergente que vem apresentando frequéncia crescente de isolados
(293). Os pacientes acometidos pelo CA-MRSA sao caracterizados por ndo terem sido
internados em hospitais no ano anterior a infeccdo, nem sido submetidos a
procedimentos médicos como didlise, cirurgia ou cateter, fatos muito comuns em
infeccdo por MRSA de origem hospitalar (HA-MRSA). Enquanto o MRSA hospitalar (HA-
MRSA) se caracteriza por uma ampla resisténcia a diversos antibidticos, as cepas CA-
MRSA mostram uma sensibilidade (entre 85% e 100%) a drogas, como clindamicina,
gentamicina, ciprofloxacina, sulfametaxazol/trimetoprim e vancomicina, mostrando-se
resistente apenas a oxacilina e a outros betalactamicos (281).

A diferenca entre os perfis de resisténcia das cepas de HA-MRSA e CA-MRSA
parece ser explicado pelo tamanho e distribuicdo dos cassetes cromossomais (SCCmec)
gue possuem o determinante de resisténcia a oxacilina. Entre os principais tipos de
SCCmec (I, 11, lll, IV e V), somente os tipos |, Il e lll sdo encontrados em cepas HA-MRSA,
enguanto que os tipos IV e V podem ser observados em cepas CA-MRSA, nas quais o

tipo IV tem um menor tamanho e custo metabdlico, tornando este um elemento
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seletivamente favorecido para a transferéncia entre as linhagens de Staphylococcus
(294).

Embora as infeccdes por CA-MRSA sejam geralmente cutaneas, doencas
invasivas como bacteremias, endocardites, osteomelites e pneumonias ja foram
descritas, bem como surtos de infecgdes hospitalares (295-296). Os CA-MRSA Panton-
Valentine positivos sdao facilmente transmitidos entre familiares, e também em grande
escala na comunidade, como prisdes, escolas e times de esportes. O contato pele-pele
envolvendo abrasdes e contato indireto com objetos contaminados como toalhas,
lencgdis, equipamentos de esportes parecem representar um modo de transmissdo
(281). Estudo atual em desenvolvimento em nosso laboratério tem como objetivo a
deteccdo de CA-MRSA em presidiarios da cidade de Avaré.

E possivel que alguns clones de MRSA sejam mais propensos que outros a
determinar doenca invasiva, isto pode se dever a presenca de fatores de viruléncia,
gue aumentam suas chances de alcancar sitios normalmente estéreis, e sobreviver,
proliferar e disseminar no hospedeiro. Esses fatores podem se relacionar a secrecdo de
exotoxinas, hemolisinas, leucocidinas e também a producado de biofilme (297). Embora
muitos fatores de viruléncia de S. aureus tenham sido identificados em seu genoma, as
diferencas de potencial patogénico e invasivo entre as cepas disseminadas no
ambiente ainda é desconhecida. Nosso grupo recentemente estudou a presenca de
genes de fatores de viruléncia e resisténcia a meticilina entre as cepas de S. aureus de
culturas de vigilancia (colonizadoras) e invasivas (culturas clinicas) de pacientes de
hospital de ensino de pequeno porte. A presenca de SCCmec tipos Ill e IV, bem como

dos genes que codificam as toxinas esfoliativa B e Leucocidina Panton Valentine foram
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independentemente associadas com a invasdao (ANEXO 18). A deteccdo desses genes
em cepas de S. aureus entre os pacientes colonizados pode ser utilizada com indicativo
de pacientes que precisam de maior acompanhamento e medidas intensivas de

controle de infecgao.

A compreensdo da epidemiologia das infeccdes por MRSA tem implicacdes
importantes para as medidas de controle. Para isso, torna-se necessario documentar a
disseminagcdo de clones e identificar os fatores individuais relacionados a sua
aquisicdo. A eletroforese em gel de Pulsed-Field (PFGE) é ainda o método mais
amplamente utilizado para estudos de micro-epidemiologia (surtos locais). O método
baseia-se na digestdo direta do DNA genOmico por uma enzima de restricao
(tipicamente Smal), seguido pela separa¢do dos fragmentos em gel de eletroforese em
campo elétrico alternado. Resultados obtidos pelo nosso grupo em estudo com
pacientes de um hospital universitario para determinacdo do perfil clonal de amostras
de MRSA isoladas de pacientes queimados pela técnica de PFGE revelaram dois clones
majoritarios com similaridade maior que 80%. Em adi¢ao, 15 isolados que foram
agrupados nos dois clones majoritarios apresentaram SCCmec Tipo lll ou IlIA e apenas
um isolado foi positivo para o gene pvl. Esses dados estdo de acordo com os resultados
observados por Bartels et al. (298) em estudo com 32 MRSA isolados de hospitais da
Republica da Georgia em que todos isolados apresentaram SCCmec Tipo IlIA e foram
PVL negativos. A presenca de dois clones majoritarios pode indicar a presenca de
clones MRSA endémicos na unidade de queimados diferentes do clone epidémico
brasileiro (CEB), encontrado frequentemente nos hospitais brasileiros. Em um estudo

realizado no Hospital Sdo Paulo (HSP), pertencente a UNIFESP, que analisou amostras
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de 2002 a 2005, observou-se a persisténcia do clone epidémico brasileiro dentro do
ambiente hospitalar, além da emergéncia de novos clones, diferentes do CEB, nos
ultimos anos avaliados, o que poderia indicar a evolucdo temporal deste clone nos
ambientes nosocomiais (299).

Estudo desenvolvido na Unidade Pediatrica do Hospital das Clinicas da
Faculdade de Medicina de Botucatu revelou a maioria dos isolados de MRSA com
SCCmec tipo Il (60%) e relacionados ao Clone Epidémico Brasileiro (CEB-HU 25)
mostrando que esse clone ainda prevalente em infec¢des hospitalares no Brasil
também estd presente em nosso ambito. Contudo, com o passar dos anos, observou-
se aumento de MRSA com SCCmec tipo IV e diminuicdo do SCCmec tipo IIl (300),
confirmando a tendéncia mundial de aumento da presenca de SCCmec tipo IV no

ambiente hospitalar e diminuicdo da prevaléncia de clones hospitalares (301,302).

Dada acomplexa epidemiologia, a presenca de CA-MRSA em hospitais e a
circulacdao de cepas HA-MRSA na comunidade, o estabelecimento de uma delimitagao
clara entre CA-MRSA e HA-MRSA n3o é possivel. Pesquisadores do CDC tém
utilizado uma terceira categoria de MRSA hospitalar de inicio na comunidade (HACO-
MRSA). Esta categoria inclui os casos que seriam HA-MRSA pela histéria de exposicado a
assisténcia a salde, mas que a aquisicdo tem inicio na comunidade. Esse esquema de
classificacdo, HA, CA, e HACO-MRSA, ainda tem limitagGes, porque uma histéria de
exposicdoa um ambiente de assisténcia a saude ndo excluia possibilidade
de aquisicdo de MRSA na comunidade (303-304). Portanto, a revisdo da nomenclatura

€ necessaria para refletir melhor a epidemiologia contemporanea de MRSA.
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Estudo realizado em nosso laboratério com pacientes com infecgbes de pele
atendidos na triagem da Dermatologia do Hospital das Clinicas da Faculdade de
Medicina de Botucatu revelou S. aureus como o principal agente causador de
infeccOes de pele nos pacientes estudados da comunidade, sendo 10,6% MRSA, com a
maioria apresentando SCCmec tipo IV e Il. Evidéncias anteriores apontam esses tipos
de SCCmec como os mais encontrados colonizando individuos na comunidade,
prevalecendo o tipo IV (305). Apesar da menor frequéncia com que foram isolados das
infecgdes de pele, os ECN apresentaram maior nimero de amostras resistentes e com
o gene mecA (38%), com maior frequéncia do SCCmec tipo IV. A resisténcia a outras
classes de antimicrobianos foi encontrada tanto em cepas que carrearam o gene mecA
quanto em amostras negativas para este. Amostras de ambas as espécies carrearam
cassetes caracteristicos de ambientes hospitalares, porém ndo houve diferenca em
relacdo a susceptibilidade aos antimicrobianos entre o SCCmec do tipo IV e os outros
tipos de SCCmec. No presente estudo nao foi encontrado MRSA carreando o gene da
toxina PVL. As amostras que carrearam os genes [ukS-PV e lukF-PV eram MSSA e
responsaveis tanto por infeccdes primarias (furinculo e impetigo) quanto secundarias
(187).

Esses resultados sdo similares ao estudo desenvolvido pelo mesmo grupo,
porém em pacientes com feridas crénicas atendidos em Unidades Bdsicas de Saude
(UBS) da cidade de Botucatu. A prevaléncia de MRSA isolados de feridas de 107
pacientes atendidos em 18 Unidades Basicas da cidade de Botucatu foi de 14,3% de
MRSA e houve a presenc¢a de SCCmec somente do tipo Il e IV com auséncia do gene da

PVL nas amostras estudadas. Esses dados divergem dos encontrados na literatura que
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relatam esses micro-organismos como resistentes a poucos antibidticos ndo beta-
lactamicos e por carrear frequentemente os genes da PVL (306). Dados interessantes
obtidos no estudo descrito acima foi o isolamento de MRSA de pacientes de UBS
distantes com o mesmo perfil antimicrobiano e multiresistente. Esse projeto continua
em desenvolvimento, agora com o objetivo de estudar a diversidade genética e a
disseminagdo por vdrias técnicas de tipagem molecular, incluindo o PFGE, MLST
(multilocus sequence typing) e spa typing.

Apesar da PFGE ser uma técnica adequada para estudar surtos, ndo é suficiente
para estudos de longo prazo ou para estudos de epidemiologia global. Além das
limitacGes dos critérios de interpretagao relacionadas com o curto periodo de tempo, e
com dareas geograficas restritas, a PFGE apresenta problemas de reprodutibilidade.
Diferentes resultados podem ser obtidos quando a técnica é realizada em laboratoérios
diferentes, mesmo quando condi¢cbes padronizadas sdo usadas (307). Trabalhos
publicados a respeito da clonalidade de S. aureus sdo frequentemente
complementados pela técnica denominada multilocus sequence  typing
(sequenciamento multilocus — MLST). A técnica baseia-se na analise de sequéncias de
sete genes conservados (housekeeping genes) do micro-organismo, no qual diferentes
sequéncias correspondem a diferentes alelos de cada gene e a um determinado tipo
de sequéncia denominado ST (sequence type). Os resultados de MLST sdo inseridos em
uma base de dados digital no endereco http://www.mlist.net, o que permite
comparacdes entre sequéncias de S. aureus descritas em diferentes partes do mundo.

A respeito dos clones mundiais, foram classificados pelo MLST como ST-239

(clone epidémico brasileiro - CEB), ST-5 (clones pediatrico e Nova lorque/Japdo), e ST-
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247 (Ibérico). Em um estudo realizado no Hospital Sdo Paulo (HSP), UNIFESP, a tipagem
de S. aureus SCCmec IV por Multilocus Sequence Typing (MLST) demonstrou
pertencerem ao complexo clonal (CC5), mostrando um novo alelo, resultando em um
novo (ST) que pode estar emergindo em infecgGes comunitdrias e nosocomiais no
Brasil (308).

Em 2002, Enright et al. (19) analisaram uma colec¢do internacional de S. aureus
isolados de hospitais e adquiridos na comunidade tipados por SCCmec e MLST. A
andlise revelou novas informagGes sobre grupos clonais de S. aureus. Diversos
complexos clonais (CC), compostos por isolados de S. aureus com a mesma ST ou ST
relacionadas (apresentando pelo menos cinco loci em comum), foram identificados.
Cinco grandes CCs de MRSA foram incluidos: CC8, CC5, CC30, CC45, CC22.
Curiosamente, a comparacdo das sequéncias de nucleotideos de MRSA e MSSA
incluida no CC8 permitiu o estabelecimento de um ancestral comum de MSSA.
Diferentes isolados MRSA teriam se originado a partir desse ancestral MSSA por
eventos distintos de aquisicdo de SCCmec.

A origem de SCCmec ndo é conhecida, entretanto Wu et al. (309) sugeriram
qgue Staphylococcus sciuri abrigou o ancestral da PBP2a, desde que foi demonstrado
gue uma PBP presente em S. sciuri apresentava uma similaridade de 87,8% na
sequéncia de aminodcidos em compara¢cdao com a PBP2a. Essas cepas de S. sciuri eram
susceptiveis a meticilina, mas na presenca de meticilina essas cepas se tornaram
resistentes devido ao aumento na taxa de transcricdo do gene mecA homélogo.
Portanto, quando o gene mecA foi introduzido no MSSA, este se tornou resistente a

meticilina, e assim foi classificado como MRSA (309). Além disso, Wielders et al. (310)
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isolaram de uma epidemia um MSSA e, depois, uma cepa MRSA isogénica de um
recém-nascido, que nao tinha estado em contato com MRSA anteriormente. O gene
mecA era idéntico ao gene mecA de uma cepa de S. epidermidis isolada do recém-
nascido. Foi sugerido que o MRSA tinha se originado in vivo através da transferéncia
horizontal do gene mecA entre as duas espécies de estafilococos (310). Essa
observagdes reforcam a idéia de transmissdo horizontal do gene mecA e a importancia
dos ECN como reservatorios de genes de resisténcia que podem ser transferidos para
S. aureus que sao mais patogénicos.

Outro método de tipagem muito utilizado é o spa typing desenvolvido por
Frénay et al. (311) que determina a variacao da sequéncia da regido polimérfica X da
proteina A de S. aureus. Nesse método o gene da proteina A (spa) é amplificado por
PCR e submetido ao sequenciamento para analise da regido polimdrfica X ou
sequéncia curta de repeti¢cdes (SSR). A regido SSR do gene spa esta sujeita a mutacdes
espontaneas, bem como a perda e ao ganho de repeticGes. A essas repeticbes sdo
atribuidos cddigos alfa-numéricos e o tipo de spa é deduzido a partir da ordem de
repeticOes especificas (312). Dado que o spa typing envolve o sequenciamento de
apenas um gene, tem vantagens significativas em termos de velocidade, facilidade de
uso, padronizacdo, interpretacdo, comparacao interlaboratorial e reprodutibilidade em
relacdo ao MLST e outras técnicas como o PFGE (313). Tem sido demonstrado que o
spa typing pode ser usado para estudar tanto a evolucdao molecular bem como surtos
de MRSA em hospital. A nomenclatura universal e o acesso publico aos dados da

tipagem de spa, sdo garantidos pela iniciativa SeqNet.org (www.seqnet.org), que dirige
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a central spa do servidor (http://spaserver.ridom.de) ao qual os dados do spa typing

sdo sincronizados (314).

Embora seja relativamente pequeno o numero de estudos tratando da
epidemiologia molecular dos clones de MRSA em nossa regido, ficou claro que diversos
clones estdo circulando em nosso ambito, e que esses clones diferem em sua
viruléncia e perfil de resisténcia antimicrobiana. A caracterizagdo desses clones é
importante para que sejam formuladas estratégias terapéuticas locais adequadas.
Exemplificando, pode-se utilizar um conhecimento mais completo dos clones
circulantes em determinada regido para avaliar a relacdo entre tipos clonais, sintomas
e sinais da doenca, escolha dos antimicrobianos e resultados clinicos. Ressalte-se ainda
que clones com maior viruléncia estdo comecando a surgir mais frequentemente,
tanto nos hospitais como na comunidade, e ha evidéncias que fatores de viruléncia
podem ser transferidos entre clones nosocomiais e clones associados a comunidade
por meio de recombinagao. Esses padrdes varidveis tém implicagdes significativas para
a pratica clinica. Assim, ha necessidade de programas regionais de epidemiologia
molecular para que se tenha conhecimento de identificacdes e caracterizagdes
precisas dos clones de MRSA circulantes na nossa regido, para auxiliar na escolha da

terapia antimicrobiana empirica mais apropriada.
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ANEXO 18

Pimenta Rodrigues MV, Fortaleza CMCB, Souza CSM, Teixeira NB, Cunha MLRS.
Genetic determinants of methicillin resistance and virulence among Staphylococcus
aureus isolates recovered from clinical and surveillance cultures in a Brazilian teaching

hospital (Submetido para publicacdo).
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TEXT

A comprehensive approach to Staphylococcus aureus epidemiology
within healthcare settings should include the identification of reservoirs,
transmission dynamics and invasiveness. The latter issue is of major interest.
While many patients are asymptomatically colonized with methicillin-susceptible
(MSSA) or resistant (MRSA) S. aureus, only a few develop infection (Jarvis,
1996). However, previous studies have shown that colonization is a major risk

factor - or even a preceding stage - for infection (Safdar & Bradley, 2008).

We attempted to assess determinants of infection by comparing the
proportion of isolates recovered from surveillance and clinical cultures that
harbored genes coding for virulence or methicillin resistance. The rational of our
study was that isolates from clinical cultures, which are collected upon the
diagnosis of an infectious syndrome, may be representative of “invasive”

strains.

The study was performed with isolates of S. aureus collected from
October 2006 to March 2009 from hospitalized patients in the Hospital Estadual
Bauru (HEB), one of the teaching hospitals from Botucatu School of Medicine.
The hospital has 285 active beds, distributed among four intensive care units
(ICUs), one unit for burn patients and several medical, surgical and pediatric
wards. Surveillance cultures (nasopharyngeal swabs) were routinely obtained
from all patients upon admission. In ICUs and burn units, those cultures were
also performed weekly thereafter. For burn patients, besides nasopharyngeal
swabs, specimens were obtained from burn wound and other body sites.

Clinical cultures were collected upon medical indication.
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We studied isolates provided by HEB’s microbiology laboratory.
Whenever one patient had more than one surveillance or clinical culture positive
for S. aureus, only the first was included in the analysis. However, if that patient
presented positivity both surveillance and clinical cultures, both isolates were
analyzed. Several PCR-based methods were applied to identify virulence genes
(Table I) (Johnson et al. 1991, Lina et al. 1999, Arciola et al. 2001, Jarraud et
al. 2002). Methicillin resistance was assessed by molecular identification and
typing of SCCmec (Oliveira & Lencastre, 2002). Isolates were also submitted to
strain typing through Pulsed-Field Gel Electrophoresis (PFGE) (Chung et al,
2000). Band patterns were digitalized and analyzed with Bionumerix (Applied
Maths, Belgium). Clones were defined on the basis of a similarity (Dice

coefficient) greater than 0.8.

The proportion of isolates harboring specific genes was compared
through univariate statistical tests: Chi-square or Fisher's Exact test. Later, all
results were simultaneously introduced in a single-step multivariable model

(logistic regression). A p-value of 0.05 was set as significance limit.

A total of 309 isolates were included in the study, 225 (72.8%) from
surveillance cultures and 84 (27.2%) from clinical specimens. The most
frequent sites of surveillance cultures were: nasopharynx (59.6%), burn wound
(22.7%) and oropharynx (10.2%). Among clinical specimens, blood (46.4%),

wound secretions (33.3%) and tissue fragments (14.3%) predominated.

PFGE patterns revealed a polyclonal picture. Colonizing isolates growth
from surveillance cultures were grouped in 48 clones. The most disseminated

clone comprised ten isolates. Forty-one clones were identified among invasive
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isolates (i.e., those recovered from clinical cultures). The major clone grouped
eight isolates. It is worth noting that in both cases the major clones were

detected all through the study period.

Other results are summarized in Table Il. Briefly, we found an
independent relation between presence of SCCmec types Ill and IV and
invasiveness. Also, invasive strains were more likely to harbor genes for

exfoliative toxin b (etb) and the Panton Valentine leukocidin (pvl).

The finding of greater invasiveness among MRSA is not surprising. This
may be partly due to direct and indirect (“populational”) ecological pressure of
antimicrobial use (Lipsitch & Samore 2002). Also, other clinical factors, such as
greater severity-of-illness and length-of-stay in the hospital are both risk factors

for healthcare-acquired infection and for MRSA acquisition.

On the other hand, pvl lysis of leukocytes may act as a mechanism for
evasion from immune response, facilitating S. aureus survival and tissue
invasion (Boyle-Vavra & Daum 2007). Of note, we found pvl genes in 33 out of
203 SCCmec lll and in 3 out of 9 SCCmec IV-harboring isolates. This difference

did not reach statistical significance. None of the MSSA strains was positive for

pvl.

The finding of a relation between etb and invasiveness was rather
puzzling. This gene was equally distributed among MSSA (3.1%) and MRSA
(4.1%) isolates. It was found in 3 out of 40 isolates from blood cultures and in 4

out of 28 isolates from wound secretions. We can only hypothesize that
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superatingenic action may improve invasiveness. Of note, etb surpasses eta in

pyrogenic activity (Bukowski et al. 2010).

Of course, our results could be improved by confronting molecular results
with clinical and epidemiological data. Tough it was not the main objective of
our study, we revised all MRSA cases in order to identify community-acquired
strains. We found out that 15 (out of 220) MRSA-positive patients had positive
cultures upon admission and did not refer any previous contact with healthcare
settings in the last year. Among the isolates, 14 harboured SCCmec Ill and only
one SCCmec IV. This is a starting point for further research. Still, our results
point out to a role of both virulence factors and methicillin resistance in the
transition from colonization to infection. The early identification of those genes
among colonized patients may delimitate a group of patient deserving more

intensive application of infection control measures.
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TABLE |

List of virulence factors assessed in the study, alongside with the genes tested and the
methods references

Virulence factors Genes Reference
sea
Enterotoxins seb
Johnson et al (1991)
sec-1
Staphylococcal Toxic Shock Syndrome Toxin 1 tst
Panton-Valentine Leukocidin LukPV Lina et al (1999)
icaA
Biofilm production Arciola et al (2001)
icaD
eta
Exfoliative toxins etbh Johnson et al (1991)
etd
hla
Hemolysins Jarraud et al (2002)
hid
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